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��GCP]P2QSP2kONXIaYJP][-NpMON�VXW-K*NXMZYJVXQSRJT�[-N�QDT_^`GJM2IaYJVXQSRJT�VXnoÉJPOQSV�GCP�PZNdW-k2QDnDQDä>Y$TþK�Y$MZYMON�VXW-KvNXMZY$M][-G�VXW_ÌI|NXT kOGCP�NXT�h�YJPONaYÇP2W V�GJT"kONXT-QS[-G���G$^�MON�VXQSNXT&[-G�W-T�V�GJTJjÔW-T kOG�[-NL^�W-T&VXQSGJT�Y$nDQS[&YJ[-N�Ppñ"W&NY�U�W&[&Y$TuYnSGCP W&P2W�Y$M2QSGCP¥YdIaY$T-QDK-W-noY$MH�CMZY$T&[-N�P�V�GJnSN�V�VXQSGJT&N�P¥[-N�[&Y$kOGCP0B��\ÉJPHV�GJT&VXMONXkZY$I|NXT"kONbN�POkON§k2QDKvG�[-N�P2QSPÑÌkONXIaYJP IaY$T&NÔjOY$TT&GJM2IaY$nDI|NXT kON]kON�¤�kOGCP U|G V0YJPOQSGJT�Y$nDI|NXT"kON�QDIaÉ$��NXT&N�P�� T&GdGJh&P2kZY$T kONinoYbIaY�U�GJM2�oYp[-NnoYJPi^`W-T&VXQSGJT�Y$nDQS[&YJ[-N�PcG$^`NXM2kZYJ[&YJP]KvGJMmW-TþP2QSPOkONXIaYa[-N�MON�VXW-K*NXMZYJVXQSRJTþk2MZYJ[_QSVXQSGJT�Y$nªN�P2kZÉ$TþGJM2QSNXT kZYJ[&YJPYdnoYdQDT&[-N�¤-YJVXQSRJT@�_k2MZY$kZY$ILQSNXT kOGLULMON�VXW-K*NXMZYJVXQSRJT³[-N]NXT k2QS[&YJ[-N�P§Y$kORJILQSV0YJP¥ñ"W&N���k2MZYJ[_QSVXQSGJT�Y$nSNXI|NXT"kON��PZN]Ã�Y$T�YJPOG�VXQoYJ[-GLV�GJT�[-G VXW-I|NXT kOGCPi[-N]kON�¤_kOG-BzªTþnoY³YJVXk2W�Y$nDQS[&YJ[�PONLN�POkZÉ�QDT&VXMONXI|NXT"kZY$T&[-G\[-Np^`GJM2IaY�N�¤_K*GJT&NXT&VXQoY$n{TA$-I|NXMOG�[-NLPOQSP2kONXIaYJPb[-NMON�VXW-KvNXMZYJVXQSRJT [-N�QDT_^`GJM2IaYJVXQSRJT¢ñ"W&N³IaY$T&NÔj2Y$T¢V�GJnSN�V�VXQSGJT&N�P[-N³[-G�VXW-I|NXT"kOGCP�PONXILQSN�POk2M2W&VXk2W-MZYJ[-GCP[-NXh-QS[-G�Y�noY�W-k2QDnDQDä>YJVXQSRJT�IaYJP2QDlCY�[-N�nSGCPcnSNXT-�CW�Y¡j2N�Pd[-N|NXk2QSñ W&NXkZYJ[-G³N�P2kZÉ$T&[&Y$M�Ú±Â-è]���CB ïÑÂ-g]©CxED U�]�\�FB Ò�Ë Â��\�C�G�-Ò MZYC�C�,DIH�ß K�Y$MZY�MONXK-MON�PONXT"kZY$MinoYpQDT_^`GJM2IaYJVXQSRJT�kON�¤�k2W�Y$n±BË�GJM�nSGm��NXT&NXMZY$nJ�$noYJP+^�W-T&VXQSGJT�Y$nDQS[&YJ[-N�PÙY$T kONXM2QSGJM2I|NXT"kON�I|NXT&VXQSGJT�YJ[&YJPªN�P2kZÉ$T�GJM2QSNXT"kZYJ[&YJPÙY$n k2MZY$kZY¡ÌILQSNXT kOG�[-NinSGCPH[&Y$kOGCP P2QDT�V�GJT&P2QS[-NXMZY$M¥GJk2MOGCPHYJPOK*N�VXkOGCP MONXnoYJVXQSGJT�YJ[-GCP¥V�GJTaQDT_^¿GJM2IaYJVXQSRJTÇN�P2k2M2W&VXk2W-MZY$nJ�K-W&N�PVXW�Y$T&[-G�NXn§W&POW�Y$M2QSGþh-W&POV0YÝW-TÈV�GJTJjÑW-T"kOG [-N³kO¦XM2ILQDT&GCPNXnmP2QSP2kONXIaYÝnSN�[-NXl W&NXnDl�N�W-T�YÝnDQSP2kZYGJMO[-NXT�YJ[&Y�[-Na[-G�VXW-I|NXT"kOGCPpP2QDT kONXT&NXM�NXT VXW&NXT kZY�YJPOK*N�VXkOGCP�N�P2k2M2W&VXk2W-MZY$nSN�PpT-Q NXT�noY�^`GJM2I�W-noYJVXQSRJT[-N�noY\V�GJT&P2W-nDkZY\T-Q¥NXT;noY\V�GJM2MON�P2K*GJT&[_QSNXT kONÇMON�P2K-W&N�P2kZYÝ[-NXn¥P2QSPOkONXIaY_B�zÙTÈY$nD�CW-T�YJPLP2QDk2W�YJVXQSGJT&N�P|NXnW&POW�Y$M2QSG�T&N�V�N�P2QDkZY\[_QSP2KvGJT&NXML[-N|^`W-T&VXQSGJT�Y$nDQS[&YJ[-N�P|[-Nh�$&POñ W&N�[&Y�UþMON�VXW-KvNXMZYJVXQSRJT<ñ W&NakONXT-�"Y$TFNXTVXW&NXT kZYpnoY�N�P2k2M2W&VXk2W-MZY�[-N�nSGCP¥[-G VXW-I|NXT kOGCP0B&Ë�GJM§NÔjÑNXILK-nSG��-NXT³NXn6V0YJPOG�[-N�nSGCP¥P2QSP2kONXIaYJP¥[-N]MON�VXW-KvN�ÌMZYJVXQSRJT[-N¥QDT_^`GJM2IaYJVXQSRJTbjÔW-M2�S[_QSV0Y]K-W&N�[-NmPONXMªIdW-UK$-k2QDn&K-MOGJKvGJMOVXQSGJT�Y$MHY�nSGCPªW&POW�Y$M2QSGCPÙnoY�KvGCP2QDh-QDnDQS[&YJ[[-NQDT&VXnDW-QDM�MON�P2k2M2QSV�VXQSGJT&N�P�[-NN�POk2M2W&VXk2W-MZY�NXT;P2W&P�V�GJT&P2W-nDkZYJPLB Å��NMcÂ_�CxEDìB�zªTFNXT"kOGJM2T&GCP�jÑW-M2�S[_QSV�GCP����NXT&NXMZY$nDI|NXT kONanSGCPdW&P2W�Y$M2QSGCPbW-k2QDnDQDä>Y$TuQDT_^¿GJM2IaYJVXQSRJT�h�YJPZYJ[&Y�NXT�noYÇN�P2k2M2W&VXk2W-MZY³K�Y$MZYÇnSG�V0Y$nDQDä>Y$MbnSGCP[-G�VXW-I|NXT"kOGCP{[-N�PON0YJ[-GCP0BCzÙP2kOG]PON�[-NXhvN¥Y]ñ"W&NHnoYiQDT_^`GJM2IaYJVXQSRJT]jÑW-M2�S[_QSV0Y]PON�GJM2�"Y$T-QDä>Y�Ã�Y$h-QDk2W�Y$nDI|NXT"kON[-N|W-T�Y�IaY$T&NXMZY³N�P2k2M2W&VXk2W-MZYJ[&Y Ú�k2�Dk2W-nSGCP���Y$M2k2�SVXW-nSGCP#��NXkOVCB£ß�B+zÙPdIaÉJP���NXnÙ[-GJILQDT-QSG�[-N|N�P2kONLk2QDKvG³[-NQDT_^¿GJM2IaYJVXQSRJT�PZNcV�GJILK*GJT&N�[-Nb[_Q�^`NXMONXT kON�P§k2QDKvGCPm[-Nb[-G�VXW-I|NXT"kOGCP#��V�GJI|GLnSNXU�N�P��&MONX�CnoYJP��&V�R�[_QD��GCPm[-NnSNXU�N�P#�@NXkOVCBO�vV0YJ[&YaW-T&G�V�GJT\W-T�YN�P2k2M2W&VXk2W-MZYK�Y$M2k2QSVXW-noY$M0B6zªn7W&POG��@V�GJI|G�PON�Ã�Y|QDT&[_QSV0YJ[-G�V0YJ[&Yl�NXäIaÉJPLV�GJT&POQS[-NXMZY$h-nSN��ª[-NL���\�¬NXTFT"W-I|NXMOGCPOGCP|V�GJT kON�¤�kOGCP|Ã�Y�K-MOGJK-QSVXQoYJ[-G�W-TuT&GJkZY$h-nSN�QDT kONXMO¦�P|NXTN�¤_K-nSGJkZY$M�NXTuNXnHK-MOG V�N�PZG�[-Nh�$&POñ W&N�[&Y³UþMON�VXW-KvNXMZYJVXQSRJT;noY�N�P2k2M2W&VXk2W-MZY\[-NnSGCP�[-G�VXW-I|NXT"kOGCP>B��iTKvGCP2QDh-nSNcV0YJPOGa[-NbY$K-nDQSV0YJVXQSRJT�K-W&N�[-NbPONXM§NXn�[-N]noYJP¥h-QDh-nDQSGJkON�V0YJPi[_QD�CQDkZY$nSN�PPB ÒH÷�Ê��ª�C©EDìB�+YiQDT&VXnDW&P2QSRJTL[-N noYmQDT_^¿GJM2IaYJVXQSRJT|N�P2k2M2W&VXk2W-MZY$n&[-N{nSGCPª[-G�VXW-I|NXT"kOGCPÙY¡^¿N�VXkZY�[-N�[_QDl�NXMOPZYJP�IaY$T&NXMZYJPY$n [_QSPONQ'&GmN{QDILK-nSNXI|NXT"kZYJVXQSRJT|[-NªnSGCP�P2QSP2kONXIaYJP�[-NÙMON�VXW-KvNXMZYJVXQSRJTp[-N{QDT_^`GJM2IaYJVXQSRJT�B$zªTdK-M2QDI|NXM�nDW-�"Y$M��NXn{K-MOG V�N�POG�[-N|QDT&[-N�¤&YJVXQSRJT [-NXhvNaV�GJT&P2QS[-NXMZY$MpnoYÇN�P2k2M2W&VXk2W-MZY�[-NL^¿GJM2IaY³YJ[-N�VXW�YJ[&Y�K�Y$MZYÇKvNXM2ILQDk2QDMY$n+W&P2W�Y$M2QSG|MON0Y$nDQDä>Y$Mih�$&POñ"W&N�[&YJPmK*GJM�V�GJT"kONXT-QS[-GU�N�POk2M2W&VXk2W-MZY_B@zªT\PONX�CW-T&[-GLnDW-�"Y$M��@NXn+K-MOG�V�N�POG|[-NMON�VXW-KvNXMZYJVXQSRJT<[-NXhvNaW-k2QDnDQDä>Y$M|NXn�V�GJT"kONXT-QS[-GÝU�noY\N�P2k2M2W&VXk2W-MZY�K�Y$MZY\N�P2k2QDIaY$M�noY�MONXnSNXlJY$T&VXQoYÝ[-NnSGCP
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Ú � ·�)ì½J� ¸
�Jº�º�¹��C·p�7��+I��»#)±¹O�Z���

V�GJILK-M2QDI|N�U�[-N�PZV�GJILK-M2QDI|N|N�P�ÛpÜ × ÑÝÑÖ�*[-N�PZY$M2MOGJnDnoYJ[-G³NXTÝnSGCP�noY$h*GJMZY$kOGJM2QSGCPbtª�ßÞ]�²B ��Â_�C�(DìB�����QDnDnN�PiW-TþV�GJILK-MON�POGJM]K�Y$MZY[&Y$kOGCPp�]�\� U³ñ W&NpW-k2QDnDQDä>YiàQÑ × ÓpV�GJI|GI|GJkOGJMcK-M2QDT&VXQDK�Y$nª[-NpV�GJILK-MON�POQSRJT�BÂ W�K-M2QDT&VXQDK�Y$nSN�P§l�NXT kZY¡j2YJPmN�P¥ñ"W&N�IaY$T"k2QSNXT&NbnSGCP�ILQSP2I|GCP�T-QDl�NXnSN�P§[-NcV�GJILK-MON�P2QSRJTÇUl�NXnSG VXQS[&YJ[Çñ W&N
á à × É4�vU\ñ W&N�T&GÇT&N�V�N�P2QDkZY�W-T N�POñ"W&NXIaY³[-N�QDT_^`GJM2IaYJVXQSRJT K�Y$MZYÇV�GJILK-M2QDILQDM�G³[-N�PZV�GJILK-M2QDILQDM0B+ücY¡Ì[-GLñ W&NcN�P¥W-T�Y�Ã&NXM2MZY$ILQSNXT kZYLKvNXT&PZYJ[&YLN�¤-VXnDW&P2QDlJY$I|NXT kONcK�Y$MZYLNXn�Y$nDIaYJV�NXT�Y$ILQSNXT kOGN]QDT kONXMOV0Y$Idh-QSG[-Nb[-G�VXW-I|NXT"kOGCPb�]��� T&G|V�GJT kONXILK-noYanoY|h�$&POñ W&N�[&Y|NXT�NXnSNXI|NXT kOGCP][-NbN�P2k2M2W&VXk2W-MZY��vY$W-T&ñ"W&Ndk2QSNXT&NNXT\VXW&NXT"kZY�[_QSVOÃ�Y�N�P2k2M2W&VXk2W-MZY�YLnoYaÃ&GJMZY[-NdMON0Y$nDQDä>Y$M�noYaV�GJILK-MON�POQSRJT�B6gik2MOG�V�GJILK-MON�POGJMcN�P2KvN�VX����V�GK�Y$MZY��]��� N�PÐÛKâ�Ë × �z�ØB �¥Å]�Ce(D§ñ"W&N�POGJKvGJM2kZY�[_QDMON�VXkZY$I|NXT kON�V�GJT&P2W-nDkZYJPLPZGJh-MONnSGCPL[-G�VXW-I|NXT"kOGCPV�GJILK-M2QDILQS[-GCPmK*NXMOGLT&GLGJh-k2QSNXT&Ndl�NXT"kZY¡jOYL[-NcnoY�N�P2k2M2W&VXk2W-MZY_Bzª¤�QSP2kONXT\GJk2MZYJP�Y$K-MOG0¤�QDIaYJVXQSGJT&N�P�K�Y$MZYaV�GJILK-M2QDILQDM][&Y$kOGCP%�]����h�YJPZYJ[&YJPiNXT�noY�W-k2QDnDQDä>YJVXQSRJTþ[-NV�G�[_Q���V0YJ[-GJMON�P¥ËÙËÙ��ñ"W&N]PZYJV0Y$T�K�Y$M2k2QS[-G|Y�noYpN�P2k2M2W&VXk2W-MZY_B-�iT�NÔj2NXILK-nSGLN�P�ÛpÜLãä1ä>Ü B£E Ã&N0�_AQD�NXnVXW�Y$n*N�PÙW-TV�GJILK-MON�PZGJMHYJ[&Y$K-kZY$k2QDl�Gpñ"W&NmW-k2QDnDQDä>Yb[_Q�^¿NXMONXT"kON�PHI|G [-NXnSGCPHËÙËÙ�uBe�]�\��ËÙËÙ� W-k2QDnDQDä>YdW-TK�Y$MOPONXM§zHÂ�tu�K�_W-T�YplJY$M2QoY$T kONb[-NdÂ�t%�*��K�Y$MZY�GJh-kONXT&NXMm[_Q�^¿NXMONXT"kON�PmK�Y$M2kON�P§[-NXn�[-G VXW-I|NXT kOG�Ú`NXT"kONXT_Ì[_QS¦XT&[-GCPON�KvGJM�ÜìK�Y$M2kON�PÑÞ�nSGCPcT&GJIdh-MON�Pp[-N�noYJPbNXk2QSñ W&NXkZYJP��vnSGCPcT&GJI�h-MONLU�lCY$nSGJMON�Pb[-N�nSGCPdY$k2M2QDh-W-kOGCP[-N�noYJPcNXk2QSñ"W&NXkZYJP#�*NXn7kON�¤_kOG��vNXkOVCB£ßZ�*V0YJ[&YK�Y$M2kONLPONpV�G�[_Q���V0YaI|N�[_QoY$T kONLW-TÝI|G [-NXnSG�ËÙË{� [_Q�^¿NXMONXT_ÌkONCBU���\��ËÙËÙ��N�PdW-TuV�GJILK-MON�POGJM�YJ[&Y$K-kZY$k2QDl�G\UþT&G�PON|K-W&N�[-NXTuMON0Y$nDQDä>Y$M�h�$&PZñ"W&N�[&YJPpT-QHYJV�V�N�PZGCPY$nSN0Y$kOGJM2QSGCPiPOGJh-MON]nSGCP§kON�¤_kOGCP§V�GJILK-M2QDILQS[-GCP0BË�GJM7GJk2MOGmnoYJ[-G��¡nSGCP�POQSP2kONXIaYJP�[-N{MON�VXW-K*NXMZYJVXQSRJTL[-N QDT_^`GJM2IaYJVXQSRJTpT&N�V�N�P2QDkZY$TpnSG V0Y$nDQDä>Y$M7[-N IaY$T&NXMZYN���VXQSNXT kONbW-TÇkO¦XM2ILQDT&GaNXT³V�GJT&VXMONXkOG[-NXT"k2MOG[-N]nSGCP¥kON�¤�kOGCPm[-NcnoY�V�GJnSN�V�VXQSRJT�B�Ë7Y$MZY|NXnDnSG|N�P§Ã�Y$h-QDk2W�Y$nQDT&[-N�¤&Y$MnSGCP�[-G�VXW-I|NXT"kOGCPÇ[-N�noY�V�GJnSN�V�VXQSRJT¬UFnoY�kO¦�VXT-QSV0Y�IaÉJP���NXT&NXMZY$nDQDä>YJ[&Y U<P2QDILK-nSNÝPOGJT nSGCP�DT&[_QSV�N�PcQDT l�NXM2k2QS[-GCPåB Ò>¡c�mÊ]�C���vÐ¬�\Ò��C�EDìB�è]NXT&NXMZY$nDI|NXT kON���W-Tþ�DT&[_QSV�NLQDT l�NXM2k2QS[-G³PON�V�GJILKvGJT&N|[-NW-TLl�N�VXkOGJMÙñ W&N¥V�GJT"kONXT-QSNXT&NmkOG [&YJPªnoYJPÙkO¦XM2ILQDT&GCPÙ[_QSP2k2QDT"kOGCP [-N�noY]V�GJnSN�V�VXQSRJT\ÚæEÍ#Ù�ÊAÓZ�
ÑÖÊ�Ë × Í ßÙNXT|GJMO[-NXTnSN�¤_QSV�GJ�CMZÉ¡��V�G�U|K�Y$MZY�V0YJ[&Y�kO¦XM2ILQDT&GL[-NXn6�DT&[_QSV�N]PONcY$nDIaYJV�NXT�YpW-T�YdnDQSPOkZY�V�GJTÇkOG�[&YJPHnoYJP�K*GCPOQSVXQSGJT&N�P[-NXnªkON�¤_kOGÇGÇ[-G VXW-I|NXT kOGCP�NXTþnSGCPdñ"W&N|Y$K�Y$MON�V�N�ÚÑ ×ÝÈ ÔJÊç�A�åÍ#ÙQ��ËZË��Z�zÙ × Ê È ß�B���Y��CMZY$T"W-noY$M2QS[&YJ[ [-NLW-T�DT&[_QSV�N�l�QSNXT&N�[&YJ[&Y�K*GJM]noYJPcNXT"k2QS[&YJ[-N�Pdñ"W&N�N�P2kO¦XTÝMON�^¿NXMONXT&VXQoYJ[&YJPdNXTÝnoYJP]K*GCPOQSVXQSGJT&N�Pc[-N�noYJP]nDQSPOkZYJP[-N�G�VXW-M2MONXT&VXQoYJP��+YJP2�7K-W&N�P��v[-NXKvNXT&[_QSNXT&[-G³[-N�noY��CMZY$T"W-noY$M2QS[&YJ[�nSGCP]�DT&[_QSV�N�PcQDT"l�NXM2k2QS[-GCP�PONpK-W&N�[-NXTVXnoYJP2Q���V0Y$MLNXTu�DT&[_QSV�N�P�QDT"l�NXM2k2QS[-GCP|V�GJTF[_QDMON�V�VXQSGJT�Y$ILQSNXT kOG�Y�K�Y$noY$h-MZY���[-G�VXW-I|NXT"kOGÝU�h-nSG ñ W&NCB�zÙTnSGCP�ñ"W&NdnoYJP�K*GCP2QSVXQSGJT&N�P�[-N�noYJPmnDQSP2kZYJP][-N�G VXW-M2MONXT&VXQoYJP]Ã�YJV�NXT\MON�^`NXMONXT&VXQoY�Y|noY|KvGCP2QSVXQSRJTÝ[-NXn�kON�¤_kOG��[-G�VXW-I|NXT"kOGuGþh-nSG�ñ"W&N³[-N�kZY$IaY('&G��Cj2G�NXTÈ[-RJT&[-NÝY$K�Y$MON�V�N³noY�K�Y$noY$h-MZYþMON�P2KvN�VXk2QDlCY$I|NXT"kONCB¥EHGJTQDT&[-NXKvNXT&[-NXT&VXQoY�[-NbnoYa�CMZY$T"W-noY$M2QS[&YJ[þ[-NXn��DT&[_QSV�N��@N�¤_QSP2kONXTÝ[_Q�^`NXMONXT kON�PiI|¦XkOG�[-GCP�K�Y$MZYaV�GJILK-M2QDILQDM2nSGB �\Ê]Îv��}
�{Ð¢�\Ò¥�C���{�þÎv�C�EDìB{zÙPÃ�Y$h-QDk2W�Y$n�W-k2QDnDQDä>Y$MW-T�Y V�G [_Q���V0YJVXQSRJT¢KvGJM[_Q�^¿NXMONXT&VXQoYJPbjÑW-T"kOG;YkO¦�VXT-QSV0YJPi[-N]MONXK-MON�PONXT"kZYJVXQSRJTÝ[-N]nSGJT-�CQDk2W&[³lCY$M2QoY$h-nSNb[-N]TA$-I|NXMOGCP�NXT"kONXMOGCPPB zªnDQ9}Jr,DìBgiM2QD�CQDT�Y$nDI|NXT kON���noYJPmkO¦�VXT-QSV0YJPi[-NbQDT&[-N�¤-YJVXQSRJT\PON]QS[-N0Y$MOGJT�K�Y$MZY�QDT&[-N�¤&Y$MmkON�¤_kOG|P2QDT³V�GJILK-M2QDILQDMU�P2QDT�N�POk2M2W&VXk2W-MZY_B��+YYJ[&Y$K-kZYJVXQSRJT\[-NdnoYJP§kO¦�VXT-QSV0YJP�VXnoÉJP2QSV0YJPmK�Y$MZYañ"W&NbQDT&[-N�¤_NXT�kON�¤�kOG|V�GJILK-M2QDILQ�Ì[-G³V�GJTuY$nD��$-T�I|G�[-NXnSG³[-NaN�P2kZÉ$k2QSV�G�G³PONXILQoYJ[&Y$K-kZY$k2QDl�G\N�PbMON0Y$nDQDk2QDlCY$I|NXT"kON�PONXT&VXQDnDnSG���KvNXMOGÇKvGJMdNXnV�GJT k2MZY$M2QSG�T&G�N�¤�QSP2kONaW-T�YÇkO¦�VXT-QSV0Y�[-N|QDT&[-N�¤&YJVXQSRJT VXnoY$MZY�ñ"W&N|K*NXM2ILQDkZY�QDT&[-N�¤-Y$Mp[-G VXW-I|NXT kOGCP�PON�ÌILQSN�P2k2M2W&VXk2W-MZYJ[-GCPHKvGJMHV�GJT kONXT-QS[-GpU|N�P2k2M2W&VXk2W-MZYdPOQDIdW-nDkZÉ$T&N0Y$I|NXT"kONCB�t V�GJT"k2QDT"W�YJVXQSRJT³PZNmV�GJI|NXT"kZY$TY$nD�CW-T�YJP¥K-MOGJK-W&N�POkZYJP0B

¡{GJT-�� ]U�W\��N�N�NXkcY$n±B�K-MOGJKvGJT&NXTþ[_Q�^`NXMONXT kON�P]�DT&[_QSV�N�P�h�YJPZYJ[-GCP]NXTþÉ$M2hvGJnSN�P�Ò + ñ"W&N�KvNXM2ILQDkONXTnoY�nSG V0Y$nDQDä>YJVXQSRJT<[-N�K�Y$noY$h-MZYJPL[-NXT k2MOGþ[-N�NXnSNXI|NXT kOGCP|[-N�N�P2k2M2W&VXk2W-MZY2B �e¡b¡cÒ��Cx,DìB��iTFÉ$M2h*GJn¥N�PpnoYMONXK-MON�PONXT kZYJVXQSRJT�[-NpnoYN�POk2M2W&VXk2W-MZY�jÑNXMZÉ$MOñ W-QSV0Y�[-NdW-Tþ[-G�VXW-I|NXT"kOGÇU�V0YJ[&YT&G�[-G[-NXnÙÉ$M2hvGJn7MONXK-MON�ÌPONXT kZYLYpW-T³[-NXkONXM2ILQDT�YJ[-G|NXnSNXI|NXT"kOG[-NcN�P2k2M2W&VXk2W-MZY_B&tóV0YJ[&YpT&G [-GL[-NXn+É$M2hvGJn�PON]nSN�MONXK-MON�PONXT"kZYaNXTNXn7�DT&[_QSV�N�I|N�[_QoY$T"kONaW-TþNXT"kONXMOGi$-T-QSV�G���YJP2�7K-W&N�PbPZNXMZÉaT&N�V�N�PîY$M2QSGÇ[_QSP2K*GJT&NXMb[-N|Y$nD��$-TþI|N�V0Y$T-QSPOI|GP2W-K-nSNXI|NXT kZY$M2QSG�ñ W&NLKvNXM2ILQDkZY�YJPOG�VXQoY$MdNXnÙQS[-NXT k2Q���V0YJ[-GJMLV�GJT�NXnÙk2QDKvG³[-NaNXnSNXI|NXT kOG�[-N|N�POk2M2W&VXk2W-MZYY$n+ñ W&NbMONXK-MON�PZNXT"kZY_B*ü]YJ[-Gñ"W&N�N�P2kONck2MZY$h�Y¡j2GakOGJI|RV�GJI|G|h�YJPON�[-G VXW-I|NXT kOGCPbÂ-è]��� T&GLk2QSNXT&NpNXTVXW&NXT kZY�noYJP§NXk2QSñ W&NXkZYJPß�]����V�GJT�V�GJT"kONXT-QS[-G-BË�GJM¥GJk2MOGpnoYJ[-G���Ê]Y�lCY$M2MOG�UaÒ¥YJNXä>Y¡ÌI¡ Y$kON�P�K-MOGJKvGJT&NXT�NXT;B Ê�Ò>¡c��}JYED6W-T�I|G [-NXnSG���NXT&¦XM2QSV�G�NXTÇNXnñ W&N]W-k2QDnDQDä>Y$TÎ�zÍ��AÍ È ÉzËWÍ#è × ÏrÊ,Ñ�� È K�Y$MZYpMON0Y$nDQDä>Y$MiV�GJT&P2W-nDkZYJP§KvGJM§V�GJT"kONXT-QS[-GaU�N�P2k2M2W&VXk2W-MZY��&U�NXl�QDkZY$TNXn6K-MOGJh-nSNXIaY|MON�P2k2M2QDT-�CQSNXT&[-G|noY�N�¤_K-MON�P2QDl�QS[&YJ[³[-NXn�nSNXT-�CW�Y¡j2Nb[-NcV�GJT&P2W-nDkZY_B
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z7¤�QSPOkONXTaT"W-I|NXMOGCPZGCP¥P2QSP2kONXIaYJPH[-N§MON�VXW-KvNXMZYJVXQSRJT�[-NmQDT_^`GJM2IaYJVXQSRJTÇñ W&N§Ã�YbQDT"kONX�CMZYJ[-G�V�GJT�¦�¤_QDkOG�DT&[_QSV�N�PÙQDT"l�NXM2k2QS[-GCPHV�GJT|[-G VXW-I|NXT kOGCP{V�GJILK-M2QDILQS[-GCP���V�GJI|GbK*GJMÙNÔj2NXILK-nSG*Ü�â��C�ÝY$T�Y$�CQDT-��è�QD�"Y$h"U ÌkON�P#�B Ð¬��Ò¥�C�EDªñ"W&NpN�P�W-T\PZG$^�kÍÓHY$MONL[-Np[-GJILQDT-QSGK�$-h-nDQSV�G��vl�NXMOPîÉ$k2QDn�U�[-NpK-MOGJKvRCP2QDkOG��NXT&NXMZY$n7ñ W&NV�GJILK-M2QDI|N�NcQDT&[-N�¤&YLkON�¤_kOGCP��-[-G VXW-I|NXT kOGCP]N�POV0Y$T&N0YJ[-GCPmNcQDIaÉ$��NXT&N�P>B��þè�W-k2QDnDQDä>YLW-T�V�R [_QD��GLk2QDKvGÅiW_^�^�IaY$T@�ª[-NXT&GJILQDT�YJ[-G¼ìp�Zí�îïÍ,ËÌ�ðB£Î*�Ý�Cr��Ù���§��}#D¯�ÙK�Y$MZYþV�GJILK-M2QDILQDMNXn¥kON�¤_kOGþnSG�ñ W&N�nSNÇK-MOG$ÌKvGJMOVXQSGJT�Y�W-T�T-QDl�NXn [-N|V�GJILK-MON�P2QSRJT V�GJILKvNXk2QDk2QDl�G-B+��Y$Idh-QS¦XTuIaY$T"k2QSNXT&NV�GJILK-M2QDILQS[-G�NXnª�DT&[_QSV�NaUGJh-k2QSNXT&NaW-T&GCPbk2QSNXILKvGCPd[-NLMON�POK-W&N�P2kZY³YJV�NXK-kZY$h-nSN�P0B�ËªW&N�[-NaV�GJILK-M2QDILQDMp[-G VXW-I|NXT kOGCP�PZNXILQSN�P2k2M2W&V�Ìk2W-MZYJ[-GCPik2MZY$kZY$T&[-GnoYLNXk2QSñ"W&NXkZYaV�GJI|G|W-T�Y|K�Y$noY$h-MZY|IaÉJP��&K*NXMOGaT&GLk2QSNXT&NdNXT\V�GJT&P2QS[-NXMZYJVXQSRJT\[_QSVZÃ�YN�POk2M2W&VXk2W-MZYLNXT�NXn6I|GJI|NXT"kOG[-NcnoYpMON�VXW-KvNXMZYJVXQSRJT�B
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z{P2kONmk2MZY$h�Y¡j2GpK-MOGJK*GJT&N�W-T�I|G�[-NXnSG�[-N]V�GJILK-MON�P2QSRJT���NXT&NXMZY$n6KvNXT&PZYJ[-GdK�Y$MZYpV�GJILK-M2QDILQDM§[-G�VXW_ÌI|NXT kOGCPiPONXILQSN�POk2M2W&VXk2W-MZYJ[-GCPmh�YJPZYJ[-GNXT�NXn+V�GJT kONXT-QS[-GPONXIaÉ$T k2QSV�G[-NbnSGCPm[_Q�^¿NXMONXT"kON�Pik2QDK*GCP§[-N�NXnSN�ÌI|NXT kOGCP [-NiN�P2k2M2W&VXk2W-MZY��"[-NXT&GJILQDT�YJ[-G ÏrÍ��A�ZÑOÍr�A�pÙ�Í���Ô¯�Ìè�ÔJÍ È � È Ô|ËZ��Ù�Ô|��ËÌÊ,Ñ�� È ULPON¥K-W&N�[-NmV�GJT&POQS[-NXMZY$MV�GJI|GLW-T�Y�N�¤_kONXT&P2QSRJT�[-NXn+I|G [-NXnSG|[-NbY$n�^±Y$hvNXkOGCPmPONXK�Y$MZYJ[-GCPPB Ò¥Â���Ð ©CxEDìB��ÙPOkONcW-k2QDnDQDä>Y�W-TÇI|G�[-NXnSGN�P2KvN�VX����V�G�K�Y$MZY�I|G�[-NXnoY$M§U�V�G [_Q���V0Y$M�V0YJ[&YLV�GJTJjÔW-T kOG|[-Nck2QDKvGCP§[-NbNXnSNXI|NXT kOGCPm[-NbN�P2k2M2W&VXk2W-MZYaV�GJTP2QD�CT-Q���V0YJ[-GCPcPZNXIaÉ$T"k2QSV�GCPbP2QDILQDnoY$MON�P>B*zÙTþW-T�YaK-M2QDI|NXMZY�NXkZY$K�Y�PZNdÃ�YMON0Y$nDQDä>YJ[-G�W-T�Y�QDILK-nSNXI|NXT"kZY¡ÌVXQSRJT\PONXILQoYJ[&Y$K-kZY$k2QDlJY\Ú�W-k2QDnDQDä>Y$T&[-GW-T�Y|l�NXMOP2QSRJT\[-NdÅiW_Æ*IaY$T\PONXILQoYJ[&Y$K-kZY$k2QDlCY�ß§V�GJT�noYLQDT"kONXT&VXQSRJT[-NW&PZY$M2nSGÝNXT;h�YJPON�P�[-N�[&Y$kOGCP�kON�¤_k2W�Y$nSN�PLV�GJT;[-G VXW-I|NXT kOGCP|V�GJILK-M2QDILQS[-GCP�B t�Êi�ª�CsCY��7tiÊ��ª�Cs$h�DUuK*GCPOkONXM2QSGJM2I|NXT"kON\PON�Ã�YÝMON0Y$nDQDä>YJ[-G�W-T�YþQDILK-nSNXI|NXT"kZYJVXQSRJT×YJ[&Y$K-kZY$k2QDlJY�[-NXn§ILQSP2I|GÈÚ�W-k2QDnDQDä>Y$T&[-G
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K�Y$MZY³NXnDnSGÇËÙËÙ�\üc�cßcV�GJT�l QSPOkZYÇY�W-k2QDnDQDä>Y$M2nSG³K�Y$MZY�NXn Y$nDIaYJV�NXT�Y$ILQSNXT kOG�U\k2MZY$T&P2ILQSP2QSRJT�[-NL[_QSVZÃ&G[-G�VXW-I|NXT"kOGCPPB ti�7Ê]�$y�DìB-�+YJP¥MZY$ä0GJT&N�Pi[-NbV�GJILK-MON�P2QSRJT\GJh-kONXT-QS[&YJP§KvGJM§V0YJ[&Y�QDILK-nSNXI|NXT"kZYJVXQSRJTÝÃ�Y$TPOW-K*NXMZYJ[-GMON�P2KvN�VXk2QDlJY$I|NXT kON|Y|noYJP]GJh-kONXT-QS[&YJP]KvGJMinSGCP]P2QSP2kONXIaYJP]PONXILQoYJ[&Y$K-kZY$k2QDl�GCP]U\YJ[&Y$K-kZY$k2QDl�GCPV�GJI|NXT kZYJ[-GCPiNXT³NXn�N�P2kZYJ[-GaY$M2kONCBt KvN�PZY$M{[-Niñ"W&NmNXn&I|G [-NXnSG�[-NmV�GJT kON�¤�kOGCPHN�P2k2M2W&VXk2W-MZY$nSN�P�PON¥K-W&N�[-N�Y$K-nDQSV0Y$M POGJh-MONi[-G VXW-I|NXT kOGCPN�POk2M2W&VXk2W-MZYJ[-GCPcPONdK-MOGJKvGJT&N�W-T�YakO¦�VXT-QSV0Y�[-N�V�GJILK-MON�P2QSRJTþQDT&POK-QDMZYJ[&YNXTþNXnªN�POñ W&NXIaYa�+NXILK*NXn�ÌÔÎ@QDlñ W&NcKvNXM2ILQDkONbIaY$T-QDK-W-noY$M�UÇV�GJILK-M2QDILQDMinoYLN�POk2M2W&VXk2W-MZYa[-NcW-T�YL^`GJM2IaY|IaÉJPiYJ[-N�VXW�YJ[&Yñ"W&NdNXn+I|G$Ì[-NXnSG���NXT&NXMZY$n»B tiÊ��ª�$y,DìB zªn*K-M2QDT&VXQDK�Y$n6NXnSNXI|NXT"kOG�[-NXnvN�POñ"W&NXIaY�N�P noYb[-NXT&GJILQDT�YJ[&Ypk2MZY$T&PÑ^¿GJM2IaYJVXQSRJT��Î6E¥Â���ñ W&NmN�PHnoY�NXT&V0Y$M2�"YJ[&Yp[-NiP2W&POk2QDk2W-QDM nSGCP�NXnSNXI|NXT"kOGCP¥N�POk2M2W&VXk2W-MZY$nSN�P¥V�GJILK-nSNXkOGCP�K*GJMHW-T�YbMON�^¿N�ÌMONXT&VXQoYaY�noY�K-M2QDI|NXMZY|G�VXW-M2MONXT&VXQoY|[-NbnoYpILQSP2IaY_B��+YLMON�^`NXMONXT&VXQoYaN�P2kZÉpMONXK-MON�PONXT"kZYJ[&YaI|N�[_QoY$T"kON�W-T�YNXk2QSñ W&NXkZY\N�P2KvN�VXQoY$nHñ W&NV�GJT k2QSNXT&N�noY³KvGCP2QSVXQSRJT;[-NanoY�G�VXW-M2MONXT&VXQoYÝNXTuNXnHkON�¤�kOG�k2MZY$T&PÑ^¿GJM2IaYJ[-G-Bª�+Yl�NXT kZY¡j2Ya[-NcnoYpk2MZY$T&PÑ^¿GJM2IaYJVXQSRJT\��Î6E¥Â�N�Pmñ W&NcK-MOG�[_W&V�NckON�¤�kOG|K-noY$T&G|V�GJT�MON�^¿NXMONXT&VXQoYJP¥^±YJVXQDnDQDkZY$T&[-GnoYpl�QSP2W�Y$nDQDä>YJVXQSRJT@��T�Y�l�NX�"YJVXQSRJT�U�h�$&POñ W&N�[&YLPOGJh-MONcNXn�ILQSPOI|G-BË�Y$MZYdMON�VXW-K*NXMZY$MHnSGCPH[-G VXW-I|NXT kOGCP KvGJM{V�GJT kONXT-QS[-G�U|N�POk2M2W&VXk2W-MZYbPONmÃ�YcK-MOGJK-W&N�P2kOG�W-TN�POñ W&NXIaY[-N��DT&[_QSV�N�QDT l�NXM2k2QS[-G�V�GJT<[_QDMON�V�VXQSGJT�Y$ILQSNXT"kOG;YÝNXnSNXI|NXT"kOGCPN�P2k2M2W&VXk2W-MZY$nSN�P|ñ W&NÇPON�K-W&N�[-N³Y$K-nDQSV0Y$MPZGJh-MONi[-G�VXW-I|NXT"kOGCP§V�GJTÇGpP2QDT�V�GJILK-MON�P2QSRJTÎB ti��÷�÷]�CeCY���t���÷�÷c�Ce$h�DìB zªTÇN�P2kONik2QDKvGp[-Ni�DT&[_QSV�N���noYJPKvGCP2QSVXQSGJT&N�P�ñ"W&NHV�GJT"k2QSNXT&NXT�noYJP�nDQSP2kZYJP7[-N{G�VXW-M2MONXT&VXQoYJP7T&G§QDT&[_QSV0Y$T�T-QDT-�CW-T�YmK*GCP2QSVXQSRJT�[-N nSGCP���VZÃ&NXMOGCPPOQDT&Gñ W&NbMON�^¿NXMONXT&VXQoYJP��&noYJP][-NdW-T�YakZY$h-noY_BvüiQSVZÃ�Y|kZY$h-noY�PONdÃ�Ya[-NXT&GJILQDT�YJ[-G�kZY$h-noY�[-NpV�GJT"k2MOGJnª[-NN�POk2M2W&VXk2W-MZY|UÇNXT�V0YJ[&Y|�&noY|V�GJT k2QSNXT&NdnoY|QDT_^`GJM2IaYJVXQSRJTÝT&N�V�N�PZY$M2QoY|K�Y$MZY|MON�PZGJnDl�NXMmnoYJP�V�GJT&P2W-nDkZYJPmKvGJMV�GJT kONXT-QS[-GdU|N�POk2M2W&VXk2W-MZY_B �+YbK-MOGJK-W&N�P2kZYbG$^`MON�V�N§W-T�YJP K-MON�P2kZYJVXQSGJT&N�PHQDT"kONXM2I|N�[_QoYJP�NXT k2MONmnSGCP �DT&[_QSV�N�PQDT l�NXM2k2QS[-GCPiV�GJT³[_QDMON�V�VXQSGJT�Y$ILQSNXT kOGÇYpK�Y$noY$h-MZYLU�V�GJT³[_QDMON�V�VXQSGJT�Y$ILQSNXT"kOGÇY�[-G VXW-I|NXT kOGCP0BtmW-T&ñ W&NNXn¥NXT_^¿G ñ W&Nañ W&N�PON|Ã�Y\[&YJ[-GÝNXT;N�P2kONak2MZY$h�Y¡j2G\kZY$T"kOG�Y$nHI|G [-NXnSGÝ[-N�V�GJT"kON�¤_kOGCPLN�PÑÌk2M2W&VXk2W-MZY$nSN�PcV�GJI|G�Y$n��DT&[_QSV�N�QDT l�NXM2k2QS[-GÇV�GJT\[_QDMON�V�VXQSGJT�Y$ILQSNXT kOG�YNXnSNXI|NXT"kOGCPbN�P2k2M2W&VXk2W-MZY$nSN�P]PON�Ã�YnDQDILQDkZYJ[-G\Y$n É$Idh-QDkOG�[-NLnSGCPdPOQSP2kONXIaYJPb[-N|MON�VXW-KvNXMZYJVXQSRJT [-N|QDT_^`GJM2IaYJVXQSRJT U\h�YJPZN�Pb[-N|[&Y$kOGCPbkON�¤�Ìk2W�Y$nSN�PHV�GJT�[-G VXW-I|NXT kOGCP¥V�GJILK-M2QDILQS[-GCP���noYcW-k2QDnDQDä>YJVXQSRJTÇ[-NmnSGCP ILQSP2I|GCP T&G�N�POkZÉcnDQDILQDkZYJ[&Y�Yb[_QSVZÃ�YJPÉ$MON0YJP#�&K-W&[_QS¦XT&[-GCPON�W-k2QDnDQDä>Y$M�NXT\GJk2MOGCPiV0Y$ILKvGCP�V�GJI|GaKvGJMiNÔj2NXILK-nSGNXT\NXn�É$MON0Ya[-NbnoYJPih-QDh-nDQSGJkON�V0YJP[_QD�CQDkZY$nSN�PPB ti��÷ + �CeEDìB
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tóV�GJT k2QDT"W�YJVXQSRJTÝPON]V�GJI|NXT"kZY$MZÉah-MONXl�NXI|NXT"kONbnoY�[_QSPOk2M2QDh-W&VXQSRJT�[-N]nSGCP§V�GJT kONXT-QS[-GCPmV�GJI|NXT"kZYJ[-GCPNXT N�P2kONÇk2MZY$h�Y¡j2G�[-NÇkON�P2QSP>BÙzªn§IaY$kONXM2QoY$n]PON�Ã�Yþ[_QSP2k2M2QDh-W-QS[-G��HV�GJI|G�POW&NXnSN³PONXM|Ã�Y$h-QDk2W�Y$nJ� NXTÈ[-GCPK�Y$M2kON�PªVXnoY$MZY$I|NXT kON§[_Q�^¿NXMONXT&VXQoYJ[&YJP��CnoYiK�Y$M2kON¥[-NXT&GJILQDT�YJ[&Yå� È ÔJÊe�eÍ*�A�ZÑ�Ê,ËQÔ¯�¥NXT�noY]ñ W&NHPZN V�GJI|NXT kZY$TY$nD�CW-T&GCP�k2MZY$h�Y¡j2GCP�K-MONXl QSGCP7ñ W&N{Ã�Y$TLPONXM2l�QS[-GiV�GJI|Gih�YJPON�Y§noYmQDT"l�N�POk2QD�"YJVXQSGJT&N�P�üJUbnoYmK�Y$M2kON V�GJT&G�VXQS[&YV�GJI|G ÊxÉ�Í,ËQÔJÊeÙ × Í,��� È NXT noY³ñ W&NaPON[-NXkZY$nDnoY$T noYJP�QDT"l�N�P2k2QD�"YJVXQSGJT&N�P�UÝK-MOGJK-W&N�P2kZYJP�ñ W&NaV�GJT_^¿GJM2IaY$TN�POkZYpkON�P2QSP§[-G�VXkOGJMZY$n±B�+YK�Y$M2kONL[-NbÜÍN�POkZYJ[-GÇ[-NXnªY$M2kON�ÞpMONXnoY$kZY�nSGCPcV�GJT&V�NXK-kOGCPbNXnSNXI|NXT"kZY$nSN�PdT&N�V�N�PZY$M2QSGCP]QDT"l�GJnDW&VXMZYJ[-GCPNXTLNXn�É$I�h-QDkOGc[-N�nSGCPªP2QSP2kONXIaYJPª[-N�MON�VXW-KvNXMZYJVXQSRJT|[-N�QDT_^`GJM2IaYJVXQSRJTañ W&NHIaY$T"k2QSNXT&NXTaPOW&Pª[-G VXW-I|NXT kOGCPV�GJILK-M2QDILQS[-GCP>B�zÙT K-M2QDI|NXM�nDW-�"Y$M���NXTuNXnHV0Y$K-�Dk2W-nSGÝe�PON[-NXkZY$nDnoY$MZÉ$TunSGCPpV�GJT&V�NXK-kOGCP�kON�RJM2QSV�GCPpIaÉJP��NXT&NXMZY$nSN�P�MONXnoYJVXQSGJT�YJ[-GCPLV�GJT;noY�V�GJILK-MON�P2QSRJTF[-N�[&Y$kOGCP�U ñ"W&N�PON|IaY$T&NÔjOY$MZÉ$TF[_W-MZY$T"kON�noY�N�¤�KvG$ÌPOQSVXQSRJT�[-NXnÙk2MZY$h�Y¡j2G-B���Y$I�h-QS¦XTuPONLNXT W-T&VXQoY$MZÉ$Tu[_Q�^¿NXMONXT"kON�P�noYJPbVXnoYJP2Q���V0YJVXQSGJT&N�Pp[-NLnoYJPdkO¦�VXT-QSV0YJPd[-NV�GJILK-MON�POQSRJT³IaÉJP§Ã�Y$h-QDk2W�Y$nSN�P��@YJP2��V�GJI|GLnoYL[-NXI|GCP2k2MZYJVXQSRJT\[-NXn6kON�GJMONXIaY|[-NXn�MON�VXW&NXT kOGañ W&NcN�P¥QDI�ÌKvGJM2kZY$T"kONpKvNXMOG|I�W-U³K*G�V�GÃ�Y$h-QDk2W�Y$n�NXT\noY|nDQDkONXMZY$k2W-MZYMONXnoYJVXQSGJT�YJ[&Y_BvzªTÝNXn�V0Y$K-�Dk2W-nSGÇsaPON�NXT k2MZY$MZÉW-T�K*G�V�GLIaÉJP�NXT�[-NXkZY$nDnSN�NXT�noY|[-N�POVXM2QDKvVXQSRJT�U³Y$T�É$nDQSP2QSPi[-NbnSGCP§I|G�[-NXnSGCP��-I|¦XkOG�[-GCPiU�kO¦�VXT-QSV0YJP�[-NV�GJILK-MON�POQSRJT�[-N]kON�¤_kOG�Ú�kZY$Idh-QS¦XTÝ[-NXT&GJILQDT�YJ[&Y|V�GJILK-MON�P2QSRJT\P2QDT³Kv¦XMO[_QS[&Y�ß�ñ W&NcPONXMZÉ$T�NXn�K-W-T kOGa[-NK�Y$M2k2QS[&Y�K�Y$MZYinoYJP7K-MOGJK-W&N�P2kZYJP>BCzªn_W&POG][-NHVXQSNXM2kOGCP Y$nD��GJM2QDk2I|GCPÙ[-N�V�GJILK-MON�P2QSRJT|P2QDT�K*¦XMO[_QS[&Y�KvNXM2ILQDkONMON0Y$nDQDä>Y$Mmh�$&POñ"W&N�[&YJPmPOGJh-MONcnSGCP¥kON�¤_kOGCP§V�GJILK-M2QDILQS[-GCP��@NXT³N�P2kZY�nD�DT&N0YLNXT³NXn�V0Y$K-�Dk2W-nSGay|PONcN�¤�KvGJT&NXTV�GJT�h-MONXl�N�[&YJ[³noYJP¥kO¦�VXT-QSV0YJP�VXnoÉJP2QSV0YJP§ñ W&NbPON]W-k2QDnDQDä>Y$T�K�Y$MZY�h-W&POV0Y$M§K�Y$k2MOGJT&N�P�NXTÇW-T³kON�¤_kOG��&NXT³W-TK-M2QDT&VXQDK-QSGaP2QDT�V�GJT&P2QS[-NXMZY$M§noY�N�POk2M2W&VXk2W-MZY|[-N]nSGCPm[-G�VXW-I|NXT"kOGCP>B
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Â�NHV�GJI|NXT"kZY$T|YJ[-NXIaÉJP7noYJP�[_Q�^`NXMONXT kON�P7kO¦�VXT-QSV0YJP7N�P2kZÉ$T&[&Y$Mª[-N{QDT&[-N�¤&YJVXQSRJTp[-N kON�¤_kOG�YJP2�_V�GJI|GinoYJPNXILK-nSN0YJ[&YJP7NXTdnoYmV�GJILK-MON�P2QSRJT�[-NXn"�DT&[_QSV�N Ubñ"W&N PONXMZÉ$T�$-k2QDnSN�P�K�Y$MZY§V�GJILK-MONXT&[-NXMªNXn"�DT&[_QSV�N QDT"l�NXM2k2QS[-GV�GJT<[_QDMON�V�VXQSGJT�Y$ILQSNXT kOG;YÝNXnSNXI|NXT kOGCPN�POk2M2W&VXk2W-MZY$nSN�P|UunoYÝV�GJILK-MON�P2QSRJT [-NXn§ILQSPOI|G-BªË�Y$MZY�V�NXM2MZY$MN�P2kZYbK�Y$M2kON�� NXT�NXn*V0Y$K-�Dk2W-nSG�rbPZNmV�GJI|NXT"kZY$MZÉ$T�h-MONXl�NXI|NXT kON]nSGCPHYJP2KvN�VXkOGCP U|V�GJT&V�NXK-kOGCP h�ÉJPOQSV�GCP ñ W&NN�P2kZÉ$T�K-MON�PONXT"kON�P]NXT�W-T�P2QSP2kONXIaYa[-NbMON�VXW-KvNXMZYJVXQSRJTþ[-NbQDT_^¿GJM2IaYJVXQSRJT�U³[-NdnSGCPi[_Q�^¿NXMONXT"kON�P�I|G�[-NXnSGCPñ W&NLQDT"kONXM2l�QSNXT&NXT;NXT"k2MONW-T�Y�T&N�V�N�P2QS[&YJ[u[-NLQDT_^`GJM2IaYJVXQSRJTuKvGJMbK�Y$M2kONa[-NXn W&P2W�Y$M2QSG³UÝnoYÇMON�POK-W&N�P2kZY[-NLnoYÇILQSP2IaY_B�t�P2QDILQSP2I|G���kZY$I�h-QS¦XT PON|Ã�Y$MZÉ�W-T�MONXK�YJPOG�N�¤�Ã�Y$W&P2k2QDl�G�[-NLnoYJPbkO¦�VXT-QSV0YJP�I|G�[-NXM2T�YJPñ W&NLPONLW-k2QDnDQDä>Y$TuNXT�nSGCPdP2QSPOkONXIaYJPd[-NLMON�VXW-KvNXMZYJVXQSRJTu[-N|QDT_^`GJM2IaYJVXQSRJTuñ"W&NLIaY$T&NÔjOY$T [-G�VXW-I|NXT"kOGCPPONXILQSN�POk2M2W&VXk2W-MZYJ[-GCP0B��Y�K�Y$M2kONbV�GJM2MON�P2KvGJT&[-G NXT kON�YpnoYJP¥ÜÔY$K*GJM2kZYJVXQSGJT&N�PÑÞbV�GJILQSNXT-ä>YaNXT�NXn�V0Y$K-�Dk2W-nSGaV0Y$K-�Dk2W-nSG�x�NXT�NXnVXW�Y$nHPON|NXT"W-T&VXQoY�noY�K-MOGJK-W&N�P2kZY�[-NLW-T I|G [-NXnSG�[-NaV�GJILK-MON�P2QSRJTu��NXT&¦XM2QSV�G�ñ W&NaV�GJT&P2QS[-NXMZY³UþPZYJV0YK�Y$M2k2QS[-G][-NHnoY�N�P2k2M2W&VXk2W-MZY][-NHnSGCP�[-G�VXW-I|NXT"kOGCP{PONXILQSN�P2k2M2W&VXk2W-MZYJ[-GCP0B�zÙn�I|G�[-NXnSG]PON Ã�Yi[-NXT&GJILQDT�YJ[-GÜìI|G�[-NXnSGa[-NbV�GJT kON�¤�kOGCP]N�P2k2M2W&VXk2W-MZY$nSN�P2ÞbU�Ã�Y|P2QS[-G|QS[-N0YJ[-GaK�Y$MZY|V�GJILK-M2QDILQDM][-G VXW-I|NXT kOGCP�PZNXILQSN�PÑÌk2M2W&VXk2W-MZYJ[-GCPªNXTp��NXT&NXMZY$n±BCücYJ[-Giñ W&N�NXn I|G�[-NXnSG]N�P+��NXT&¦XM2QSV�GcN�¤_QSP2kONXT�[_Q�^`NXMONXT kON�P7QDILK-nSNXI|NXT"kZYJVXQSGJT&N�P[-NXn�ILQSPOI|G|UÇNXT�[_QSVZÃ&GaV0Y$K-�Dk2W-nSG�PONcIdW&N�POk2MZY$T\[-GCP�Y$nDkONXM2T�Y$k2QDlJYJP���W-T�Y|PONXILQoYJ[&Y$K-kZY$k2QDlCYaU�noY|GJk2MZYYJ[&Y$K-kZY$k2QDlCY_B�Â�N]Ã�Y$T³GJh-kONXT-QS[-GLMZY$ä0GJT&N�P§[-NcV�GJILK-MON�P2QSRJT�IdW-U�V�GJILK*NXk2QDk2QDlCYJP§NXT�Y$IdhvGCP§V0YJPOGCP>B�zÙTnoY�l�NXMOPOQSRJT�PONXILQoYJ[&Y$K-kZY$k2QDlCYaPONbK-W&N�[-NXT�MON0Y$nDQDä>Y$Mmh�$&PZñ"W&N�[&YJPmUÇYJV�V�N�[-NXM�[-N]^¿GJM2IaYaY$nSN0Y$kOGJM2QoYaYLnSGCP[-G�VXW-I|NXT"kOGCPªV�GJILK-M2QDILQS[-GCP��JILQSNXT k2MZYJPªNXTLNXT�noYml�NXMOP2QSGJT|YJ[&Y$K-kZY$k2QDlJYiT&G-BJÊ�GiGJh&P2kZY$T kON��$noYJP�MZY$ä0GJT&N�P[-NiV�GJILK-MON�P2QSRJT�PZGJTaIdW&VZÃ&G�I|NÔjÑGJMON�PHNXTNXnvPONX�CW-T&[-G�V0YJPOG��"I|GCPOk2MZY$T&[-G�VXnoY$MZY$I|NXT kONinoYdK-MOGJKvGJMOVXQSRJTQDT l�NXMOPZYLñ W&NcN�¤�QSP2kONcNXT k2MONd[_QSVZÃ�YJP¥^`W-T&VXQSGJT�Y$nDQS[&YJ[-N�PmU�noYpMZY$ä0RJT�[-NbV�GJILK-MON�P2QSRJT�BË�GJM|GJk2MOGÝnoYJ[-G���UuY$W-T&ñ W&NÇNXn�I|G [-NXnSGþ[-N�V�GJT"kON�¤_kOGCP|N�P2k2M2W&VXk2W-MZY$nSN�PaPON�K-W&N�[-N�W-k2QDnDQDä>Y$MLK�Y$MZYV�GJILK-M2QDILQDM�[-G VXW-I|NXT kOGCPLN�P2k2M2W&VXk2W-MZYJ[-GCP��7PONaÃ�YÇQS[-N0YJ[-G\W-T�Y³kO¦�VXT-QSV0Y�[-NaV�GJILK-MON�POQSRJTuQDT&POK-QDMZYJ[&YNXT noYÇQS[-N0Y�[-Na��NXILKvNXn U Î@QDlþK�Y$MZY�V�GJILK-M2QDILQDM2nSGCP0B7zªT;NXn V0Y$K-�Dk2W-nSGþ}ÇPON[-NXkZY$nDnoY\[_QSVOÃ�Y�kO¦�VXT-QSV0Yñ W&NLV�GJT&P2QSP2kON|NXT k2MZY$T&PÑ^¿GJM2IaY$MbnSGCPd[-G�VXW-I|NXT"kOGCPpN�P2k2M2W&VXk2W-MZYJ[-GCP�Y$T"kON�Pp[-N|V�GJILK-M2QDILQDM2nSGCPdW&PîY$T&[-GVXW�Y$nSñ W-QSNXM7kO¦�VXT-QSV0YiN�POkZÉ$T&[&Y$M0B$��YmQS[-N0YiK-M2QDT&VXQDK�Y$n-[-NHnoY§k2MZY$T&P2^`GJM2IaYJVXQSRJT|N�P�P2W&P2k2QDk2W-QDM7noYJP7P2W-hvN�P2k2M2W&V�Ìk2W-MZYJP ñ"W&N§PZN¥MONXK*NXk2QDkONXTK*GJM W-TY$K-W-T"kZYJ[-GJM§Y]noYcK*GCP2QSVXQSRJT�NXT|noYbñ W&N§PONmNXT&VXW&NXT"k2MZYdnoYcK-M2QDI|NXMZY_B��+YPZY$nDQS[&Yb[-N¥noY�k2MZY$T&PÑ^¿GJM2IaYJVXQSRJT�V�GJT k2QDTA$�Y�P2QSNXT&[-GckON�¤_kOGcK-noY$T&GcKvGJMÙnSGbñ W&N¥noY�l QSPOW�Y$nDQDä>YJVXQSRJT@��T�Y�l�NX�"Y¡ÌVXQSRJT�U|h�$&POñ W&N�[&YJP¥POGJh-MON�nSGCPHkON�¤�kOGCP�k2MZY$T&P2^`GJM2IaYJ[-GCP¥[-N�K-W&N�[-N]MON0Y$nDQDä>Y$M¥[-N�W-T�YdIaY$T&NXMZY�PZNXT&VXQDnDnoY_Bt¥[-NXIaÉJP��ÙnoYJPLMZY$ä0GJT&N�Pa[-N³V�GJILK-MON�POQSRJT GJh-kONXT-QS[&YJPaPZRJnSGþK*GJMLnoYþk2MZY$T&PÑ^`GJM2IaYJVXQSRJT¢POGJTFMON0Y$nDI|NXT"kONh-W&NXT�YJP0BtiW-T&ñ W&N�N�¤_QSP2kONXT¢NXT¢noY�nDQDkONXMZY$k2W-MZYuY$nD�CW-T�YJP�K-MOGJK-W&N�P2kZYJP�[-N\N�POñ W&NXIaYJP[-N�QDT&[-N�¤-YJVXQSRJT ñ W&Nk2QSNXT&NXTFNXTFVXW&NXT"kZYÝnoY\N�P2k2M2W&VXk2W-MZY\K�Y$MZY�MON�POGJnDl�NXM|V�GJT&POW-nDkZYJP�K*GJMLV�GJT"kONXT-QS[-GÝUuN�P2k2M2W&VXk2W-MZY��ªNXTFNXnV0Y$K-�Dk2W-nSGÇ©�PON�N�¤�KvGJT&N�W-T�YaK-MOGJK-W&N�POkZY�[-NXT&GJILQDT�YJ[&YÜì�DT&[_QSV�NpQDT"l�NXM2k2QS[-G³V�GJTþ[_QDMON�V�VXQSGJT�Y$ILQSNXT"kOG\YNXnSNXI|NXT kOGCPpN�POk2M2W&VXk2W-MZY$nSN�PÑÞñ W&N|^±YJVXQDnDQDkZYÇnoY�MON�POGJnDW&VXQSRJT;N���VXQSNXT"kON�[-N[_QSVZÃ�YJP�V�GJT&P2W-nDkZYJP0B���Y$Idh-QS¦XTNXTÇNXnvILQSP2I|G�V0Y$K-�Dk2W-nSG|PONiÃ�Y�[-N��&T-QS[-G�W-T�T"W&NXl�G�I|G�[-NXnSGL[-NiMON�VXW-KvNXMZYJVXQSRJT�[-N�QDT_^¿GJM2IaYJVXQSRJTÇK�Y$MZY[-G�VXW-I|NXT"kOGCPLV�GJT;N�P2k2M2W&VXk2W-MZY\[-NakZY$n ^¿GJM2IaY�ñ W&N|KvNXM2ILQDkON�MON�POGJnDl�NXM�V�GJT&P2W-nDkZYJP�K*GJM�V�GJT"kONXT-QS[-G\UN�P2k2M2W&VXk2W-MZY\KvGJT&[-NXMZY$T&[-G�V0YJ[&YÝNXnSNXI|NXT kOG�N�P2k2M2W&VXk2W-MZY$nmK*GJM�noYÝ[-NXT&P2QS[&YJ[<[-N�nSGCP�kO¦XM2ILQDT&GCP[-N�noYV�GJT&P2W-nDkZY|ñ"W&NcV�GJT k2QSNXT&N��@YJP2��V�GJI|GLnoYLK-MOG�¤_QDILQS[&YJ[�[-N]nSGCP¥ILQSP2I|GCP>BË�GJM�$-nDk2QDI|G���NXT�NXn{V0Y$K-�Dk2W-nSG���PONLV�GJI|NXT kZY$T nSGCPcMON�POW-nDkZYJ[-GCPbIaÉJPbP2QD�CT-Q���V0Y$k2QDl�GCP�ñ"W&NaPON�Ã�Y$TGJh-kONXT-QS[-G[_W-MZY$T"kONpNXn�[-N�PZY$M2MOGJnDnSG[-NbnoYJP§K-MOGJK-W&N�POkZYJPiNXT W-T&VXQoYJ[&YJP�NXT�N�P2kONbk2MZY$h�Y¡j2G|K�Y$MZYY$nSV0Y$T-ä>Y$MnSGCP�GJh_j2NXk2QDl�GCP�QDT-QSVXQoY$nDI|NXT"kONcK-MOGJK-W&N�P2kOGCP#� UPON]N�P2h*GJä>Y$T�nD�DT&N0YJP¥[-N�k2MZY$h�Y¡jÑG�^`W-k2W-MOGpK�Y$MZY�V�GJT"k2QDT"W�Y$MNXn6k2MZY$h�Y¡j2G|ñ W&N]Ã�YLV�GJI|NXT-ä>YJ[-GaV�GJT³N�P2kZYLkON�P2QSP0B
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zªn"GJh_j2NXk2QDl�G§h�ÉJP2QSV�G§[-NÙnoY¥V�GJILK-MON�P2QSRJT�[-N{[&Y$kOGCP+N�P�noY¥MON�[_W&V�VXQSRJT�[-NXn�T�$-I|NXMOGm[-Nªh-QDkOP+W-k2QDnDQDä>YJ[-GCPK�Y$MZYmY$nDIaYJV�NXT�Y$M�G¥k2MZY$T&POILQDk2QDM�QDT_^¿GJM2IaYJVXQSRJT�B>��GCP�P2QSP2kONXIaYJP�[-N{V�GJILK-MON�P2QSRJTpPONªK-W&N�[-NXT�VXnoYJPOQ���V0Y$M�NXT[-GCP��CMZY$T&[-N�P�^±Y$ILQDnDQoYJP���nSGCP�V�GJILK-MON�PZGJMON�P�P2QDTdK*¦XMO[_QS[&Y¥[-NÙQDT_^`GJM2IaYJVXQSRJT�ÚÑÖÍ ÈxÈ Ñ�� È^È ß6UinSGCP�V�GJILK-MON�PZGJMON�PV�GJT�K*¦XMO[_QS[&Ym[-NªQDT_^¿GJM2IaYJVXQSRJT�ÚÑOÍ È^È�� ßvñ W&NÙPONÙW-k2QDnDQDä>Y$T�K�Y$MZYmV�GJILK-M2QDILQDM�MONXK-MON�PONXT kZYJVXQSGJT&N�P7[_QD�CQDkZY$nSN�P[-N{PONQ'�Y$nSN�P�Y$T�Y$nSRJ�CQSV0YJP��¡V�GJI|G¥KvGJM+NÔjÑNXILK-nSG��>POGJT-QS[-GCP+NªQDIaÉ$��NXT&N�P>B$è]NXT&NXMZY$nDI|NXT kON��>nSGCP�V�GJILK-MON�PZGJMON�PV�GJTLKv¦XMO[_QS[&Y]GJh-k2QSNXT&NXT|I|NÔj2GJMON�PªkZYJPZYJPÙ[-N¥V�GJILK-MON�POQSRJTañ"W&N¥YJñ W&NXnDnSGCPÙV�GJTLKv¦XMO[_QS[&Y��CnSGcñ"W&N¥PZNH[-NXhvN��NXT\K�Y$M2kON��vYañ W&NdnSGCP][&Y$kOGCP][-N�POV�GJILK-M2QDILQS[-GCP]T&Gk2QSNXT&NXTÝK*GJM]ñ"W&¦�PONXM�W-T�Y|MO¦XK-nDQSV0Y�N�¤&YJVXkZYa[-N�nSGCP[&Y$kOGCP�GJM2QD�CQDT�Y$nSN�P0B¡zÙP2kOGmN�P�YJP2��KvGJMOñ"W&N{noY�QDT_^¿GJM2IaYJVXQSRJTpñ W&N{PONÙK-QSNXMO[-N{NXT�NXn K-MOG V�N�PZG§[-N{V�G�[_Q���V0YJVXQSRJTÚ`V�GJILK-MON�POQSRJT@ß T&G�N�PHQDILKvGJM2kZY$T"kON]K�Y$MZYpNXn6P2QSP2kONXIaYpY$W&[_QDk2QDl�G$Ì±l QSP2W�Y$n6Ã W-IaY$T&G-B-Ë�GJM¥GJk2MZY�K�Y$M2kON���nSGCPV�GJILK-MON�PZGJMON�PcP2QDTÝK*¦XMO[_QS[&Y�"Y$MZY$T"k2QDä>Y$T�noYaMONX��NXT&NXMZYJVXQSRJT N�¤-YJVXkZY�[-NpnSGCP][&Y$kOGCPcV�GJILK-M2QDILQS[-GCPck2MZYJPnoY�[-N�POV�GJILK-MON�P2QSRJT;K-W&N�P2kOG�ñ"W&NaT&G�PON|Ã�Y³K-MOG�[_W&VXQS[-G�T-QDT-��$-Tuk2QDKvG�[-NK*¦XMO[_QS[&Y�[-NaQDT_^¿GJM2IaYJVXQSRJT[_W-MZY$T kONaNXnÙK-MOG�V�N�POG³[-NV�GJILK-MON�P2QSRJT [-N|nSGCPbILQSP2I|GCP0B�EHGJT&PON�VXW&NXT"kONXI|NXT kON���N�POkONÐ$-nDk2QDI|G³k2QDKvG³[-NV�GJILK-MON�POQSRJT�PON]W-k2QDnDQDä>Y$MZÉVXW�Y$T&[-G|PONb[-N�PZN0Y$T�V�GJILK-M2QDILQDMm��VZÃ&NXMOGCPitcÂ-EHïOïZ�_MONX�CQSP2k2MOGCPm[-NbW-T�Y�h�YJPON[-N�[&Y$kOGCP��vQDT_^¿GJM2IaYJVXQSRJT�[-NpW-T�Y�Ã&G$j2Y�[-N�V0É$nSVXW-nSG���NXkOVCBO�vN�Pc[-N�VXQDM��vkOG�[-GCP]nSGCPc[&Y$kOGCPcV�GJI�$-T-I|NXT"kONV�GJT&G�VXQS[-GCPmV�GJI|G[&Y$kOGCPm[-NckON�¤_kOG��-KvGJMmNXnDnSGaYLN�POkON]k2QDK*G|[-NdP2QSP2kONXIaYJPm[-NdV�GJILK-MON�P2QSRJT�PON]nSN�PiP2W&NXnSNnDnoY$IaY$MiV�GJILK-MON�POGJMON�Pm[-NckON�¤_kOG-B

ñ*£Z¢p£ � °bµ ·�©���°�¬¶³m¬¶®p° ·�©º¬°*¹Z¥�¨
¦ºµb³m¬¶®p°
zªn{V�GJT&V�NXK-kOG�[-NaQDT_^`GJM2IaYJVXQSRJTuN�PdY$T"k2QD�CW&G�UÝ[-N|V�GJILK-nDQSV0YJ[&Y�[-N��&T-QSVXQSRJT�B�zªT NXn V�GJT"kON�¤_kOG�[-NnoYaQDT_^¿GJM2IaÉ$k2QSV0Y��vK-W&N�[-N�[-N�VXQDMOPON�ñ W&N�N�P�kOG�[-G�YJñ W&NXnDnSG�ñ"W&N�k2QSNXT&N�YJPOG VXQoYJ[-GÇY$nD��$-TþP2QD�CT-Q���V0YJ[-G-B�Â�NK-W&N�[-NLY('�YJ[_QDMcñ W&N�PONXMZÉaT&N�V�N�PZY$M2QSG�MONXK-MON�PONXT kZY$McnoY|QDT_^¿GJM2IaYJVXQSRJT�[-NpY$nD�CW-T�YIaY$T&NXMZY�K�Y$MZYaK*G�[-NXMY$nDIaYJV�NXT�Y$M2noYaGLk2MZY$T&P2ILQDk2QDM2noY_B@ü�N�VXQDI|GCP�NXT"kOGJT&V�N�P�ñ W&N]noY�QDT_^`GJM2IaYJVXQSRJT\PONbY$nDIaYJV�NXT�YG�k2MZY$T&P2ILQDkONI|N�[_QoY$T kONcI|NXT&PZY¡j2N�P0B-Ë7Y$MZYLñ"W&N�W-TÇI|NXT&PZY¡j2NcV�GJT"kONXT-�"Y|QDT_^`GJM2IaYJVXQSRJT�N�P�K-MON�VXQSPOGLñ"W&NbY$KvGJM2kONbY$nD��GT W&NXl�GmG�QDILK-MONXl�QSP2kOG��>N�P+[-N�VXQDM��>Y�IaY�U�GJM�[_QDI|NXT&P2QSRJTdV�GJ�CT&GCPOVXQDk2QDlCY¥IaY0U�GJM�V0Y$T k2QS[&YJ[d[-NªQDT_^¿GJM2IaYJVXQSRJTV�GJT k2QSNXT&NCBzªT³W-T³K-MOG�V�N�POG|[-Ndk2MZY$T&P2ILQSP2QSRJT�[-NcQDT_^¿GJM2IaYJVXQSRJTÝN�¤�QSP2kONXTÇk2MON�PiNXnSNXI|NXT"kOGCP�h�ÉJP2QSV�GCP���NXn+NXILQSPOGJMÚ`Gp^`W&NXT"kON>ß¥[-N]QDT_^`GJM2IaYJVXQSRJT@�&NXn�V0Y$T�Y$n�[-NcV�GJI�W-T-QSV0YJVXQSRJT�U�NXn6MON�V�NXK-kOGJM�Ú`GLV�GJT&P2W-ILQS[-GJMîß�[-N]QDT_^¿GJMÑÌIaYJVXQSRJT�B-��YdQDT_^¿GJM2IaYJVXQSRJTL½&W-U�N][-N�PO[-N]NXILQSPOGJM§Y$nvMON�V�NXK-kOGJM¥K�YJPZY$T&[-GpK*GJM¥NXn6V0Y$T�Y$nJ��UaK-W&N�[-N�l�NXMOPONY$nDkONXMZYJ[&YaNXT�NXn+V0YJPOGañ"W&NbNXn�V0Y$T�Y$n+kONXT-�"Y�M2W-QS[-G�B tmh-MZxCs��*EH�§�_AQDìB&tiÃ&GJMZY�h-QSNXT@��NXT�NXn�V�GJT"kON�¤_kOGa[-NV�GJILK-MON�POQSRJT;[-N[&Y$kOGCP�PONaP2W-KvGJT&N�ñ"W&N�NXT�noY�IaY�U�GJM2�oY\[-NnSGCPpV0YJPZGCP�P2QSNXILK-MON�PONak2MZY$h�Y¡j2Y$MZÉ\V�GJTW-T³V0Y$T�Y$n�POQDT�M2W-QS[-G|UP2QDT�I|NXI|GJM2QoY�� N�P2kOGLN�P#� noYpK-MOGJh�Y$h-QDnDQS[&YJ[�[-NbY$K�Y$M2QSVXQSRJT�[-N]W-T³P2�DIdhvGJnSG�T&G[-NXKvNXT&[-NL[-NpnSGCPbP2�DI�h*GJnSGCPcñ W&N�Ã�Y$T�Y$K�Y$MON�VXQS[-G³V�GJT�Y$T"kONXM2QSGJM2QS[&YJ[��óB��+NXT-QSNXT&[-G�N�POkOG�NXT�VXW&NXT kZY��
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PONdK-W&N�[-N�[-N��&T-QDMcnoY|QDT_^¿GJM2IaYJVXQSRJT�YJPOG�VXQoYJ[&YYaW-TþNXl�NXT"kOGþÚ`G�P2W&V�N�POG"ß§k2MZY$T&P2ILQDk2QS[-G�K*GJM�W-TÝV0Y$T�Y$nP2QDTÇM2W-QS[-Ga[-N]noYLP2QD�CW-QSNXT"kONbIaY$T&NXMZY_B
� �"(7�����"��8@� ~! �3#"Ñ4 ��ëì5@!$��#-�"��8@�È#-,056�"��#-��#%$ ã@Ê × ��Ò�Í,ËZÏÐÊAÙ × ���iÊ È Í�Ù × Êe�eÊ Ê,Ñ@�Zæ(�Z��ÔJÍ xi & ������Ô × ��'�����
�zÊ�ÉzËÌÍAÓÌÊAÓ × Ñ × �AÊe���A�ÐÍ#ÙQ��ËZË��Z�zÙ × Ê pi & �Z�N�
�ÕÙ�Ê,�zÊ�Ñ Èx× �NËx� × �eÍ7� × Ïå�ZÏrÍ,Ë × Ê È �ßÉz�G�Ì�A�ÐÙ�Ê�ÑÖÙQ�
ÑOÊ,ËÏå�Ì� × Ê,��Ô¯��ÑOÊL��èxÉzË�� Èx× �,�

I(xi) = log2

1

pi
= − log2 pi

Ú¿e_BDA>ß
EHGJI|GdK*G�[-NXI|GCP�Y$K-MON�VXQoY$M��"noYd[-N��&T-QSVXQSRJTK-MONXl�QoYb[-NmQDT_^`GJM2IaYJVXQSRJTÇN�P{V�GJÃ&NXMONXT kON]P2Q&kONXT&NXI|GCP�NXTVXW&NXT kZYLñ"W&N��

ACB�Â Q+NXn�NXl�NXT kOG
a
G VXW-M2MONdP2QSNXILK-MON��&noYaG VXW-M2MONXT&VXQoYa[-NXn+K-MOG�V�N�POG|[-NdV�GJI�W-T-QSV0YJVXQSRJTÝT&GLK-MOGJK*GJMÑÌVXQSGJT�Y�T-QDT-�CW-T�Y�QDT_^¿GJM2IaYJVXQSRJT\Y$n+P2WJj2NXkOG-B

p(a)→ 1 ⇐⇒ I(a)→ 0

e_B�Â Q�NXn7NXl�NXT"kOG
a
T&G�G VXW-M2MONpV0YJP2Q�T"W-T&V0Y��vnoYG VXW-M2MONXT&VXQoY�[-NXn�K-MOG V�N�PZG�[-NpV�GJIdW-T-QSV0YJVXQSRJTþK-MOG$ÌK*GJMOVXQSGJT�Y�I�W&VOÃ�Y|QDT_^`GJM2IaYJVXQSRJTÝY$n�P2WJjÑNXkOG-B

p(a)→ 0 ⇐⇒ I(a)→ 1

ñ*£WñP£ (;©�·P´p°�·bµp°�³m¬Iµ?± ³m¥�¦?§P¨A©»ªU¬¶®p°
��G [-GCPinSGCP�P2QSP2kONXIaYJPm[-N�V�GJILK-MON�P2QSRJTþ[-Nd[&Y$kOGCPik2MZY$h�Y¡j2Y$T\MON�[_W&VXQSNXT&[-GnoY|V0Y$T"k2QS[&YJ[Ý[-NdMON�[_W-T_Ì[&Y$T&VXQoYþ[-NXn�V�GJTJjÔW-T kOG�[-N³[&Y$kOGCP�YþV�GJILK-M2QDILQDM0B�Â QmnoYþV�GJILK-MON�P2QSRJT¢N�PaN�^¿N�VXk2QDlJY��ÙnoYþV0Y$T"k2QS[&YJ[¢[-NI|NXI|GJM2QoYañ"W&NcK-MON�VXQSPîY$T�nSGCPm[&Y$kOGCPiGJM2QD�CQDT�Y$nSN�PiPZNXMZÉ�IaY�U�GJM]ñ"W&NbnoYLV0Y$T"k2QS[&YJ[\[-NcI|NXI|GJM2QoYaW-k2QDnDQDä>Y¡Ì[&YKvGJM�nSGCP][&Y$kOGCPbV�GJILK-M2QDILQS[-GCP>B6zªT�PON�VXW&NXT&VXQoYJPc[-N�kON�¤_kOGCP|Ú�U�[-N�^`GJM2IaY���NXT&NXMZY$nJ�6NXTþVXW�Y$nSñ W-QSNXMPON�VXW&NXT&VXQoY�[-N|[&Y$kOGCPîß�K-MZÉJVXk2QSV0Y$I|NXT kON�PORJnSG³PONLK-W&N�[-NaNXT&V�GJT"k2MZY$MpK-MON�PONXT"kONnoY�MON�[_W-T&[&Y$T&VXQoY�N�P2kZY¡Ì[_�SP2k2QSV0Y_B7�+YJPK$-T-QSV0YJPLPZN�VXW&NXT&VXQoYJPL[-N�[&Y$kOGCPLñ W&N�V0Y$MON�V�NXT<[-N�N�P2kONak2QDKvGÝ[-N�MON�[_W-T&[&Y$T&VXQoYþPOGJTunoYJPPON�VXW&NXT&VXQoYJPp[-Na[&Y$kOGCPLY$nSN0Y$kOGJM2QSGCP�ñ W&NaP2QD�CW&NXT W-T�Y³[_QSP2k2M2QDh-W&VXQSRJT;W-T-Q�^¿GJM2I|NCB��+Y³MON�[_W-T&[&Y$T&VXQoY\N�PÑÌkZYJ[_�SP2k2QSV0Y�K-MOG0l�G�V0Y�ñ W&N³noYJPaK-MOGJh�Y$h-QDnDQS[&YJ[-N�P�[-N�G VXW-M2MONXT&VXQoY�[-N³nSGCPP2�DIdhvGJnSGCPV�G�[_Q���V0YJ[-GCP�PON0Y$T[_Q�^¿NXMONXT"kON�PiNXT"k2MONbP2�±B�+GCPªP2QSP2kONXIaYJP7[-N�V�GJILK-MON�P2QSRJT|[-N�[&Y$kOGCP7k2MZY$kZY$T|[-NHNXnDQDILQDT�Y$MÙVXW�Y$T kZY�MON�[_W-T&[&Y$T&VXQoYcPON0YiKvGCP2QDh-nSNCBzªn{k2QDK*GÇUÝV0Y$T"k2QS[&YJ[u[-NLMON�[_W-T&[&Y$T&VXQoY\YÇNXnDQDILQDT�Y$M�[-NXKvNXT&[-N|[-NanoY�T�Y$k2W-MZY$nSNXä>Y³[-NLnSGCP�[&Y$kOGCPdñ W&NPONcN�POkO¦XT³V�GJILK-M2QDILQSNXT&[-GaU�V0Y$MZYJVXkONXM2QDä>Y�^`W&NXM2kONXI|NXT"kONpY$n+V�GJILK-MON�POGJM§UÇY$n+[-N�POV�GJILK-MON�POGJM0B@z7¤_QSP2kONXTk2MON�P�k2QDKvGCP§[-N]MON�[_W-T&[&Y$T&VXQoY���V�GJT&G�VXQS[-GCP§V�GJI|G�MON�[_W-T&[&Y$T&VXQoYaNXTÇnoY�V�G [_Q���V0YJVXQSRJT@�-MON�[_W-T&[&Y$T&VXQoYaNXTnoY�PON�VXW&NXT&VXQoY|[-NdY$K�Y$M2QSVXQSRJT�UMON�[_W-T&[&Y$T&VXQoY|K&P2QSV�G$Ì±l�QSP2W�Y$n�GLK&POQSV�G$ÌÍY$W&[_QDk2QDlJY��

ACB ��GCP V�GJILK-MON�PZGJMON�P h�YJPîYJ[-GCP NXTnoYbNXnDQDILQDT�YJVXQSRJTÇ[-N§noYdMON�[_W-T&[&Y$T&VXQoYpNXTanoYbV�G�[_Q���V0YJVXQSRJTÇY$K-MOG$Ìl�N�VOÃ�Y$TÈñ W&N�noY�^�MON�VXW&NXT&VXQoY�[-N�W&POGþ[-N�nSGCP|P2�DI�h*GJnSGCP|[-NXn�Y$n�^¿Y$hvNXkOG��ªñ"W&NÇPZNW-k2QDnDQSV�NXTÈK�Y$MZYMONXK-MON�PONXT"kZY$M|noY�QDT_^¿GJM2IaYJVXQSRJT@�ªT&GÝP2QD�"Y�W-T�YÝ[_QSP2k2M2QDh-W&VXQSRJTFW-T-Q�^¿GJM2I|NCBªzÙP2kOGþPON�[-NXhvN�Y\ñ W&NW&PZY$I|GCPLIaÉJP�^`MON�VXW&NXT"kONXI|NXT kON�W-T&GCPaV0Y$MZYJVXkONXMON�Pñ W&NÇGJk2MOGCP0BªzªT²A0�CrCe�ÅmW_^�^�IaY$TFK-MOGJK-W&PZGNXnªnDnoY$IaYJ[-G�Y$nD��GJM2QDk2I|G³[-N|V�GJILK-MON�POQSRJT�[-N�nSGJT-�CQDk2W&[�lCY$M2QoY$h-nSN�Ú�lCY$M2QoY$h-nSN�Ì±nSNXT-�Ck2Ã V�G�[_QDT-� ß]GY$nD��GJM2QDk2I|G\[-NÅmW_^�^`IaY$TØB ÅiW_^¿rCe(D¯��ñ"W&NNXnDQDILQDT�Y\N�P2kON|k2QDKvG�[-NaMON�[_W-T&[&Y$T&VXQoY_BªzÙP2kONak2QDK*G\[-NY$nD��GJM2QDk2I|GCP§T&GLK-MOG>l�G V0Y$T�K*¦XMO[_QS[&Y�[-NcQDT_^¿GJM2IaYJVXQSRJT�B
e_B ��GCP�Y$nD��GJM2QDk2I|GCP�ñ W&N|NXnDQDILQDT�Y$T noYÇMON�[_W-T&[&Y$T&VXQoY�NXT noYÇPON�VXW&NXT&VXQoY³[-N�Y$K�Y$M2QSVXQSRJT k2QSNXT&NXTuNXTVXW&NXT"kZY�ñ"W&NaT&GJM2IaY$nDI|NXT"kONÇN�¤_QSP2kONY$nD��$-Tuk2QDK*G�[-NaV�GJM2MONXnoYJVXQSRJTFNXT"k2MONW-T&G\G³lCY$M2QSGCP�[-NanSGCPP2�DIdhvGJnSGCP�U"Y�Y$K�Y$MON�VXQS[-GCP�U<¦Xn]G�nSGCP�ñ"W&N�lJY$T Y�Y$K�Y$MON�V�NXM0B�Ë�GJMÇNÔjÑNXILK-nSG��HNXT nSGCPkON�¤_kOGCPN�POVXM2QDkOGCPLNXTFV0YJP2kONXnDnoY$T&G��ªnoY�K-MOGJh�Y$h-QDnDQS[&YJ[<[-NÇY$K�Y$M2QSVXQSRJTÈ[-NXn¥V0Y$MZÉJVXkONXM*)u[-NXnoY$T"kON�[-NXn,+ N�P
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IdW&VZÃ&GþIaY�U�GJM|ñ W&N�noY�K-MOGJh�Y$h-QDnDQS[&YJ[È[-N�Y$K�Y$M2QSVXQSRJT<[-NXn§V0Y$MZÉJVXkONXM76�K-MONXl QSGþY$n4+@B7z7¤_QSP2kONXT�CMZY$T V0Y$T k2QS[&YJ[ [-N�Y$nD��GJM2QDk2I|GCP�ñ W&N³V�G [_Q���V0Y$T noYÝQDT_^¿GJM2IaYJVXQSRJT¢NXnDQDILQDT�Y$T&[-GuN�P2kONÇk2QDKvG�[-NMON�[_W-T&[&Y$T&VXQoY�kZY$nSN�P�V�GJI|G��i��zöÚ`�mW-T ��NXT-�Ck2Ã¢zªT&V�G�[_QDT-� ß|G�NXniK-MOGJK-QSG���Î@Ð UFñ W&NÇT&GK-MOG0l�G�V0Y$T�T-QDT-�CW-T�Y�Kv¦XMO[_QS[&YL[-NcQDT_^¿GJM2IaYJVXQSRJT�B
s_Bç�+YpNXnDQDILQDT�YJVXQSRJT³[-N�noYbMON�[_W-T&[&Y$T&VXQoYpK&P2QSV�G$Ì±l�QSP2W�Y$nvU|K&P2QSV�G$ÌÍY$W&[_QDk2QDlCY�k2QSNXT&N]NXT�VXW&NXT kZY�ñ"W&N�NXnG$jÑG]U�NXn�GJ�S[-GcÃ W-IaY$T&GbT&GcMON�POK*GJT&[-N¥V�GJT|noYcILQSP2IaYcPONXT&P2QDh-QDnDQS[&YJ[Y�kOG [&Y]noYcQDT_^`GJM2IaYJVXQSRJT|l�Q�ÌP2W�Y$n�U�Y$W&[_QDk2QDlJY_BJz7¤_QSP2kONHVXQSNXM2kZY§QDT_^¿GJM2IaYJVXQSRJT|ñ W&N{K-W&N�[-N�PONXM�NXnDQDILQDT�YJ[&Y]P2QDTpñ W&NHPONÙK-MOG�[_W-ä0V0YW-T�[-NXkONXM2QSGJMOG�P2QD�CT-Q���V0Y$k2QDl�G�[-NbnoY|V0Y$nDQS[&YJ[\[-NbnoY|QDIaY$��NXT�G[-NXn�POGJT-QS[-G-B@�+Y|NXnDQDILQDT�YJVXQSRJTþ[-NN�P2kON�k2QDKvGþ[-NÇMON�[_W-T&[&Y$T&VXQoYþK-MOG�[_W&V�NÇNXnSNXlJYJ[&YJPaMONXnoYJVXQSGJT&N�Pa[-NÇV�GJILK-MON�P2QSRJT¢YÝV�GCP2kZYþ[-N�noYK*¦XMO[_QS[&YaQDM2MONXl�NXMOP2QDh-nSN�[-N�K�Y$M2kON�[-N�noYLQDT_^¿GJM2IaYJVXQSRJT�Bv�+G�[-GCPinSGCPcY$nD��GJM2QDk2I|GCP][-NpV�GJILK-MON�P2QSRJTñ"W&N�W&PZY$T�k2MZY$T&PÑ^¿GJM2IaYJ[&YJP�B 	�Ê]©$yG�_ mGJW��Cr�D¯� kZY$nSN�P¥V�GJI|GpnoY�k2MZY$T&PÑ^¿GJM2IaYJ[&Y�V�GCPONXT&G��_noY�k2MZY$T&PÑÌ^`GJM2IaYJ[&YpMZÉ$K-QS[&Y|[-N]Ð�Y$nSP2Ã_ÌìÅ�YJ[&Y$IaY$MO[�G�noY�V�GJILK-W-kZYJVXQSGJT�Y$nDI|NXT"kONpV�GCP2kOGCPZYpk2MZY$T&PÑ^¿GJM2IaYJ[&Y bY$M2Ã"W-T&NXT_Ìì��G98Xl�N��*PON]h�YJPZY$T�NXTÇnoYLNXnDQDILQDT�YJVXQSRJT\[-NcnoYpMON�[_W-T&[&Y$T&VXQoYLK&POQSV�G$Ì±l QSP2W�Y$n±B
ñ*£��*£ ¤û¥�¦?§�¨�¬¶¦ ¬¶¨;: < ¥K·�© ùIµ ¨>= ¤�¥K·�¬���³«µ ¨

Â Ã�Y$T-T&GJT\V0Y$nSVXW-nSR�noYLI|N�[_QS[&Y[-NbnoYNXT"k2MOGJK-�oY�[-NXn�QS[_QSGJIaY|QDT-�CnS¦�P]NXT A0�Cr_A7B£Â Ã�YCr_AQDìB@Ë�Y$MZY�NXnDnSGW-k2QDnDQDä0R�Ã�Y$h-noY$T"kON�P�T�Y$k2QDl�GCP�[-N|Ã�Y$h-noYÇQDT-�CnSN�PZYÇV�GJI|G�K-MON�[_QSVXkOGJMON�PdUÝILQS[_QSRÇnoY³NXT"k2MOGJK-�oY�[-NXn NXM2MOGJM[-N�K-MON�[_QSV�VXQSRJT@�ÙV0Y$nSVXW-noY$T&[-Gþ[-NÇN�POkZY³^¿GJM2IaY\ñ"W&NÇY$K-MOG0¤�QDIaYJ[&Y$I|NXT kON�NXn§rC�1¾�[-N�nSGCPLV0Y$MZYJVXkONXMON�PNXT�NXn6QS[_QSGJIaYLQDT-�CnS¦�PmPZGJTÇMON�[_W-T&[&Y$T"kON�P H B-zÙP2kZY�QS[-N0Y�Ã�Y|P2QS[-GLW-k2QDnDQDä>YJ[&YLKvGJM§�§QSPZPZY$T&NXT³U��+Y$T-��[-GJTB �i�+©_AZD_K�Y$MZY§QDT&[_QSV0Y$M7ñ"W&N VXW�Y$nSñ"W-QSNXM7V�GJILK-MON�POGJMª[-N{[&Y$kOGCP�K-W&N�[-NHPONXM�[-N�PZV�GJILK-W&N�P2kOG]NXTp[-GCP�K�Y$M2kON�PQDT&[-NXKvNXT&[_QSNXT"kON�P#��ÚÑA>ß W-T³I|G�[-NXnSGL[-NcnoY�^`W&NXT"kONdY�V�GJILK-M2QDILQDMiW-k2QDnDQDä>YJ[-G|V�GJI|GLK-MON�[_QSVXkOGJMmUÝÚ¿e�ßHW-TV�G�[_Q���V0YJ[-GJM�Ú�l�NXM¥�&�CW-MZYae_BDA>ß�B

Fuente Canal

Codificador

Modelo

Descodificador

Modelo

Mensaje

Mensaje

Mensaje

Error

Error

Mensaje

Transmisor de Shannon

Receptor de Shannon

Prediccion

Prediccion

��QD�CW-MZYae_BDA��&Ë�Y$MZYJ[_QD�CIaY[-N]noYLV�GJILK-MON�P2QSRJT@Ï$[-N�PZV�GJILK-MON�P2QSRJT�^¿GJM2IdW-noYJ[-GaK*GJMiÂ Ã�Y$T-T&GJT

R@? [åVXZ[(hITV�A(TW[EVW_�]CB�c�]�Y�_ED¯]Z\Ð\#Tuc�]^h caTFDIk¯]xh>XHG,]xc�]^jEk¯]xh>TW[ÐTWhIDJTucaTW[KJLA,]�M|TbhIXx[ÐhNAKG�TkNOKA,]^hQPPTWc�kJTWhIDJX�TWhIDSR^[\ETFDJTkJY�_a[(]Z\(]^h%G�X^k4c�]ïThIDIk@A(VFD@A#k¯]ïTWhID¯]x\UTahIDJ_aVÌ] \#TWc,caTW[UJ�A,]�M|Txs ? [uXLDIk¯]xh%G,]xc�]^jEk¯]xh�B#hITVG�X�\#k@T�]x[uTFWCGEkJThJ]^kþc�]xh�Y�_�hIYß]^h_Ä\#TÌ]xh@VWXx[�]LG#kJX�WE_aYß]x\(]xY�T[XDJTc�] Y�_ED¯]Z\b\#TYDJTFWXDJX�TWhIV¶kJ_ZDJX
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zÙT¬V�GJT&PZN�VXW&NXT&VXQoY��¥nSGFñ"W&NÝPONÝV�GJT&G�V�N\Ã�Y$h-QDk2W�Y$nDI|NXT"kONuV�GJI|GuV�GJILK-MON�POQSRJT²[-NÝ[&Y$kOGCP³N�P�W-TK-MOG�V�N�POGLñ W&NcV�GJT&P2QSP2kONbNXT³[-GCP§NXkZY$K�YJPi[_Q�^`NXMONXT kON�P��
ACB ÜçÍ��A�ZÑOÊe�eÍe�ªG�VXMON0YJVXQSRJT<[-N�W-T;I|G [-NXnSG��ªNXT;NXn¥ñ"W&N�PON�[-NXkONXM2ILQDT�Y\W-T�Y\IaY$T&NXMZY�nSRJ�CQSV0YÝ[-N[_QDl QS[_QDM§NXn�kON�¤_kOGLNXTÇW-T�V�GJTJjÑW-T"kOG|[-NdP2�DIdhvGJnSGCP��_U�PON�MON0Y$nDQDä>YLW-T�Y�N�P2k2QDIaYJVXQSRJT�[-NbnoYpK-MOGJh�Y¡Ìh-QDnDQS[&YJ[Ç[-N�ñ W&N]NXn6P2�DIdhvGJnSGpI|G [-NXnoYJ[-GLPON0YpNXnvK-MOR�¤_QDI|GLP2�DI�h*GJnSG�ñ W&N]Y$K�Y$MONXä0V0Y|NXT�NXnvkON�¤_kOG-BtiP2�7K-W&N�P��vPON�K-W&N�[-NLV�GJT&POQS[-NXMZY$M�Y$n7I|G [-NXnSGÇV�GJI|GÇW-T�Y^`W&NXT"kONL[-N�QDT_^¿GJM2IaYJVXQSRJT�ñ W&Npk2MZY$kZY[-NcQDILQDkZY$M�Y|noYp^�W&NXT kONd[-NcQDT_^¿GJM2IaYJVXQSRJTþYLV�GJILK-M2QDILQDM0B@zÙn�[-N�POV�GJILK-MON�POGJM�[-NXh*NXMZÉ|K*GCPZN�NXM��&GPONXM§V0Y$K�Y$äd[-NbVXMON0Y$M��-W-TÇI|G�[-NXnSGLQS[-¦XT k2QSV�G-B
e_B\[mÍ�� × ] Ù�ÊeÙ × �,����ñ"W&Na[-N��&T&NaV�RJI|G�PZN|[-NXh*N[-N|MONXK-MON�PONXT kZY$MpV0YJ[&Y�P2�DIdhvGJnSG³I|G�[-NXnoYJ[-G�NXTuNXnkON�¤�kOG�V�GJILK-M2QDILQS[-G B ÒHÐ E�©C�(DìB��+Y�ILQSP2QSRJT�K-M2QDT&VXQDK�Y$n�[-NXnHV�G�[_Q���V0YJ[-GJM�N�PdnoY�[-NaNXT&V�GJT"k2MZY$MW-T�YLMONXK-MON�PONXT kZYJVXQSRJTÝN���VXQSNXT kON�[-NbnoYLQDT_^¿GJM2IaYJVXQSRJT\MON�P2QS[_W&G���ñ W&NdN�P�YJñ"W&NXnDnoYñ"W&N�NXn�I|G�[-NXnSGT&G|K-W&N�[-N�K-MON�[-N�VXQDM0B*Ò¥ÉJP2QSV0Y$I|NXT kON��*K*GJM�V0YJ[&YaP2�DI�h*GJnSG$Ì¿^`W&NXT"kON�NXILQDk2QS[-G��vNXn+I|G�[-NXnSG��NXT&NXMZYGJk2MOG�P2�DI�h*GJnSG$Ì¿^`W&NXT"kON���ULnoY�[_QSPOVXMONXK�Y$T&VXQoYpNXT"k2MONcY$IdhvGCP�N�P{nSGpñ W&NmNXnvV�G [_Q���V0YJ[-GJMHMONXK-MON�PONXT"kZY[-N�^`GJM2IaYLV�GJILK�YJVXkZY_B
Ë�GJMHnSGbkZY$T"kOG��_VXW�Y$nSñ W-QSNXMHV�GJILK-MON�PZGJMH[-Ni[&Y$kOGCP K-W&N�[-N�[-N�POVXM2QDh-QDMOPONiNXTkO¦XM2ILQDT&GCP�[-NmW-TaI|G�[-NXnSG[-N]noYp^`W&NXT"kONd[-N]QDT_^`GJM2IaYJVXQSRJT\ñ"W&NcPONcV�GJILK-M2QDILQDMZÉ|UW-T�V�G [_Q���V0YJ[-GJM0B

ñ*£���£ ^*´b©�°Köe©»ª ·�©¸¬¶°*¹Q¥�¨�¦ºµb³1¬¯®�°
�iT�Ya^�W&NXT kONL[-N�QDT_^`GJM2IaYJVXQSRJT�[_QSPZVXMONXkZYÇN�PcYJñ"W&NXnDnoY�ñ W&N�K-MOG [_W&V�N�I|NXT&PîY¡jÑN�PcV�GJI|GÇP2W&V�N�POQSGJT&N�P[-NLP2�DI�h*GJnSGCP2Ì¿^�W&NXT kON|N�¤�k2MZY$�S[-GCPd[-N|NXT"k2MONLW-T�Y�V�GJnSN�V�VXQSRJT��&T-QDkZYÇ[-NLP2�DIdhvGJnSGCPÑÌ¿^`W&NXT"kONñ"W&N�^¿GJM2IaY$TK�Y$M2kONb[-N]W-T�V�GJTJjÔW-T kOG|[-NbNXl�NXT"kOGCP#� A �-ñ W&NbPON]nSNc[-NXT&GJILQDT�YY$n�^¿Y$hvNXkOG$Ì¿^�W&NXT kONCB��+YpT&GJkZYJVXQSRJT

A = {x1, . . . , xn}QDT&[_QSV0YdW-T�Y$n�^±Y$h*NXkOG$Ì¿^`W&NXT"kON A V�GJILK-W&N�P2kOGp[-N
n
P2�DIdhvGJnSGCPÑÌ¿^`W&NXT"kON

xi
B"tin�lCY$nSGJM

n
PON¥nSNinDnoY$IaYbh�YJPZN[-N]noYp^`W&NXT"kONd[-N]QDT_^`GJM2IaYJVXQSRJT\[_QSPOVXMONXkZY_BzÙTaNXn@É$Idh-QDkOGp[-N¥noY]kON�GJM2�oYb[-N§noY]QDT_^¿GJM2IaYJVXQSRJT@��noYcNXILQSPOQSRJT[-N§P2�DI�h*GJnSGCP{K�Y$MZY]noYcV�GJT&P2k2M2W&V�VXQSRJT[-NI|NXT&PZY¡j2N�PpPZNV�GJT&P2QS[-NXMZY\��GJhvNXM2T�YJ[&Y�K*GJM�W-TuK-MOG V�N�PZG\N�POkOG V0ÉJP2k2QSV�G���nSGÝñ"W&N�ñ W-QSNXMON�[-N�VXQDMLñ W&NnoYÇ^�W&NXT kON�[-NQDT_^¿GJM2IaYJVXQSRJTuK-MOG�[_W&V�NnSGCPpPO�DIdhvGJnSGCPÑÌ¿^�W&NXT kON�[-N�YJVXW&NXMO[-GÝV�GJTuW-T�YJP�[-NXkONXM2ILQDT�YJ[&YJPK-MOGJh�Y$h-QDnDQS[&YJ[-N�P�[-NcG VXW-M2MONXT&VXQoYa[-NcV0YJ[&YLNXl�NXT"kOG��

p(xi) = pi
�-ñ W&NcPOGJT³V�GJT&G�VXQS[&YJP

P = {p1, . . . , pn} •
n∑

i=1

pi = 1 ∧ ∀pi ≥ 0

��Y�V0Y$T k2QS[&YJ[Ç[-N�QDT_^`GJM2IaYJVXQSRJT³ñ W&N�MON�VXQDh-QDI|GCP§V�GJT
m

I|NXT&PZY¡j2N�P¥[-N�W-T�Yb^`W&NXT"kON][-N
n
K*GCP2QDh-nSN�PI|NXT&PZY¡j2N�Pª[-NXhvN¥PONXMªnoY�ILQSP2IaYcñ W&N¥Y$n-MON�VXQDh-QDMß����I|NXT&PZY¡j2N¥[-N�W-T�Y�^`W&NXT"kON§V�GJT

nm
I|NXT&PîY¡jÑN�P0BCz{P2kOGT&GCP¥P2W-�CQSNXMONbW-T�Y�^�W-T&VXQSRJTÇnSGJ�"Y$M2�Dk2ILQSV0Y|K�Y$MZYpnoY�V0Y$T"k2QS[&YJ[�[-N]QDT_^¿GJM2IaYJVXQSRJT@�-U"Y�ñ W&N]P2Q�P2W-KvGJT&NXI|GCPñ W&N{kONXT&NXI|GCPª[-GCP�^`W&NXT"kON�PªN�ñ W-QDK-MOGJh�Y$h-nSN�PÙ[-N

n
U
nm

I|NXT&PZY¡jÑN�P7MON�POK*N�VXk2QDlCY$I|NXT"kON��JnoYiQDT_^¿GJM2IaYJVXQSRJTY$n_MON�VXQDh-QDM
m

I|NXT&PîY¡jÑN�Pª[-NHnoYiK-M2QDI|NXMZYi^�W&NXT kON�N�P
m×f(n)

�$NXT�[-GJT&[-N
f
N�P�W-T�Yi^�W-T&VXQSRJTLVXMON�VXQSNXT kON��KvGJM|Y$Ã&GJMZYÝP2QDT<[-NXkONXM2ILQDT�Y$M`_�Ú�T&RJkON�PONÇñ W&NÇY$n§PONXM�noY�^�W&NXT kONÇN�ñ"W-QDK-MOGJh�Y$h-nSN��{noY�K-MOGJh�Y$h-QDnDQS[&YJ[ [-NVXW�Y$nSñ W-QSNXMbI|NXT&PZY¡j2NaN�P

1/n
�6KvNXMOG

f
N�P]^`W-T&VXQSRJT [-N|noY�QDT"l�NXMOPZY�[-NLnoY�K-MOGJh�Y$h-QDnDQS[&YJ[þ��K*GJMdnSG³ñ"W&N[-NXKvNXT&[-N][-N

n
ß�B�Ë�GJM§GJk2MOGpnoYJ[-G���noY�MON�V�NXK*VXQSRJTÇ[-N*�
�³I|NXT&PZY¡j2N�[-N�noYpPONX�CW-T&[&Yd^`W&NXT"kON�T&GCP¥[&Y�W-T�YQDT_^¿GJM2IaYJVXQSRJT
f(nm)

B&tin�Ã�YJV�NXM§noY�QD�CW�Y$nS[&YJ[þ��kONXT&NXI|GCPmñ W&N
m× f(n) = f(nm)

�&P2W-�CQDM2QSNXT&[-GaW-T�Y^`W-T&VXQSRJTÇnSGJ�"Y$M2�Dk2ILQSV0Y_BzÙT�A0�$y"©�Â Ã�Y$T-T&GJTK-MOGJK-W&POGcW-T�YcI|N�[_QS[&YbK�Y$MZY]noY]QDT_^¿GJM2IaYJVXQSRJTñ W&N§VXW-ILK-nD�oYckOG�[&YJPÙnoYbN�¤�KvN�V�ÌkZY$k2QDlCYJP�Y$T kONXM2QSGJMON�Pb[-NXT&GJILQDT�YJ[&Y;�Z��Ô|ËÌÍxÉ�aIÊ�UÇK-MON�PONXT kORW-T\kON�GJMONXIaY�ñ"W&NpN�P2kZY$h-nSN�V�NpW-T�YaMONXnoYJVXQSRJTNXT k2MON�noYJP]K-MOGJh�Y$h-QDnDQS[&YJ[-N�PbU�nSGCPcV�R�[_QD��GCPb[-NpnSGCPcP2�DI�h*GJnSGCPrB£Â Ã�Y$y"©,D¯�*[-NXI|GCPOk2MZY$T&[-G³ñ"W&NpnoY�I|NÔj2GJM
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^¿GJM2IaY[-NdMONXK-MON�PONXT kZY$M]W-T\P2�DI�h*GJnSG�ñ W&NbkONXT-�"YW-T�YaK-MOGJh�Y$h-QDnDQS[&YJ[
p
[-N�Y$K�Y$MON�V�NXM]NXTÝNXn�kON�¤�kOG�N�PW-k2QDnDQDä>Y$M − log2 p

h-QDkOP>B@ü]N�N�P2kZYaIaY$T&NXMZY��vnSGCP�PO�DIdhvGJnSGCP�V�GJTÝW-T�Y�NXnSNXlCYJ[&YaK-MOGJh�Y$h-QDnDQS[&YJ[þPZN�V�G�[_Q�Ì��V0Y$T V�GJT�K*G�V�GCPch-QDkOPdU�nSGCPbPO�DIdhvGJnSGCPdV�GJT�K-MOGJh�Y$h-QDnDQS[&YJ[-N�Pph�Y¡jOYJPbPONLV�G�[_Q���V0Y$T V�GJT�W-T�T�$-I|NXMOGIaY0U�GJMm[-Nch-QDkOP0B
ñ*£FcK£ < ¥*·�©>ùJµb·�¥/·�©ºùJµ ¹#´b© °Ðöe©

Â Q"kONXT&NXI|GCP�W-T�Y¥IdW&N�POk2MZY§nSGiP2W_��VXQSNXT"kONXI|NXT kON��CMZY$T&[-N{[-NÙW-T�I|NXT&PZY¡j2NÙ��NXT&NXMZYJ[-GiK*GJM�noY¥^�W&NXT kON��PZN|VXW-ILK-nSNañ W&N|[_QSVOÃ�Y�IdW&N�POk2MZY�N�P�Ú`N�P2kZYJ[_�SP2k2QSV0Y$I|NXT"kONÃ�Y$h-noY$T&[-G"ßbMONXK-MON�PONXT"kZY$k2QDlCY�[-NXnHV�GJTJjÔW-T kOG[-N]kOG�[&YJP¥noYJP§V0YJ[-NXT�YJPmGLPON�VXW&NXT&VXQoYJPm[-Nc�ÝY$MÌ&�G0l�dcñ"W&NcPZN]K-W&N�[&Y$T³K-MOG [_W&VXQDMmK*GJM¥noY�^`W&NXT"kONcUe�_KvGJMN�POkON]I|GJk2QDl�G���[_QDMONXI|GCPmñ W&NcPON]k2MZY$kZYL[-N]W-T�K-MOG V�N�POGLNXM2��R�[_QSV�Gfe�B��GCPuÏrÍ����ZÑÖÍ È �A��Ù�Í,��Ô¯�ÌèeÔJÍ ] � × ÔJÍpYJP2QD�CT�Y$TW-T�YbK-MOGJh�Y$h-QDnDQS[&YJ[³YcW-T�P2�DIdhvGJnSGdh�YJPîÉ$T&[-GCPONiNXTnoYJP^`MON�VXW&NXT&VXQoYJPm[-NdnSGCP§P2�DI�h*GJnSGCP�ñ"W&NbÃ�Y$T�Y$K�Y$MON�VXQS[-G�Y$T kON�Pm[-NXn7YJVXk2W�Y$n±B�t�P2�J�&Y$n�YJP2QD�CT�Y$MinoY�K-MOGJh�Y$h-Q�ÌnDQS[&YJ[ÇYdW-TÇP2�DIdhvGJnSG�NXT�h�YJPZN�YdnSGCP¥P2�DIdhvGJnSGCPHK-MONXl QSGCP#� kONXT&NXI|GCP�noYpV�NXM2kONXä>Ypñ W&NiNXn6[-N�POV�G�[_Q���V0YJ[-GJM[_QSPOK*GJT&[_MZÉ�[-NLN�P2kZYQDT_^¿GJM2IaYJVXQSRJT Ú�K-W&N�P]Ã�Y�[-N�POV�G [_Q���V0YJ[-G³nSGCPcP2�DIdhvGJnSGCP]K-MON�V�N�[-NXT"kON�Pîß�B+��GCPcI|G$Ì[-NXnSGCPm[-NcV�GJT"kON�¤_kOG��&T-QDkOG�k2QSNXT&NXT�NXT³VXW&NXT"kZY|ñ"W&N�W-T³P2�DI�h*GJnSGLÃ�Y�Y$K�Y$MON�VXQS[-GaMON�VXQSNXT"kONXI|NXT"kON�k2QSNXT&Nh�YJPOkZY$T"kON³K-MOGJh�Y$h-QDnDQS[&YJ[¬[-N�Y$K�Y$MON�V�NXM�NXT<W-TÈ^�W-k2W-MOG�V�NXMOV0Y$T&G�� UFVXW�Y$T"kZYJPIaÉJP|l�N�V�N�P�Y$K�Y$MONXä0V0YIaY0U�GJMmPONXMZÉ�noYpK-MOGJh�Y$h-QDnDQS[&YJ[\ñ W&N]l W&NXnDlCYLYLY$K�Y$MON�V�NXM0B
� �"(7�����"��8@� ~! o~g"î� 5@�*/0�"¯6/05�����)��<,#�`�\1Ù5*%95h$ji Ñ Ù^Í,��Ô¯�Ìè�ÔJÍ��A�7�
� È a ÏåÓÌÍ,ÑOÍÕ� È ÑOÊ È �ÌÙ����Z��Ù × Ê��� È aÝÏåÓÌÍ�ÑÖÍ È �A�PÔJÊ,ÏrÊlk�Í ] � × ÔJÍ7�Q�G��É�ËÌ�ÌÙx�Ì�A�rÍLÊ,�zÔ¯�ÌÙ^�Ì�A�rÊ,Ñ È a ÏåÓÌÍ,ÑOÍnm

zªT×NXn]I|G [-NXnoYJ[-GF[-NÝV�GJT"kON�¤_kOG;�&T-QDkOG��¥NXncV�GJT"kON�¤_kOGF[-NÝW-T P2�DIdhvGJnSGFN�P2kZÉ�^¿GJM2IaYJ[-G;K*GJM�noYPZN�VXW&NXT&VXQoYd[-NiP2�DIdhvGJnSGCP ñ W&NiY$T kON�V�N�[-NXT�Y$n�ILQSP2I|GdK�Y$MZYdñ W&NmNXn@I|G [-NXnSGp[-NXn@[-N�PZV�G [_Q���V0YJ[-GJMHkONXT-�"YnoYJP�ILQSP2IaYJP�K-MOGJh�Y$h-QDnDQS[&YJ[-N�P7ñ W&NÙNXn�I|G�[-NXnSG§[-NXn"V�G�[_Q���V0YJ[-GJM�VXW�Y$T&[-G§lCY§Y¥[-N�PZV�G [_Q���V0Y$M�W-TpP2�DIdhvGJnSG[-NXkONXM2ILQDT�YJ[-G-B@zªT�V0YJPOGLV�GJT k2MZY$M2QSGaT&GLPZN]K*G�[_M2�oY�[-N�POV�G�[_Q��-^`V0Y$MmV�GJM2MON�VXkZY$I|NXT kONCBzªTdV�GJILK-MON�P2QSRJTd[-NÙkON�¤�kOG¥PON7W-k2QDnDQDä>Y§NXn"V�GJT"kON�¤_kOG¥KvGJMOñ"W&NªnoYHK-MOGJh�Y$h-QDnDQS[&YJ[�[-NÙñ W&NÙY$K�Y$MONXä0V0Y¥W-T�YnSNXk2MZYbNXT|W-T|kON�¤_kOGb[-NXK*NXT&[-NiNXT|�CMZY$T|I|N�[_QS[&Yd[-N¥noYJPªnSNXk2MZYJP{ñ W&N¥Ã�Y$TY$K�Y$MON�VXQS[-G�V�GJT�Y$T kONXM2QSGJM2QS[&YJ[6BË�GJM]NÔjÑNXILK-nSG��@NXT�N�P2K�Y('&GJn�N�P§IdW&VZÃ&G�IaÉJP§K-MOGJh�Y$h-nSNpñ"W&NpY$K�Y$MONXä0V0Y|W-T�Y�ÜìW_Þc[-N�POK-W&¦�Pi[-NdW-T�YpÜÍñ"Þñ W&NcVXW�Y$nSñ W-QSNXMmGJk2MZY�nSNXk2MZY_B
� �"(7�����"��8@� ~! S®o"Lp !¡��� �È����%H��56����%�5!$ji ÑpÍ,ËW���Z�C�A�ç�
� ÏrÍ��A�ZÑOÍF�A�ÎÙ�Í,��Ô¯�ÌèeÔJÍ ] � × ÔJÍ¼� È �
�æ(Ê,ÑÖÍ�Ë*�Z��Ô¯�ZËÌÍ ] � × ÔJÍ �����PË��¯ÉzË�� È �Q��ÔJÊ7ÑÖÊ ÑOÍ,� á,× Ô|���7���ZÑÙ�Í,�zÔ¯�Ìè�ÔJÍi�A�*Ù�Êe�AÊ È aÝÏåÓÌÍ�ÑÖÍLÙ�Í,� Èx× �A�ZËÌÊe�eÍ�É�Í,Ë�QÑ@ÏrÍ��A�ZÑOÍnm

tmnªW&PZY$MdW-T�I|G [-NXnSG�[-N|V�GJT"kON�¤_kOGÇ�&T-QDkOG�P2QSNXILK-MONaPONL[-NXhvNLQDT&[_QSV0Y$MpP2W�GJMO[-NXT�B�Ë�GJM�NÔj2NXILK-nSG��POQ�nSGCP]P2�DI�h*GJnSGCPd[-NpNXT k2MZYJ[&YÇPOGJTÝh"U�kON�P��6P2Q7NXnÙV�GJT"kON�¤_kOGÇ[-N�V0YJ[&Y�P2�DIdhvGJnSGÇN�P2kZÉa^¿GJM2IaYJ[-G�K*GJM]W-Th U kONdPON][_QDMZÉLñ"W&NcPZNcN�P2kZÉpW-k2QDnDQDä>Y$T&[-G|W-T³I|G�[-NXnSG|[-NcGJMO[-NXT�A��-POQ�PON]W&PZY$T³[-GCP§h U kON�P§kONXT&NXI|GCP§W-TI|G�[-NXnSG§[-NÙGJMO[-NXTpe���U]YJPO��P2W&V�N�P2QDlCY$I|NXT"kONCB$Â Q"T&G§PON7W-k2QDnDQDä>Y¥T-QDT-��$-T�V�GJT"kON�¤_kOGmPONªN�P2kZÉ¥W-k2QDnDQDä>Y$T&[-G§W-TI|G�[-NXnSGc[-N�GJMO[-NXTa���JN�P2kON�k2QDK*G][-NHI|G�[-NXnSGcN�P7IdW-UpW-k2QDnDQDä>YJ[-G]K*GJMOñ W&N�P2W-K*GJT&N¥ñ W&NHnoYiK-MOGJh�Y$h-QDnDQS[&YJ[[-NLY$K�Y$M2QSVXQSRJT�[-NpW-TþP2�DIdhvGJnSGÇN�P�QDT&[-NXK*NXT&[_QSNXT kONa[-NpnSGCP]P2�DIdhvGJnSGCPdY$T kONXM2QSGJMON�P0B6�+YW-k2QDnDQDä>YJVXQSRJT�[-NI|G�[-NXnSGCP�[-N GJMO[-NXTpIaY�U�GJMªYmV�NXMOGiGJh-k2QSNXT&N{ÜìI|NÔjÑGJMON�PÑÞÙK-MOGJh�Y$h-QDnDQS[&YJ[-N�PªPZRJnSGmP2Q�NXn V�GJT"kON�¤_kOG�W-k2QDnDQDä>YJ[-GKvGJMbNXnªI|G�[-NXnSG³PON�K-W&N�[-NaV�GJT&POQS[-NXMZY$MdV�GJI|GÇW-T�YÇPON�VXW&NXT&VXQoY³[-N|�\Y$MÌ&�G>l��+P2QÙG VXW-M2MONLN�POkOG³PONL[_QSV�Nñ W&N]nSGCP§[&Y$kOGCPi[-NcNXT"k2MZYJ[&Y|PZGJT È �Z� ÈZ× ÓQÑO� È Ê�ÑÙ�Í,��Ô¯��è�ÔJÍCBË�GJM�nSGÇ��NXT&NXMZY$n{noY�K-MOGJh�Y$h-QDnDQS[&YJ[u[-N|W-T P2�DIdhvGJnSG³PON|V0Y$nSVXW-noY�Y�K�Y$M2k2QDM�[-NXn{TA$-I|NXMOG\[-NLl�N�V�N�Pñ W&N¥N�PON¥P2�DI�h*GJnSG]Ã�YdY$K�Y$MON�VXQS[-GbNXT|NXn&kON�¤_kOG��JK*NXMOGcVXW�Y$T&[-GbPZN�W-k2QDnDQDä>Y]noY�QDT_^`GJM2IaYJVXQSRJT�[-NXn&V�GJT"kON�¤_kOG
qsr [(]VÌ]x\ETW[(]«\#Tþnp]^k@tZXvu1TWh5AE[,]@hITWV�AETW[(VW_�]»\#T4hNTaY j�Xxc�Xxh!wOT�uQTW[xDJXxhSy�TW[ c�]{zXAET�c�]{G#kJXZj(]xj,]^j(_aca_�\(]Z\ \ET4]vG,]�kJ_�V_�`x[\ET»VÌ]x\(] hNTaY>j�XZcaX�hI`ZcaXß\#T�G�TW[,\#Tm\ET«cÄ]�hITV�A(TW[EVW_�]�\ETmhNTaY>j�XZcaXZh!|,[E_ED¯]QGEkJTVWTÌ\ET[XDJTxs}�~ Tï\#_�VTQzxAET�AE[,]Q�.A(TW[xDJTï\ET1_a[U� XxkJYß]^VW_a`Z[�TWhTk@JZ`�\#_�VW]ßhI_9A([,]>Y,A(ThIDIk¯]�\ET1TWcac�]�c�XßhNAC|,VW_aTW[xDJTWY�TW[xDJT0G�T�zXAET��,]TWh�B(ThID¯]Z\UTahIDJ_aVÌ]^Y�TW[xDJT��,]xjEc�]x[,\#XUB#kJT�GEkJThITW[xD¯]vDJ_ZuZ] \ETYDJX�\E] c�] _a[U�ÖX^kJYß]xVW_a`x[HzXAET»TWh@VÌ]vG,]L�1\#T»TWY�_EDJ_ kÌs
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kZY$I�h-QS¦XTpPON{[-NXh*NªkONXT&NXM�NXT�VXW&NXT kZY§NXn V�GJT kON�¤�kOGiNXT�NXn"ñ W&N Y$K�Y$MON�V�N{Ue�0KvGJM+N�POG��0PZRJnSG§PONÙV�GJT&P2QS[-NXMZY$MZÉ$TnoYJP�K-MOGJh�Y$h-QDnDQS[&YJ[-N�P[-N�nSGCPLP2�DIdhvGJnSGCPLñ"W&N�Ã�Y$TÈY$K�Y$MON�VXQS[-GþNXT<[_QSVZÃ&G�V�GJT"kON�¤_kOG-Bªt�P2�J�ªY$n¥W-k2QDnDQDä>Y$M[_QSVZÃ�YÇQDT_^¿GJM2IaYJVXQSRJTu[-NXnHV�GJT"kON�¤_kOG�PONaGJh-k2QSNXT&NXTuP2�DI�h*GJnSGCP�V�GJTþÜìI|NÔj2GJMON�PÑÞ|K-MOGJh�Y$h-QDnDQS[&YJ[-N�P�ñ"W&NaP2QT&G PONÇk2QSNXT&N�NXT¢VXW&NXT"kZY noYþILQSPOIaY_B{t N�P2kZY�[_QSPOk2M2QDh-W&VXQSRJT¢PON�nSN�P2W&NXnSN�[-NXT&GJILQDT�Y$MN� ×ÆÈ Ô|Ë × ÓZ��Ù × ���È � ÈWá ÊA�eÊ�ü@KvGJM�GJk2MOG�noYJ[-GW-T�Yç� ×ÆÈ Ô|Ë × ÓZ��Ù × ���7ÉzÑÖÊ��zÊÇN�PcYJñ"W&NXnDnoYNXT\noYñ W&NbkOG�[-GCP�nSGCP]P2�DIdhvGJnSGCP]POGJTN�ñ W-QDK-MOGJh�Y$h-nSN�P0B"��YcI|NXkZYb[-N§W-T|I|G [-NXnSG�N�P{GJh-kONXT&NXM W-T�Yb[_QSP2k2M2QDh-W&VXQSRJT�PON�P2�"YJ[&YbV�GJTanoYcN�P2KvNXMZY$T-ä>Yñ W&NbK-MOGJKvGJMOVXQSGJT&NpW-T�Y|K-MOGJh�Y$h-QDnDQS[&YJ[þY$nDkZYaK�Y$MZY|nSGCP]P2�DI�h*GJnSGCP�ñ"W&N�IaÉJP]Y$K�Y$MON�V�NXTÝNXT\W-T�N�POK�YJVXQSG[-NXkONXM2ILQDT�YJ[-G���K�Y$MZYLñ"W&NcPZN]K-W&N�[&Y$T�V�G [_Q���V0Y$M�V�GJTÇI|NXT&GCP§h-QDkOP0BÂ�N³K-W&N�[-NXT Y$K-nDQSV0Y$MaI|G�[-NXnSGCPa[-N³[_Q�^¿NXMONXT"kON�P�RJMO[-NXT&N�P|K�Y$MZY�N�P2k2QDIaY$MaV�GJT<IaÉJPN�¤-YJVXk2QDk2W&[ÈnoYK-MOGJh�Y$h-QDnDQS[&YJ[\[-NcW-T�PO�DIdhvGJnSG-B��iT�Y�l�NXä�ñ W&NbPONb[_QSPOK*GJT&N�[-Nb[_QSVOÃ&GCP�I|G�[-NXnSGCPmN�P§T&N�V�N�PîY$M2QSGaPZY$hvNXMV�RJI|GLPON]N�^¿N�VXkÌ$�Y�NXn6V0É$nSVXW-nSG-B&�mT�YpPOGJnDW&VXQSRJT³V�GJT&POQSP2kONcNXT;Ïå��à�ÙQÑOÊ,Ë�[-N�I|G [-NXnSGCP�B Ò§E Ð �C�ED¯�_noYpVXW�Y$nV�GJI�h-QDT�YanoYJP�K-MOGJh�Y$h-QDnDQS[&YJ[-N�PcGJh-kONXT-QS[&YJP]I|N�[_QoY$T kON�kOG [-GCP�nSGCP�RJMO[-NXT&N�PcNXT�W-T�Yå$-T-QSV0Y|K-MOGJh�Y$h-QDnDQ�Ì[&YJ[�K�Y$MZY³V0YJ[&Y�P2�DIdhvGJnSG-B+zÙPOkOG�PONaK-W&N�[-NaÃ�YJV�NXMpP2W-IaY$T&[-G�noY³K-MOGJh�Y$h-QDnDQS[&YJ[;N�P2k2QDIaYJ[&YÇK�Y$MZY�W-TILQSP2I|G�P2�DI�h*GJnSG�NXT\I|G [-NXnSGCP][-N�[_Q�^`NXMONXT kON�GJMO[-NXT�B6Â QDTÝNXIdh�Y$M2��G��vnoYJP�K-MOGJh�Y$h-QDnDQS[&YJ[-N�PbGJh-kONXT-QS[&YJPKvGJM7I|G [-NXnSGCPª[-N�IaY0U�GJM{GJMO[-NXTLk2QSNXT&[-NXTaY]PONXM7IaÉJP���[-N�[_QD�CT�YJPÙUe�$KvGJM�nSG]kZY$T kOG��CKvNXM2ILQDkONXTaY$nSV0Y$T-ä>Y$MW-T�Y]I|NÔj2GJM{V�GJILK-MON�P2QSRJT@ü�N�P2kOGcPON§K-W&N�[-N§MONZ½�NÔjOY$M{NXTNXn&K-MOG�V�N�POGb[-N§I|NXä0VXnoYJ[-GbKvGJT&[-NXMZY$T&[-GÚ�IdW-nDk2Q�ÌK-nDQSV0Y$T&[-GpKvGJM W-T�^±YJVXkOGJM�[-NiQDILKvGJM2kZY$T&VXQoY�ß noYJP{^`MON�VXW&NXT&VXQoYJP¥[-NcYJVXW&NXMO[-GLY$n*GJMO[-NXT³[-NXn*I|G [-NXnSG�ñ W&NnoYJP Ã�YdV0Y$nSVXW-noYJ[-G-B�E�YJ[&YpV�GJT kON�¤�kOGpkONXT&[_MZÉ�W-Ta^±YJVXkOGJM�[-NmKvGJT&[-NXMZYJVXQSRJT³ñ"W&NiK-W&N�[-N�N�P2kZY$MH�Cj2YJ[-Gp[-NY$T kONXIaY$T&GaG�K-W&N�[-NcQDM§lCY$M2QoY$T&[-GaYpI|N�[_QS[&Yañ"W&NcPON]lCY�U"YLMON0Y$nDQDä>Y$T&[-G|noY�V�GJILK-MON�P2QSRJT�B
�0���0�@�h� �!�%�l���V�#�����v�v�%�������V���.���F�V�����`�

��YbkZYJPZYp[-N�NXT"k2MOGJK-�oY�[-NiW-T�Yd^�W&NXT kON�N�PHW-T�TA$-I|NXMOGLñ W&Nu$-T-QSV0Y$I|NXT kONc[-NXK*NXT&[-N][-N�noYdT�Y$k2W-MZY¡ÌnSNXä>YcN�POkZYJ[_�SP2k2QSV0Yb[-N¥noY]^�W&NXT kONCB"�+YbW-T-QS[&YJ[a[-N¥noYcNXT k2MOGJK-�oYdN�P7Üìh-QDkOPîÏ$P2�DIdhvGJnSG$ÞZB�zÙP2kON¥lCY$nSGJMÙkZY$Idh-QS¦XTPONiV�GJT&G V�N�P2QDILK-nSNXI|NXT kONcV�GJI|GL�Z�zÔ|ËWÍxÉ%a|ÊL[-NinoY�[_QSP2k2M2QDh-W&VXQSRJTÇ[-NmK-MOGJh�Y$h-QDnDQS[&YJ[þ�-Gp[_QSVOÃ&G�V�GJT�GJk2MZYJPK�Y$noY$h-MZYJP���noYÕÏå�Ì� × �eÊÎ�A� × ��Ò�Í,ËZÏÐÊAÙ × ���¼Ïr��� × Ê�[-NanoY�^`W&NXT"kON�[-NaQDT_^¿GJM2IaYJVXQSRJT�BªÊ�G�PONK-W&N�[-N�QDT_Ìl�NXT kZY$MbT-QDT-�CW-T�Y³V�G�[_Q���V0YJVXQSRJT ñ W&NLV�GJT&P2QD�"Y�W-T�Y�nSGJT-�CQDk2W&[ NXT�h-QDkOPcI|N�[_QoY�KvGJMdP2�DI�h*GJnSG�NXILQDk2QS[-GI|NXT&GJMHñ"W&NmnoYbNXT"k2MOGJK-�oY�[-N§noYc^�W&NXT kONiPZGJh-MON§noYbñ W&NmPZN¥MON0Y$nDQDä>YbnoYdV�G [_Q���V0YJVXQSRJT�B-Â QDTNXI�h�Y$M2��G��_N�P2kOGN�P¥W-T�YaV�GJkZY�kON�RJM2QSV0YLU�nSGCPiV�GJILK-MON�POGJMON�P�YJVXk2W�Y$nSN�PmT&G|nDnSNX�"Y$T�Y|[_QSVOÃ�YV�GJkZY|Y$W-T&ñ"W&N�ñ"W&N�[&Y$T�IdW-UV�NXMOV0Y_BCË�GJM{GJk2MOG]noYJ[-G���N�P7Ã�Y$h-QDk2W�Y$n�V�GJT_^`W-T&[_QDMÙnoY�QS[-N0Y][-N¥NXT k2MOGJK-�oYbV�GJTLnoY][-NXn-nD�DILQDkON¥QDT_^¿NXM2QSGJMÙ[-N�noYV�GJILK-MON�P2QSRJT�B&Â�NiK-W&N�[-N][-N�P2kZYJV0Y$M¥ñ"W&N�NXn6V�GJT&V�NXK-kOGp[-N�NXT"k2MOGJK-�oYpQDT&[_QSV0Yp[-N�IaY$T&NXMZY�IdW-U|KvGJh-MON]NXnnD�DILQDkONHQDT_^¿NXM2QSGJMÙ[-NHV�GJILK-MON�POQSRJTa[-NHW-T�Yi^�W&NXT kON¥[-NH[&Y$kOGCPÙY$n_W-k2QDnDQDä>Y$MÙW-TL[-NXkONXM2ILQDT�YJ[-GcI|G�[-NXnSG-BCË�GJMnSGpkZY$T"kOG��&noY�NXT k2MOGJK-�oY�T&G�PON�K-W&N�[-N]W-k2QDnDQDä>Y$MmV�GJI|G�nD�DILQDkON]QDT_^¿NXM2QSGJMHK�Y$MZYpnoY�V�GJILK-MON�POQSRJT³[-Nc[&Y$kOGCP0BÂ Q6noY�^`W&NXT"kON�N�P¥W-TÇI|G [-NXnSGaPONXT&VXQDnDnSG|PON]K-W&N�[-NbV0Y$nSVXW-noY$M�[_QSVOÃ&GLlCY$nSGJMm[-N]W-T�Y�IaY$T&NXMZY|PONXT&VXQDnDnoY_BÂ Q noY�PZN�VXW&NXT&VXQoY�[-N�P2�DIdhvGJnSGCP�NXILQDk2QS[-GCPpK*GJM�noYÇ^`W&NXT"kON�PON|K-W&N�[-N�K-MON�[-N�VXQDM�V�GJT�^±YJVXQDnDQS[&YJ[uPONT&N�V�N�P2QDkZY$MZÉaW-T�T�$-I|NXMOG�I|NXT&GJMi[-N�h-QDkOPmK�Y$MZYaV�G [_Q���V0Y$M�noY|PON�VXW&NXT&VXQoY_B6Â Q�K*GJM�NXn�V�GJT"k2MZY$M2QSG��v[_QSVZÃ�YPON�VXW&NXT&VXQoYiT&G]N�P7K-MON�[-N�VXQDh-nSN�T&N�V�N�P2QDkZY$MONXI|GCPªIaÉJP7h-QDkOP7K�Y$MZYiMON0Y$nDQDä>Y$MªnoY�V�G�[_Q���V0YJVXQSRJT�B�zªTLNXn_K-M2QDI|NXMV0YJPOG�NXn�lJY$nSGJM7[-N{noYiNXT"k2MOGJK-�oY]PZNXMZÉ§IaÉJP�KvN�ñ"W&NQ'&G]ñ W&N NXT�NXn�PZNX�CW-T&[-G-B$t�P2� K-W&N�P��$noYmNXT k2MOGJK-�oY H PZRJnSG[-NXKvNXT&[-N¥[-NHnoY�T�Y$k2W-MZY$nSNXä>YcN�P2kZYJ[_�SP2k2QSV0Y][-N�noYi^`W&NXT"kON�Ue��Y$T�É$nSGJ�"Y$I|NXT kON��"[-NXn-I|G�[-NXnSGc[-N K-MON�[_QSV�VXQSRJTñ W&NmPONmW-k2QDnDQDä>Y_B zÙn@lCY$nSGJM [-NinoYbNXT k2MOGJK-�oYdT&GpPONXMZÉdNXn@ILQSP2I|GdK�Y$MZYbI|G�[-NXnSGCP�[-NmGJMO[-NXT�[_QSP2k2QDT"kOG���KvGJMnSG�kZY$T kOG���noYÇNXT k2MOGJK-�oY³PONLV0Y$nSVXW-noY�[-NXK*NXT&[_QSNXT&[-G�[-NXnÙGJMO[-NXT [-NXnÙI|G�[-NXnSG-B�Â Q
n
N�PbNXnÙkZY$IaY('&G�[-NXnY$n�^±Y$h*NXkOG$Ì¿^`W&NXT"kON A kONXT&NXI|GCP��

òé56����%�5�����5�!$�����<��� !¡5V� nSGCP7P2�DIdhvGJnSGCPªPOGJTLN�P2kZYJ[_�SP2k2QSV0Y$I|NXT kON�QDT&[-NXK*NXT&[_QSNXT kON�PÙnSGCP7W-T&GCP7[-NHnSGCPGJk2MOGCPmUÇV0YJ[&Y|PO�DIdhvGJnSGa[-N A k2QSNXT&NbnoYLILQSP2IaYLK-MOGJh�Y$h-QDnDQS[&YJ[Ý[-N�Y$K�Y$MON�V�NXM0B*zªT\N�P2kONbV0YJPOGanoYkZYJPZY�[-NbNXT"k2MOGJK-�oYaPONcV0Y$nSVXW-noYLV�GJI|G
H = log2 n

Ú¿e_Bfe�ß
òé56����%�5�������!J�`��� !|5�!$������� nSGCP�P2�DIdhvGJnSGCPdPOGJT�N�POkZYJ[_�SP2k2QSV0Y$I|NXT"kONQDT&[-NXK*NXT&[_QSNXT kON�P0BªÂ�N0Y

pi
noYK-MOGJh�Y$h-QDnDQS[&YJ[Ç[-N�Y$K�Y$M2QSVXQSRJT³[-NXn

i
Ìì¦�P2QDI|G�P2�DIdhvGJnSGp[-NXn6Y$n�^±Y$hvNXkOG-B �+Y�kZYJPZY�[-N�NXT"k2MOGJK-�oYpl�QSNXT&N
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[&YJ[&Y�KvGJM¥noYLN�VXW�YJVXQSRJT
H = −

n∑

i=1

pi log2 pi
Ú¿e_Bfs�ß

òé56��� %�5����³,0� �@)��+��5�5�!$��� ��� Â�N0Y
Pj|i

noYiK-MOGJh�Y$h-QDnDQS[&YJ[aV�GJT&[_QSVXQSGJT�Y$n�[-N¥ñ W&N¥Y$K�Y$MONXä0V0YcNXn-P2�DI�Ìh*GJnSG
j
Ìì¦�P2QDI|G³K-MON�V�N�[_QS[-G�[-NXn{P2�DI�h*GJnSG

i
Ìì¦�P2QDI|G�[-NXnHY$n�^¿Y$hvNXkOG-B��+Y�kZYJPîYÇ[-N|PON|GJh-k2QSNXT&NaI|N�Ì[_QoY$T"kON

H = −
n∑

i=1

pi

n∑

j=1

Pj|i log2 Pj|i
Ú¿e_B y ß

òé56��� %�5����Ç/0�"!$��� !�5@!¡��� ��� Â�N0Y
Pk|j,i

noYpK-MOGJh�Y$h-QDnDQS[&YJ[³V�GJT&[_QSVXQSGJT�Y$n+[-Ncñ W&NcY$K�Y$MONXä0V0YLNXn6P2�DI�Ìh*GJnSG
k
Ìì¦�P2QDI|GLK-MON�V�N�[_QS[-GL[-NXn�PO�DIdhvGJnSG

j
Ìì¦�P2QDI|GLU�ñ"W&N]¦�P2kONcY�P2W�l�NXäbN�P2kZÉ�K-MON�V�N�[_QS[-GLKvGJM¥NXnP2�DIdhvGJnSG

i
Ìì¦�P2QDI|Ga[-NXn�Y$n�^¿Y$hvNXkOG-B-zªT�N�POkONbV0YJPOG��_noY�kZYJPZY�[-NcNXT k2MOGJK-�oYaN�P

H = −
n∑

i=1

pi

n∑

j=1

Pj|i

n∑

k=1

Pk|j,i log2 Pk|j,i
Ú¿e_Bfr�ß

òé56��� %�5��@� ���"!$#&%S� Â W-KvGJT-�"Y$I|GCPLñ"W&N
Bm

MONXK-MON�PZNXT"kZY�nSGCPpK-M2QDI|NXMOGCP
m

V0Y$MZYJVXkONXMON�PL[-NXn kON�¤_kOG-B�+Y�kZYJPZY�[-NdNXT"k2MOGJK-�oY|NXT³NXn�V0YJPOG���NXT&NXMZY$n+l�QSNXT&Nc[&YJ[&Y�KvGJM¥noYLP2QD�CW-QSNXT"kONdN�¤�K-MON�P2QSRJT
H = ĺım

m→∞
− 1

m

∑
p (Bk) log2 p (Bk)

Ú¿e_Bfx�ß
zªT�N�P2kZYmN�¤_K-MON�P2QSRJT@�¡noY§P2W-IaYiN�P2kZÉmK*GJM�NXT&VXQDIaY�[-NÙkOG�[-GCP�nSGCP

nm
K*GCPOQDh-nSN�P+lCY$nSGJMON�P�[-N

Bm
B¡zÙPl QDM2k2W�Y$nDI|NXT kONbQDILKvGCP2QDh-nSNbV0Y$nSVXW-noY$MinoYpkZYJPZYL[-NcNXT"k2MOGJK-�oYa[-NdYJVXW&NXMO[-G|V�GJT�[_QSVZÃ�YLN�¤_K-MON�P2QSRJT�B

�+G�[&YJPinoYJP�[-N��&T-QSVXQSGJT&N�P�K�Y$MZY|noYakZYJPZYa[-N�NXT k2MOGJK-�oYN�PZVXM2QDkZYJP�Y$T kONXM2QSGJM2I|NXT"kON|POGJT\V�GJT&P2QSP2kONXT kON�PnoYJPiW-T�YJP�V�GJT�noYJP�GJk2MZYJP0B�zªTÝNXn�É$I�h-QDkOG�[-NbnoY|V�GJILK-MON�POQSRJT\[-Np[&Y$kOGCPm��NXT&NXMZY$nDI|NXT kONLPONck2MZY$h�Y¡jOY$MZÉV�GJT�I|G�[-NXnSGCP§[-N�K-M2QDI|NXM§GJMO[-NXT@�_K*GJM�nSG�kZY$T kOG��-NXT�N�POkON]k2MZY$h�Y¡jÑG�VXW�Y$T&[-G|PONiÃ�Y$h-nSNc[-NcNXT"k2MOGJK-�oY�Ú�UPîY$nDl�GLñ"W&NbPZNc[_QD�"YpnSG|V�GJT"k2MZY$M2QSG"ß§PON]Ã�Y$MZÉ�MON�^¿NXMONXT&VXQoY|Y�noY�P2QD�CW-QSNXT kONd[-N��&T-QSVXQSRJT�[-N]noYLILQSP2IaY_B
� �"(7�����"��8@� ~! Dà;"�� #-,0#������ �*/0!$5��»��#þ���\%�#þëÍ)�� �*/0�5$�  �ÌÊP�QÑ�Ù�Í��X¡x�
��ÔJÍP�A�

n È ��Ù^� È Í È × �z�A�¶É��Z��'� × �Z�zÔ¯� È A � Ù�Í,� È � È Ù�Í,ËZËÌ� È É�Í,��� × �Q��Ô¯� È ÉzËÌÍAÓÌÊAÓ × Ñ × �eÊA�A� È �A�ÐÊxÉ�Ê�Ë × Ù × �,� P m   �K�A� ] �4�*ÑÖÊ��Z��Ô|ËÌÍxÉ�aIÊ����ÑOÊuÒx�G�Z��Ô¯� & H(P) & �A��ÑOÊ ÈZ×Öá � × �Z��Ô¯��ÏrÊ,���ZËÌÊ
H(p1, . . . , pn) = H(P) = −

n∑

i=1

pi log2 pi
Ú¿e_B£}Cß

���¢�0�¢�0� £4�!���{¤%�`�����¥���v¦§¤n�%�j�V���.�;�����v�L���Q�.�
�+Y�^�W-T&VXQSRJT [-N�noY�NXT k2MOGJK-�oY�� H ��k2QSNXT&N³lJY$M2QoYJP�K-MOGJK-QSN�[&YJ[-N�P�ñ"W&N�K-W&N�[-NXT<MON�POW-nDkZY$Ma[-N�W-k2QDnDQ�Ì[&YJ[6B ü�QSVOÃ�YJPHK-MOGJK-QSN�[&YJ[-N�P¥PON§NXT W-T&VXQoY$MZÉ$T�YbV�GJT"k2QDT W�YJVXQSRJT@�_K�Y$MZYcW-T�Y�[-N�POVXM2QDKvVXQSRJTIaÉJPH[-NXkZY$nDnoYJ[&YV�GJT&POW-nDkZY$M�B ü�MOG��Ce(DìB

´ B§��YÇ^`W-T&VXQSRJT H N�PpV�GJT"k2QDT W�YÝNXTuNXnHQDT"kONXM2lCY$nSG
[0, 1]

��KvGJMpnSG�ñ W&NV0Y$I�h-QSGCP�K*N�ñ W&NQ'&GCPpNXT noYJPK-MOGJh�Y$h-QDnDQS[&YJ[-N�P�N�P2kZÉ$T�YJPOG�VXQoYJ[-GCPmV�GJT�V0Y$Idh-QSGCP§KvN�ñ W&NQ'&GCP§NXT³noY�V0Y$T"k2QS[&YJ[�[-NcQDT_^¿GJM2IaYJVXQSRJT�B
´±´ B§��Yp^�W-T&VXQSRJT H N�P§P2QDI|¦Xk2M2QSV0Y���K*GJM¥nSGLñ W&NbNXn�GJMO[-NXT�[-NbPOW&P§Y$M2�CW-I|NXT"kOGCPiT&GLQDILK*GJM2kZY_B
´±´±´ B§��Yp^�W-T&VXQSRJT H k2QSNXT&NcnD�DILQDkONbP2W-KvNXM2QSGJMmN]QDT_^¿NXM2QSGJM��

0 = H(1, 0, . . . , 0) ≤ H(p1, . . . , pn) ≤ H
(

1

n
, . . . ,

1

n

)
= log2 n
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´Æ� B§tm¤�QSGJIaYu[-NXnb�CM2W-KvG-BmÂ QbNXT×NXnbV�GJTJjÑW-T"kOG A = {x1, . . . , xn}
PON\^¿GJM2IaYuW-T �CM2W-K*G Ai =

{x1, . . . , xi}
NXT"kOGJT&V�N�P��&noY�V0Y$T"k2QS[&YJ[�[-N]QDT_^¿GJM2IaYJVXQSRJT³T&GLV0Y$I�h-QoYL[-N�P2K-W&¦�P§[-N]Ã�YJV�NXM§noY�N�PZVXQ�ÌP2QSRJT�U�N�PiQD�CW�Y$nªYanoYaQDT_^`GJM2IaYJVXQSRJT�YJPOG�VXQoYJ[&YaV�GJTÝNXn7V�GJTJjÔW-T kOG A −Ai IaÉJPinoYaQDT_^¿GJM2IaYJVXQSRJTK-MOGJKvGJMOVXQSGJT�YJ[&YLKvGJM§NXn�V�GJTJjÔW-T kOG Ai �-N�Pm[-N�VXQDM��

H(p1, . . . , pi, pi+1, . . . , pn) = H(p1 + . . .+ pi, pi+1, . . . , pn)

+ (p1 + . . .+ pi)H
(

p1

p1 + . . .+ pi
, . . . ,

pi
p1 + . . .+ pi

)

� B§ËªMOGJK-QSN�[&YJ[�[-NXn�V�GJTJjÔW-T kOG|lCYJVX�SG-B&zªn6lCY$nSGJMm[-NcnoY�NXT k2MOGJK-�oYLT&G|PON]I|G�[_Q���V0YLVXW�Y$T&[-G|PZNbY('�YJ[-NW-TÇT W&NXl�GaNXl�NXT"kOGV�GJTÇK-MOGJh�Y$h-QDnDQS[&YJ[�V�NXMOG|Y$n�V�GJTJjÔW-T kOGa[-NcNXl�NXT"kOGCP>B
H(p1, . . . , pn, 0) = H(p1, . . . , pn)

��´ B§�+Y�^`W-T&VXQSRJT
f(n) = H

(
1
n , . . . ,

1
n

) N�P¥I|GJT&RJkOGJT�YaVXMON�VXQSNXT"kON��@N�P§[-N�VXQDMmñ W&N
f(n) < f(n+ i) ∀ i > 0 ∧ n > 0

Ë�GJM�nSG ñ W&N\noY�V0Y$T k2QS[&YJ[ [-N�QDT_^¿GJM2IaYJVXQSRJT×N�P�[_QDMON�VXkZY$I|NXT"kONþK-MOGJKvGJMOVXQSGJT�Y$ndY$niT�$-I|NXMOGF[-NNXl�NXT kOGCPmN�ñ W-QDK-MOGJh�Y$h-nSN�P0B
�0���0�¢¨0� ©�ªY¤5¦§���{¤5¦��¬«�L���0�V�Y�!�V�Y¤5¦.�o�{���{�®��F�V�����`�

��Y�NXT k2MOGJK-�oY H(P)
[-N�W-T�Y�^`W&NXT"kON A V�GJT

n
P2�DI�h*GJnSGCPÑÌ¿^`W&NXT"kON]UW-T�Y�[_QSP2k2M2QDh-W&VXQSRJT�[-N�K-MOGJh�Y¡Ìh-QDnDQS[&YJ[-N�P P PON]IaY¡¤�QDILQDä>Y|VXW�Y$T&[-G|PONcVXW-ILK-nSN

pi =
1

n
∀ ai ∈ A

NXT³N�P2kONcV0YJPZG
H(P) = log2 n

� �"(7�����"��8@� ~! S°g"�¯ (7��#-�"��#�����%�#þëÍ)�� �*/0��$�  �P�A� ] ����ÑÖÊ�N���V0YJVXQoYL[-N]noY�^�W&NXT kON7Í�NXT"k2MOGJK-�oY|MON�ÌnoY$k2QDlCY & E(A) & Ù�Í,ÏrÍ ÑÖÊåËWÊEà��,�Õ�Z��Ô|Ë���ÑÖÊL�Z��Ô|ËÌÍxÉ�aIÊ ËÌ��Ê,Ñ � ÑOÊåÏ7°#è × ÏrÊi�Z��Ô|ËÌÍxÉ�aIÊ7�A��ÑÖÊ%ÒZ���Z�zÔ¯�

E(A) =
H(P)

log2 n

Ú¿e_Bf©�ß
� �"(7�����"��8@� ~! í "Ñê � ��)��+��#&���"��#þ���\%9#þëÔ)+���*/0�5$ ãUÊ MON�[_W-T&[&Y$T&VXQoYÈ[-NþnoY ^`W&NXT"kON È ��Ù�Ê,ÑOÙQ�
ÑÖÊÏå�Ì� × Ê,��Ô¯��ÑOÊ ÈZ×Öá � × �Z��Ô¯�K�ÌèxÉ�ËÌ� ÈZ× ���

R(A) = 1−E(A)
Ú¿e_Bf��ß

Ê�RJkON�PONLñ W&N|PONLVXW-ILK-nSNñ"W&N
0 < E(A) ≤ 1

�6U�KvGJMbnSGÇkZY$T kOG³kZY$I�h-QS¦XT
0 < R(A) ≤ 1

B�zªnV�GJT&V�NXK-kOG�[-NLMON�[_W-T&[&Y$T&VXQoY\[-NLnoY�^`W&NXT"kONaN�POkZÉÇnDQD�"YJ[-G�Y$n N�¤_V�N�POG�[-N|kONXM2ILQDT&GJnSGJ�C�oY�K*GJMbK�Y$M2kON[-NnoYa^`W&NXT"kON�K�Y$MZY�K-MOG�[_W&VXQDMcI|NXT&PZY¡j2N�Pcñ"W&N�V�GJT"k2QSNXT&NXT W-T�Y�VXQSNXM2kZY�V0Y$T"k2QS[&YJ[�[-N�QDT_^¿GJM2IaYJVXQSRJT�B��iT�Y^`W&NXT"kONpIaÉJP�MON�[_W-T&[&Y$T"kON|ñ W&NpGJk2MZYaT&N�V�N�POQDkZY$MZÉ�K-MOG [_W&VXQDM]I|NXT&PZY¡j2N�P]IaÉJP�noY$M2��GCP]K�Y$MZYak2MZY$T&POILQDk2QDMnoYpILQSP2IaY|V0Y$T"k2QS[&YJ[�[-N]QDT_^¿GJM2IaYJVXQSRJT�B



é�À²±,ÀFÁ ��¸�¹Ä� ºX¾Jº�¹��C·|¸�»cÀ£¾KÅ|�J»�·�)ì» � 

ñ*£�³p£ ¤û¥K·�¬���³«µb³1¬¯®�°<·�©¸ùIµ ¹�´b©�°Köe©
zªTÇN�P2kZY�PON�V�VXQSRJTÇPON]NXT"W-T&VXQoY$MZÉ$T³U�V�GJI|NXT"kZY$MZÉ$T³h-MONXl�NXI|NXT kONbVXQSNXM2kZYJP¥K-MOGJK-QSN�[&YJ[-N�P¥U�V0Y$MZYJVXkON�ÌM2�SPOk2QSV0YJPª[-N�nSGCPªV�R [_QD��GCPªñ W&N�PONHW-k2QDnDQDä>Y$T|NXT|V�GJILK-MON�P2QSRJT|[-N¥[&Y$kOGCP0BJË�GJM N�P2kONHI|GJk2QDl�GbY]N�P2kONHk2QDK*G][-NV�G�[_Q���V0YJVXQSGJT|kZY$I�h-QS¦XTPONHnSN§V�GJT&G�V�N¥V�GJI|GåÙ�Í�� × ] Ù^ÊeÙ × �,� Èx× � ËZ� × �eÍ�� × Ïå�ZÏrÍ,Ë × Êe�JK-W&N�PªnoYi^�W&NXT kON§[-NQDT_^¿GJM2IaYJVXQSRJT|N�P7P2QDT�M2W-QS[-G]UdP2QDTpI|NXI|GJM2QoY_B�ËªW&N�P2kOG]ñ W&NHkOG [-GCP7nSGCP�kON�GJMONXIaYJPÙñ W&N�PON NXT W-T&VXQoY$MZÉ$TaNXTnoYPON�V�VXQSRJTÝPOGJT\nSGP2W_��VXQSNXT kONXI|NXT"kON|V�GJT&G�VXQS[-GCP�T&G�PONd[-NXkZY$nDnoY$MZÉ$TþnoYJP�[-NXI|GCP2k2MZYJVXQSGJT&N�PbGK-M2W&NXh�YJP[-N�nSGCPiILQSP2I|GCP��@T&GGJh&P2kZY$T kON�P2Q�Y$nD��$-TÝnSN�VXkOGJM]N�P2kZÉ|QDT kONXMON�PZYJ[-G�NXT\NXnDnoYJP�noYJP�K-W&N�[-NpNXT&V�GJT"k2MZY$MbNXTB ü�MOG��Ce(DìBEHGJT&P2QS[-NXMONXI|GCPiNXn7Y$n�^¿Y$hvNXkOG$Ì¿^`W&NXT"kON A = {x1, . . . , xn}

V�GJT&P2k2QDk2W-QS[-GaKvGJM
n
PO�DIdhvGJnSGCPÑÌ¿^�W&NXT kONdUnoYJPiK-MOGJh�Y$h-QDnDQS[&YJ[-N�P]V�GJM2MON�P2KvGJT&[_QSNXT"kON�P P = {p1, . . . , pn}

YJPOG�VXQoYJ[&YJP�Y|nSGCPmP2�DI�h*GJnSGCP2Ì¿^�W&NXT kONCB*�+GCPPO�DIdhvGJnSGCPÑÌ¿^�W&NXT kON{PONªV�G�[_Q���V0Y$TbI|N�[_QoY$T kON{noYJP6K�Y$noY$h-MZYJP�[-NªV�R�[_QD��G C = {c1, . . . , cn}
V�GJTbnSGJT-�CQDk2W&[-N�P

|C| = {|c1|, . . . , |cn|}
B*t�P2�J��NXn7P2�DIdhvGJnSG$Ì¿^`W&NXT"kON

xi
V�GJT�W-T�YaK-MOGJh�Y$h-QDnDQS[&YJ[þ[-N�Y$K�Y$M2QSVXQSRJTþ[-N

pi
PONV�G�[_Q���V0Y�I|N�[_QoY$T kONbnoYpK�Y$noY$h-MZY|[-NcV�R�[_QD��G

ci
ñ"W&N]k2QSNXT&NbW-T�Y�nSGJT-�CQDk2W&[³[-N |ci| W-T-QS[&YJ[-N�P0B�mTôÙ���� ×Oá ÍÝN�PbW-T�Y�YJPOG�VXQoYJVXQSRJT h-QDW-T-�Dl�G�V0Y�NXT k2MONanSGCP�V�GJTJjÔW-T kOGCP A U C �+[-NN�P2kZYÇIaY$T&NXMZY�PONYJPZG VXQoYiY§V0YJ[&YiP2�DIdhvGJnSG$Ì¿^�W&NXT kON

xi
W-T�YmUbPORJnSG§W-T�YmK�Y$noY$h-MZYi[-N V�R�[_QD��G

ci
B¡t�P2��K-W&N�P#�>noY*Ù�Í�� × ] Ù�ÊAÙ × ���T&GLN�P§IaÉJPmñ W&N]W-T�Y|Y$K-nDQSV0YJVXQSRJT�QDT U�N�VXk2QDlJYL[-N��&T-QS[&YaV�GJI|G

ψ : A→ C
gih&PZ¦XM2l�N�PONañ W&NaNXTuN�P2kON|V0YJPOG�T&N�V�N�PZY$M2QoY$I|NXT"kON�NXn{T�$-I|NXMOGÝ[-NaNXnSNXI|NXT"kOGCP�[-N A kONXT&[_MZÉ�ñ"W&NaPONXMI|NXT&GJMbG�QD�CW�Y$nÙñ W&NLNXnªTA$-I|NXMOG�[-NLNXnSNXI|NXT"kOGCPd[-N C B6tmT�É$nSGJ�"Y$I|NXT kON|noY;�A� È Ù�Í�� × ] Ù^ÊeÙ × �,�FPONXMZÉ�noYY$K-nDQSV0YJVXQSRJT�QDT"U�N�VXk2QDlCY�QDT"l�NXMOPîYaYpnoYLV�G�[_Q���V0YJVXQSRJT�[-N��&T-QS[&Y|V�GJI|G

ψ−1 : C → A
tæW-TþV�R [_QD��GÇPON�nSN�[-NXT&GJILQDT�Y;Ù���� ×Oá Í;Ó × �zÊ,Ë × Í�POQ�noYJP]K�Y$noY$h-MZYJPc[-NXnªV�R�[_QD��GÇPON�V�GJILKvGJT&NXT�[-Nh-QDkOP>B�Ë�GJMaV�GJT l�NXT-QSNXT&VXQoY�� Y�K�Y$M2k2QDM|[-NÇY$Ã&GJMZY��ªU�PZY$nDl�Gþñ W&N�PON�[_QD�"Y\nSG\V�GJT k2MZY$M2QSG��{Y$n¥Ã�Y$h-noY$M|[-NV�R�[_QD��GaPZNcÃ�Y$MZÉLMON�^¿NXMONXT&VXQoYaY|W-T�V�R [_QD��Gah-QDT�Y$M2QSG-B@zÙT�V�GJILK-MON�P2QSRJTÝ[-Nb[&Y$kOGCPiQDT"kONXMON�PZYaILQDT-QDILQDä>Y$MnoY7ÑOÍ,� á�× Ô|��� Ïr��� × Êi� È É��ZËÌÊe�eÊ�[-N]noYJPmK�Y$noY$h-MZYJPm[-NcV�R�[_QD��G C B �\�§�Ce(D+V0Y$nSVXW-noYJ[&Y|V�GJI|G

L̄(C,P) =

∑n
i=1 pi|ci|∑n
i=1 pi

Ú¿e_BDA0��ß
t¥[-NXIaÉJP�K�Y$MZY³W-T�Y\[-NXkONXM2ILQDT�YJ[&YÝ[_QSP2k2M2QDh-W&VXQSRJT<[-NK-MOGJh�Y$h-QDnDQS[&YJ[-N�P P kOG [-GCPpnSGCP�V�R [_QD��GCP C[-NXhvNXT³VXW-ILK-nDQDMmnoY�POQD�CW-QSNXT"kONd[-N�POQD�CW�Y$nS[&YJ[ÕB Ò§E Ð¬�C�ED¯�

H(P) ≤ L̄(C,P)

� �"(7�����"��8@� ~! ô "î� 86�7�9�@5�����%�5@���@�9/>)��F?-#-!$��#-17%9��$>´ �2Ù��#� ×Öá Í C Ù�Í,� n É�Ê,ÑÖÊ�ÓZËWÊ È �A�LÙ���� ×Öá Í� È �A�bÑOÍ,� á,× Ô|���KæEÊ,Ë × Ê�ÓZÑO� Èx× Ê�Ñ�Ïå�Z�zÍ È �Ìè ×ÝÈ Ô¯�Z���AÍ È É�Ê,ÑOÊAÓZËÌÊ È �A��Ù��#� ×Öá Ír�Q�G��ÙQ�
Ï%ÉzÑÖÊ���ÑÖÍ ÈZ×Öá � × �Z��Ô¯�Xµ
∃ 1 ≤ i ≤ n ∧ 1 ≤ j ≤ n • |ci| 6= |cj |� �"(7�����"��8@� ~! Sýo"î� 86�7�9�@5����",0�"��ëÍ!¡#-17%��5$¶´ �çÙ���� ×Öá Í C � È [-N�POVXQ�^�MZY$h-nSN Èx×«È Í,ÑÖÍL�Ìè ×ÝÈ Ô¯���
�zÊrÏrÊl'�4�ZËWÊ2�A�ç� × æ × � × Ë�ÑÖÊ È ��ÙQ���Q�zÙ × ÊF�A�ÐÉ�Ê,ÑOÊAÓZËÌÊ È ����Ù^��� ×Oá Í ci1ci2 . . . cik �Z��É�Ê,ÑOÊAÓZËÌÊ È �A�çÙ���� ×Öá Í �A�Ò�Í,ËZÏrÊ × ���Ì�Q�9aÝæ(Í�Ù�Ênm i È �A��Ù × Ë & Èx× ci1ci2 . . . cik = cj1cj2 . . . cjk

�Q��ÔJÍ,�zÙ^� È ∀s, is = js · � É�Í,ËiÑOÍÔJÊ���ÔJÍ
cis = cjs ¸ m� �"(7�����"��8@� ~! � " �b!$5��7���"��#-�È��� %H��!$��(�=X5h$�´ �ØÙ^��� ×Oá Í C É�Í È ���ûÑOÊ7ÉzËÌÍxÉ × �Ì�eÊA���A�QÑ«ÉzËÌ� ] ¡QÍ Èx×� × � á ���zÊûÉ�Ê,ÑÖÊ�ÓZËWÊ �A�;Ù^��� ×Oá Í & ci & È �åÉ����Ì���ÕÍAÓ�Ô¯�Z���ZËÎÊ�É�Ê�ËZÔ × ËN���;Í�Ô|ËÌÊçÉ�Ê,ÑOÊAÓZËÌÊ ���ÎÙ���� ×Öá Í & cj &ÊfkzÊe� × �Z�z�eÍLÓ × Ô È mQ¹C� × Ù�º�Í7���PÍeÔ|ËWÊ%Ò�Í,ËxÏrÊ & � × � á ���zÊ�É�Ê,ÑOÊAÓZËÌÊi�A�PÙ���� ×Oá Íû� È �
� ÉzË�� ] ¡�Í �A�*Í�Ô|ËÌÊnm



�9� Á ��ÂbÃ"½ì»��X¹��C·L¸�»b¸�¾�)¯���

A pi
EHR�[_QD��G³A EHR [_QD��G|e EHR�[_QD��Gas

x1
�_Bfx�} �C�C� �C� �

x2
�_BDACA �C�_A �_A A0�C�

x3
�_Bf��} �_A0� A0�C� A0�_A

x4
�_Bf�Cx �_ACA A0�_A ACA0�

x5
�_Bf�Cr A0�C� ACA0� ACACA0�

x6
�_Bf�$y A0�_A ACACA ACACACA

L̄(C,P)
s_Bf�C� e_BfeCe ACB£}Jr

��Y$h-noYie_BDA��$zvj2NXILK-nSGi[-N{k2MON�P�V�R�[_QD��GCP+nDQDh-MON�P7[-N{K-MON��CjÑG�V�GJT�P2W�nSGJT-�CQDk2W&[pI|N�[_QoYmN�P2KvNXMZYJ[&Y��
L̄(C,P)

�N�¤_K-MON�PZYJ[&Y�NXT³h-QDkOP¥KvGJM§P2�DI�h*GJnSG-B@z7¤�k2MZY$�S[-Ga[-NÐB ���§�Ce(DìB

� �"(7�����"��8@� ~! �3_ûg"î� 86�7�9�@5 %`��1�!$�³���³��!¡�"(&=�5!$�´ �ÎÙ��#� ×Öá Í C � È Ñ × ÓQËÌ�Ð���ßÉzËÌ� ] ¡QÍ · Í × � È ÔJÊ,��Ô@°l'����Í ¸ Èx× É�Í È ���PÑOÊ�É�ËWÍxÉ × �Ì�AÊe�i�A�ZÑ�É�ËÌ� ] ¡QÍnm
z{P2kZÉ�VXnoY$MOG§ñ W&NªnSGCP�V�R�[_QD��GCP6nDQDh-MON�P+[-N7K-MON��Cj2G§POGJTcW-TdPOW-h*V�GJTJjÑW-T"kOG§[-NÙnSGCP�V�R [_QD��GCP�[-N�POVXQ�^`MZY$h-nSN�P0B�iT�V�R�[_QD��G|nDQDh-MONp[-NdK-MON��Cj2GT&GCP�YJPONX�CW-MZYñ W&NbnoY[-N�POV�G [_Q���V0YJVXQSRJTþPONdMON0Y$nDQDä>Y$MZÉYaI|N�[_QS[&Yñ"W&N�PONK-MOG�V�N�PONaNXn>½&WJj2G�[-Nh-QDkOP0B+t¥[-NXIaÉJP���V�GJI|G\T-QDT-�CW-T�Y³K�Y$noY$h-MZY\[-NV�R [_QD��G\N�PdW-TuK-MON��Cj2G�[-NGJk2MZY��T&G³PZN�T&N�V�N�P2QDkZY$MZÉÇT-QDT-�CW-T�Y³K-W-T"k2W�YJVXQSRJTFN�P2KvN�VXQoY$nÙK�Y$MZYÇPONXK�Y$MZY$Mp[-GCPcK�Y$noY$h-MZYJP�[-NaV�R [_QD��G�NXT�W-TI|NXT&PZY¡j2NcV�G�[_Q���V0YJ[-G-B

� �"(7�����"��8@� ~! �3@3»"î� 86�7�9�@5����³!$�"�7)�����#&���"��#��Õ�`���`��#%$´ � Ù���� ×Öá Í C � È �A�ÕËÌ���,�����eÊ,�zÙ × ÊÏ¼a � × ÏrÊ · �2�xÉ�Ô × ÏrÍ ¸ É�Ê�ËWÊÕ�QÑ�Ù�Í��X¡x�
��ÔJÍÎ����ÉzËÌÍAÓÌÊAÓ × Ñ × �eÊA�A� È P Èx× L̄(C,P) < L̄(C′,P)
É�Ê,ËÌÊÕÙ^Êl'�eÊ7Ù���� ×Öá Í C′ Ñ × ÓQËÌ�*�A��ÉzË�� ] ¡�ÍL�A� n È a ÏåÓÌÍ,ÑOÍ È m

g×[_QSVOÃ&G�V�GJTGJk2MZYJPHK�Y$noY$h-MZYJP�� W-TV�R�[_QD��GpN�P [-NmMON�[_W-T&[&Y$T&VXQoYpIL�DT-QDIaYbK�Y$MZYdW-T�Yd[_QSPOk2M2QDh-W&VXQSRJT[-NLK-MOGJh�Y$h-QDnDQS[&YJ[-N�PLPOQÙT&G�N�¤_QSP2kON|T-QDT-��$-TuGJk2MOG�V�R�[_QD��G³nDQDh-MON[-N|K-MON��Cj2G�ñ W&N|kONXT-�"Y³K*GJM�kO¦XM2ILQDT&GI|N�[_QSGþI|NXT&GCPah-QDkOPLKvGJMaP2�DIdhvGJnSG-BÙzÙPaÃ�Y$h-QDk2W�Y$ni[-NXT&GJkZY$MYþnSGCP|V�R [_QD��GCPanDQDh-MON�Pa[-NÇK-MON��Cj2GþU;[-NMON�[_W-T&[&Y$T&VXQoY�IL�DT-QDIaYpV�GJI|G�V�R�[_QD��GCP�[-NiÅiW_^�^�IaY$TþÚ`[-NXh-QS[-GLY$n&^±Y$I|GCPOGpY$nD��GJM2QDk2I|GpK-MOGJK-W&N�P2kOGpKvGJMücY�l�QS[ÇÅiW_^9^`IaY$TÕB ÅiW_^¿rCeED�K�Y$MZYLGJh-kONXT&NXM2nSGCP�ßHK*NXMOG���N�P2k2M2QSVXkZY$I|NXT"kONdÃ�Y$h-noY$T&[-G��&T&G|POGJTÇnSG�ILQSPOI|G-B�+GCPV�R�[_QD��GCP�[-N�MON�[_W-T&[&Y$T&VXQoYuIL�DT-QDIaY�^�W&NXMOGJT¬V�GJT&P2QS[-NXMZYJ[-GCPÇV�GJI|GunSGCPI|NÔjÑGJMON�P�I|¦XkOG�[-GCP��NXT&¦XM2QSV�GCPL[-N�V�GJILK-MON�P2QSRJTFÃ�YJP2kZY\NXnH�&TF[-N�noY�[-¦�V0YJ[&YÝ[-NÝA0��}J���7VXW�Y$T&[-GþP2W-M2�CQSNXMOGJT;nSGCP�T"W&NXl�GCPK�Y$MZYJ[_QD�CIaYJPc[-NpV�GJILK-MON�P2QSRJTÝK-MOGJK-W&N�P2kOGCP�K*GJMbÎ@QDl³U³��NXILKvNXn�B£Î*��}C}��vÎ*��}J©,D²½pñ"W&N�P2W-K*NXMZY$TþYanSGCPV�R�[_QD��GCPi[-N�MON�[_W-T&[&Y$T&VXQoYIL�DT-QDIaYaNXT\IdW&VZÃ&GCPbYJP2KvN�VXkOGCP0B�t%$-TÝYJPO�J�&nSGCP�V�R [_QD��GCP�[-NdMON�[_W-T&[&Y$T&VXQoYIL�DT-QDIaY�POGJTÇnoYpI|NÔj2GJM§POGJnDW&VXQSRJT³NXTÇI�W&VOÃ�YJPiY$K-nDQSV0YJVXQSGJT&N�PiNXT³[-RJT&[-NcnoYJP�kO¦�VXT-QSV0YJPm[-NcV�GJILK-MON�POQSRJT[-Nc[&Y$kOGCPiPONbY$K-nDQSV0Y$T�NXT�P2QSPOkONXIaYJP§[-N]MON�VXW-K*NXMZYJVXQSRJT\[-NcQDT_^¿GJM2IaYJVXQSRJT�B
� 5@!¡5*%9#-!J��5 ~® `3#"î� 86�7����5��"5@����!$�",05@!¾$ ä�Ê,ËÌÊ7�Q�����
��Ù���� ×Oá Í C É����Ì�AÊ È �ZËp���NÙ���� ×Oá Í7Ù�Í,Ï%ÉzË���'È Í,Ë & C �A�#Ó��ZË�° È �ZËP�
��Ù��#� ×Öá Íû�A� È Ù × ÒxËÌÊAÓZÑ�� � �A�KÑÖÍ,� á,× Ô|���LæEÊ�Ë × ÊAÓZÑ��Xm0¿ß�A�QÏ7° È � È Ù�Í,�Gæ(�Q� × �Q��Ô¯�å�����È �ÌÊ Ñ × ÓZË��P����É�ËÌ� ] ¡QÍ � �A��Ë��Ì�,�
�z�eÊ,��Ù × Ê7Ï¼a � × ÏÐÊ�m

EHGJI|G\NÔj2NXILK-nSG�V�GJT&P2QS[-NXMONXI|GCPLNXn�Y$n�^¿Y$hvNXkOG A V�GJT
n = 6

ñ W&NL�&�CW-MZY�NXT�noY³kZY$h-noY�e_BDACB���GCPP2�DI�h*GJnSGCPc[-NXnÙY$n�^±Y$h*NXkOG�K-W&N�[-NXT�PONXM]VXW�Y$nSN�POñ W-QSNXMZY�U�N�P2kZÉ$TÝMONXK-MON�PONXT kZYJ[-GCPbKvGJM
xi

NXTÝnoYK-M2QDI|NXMZYV�GJnDW-ILT�Y_B*�+YJPiK-MOGJh�Y$h-QDnDQS[&YJ[-N�P
pi

YJPOG VXQoYJ[&YJP]Y|V0YJ[&YP2�DI�h*GJnSGN�P2kZÉ$T�nDQSPOkZYJ[&YJPiNXT�noY|PONX�CW-T&[&YV�G$ÌnDW-ILT�Y_B@Â�NcV�GJT&POQS[-NXMZY$MZÉLñ"W&NcNXn+Y$n�^±Y$hvNXkOGL[-NcPZY$nDQS[&YLN�P�h-QDT�Y$M2QSG-B&��QDT�Y$nDI|NXT"kONdnoYpkONXMOV�NXMZY���VXW�Y$M2kZYpUñ W-QDT"kZYLV�GJnDW-ILT�Y|IdW&N�P2k2MZY$T\KvGCP2QDh-nSN�P§V�G�[_Q���V0YJVXQSGJT&N�PmK�Y$MZYaNXn�Y$n�^¿Y$hvNXkOGLU�V�GJTJjÔW-T kOGa[-NcK-MOGJh�Y$h-QDnDQ�Ì[&YJ[-N�P0B
À uQT¶kYÁ¶f#s ÂEs Ã�TW[%cÄ]4GKRLJx_�[(]�f�Ä�P�Á¯f#s ÂEs f�TW[bc�]4GKRLJZ_a[(],ÂEqxs



é�À²±,ÀFÁ ��¸�¹Ä� ºX¾Jº�¹��C·|¸�»cÀ£¾KÅ|�J»�·�)ì» ��Å

zªnHV�R�[_QD��GuAaN�P�W-T�Y³MONXK-MON�PONXT kZYJVXQSRJTFh-QDT�Y$M2QoY\N�P2kZÉ$T&[&Y$M�W-k2QDnDQDä>Y$T&[-G dlog2 ne = 3
h-QDkOPpK�Y$MZYV0YJ[&Y�K�Y$noY$h-MZY�[-NLV�R�[_QD��G-B6zÙP2kON�V�R�[_QD��G�T&GÇN�PrÙ�Í,Ï%ÉzÑ��QÔJÍ��6N�Pc[-N�VXQDM���NXnªV�R�[_QD��G�k2QSNXT&N�K-MON��CjÑGCPcñ W&NT&GLPZN]W&PZY$T�B&zªT�N�POkONcV0YJPOG�T-QDT-�CW-T�YLK�Y$noY$h-MZYL[-NdV�R [_QD��G|V�GJILQSNXT-ä>YLK*GJM�ÜîACA�ÞZBzªn�V�R�[_QD��GÇeaN�PiW-TþV�R [_QD��G�V�GJILK-nSNXkOGÇñ W&NdPON�Ã�YL^¿GJM2IaYJ[-GÇY|K�Y$M2k2QDMc[-NXn7V�R [_QD��GÝA�YJV�GJM2kZY$T&[-GY$nD�CW-T�YJP [-N¥noYJPÙK�Y$noY$h-MZYJP [-N§V�R�[_QD��G�Y dlog2 ne = 2

h-QDkOP��CIaY$T"kONXT-QSNXT&[-G�noY]K-MOGJK-QSN�[&YJ[�[-NXn&K-MON��Cj2G-Bt¥ñ W-QªPONpl�N�V�GJT�VXnoY$M2QS[&YJ[þñ"W&NLY$nÙYJP2QD�CT�Y$McK�Y$noY$h-MZYJPb[-N�V�R�[_QD��G�IaÉJPcV�GJM2kZYJPdYnSGCPcP2�DIdhvGJnSGCP]IaÉJP^`MON�VXW&NXT"kON�PpPON|GJh-k2QSNXT&NW-T�Y�MON�[_W&V�VXQSRJT;P2W-h&P2kZY$T&VXQoY$nH[-N|noY�nSGJT-�CQDk2W&[ I|N�[_QoY³N�P2KvNXMZYJ[&Y³[-Ns_Bf�C��Ye_BfeCeLh-QDkOP¥K*GJM§PO�DIdhvGJnSG-Bzªn+V�R�[_QD��Gs�kZY$I�h-QS¦XT\N�P§V�GJILK-nSNXkOG��@MON0Y$nDQDä>YLIaÉJP�Y¡jÔW&POkON�P§NXT³noYJP§nSGJT-�CQDk2W&[-N�P�[-NbnoYJP§K�Y$noY$h-MZYJP[-NXnvV�R�[_QD��GbULnSGJ�CMZYpGJh-kONXT&NXM noYdnSGJT-�CQDk2W&[I|N�[_QoYdÃ�YJPOkZY|ACB£}Jrdh-QDkOP KvGJM PO�DIdhvGJnSG-B zÙPOkONiV�R�[_QD��G�N�PH[-NMON�[_W-T&[&Y$T&VXQoY|IL�DT-QDIaY�Ue�&PONX��$-TÇnSG|l QSP2kOG��-PZN]K-W&N�[-NbV�GJT&P2QS[-NXMZY$MmW-T³V�R�[_QD��G|V�GJILK-MON�POGJM0BÂ Q�K�Y$MZY|N�P2kONdV�GJTJjÔW-T kOGa[-NcK-MOGJh�Y$h-QDnDQS[&YJ[-N�P]V0Y$nSVXW-noY$I|GCP�NXn�lJY$nSGJMi[-NcnoY|NXT k2MOGJK-�oYLI|N�[_QoY$T"kON�noYN�VXW�YJVXQSRJT�e_B£}aNXn�lCY$nSGJMcñ"W&NpPON�GJh-k2QSNXT&NpN�P][-N�ACBfxCrh-QDkOPiKvGJM]P2�DIdhvGJnSG-BvÂ�Np[_QSV�N�ñ"W&N�W-TÝV�R [_QD��G�N�PIaÉJPdN���VXQSNXT"kON�ñ"W&NLGJk2MOG�P2QÙP2WþnSGJT-�CQDk2W&[�I|N�[_QoY�N�P2kZÉ�IaÉJPbK-MOR0¤�QDIaY�Y$nÙlCY$nSGJMd[-NLnoY�NXT"k2MOGJK-�oY_BªÂ�NK-W&N�[-NGJh-kONXT&NXMdW-T�Y³QS[-N0YÇKvGJMOV�NXT"k2W�Y$n�[-NLnoY × ��� ] Ù × �Z��Ù × Ê\[-NaW-T�V�R [_QD��G�MONXnoY$k2QDlJY�Y�noYÇNXT k2MOGJK-�oYY$K-nDQSV0Y$T&[-GanoY�P2QD�CW-QSNXT"kON�N�VXW�YJVXQSRJT@�
100×

(
L̄(C,P)

H(P)
− 1

) Ú¿e_BDACA>ß
tiP2�7K-W&N�P��6PZN�K-W&N�[-Na[-N�VXQDMbñ"W&N�nSGCP]k2MON�PbV�R�[_QD��GCPb[-N�noY�kZY$h-noYÇe_BDALPOGJTþW-T�©Ce1¾7��sCr1¾ U\x1¾QDT&N���VXQSNXT kON�PmMON�POK*N�VXk2QDlCY$I|NXT"kONCB

���@Æh�@�h� Çh�È�{����¦EÉ,�®�{�§�!�{�o�{�oÊ¼���0�`�
Â Q&h-W&POV0Y$I|GCP ILQDT-QDILQDä>Y$M noYbnSGJT-�CQDk2W&[|I|N�[_QoYb[-NmW-TaV�R�[_QD��GÚ

L̄(C,P)
[-N��&T-QS[-GpNXT|noYbN�VXW�YJVXQSRJTe_BDA0��ßmW-T�YK-MONX�CW-T"kZY�GJh l QoY�ñ W&NpT&GCP�[-NXhvNXMONXI|GCP�^¿GJM2IdW-noY$MbN�P��þÿ0V�RJI|G�K-W&N�[-NXTþPONXMc[-N�K*N�ñ W&NQ'�YJPnoYJP§K�Y$noY$h-MZYJPm[-NbV�R�[_QD��GL[-NcW-T³V�R�[_QD��G|[-N�POVXQ�^`MZY$h-nSNC�Â W-K*GJT-�"Y$I|GCP�ñ"W&NÙV0YJ[&Y§P2�DIdhvGJnSG

xi
k2QSNXT&NªW-T�Y¥K-MOGJh�Y$h-QDnDQS[&YJ[�ñ W&NªN�P6W-T�Y�KvGJkONXT&VXQoY¥T&NX�"Y$k2QDlCY¥[-N[-GCP#�¡N�P7[-N�VXQDM��

pi = 2−ki
�$P2Q_PONHP2W&P2k2QDk2W-U�N�N�PON lJY$nSGJMªNXTpnoYiN�VXW�YJVXQSRJTae_BDA kONXT&NXI|GCPªñ W&N

I(xi) = ki
N�PW-TdTA$-I|NXMOG�NXT"kONXMOG-B$Â Q"��NXT&NXMZY$I|GCP+noYJP+K�Y$noY$h-MZYJP�[-NÙV�R�[_QD��GmYJPOG�VXQoYJ[&YJP�Y§V0YJ[&Y§P2�DI�h*GJnSG§PZNÙGJh-kONXT&[_MZÉñ W&N |ci| = ki

h-QDkOP#��[&Y$T&[-G�V�GJI|G�MON�P2W-nDkZYJ[-G³W-T V�R [_QD��G�VXW-U"YÇnSGJT-�CQDk2W&[uN�P2K*NXMZYJ[&Y³N�PbIL�DT-QDIaY�UV�GJQDT&VXQS[-NHV�GJT�NXn"lCY$nSGJM�[-NÙnoYiNXT"k2MOGJK-�oY_BJ��N�GJTp ]MZY¡^�k7V�GJT&P2QS[-NXMOR�N�P2kZY§GJh&PZNXM2lJYJVXQSRJTLB  ]MZY$y"�(D UbNXT W-T&VXQSRNXn�POQD�CW-QSNXT"kONbkON�GJMONXIaY��
� �"5@!¡����# ~! �3�"�� � 5�!$� ��#����jËÇ!$#-ë±/l$¶´ ��Ù���� ×Öá Í Ó × �zÊ,Ë × Í¼Ñ × ÓZË����A�7É�ËÌ� ] ¡QÍûÒQÍ�ËxÏrÊe�eÍNÉ�Í,Ë��ZÑÙ^Í,�X¡Z����ÔJÍL�A��É�Ê,ÑOÊAÓZËÌÊ È ���PÙ^��� ×Oá Í {c1, . . . , cn} �A��Ó��KÙ���Ï%ÉzÑ × Ë�ÑÖÊ Èx×Oá � × �Z�zÔ¯�P��� Èx×Oá ��Ê,ÑÖ�AÊe�

n∑

i=1

2−|ci| ≤ 1

ü]YJ[-G;W-T×V�GJTJjÑW-T"kOGÈ[-NÝnSGJT-�CQDk2W&[-N�P�ñ W&N\VXW-ILK-nSNXT²noY;[-N�P2QD�CW�Y$nS[&YJ[þ�mNXn]kON�GJMONXIaY;�"Y$MZY$T k2QDä>YNXT&V�GJT k2MZY$M W-TV�R [_QD��GdnDQDh-MONm[-N¥K-MON��Cj2GCP{P2QDTaT&N�V�N�P2QS[&YJ[a[-NmI|G [_Q���V0Y$MH[_QSVOÃ�YJP nSGJT-�CQDk2W&[-N�P0B"zÙP [-N�VXQDM��W-T�Y�l�NXä�ñ"W&N�PONÃ�Y�GJh-kONXT-QS[-GþNXn�V�R�[_QD��G���W-TuI|NXT&PîY¡jÑN^¿GJM2IaYJ[-G�KvGJM�N�PZYJPpK�Y$noY$h-MZYJPL[-N�V�R�[_QD��GPZNdK-W&N�[-NL[-N�POV�G�[_Q���V0Y$Mb[-NpQDä0ñ"W-QSNXMO[&YÇY�[-NXMON�VZÃ�Y�P2QDT�Y$Idh-QD�fÌ&N�[&YJ[6B�Ë�GJMbGJk2MOG�noYJ[-G��vP2Q7W-TÝV�R�[_QD��GPîY$k2QSPÑ^¿YJV�NaN�P2kON|kON�GJMONXIaY�T&G³QDILK-nDQSV0Y�ñ"W&N[_QSVOÃ&G\V�R [_QD��G�PON0YÇnDQDh-MON[-N|K-MON��Cj2GCP0B+z{P2kZY³MONXnoYJVXQSRJT;PONK-W&N�[-N�QDT"l�NXM2k2QDMÇU<NXT kOGJT&V�N�PÇPON\V�GJT"l�QSNXM2kON\NXT¢W-T¢MON�ñ"W-QSP2QDkOG K�Y$MZY kOG [-GCPnSGCP�V�R [_QD��GCP�nDQDh-MON�P�[-NK-MON��Cj2G��&P2Q6noY�POW-IaYL[-Nc ]MZY¡^�k��
K(C) �&[-N��&T-QS[&YLV�GJI|G

K(C) =
n∑

i=1

2−|ci|
Ú¿e_BDA0e�ß
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N�PcIaY0U�GJM�ñ W&NÇA���NXT"kOGJT&V�N�PpNXnÙV�R�[_QD��G C T&G³K-W&N�[-N|PONXMcnDQDh-MONa[-N�K-MON��Cj2G-B�EHGJI|G�NÔjÑNXILK-nSG³GJh l QSG��P2W-KvGJT-�"Y$I|GCP³ñ W&NÝkONXT&NXI|GCPÇW-T²V�R�[_QD��Gu^`GJM2IaYJ[-G<K*GJM
n

K�Y$noY$h-MZYJP�[-NþV�R�[_QD��G
ci

[-NÝnSGJT-�CQDk2W&[V�GJT&P2kZY$T kON |ci| = 1
B"zªT kOGJT&V�N�P

K(C) = n/2
U�W-TaV�R�[_QD��GcnDQDh-MONi[-N¥K-MON��CjÑGdPORJnSGbN�PÙKvGCP2QDh-nSN§VXW�Y$T&[-G

n ≤ 2
BzÙT³A0�CrCx]��V���QDnDnoY$T�B ��V��ÝrCx(D&N�¤_kONXT&[_QSRbN�P2kONHMON�P2W-nDkZYJ[-GcU�I|GCP2k2MORcñ"W&N¥POQ�K�Y$MZYcW-T|V�R [_QD��G C PZNGJh-k2QSNXT&N
K(C) ≤ 1

��NXT"kOGJT&V�N�PHP2QSNXILK-MONiN�¤�QSP2k2QDMZÉbGJk2MOGdV�R�[_QD��G C′ ñ W&N§VXW-ILK-noY
L̄(C′,P) = L̄(C,P)

�VXW-U"YJPiK�Y$noY$h-MZYJP][-N�V�R�[_QD��GakZY$nSN�P�ñ W&N |C′| = |C| U�YJ[-NXIaÉJP�noYJPmK�Y$noY$h-MZYJP][-NpV�R [_QD��G[-N C′ N�P2kZÉ$TnDQDh-MON�P�[-N|K-MON��Cj2G-B+zÙP�[-N�VXQDM��+P2Q{NXT&V�GJT k2MZY$I|GCP�W-T�V�R�[_QD��G C ñ"W&NaPZY$k2QSPÑ^±YJV�N|NXn{kON�GJMONXIaY�[-Na ]MZY¡^`knSGK*G�[-NXI|GCP]I|G�[_Q���V0Y$MbNXT\W-TþV�R�[_QD��G C′ V�GJT\noYILQSP2IaYnSGJT-�CQDk2W&[ÝI|N�[_QoYKvNXMOGnDQDh-MON�[-NpK-MON��Cj2G-B bY$M2W&P2ÃÎB  bY$MZx_A�D+[-N�PZY$M2MOGJnDnSRLW-T�Y�lCY$M2QoY$T"kONd[-NcnoYpK-M2W&NXh�Y|[-Nc�\V���QDnDnoY$T�BÂ QÙPZNpV0Y$nSVXW-noY$T�noYJPcP2W-IaYJPb[-NL ]MZY¡^`k��
K(C) �vK�Y$MZY�nSGCPck2MON�PbV�R�[_QD��GCPc[-NLNÔjÑNXILK-nSG³[-NpnoY�kZY$h-noYe_BDA|PZNaGJh-k2QSNXT&NXT�nSGCP�lCY$nSGJMON�P��_B£}Jr��HA0�C��U<A0�C��MON�P2KvN�VXk2QDlJY$I|NXT kONCB7�mN�V�GJMO[-NXI|GCPpñ"W&N|NXnHV�R [_QD��G A[-N�noY�kZY$h-noY�T&GpN�P¥V�GJILK-nSNXkOG��-N�P¥[-N�VXQDM���T&G�PON�K-W&N�[-NXT³[-N�POV�G�[_Q���V0Y$M¥kOG [&YJPHnoYJP¥V0YJ[-NXT�YJP¥[-NcV�R�[_QD��GPONXILQ�Ì±QDT_�&T-QDkZYJP>BÙtmÃ&GJMZY��ÙnoYÝ[-N�P2QD�CW�Y$nS[&YJ[È[-NÇ ]MZY¡^`kLT&GCPLK-MOGJKvGJMOVXQSGJT�YþW-T�Yþ[-N��&T-QSVXQSRJT<K�Y$MZY�N�P2kZYK-MOGJK-QSN�[&YJ[6B

� �"(7�����"��8@� ~! �3-~Í"î� 86�7�9�@5���5*���7%���/05!$�´ �ÕÙ���� ×Oá Í C � È Ù�Í�ÏuÉ�ÑO�QÔJÍ Èx×�� È �,ÑOÍ Èx× � È �
�ÎÙ���� ×Oá ÍÑ × ÓQËÌ�*�A��ÉzË�� ] ¡�Í �ÐÈ � È ��ÏrÊL�A�ÏÎ�ËWÊWÒQÔ & K(C) & � È�×Oá ��Ê,ÑÊ ����Ínm
ñ*£fÐï£ Ñbµ�Òp¥p°�¥p¦ÔÓJµ�·�©ºù¶¥�ª ¦ÔÕ%öe¥*·�¥�ª ·�© ³1¥p¦?§P¨A©»ªU¬¶®�°

�+GCP§I|¦XkOG�[-GCPm[-NdV�GJILK-MON�POQSRJT�PONcK-W&N�[-NXT\VXnoYJP2Q���V0Y$Mi[-NXKvNXT&[_QSNXT&[-G�[-NclJY$M2QSGCPiVXM2QDkONXM2QSGCP0B�¡ Y|PONÃ�YÝV�GJI|NXT kZYJ[-G�noYÝVXnoYJP2Q���V0YJVXQSRJT<IaÉJP|��NXT&NXMZY$n§[-N�nSGCPLILQSP2I|GCP��ªP2QDTFKv¦XMO[_QS[&Y\U;V�GJTFK*¦XMO[_QS[&Y_BªtV�GJT k2QDT"W�YJVXQSRJT�PON�l�NXMZÉ$TÝnoYJP]VXnoYJP2Q���V0YJVXQSGJT&N�Pc[-NdnSGCP�I|¦XkOG�[-GCPc[-N�V�GJILK-MON�POQSRJT�[-NXK*NXT&[_QSNXT&[-G�[-NpnoY^¿GJM2IaY�[-NcI|G�[-NXnoYJ[-GLUa^¿GJM2IaY�[-NbV�G�[_Q���V0YJVXQSRJT�ñ W&N]K*GCPZN0Y$T�B
�0�vÖ��@�h� �×¦.�4�;�{�#Ø#���{���.�{�{�
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K-MOG�V�N�PZY$T&[-GÇNXn7kON�¤�kOG��vÃ&N�VZÃ&G³ñ W&N�Ã�YJV�NLñ W&NpnoY�V�GJILK-MON�P2QSRJT�NXT�NXnªQDT-QSVXQSGÇ[-NXn7K-MOG V�N�PZGÇPON0YIaY$noY_B�\G$Æ6Y$k]U\Î*GJhvNXnÙN�P2k2W&[_QoY$MOGJT�NXT¼B£Î*�Ý�Cr(DªnoYaKvGCP2QDh-QDnDQS[&YJ[þ[-N�W-k2QDnDQDä>Y$MdY$nD��GJM2QDk2I|GCPdYJ[&Y$K-kZY$k2QDl�GCP�NXTP2QSPOkONXIaYJPª[-N�MON�VXW-K*NXMZYJVXQSRJTa[-N�QDT_^¿GJM2IaYJVXQSRJTa[_QDl�QS[_QSNXT&[-G]nSGCPªkON�¤_kOGCPªNXTLh-nSG ñ W&N�P��$K*NXMOGcV�GJT&VXnDW-U�NXMOGJTñ W&NcN�P2kZYLY$nDkONXM2T�Y$k2QDlCYLT&GLN�P¥l�QoY$h-nSNCB
�0�vÖ��¢�0� �×¦.�4�;�{�#¤����Y¦�ªY¤n�{¤5¦²ß{�

gik2MZY�^¿GJM2IaY�[-N\VXnoYJP2Q���V0Y$M�nSGCP�I|¦XkOG [-GCP�[-N\V�GJILK-MON�P2QSRJT N�P[_QDl�QS[_QDM2nSGCPÇ[-N\YJVXW&NXMO[-G;V�GJT¬NXnI|¦XkOG�[-G|[-NdV�G�[_Q���V0YJVXQSRJT\W-k2QDnDQDä>YJ[-G-B@zªT�N�P2kONdV0YJPOG���PONcK-W&N�[-NXTÝ[_QDl QS[_QDM§nSGCPiI|¦XkOG�[-GCPmNXT�N�POkZÉ$k2QSV�GCPU�[-Nb[_QSV�VXQSGJT�Y$M2QSGûB ÒHÐ E�©C�(DìB
ù{5�,|�¬à"/056��5@,|�",0/0#-�«��,�/>����5@, YJP2QD�CT�Y$T\W-TÝV�R [_QD��GÇYV0YJ[&YaP2�DI�h*GJnSG�[-NXn�kON�¤�kOGh�YJPZÉ$T&[-GCPON�NXT\noYK-MOGJh�Y$h-QDnDQS[&YJ[[-N�Y$K�Y$M2QSVXQSRJT�[-NiV0YJ[&YbP2�DI�h*GJnSG���VXW�Y$T"kOG�IaY�U�GJM�PON0Y]noYbK-MOGJh�Y$h-QDnDQS[&YJ[�[-NiY$K�Y¡ÌM2QSVXQSRJT|[-N W-TLP2�DI�h*GJnSG��JI|NXT&GJMÙPZNXMZÉ§noY�nSGJT-�CQDk2W&[L[-NXn-V�R�[_QD��G�V�GJILK-M2QDILQS[-Gdñ"W&NHnSG�MONXK-MON�PONXT"kZY_Bt¢POWal�NXäe��nSGCP I|¦XkOG�[-GCP N�P2kZYJ[_�SPOk2QSV�GCP PON§K-W&N�[-NXT�P2W-hv[_QDl�QS[_QDM NXT[-GCP �CM2W-KvGCP PONX��$-TnoY]^¿GJM2IaY[-NHGJh-kONXT&NXM{noYiV�G�[_Q���V0YJVXQSRJT@��ÚÑA>ß�noYÐÙ�Í#� × ] Ù�ÊeÙ × �,���A�uËÌ���,�����eÊ,�zÙ × ÊPÏ¼aÝ� × ÏrÊ]U�Ú¿e�ß�noYKÙ�Í#� × ] Ù�Êl'Ù × ����Ê,Ë × Ô|Ïå�QÔ × Ù�ÊCB&è]NXT&NXMZY$nDI|NXT kONcnSGCPHK-M2QDI|NXMOGCP¥PONmK-W&N�[-NXT�W-k2QDnDQDä>Y$M¥V�GJT�I|G [-NXnSGCP¥N�POkZÉ$k2QSV�GCP��PONXILQSN�P2kZÉ$k2QSV�GCPdG�YJ[&Y$K-kZY$k2QDl�GCP0B+��GCP�PONX�CW-T&[-GCPdPZN�W-k2QDnDQDä>Y$T V�GJT�W-T�I|G [-NXnoYJ[-G�YJ[&Y$K-kZY$k2QDl�G��Y$W-T&ñ"W&NbN�¤_QSP2kONXTÇl�NXMOP2QSGJT&N�PmK�Y$MZY�I|G�[-NXnSGCP§N�P2kZÉ$k2QSV�GCP0B
ù{5�,|�¬à"/056��5@,|�����7�9�"�"��5@��#-!$��5 PON\[-NXT&GJILQDT�Y$T²YJP2��K*GJMOñ W&N\VXMON0Y$T W-T [_QSV�VXQSGJT�Y$M2QSG;[-NÝ[&Y$kOGCP[_W-MZY$T"kONdNXn+K-MOG V�N�POGa[-NbV�G [_Q���V0YJVXQSRJT�B@�+Y|V�G�[_Q���V0YJVXQSRJT�PZN]MON0Y$nDQDä>Y|P2W&P2k2QDk2W-U�NXT&[-Ga�CM2W-K*GCPi[-NV0Y$MZYJVXkONXMON�PpV�GJT&PZN�VXW-k2QDl�GCP³Ú9^�MZYJPON�P�ß]KvGJMpY$K-W-T"kZYJ[-GJMON�PY³NXT"k2MZYJ[&YJPL[-NXn�[_QSV�VXQSGJT�Y$M2QSG-B7zªTunSGCPI|¦XkOG [-GCP|[-NÇ[_QSV�VXQSGJT�Y$M2QSG��{nSGCPLK-MOG�V�N�POGCP|[-N�I|G�[-NXnoYJ[-GþU V�G�[_Q���V0YJVXQSRJT POGJTF[-NXKvNXT&[_QSNXT"kON�PNXT"k2MON�P2�J��U�nSGCP�[_QSV�VXQSGJT�Y$M2QSGCPLPONV�GJT&POk2M2W-U�NXT<[-N|^¿GJM2IaY�[_QDT�É$ILQSV0Y_Bªt�P2�HK-W&N�P���PORJnSG�N�PpKvG$ÌP2QDh-nSN|V�GJIdh-QDT�Y$M�nSGCPbI|¦XkOG�[-GCPd[-N|[_QSV�VXQSGJT�Y$M2QSG�V�GJT�I|¦XkOG�[-GCPd[-NLI|G�[-NXnoYJ[-G�YJ[&Y$K-kZY$k2QDl�GCPpGPONXILQSN�P2kZÉ$k2QSV�GCP0B
ñ*£`á�£ �â��³m¬¶© °�³m¬Iµ ·�©ºù¶¥�ªø¦ÔÕ%öe¥K·�¥�ª ·�©¸³1¥p¦?§P¨A©»ªU¬¶®�°

tiK�Y$M2kON�[-NXn k2QSNXILKvG�[-N�NÔj2N�VXW&VXQSRJT U�[-NnoY�V0Y$T k2QS[&YJ[;[-NaI|NXI|GJM2QoY�MON�ñ W&NXM2QS[&Y��+nSGCPpI|¦XkOG�[-GCP[-NV�GJILK-MON�P2QSRJTuPZN|K-W&N�[-NXTFY$T�Y$nDQDä>Y$M�KvGJMdnoY�V0Y$T"k2QS[&YJ[;[-NaV�GJILK-MON�POQSRJTuGJh-kONXT-QS[&Y_BÙÂ Q PZNaP2W-KvGJT&Nñ W&N
n

N�P�NXnmkZY$IaY('&GuNXT h U kON�P�[-NXn§��VZÃ&NXMOG;V�GJILK-M2QDILQS[-G��
u

NXnikZY$IaY('&G NXT¢h"U�kON�P[-NXni��VOÃ&NXMOGP2QDT\V�GJILK-M2QDILQDM]U
c
N�P]NXn�T�$-I|NXMOG�[-N�h-QDkOPiW&PZYJ[-GCP�K�Y$MZY|MONXK-MON�PONXT kZY$McW-T\PO�DIdhvGJnSGNXTÝNXn7Y$n�^±Y$hvNXkOGGJM2QD�CQDT�Y$n±B��Y�V0Y$T k2QS[&YJ[�[-N]V�GJILK-MON�P2QSRJT�GJh-kONXT-QS[&Y�PZN�N�¤_K-MON�PZY��_Ã�Y$h-QDk2W�Y$nDI|NXT kON��&I|N�[_QoY$T"kONbW-T�Y�[-N�N�POkZYJPIaY$T&NXMZYJP��

� #-,0#����³��5*����!¡� ,>��8@� PON{V0Y$MZYJVXkONXM2QDä>YiKvGJM�VXMON�V�NXM7NXT�noYmI|N�[_QS[&YiNXTpñ W&N{nSGCP�MON�P2W-nDkZYJ[-GCP�I|NÔj2GJMZY$TU�PONcV0Y$nSVXW-noYLI|N�[_QoY$T"kONbnoY�^`RJM2I�W-noY
(

1− n

u

) Ú¿e_BDA0s�ß
ã â ��� !¡5����³17�9/0,|�Ù5@!a,#�`�\1Ù5@%�5 "Ñá �K�Y$ QDT&[_QSV0Y�NXn T�$-I|NXMOGb[-N h-QDkOP7W-k2QDnDQDä>YJ[-GCP7K�Y$MZYmMONXK-MON�PZNXT_ÌkZY$M¥W-T�P2�DIdhvGJnSG|[-NXn�kON�¤_kOGLGJM2QD�CQDT�Y$n+U�PONcV0Y$nSVXW-noY�I|N�[_QoY$T kONbnoYp^¿RJM2IdW-noY

c× n

u

Ú¿e_BDAXy ß
ê #���8@�È������5@����!$�",¡�98*� N�P�NXn+KvGJMOV�NXT"kZY¡j2N�ñ W&NdNXn�kZY$IaY('&G�[-NXn+kON�¤_kOGaV�GJILK-M2QDILQS[-G�MONXK-MON�PONXT"kZYNXTÇMONXnoYJVXQSRJT�V�GJT�NXn6kZY$IaY('&G|[-NXn+kON�¤�kOG|GJM2QD�CQDT�Y$n+U�N�P§V0Y$nSVXW-noYJ[-GaI|N�[_QoY$T"kONdnoY�^`RJM2I�W-noY

100× n

u

Ú¿e_BDA0r�ß
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æ #-�C/05�!����³��5@����!$�",¡�98*� "�ç � 3 $ QDT&[_QSV0Y�noYLK-MOGJK*GJMOVXQSRJT\N�¤�QSP2kONXT kONbNXT"k2MON�NXn6kZY$IaY('&Ga[-NXn6��VZÃ&NXMOGP2QDT<V�GJILK-M2QDILQDM|UuNXn¥kZY$IaY('&G�[-NXn���VOÃ&NXMOG V�GJILK-M2QDILQS[-GþUuPZN�N�¤_K-MON�PZY\k2�DK-QSV0Y$I|NXT kON�[-N�noY^`GJM2IaY7èQéLêd[-GJT&[-N
X

N�P�W-T�NXT"kONXMOG|U�PONcV0Y$nSVXW-noY�I|N�[_QoY$T kONbnoYp^¿RJM2IdW-noY
X =

u

n

Ú¿e_BDA0x�ß
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zÙPÙIaY$kONXIaÉ$k2QSV0Y$I|NXT kON]QDILK*GCP2QDh-nSN�VXMON0Y$M{W-T�Y$nD��GJM2QDk2I|G�[-NiV�GJILK-MON�P2QSRJTPOQDTaKv¦XMO[_QS[&Ybñ W&NmV�GJI�ÌK-M2QDIaY7ÔJÍ��AÍ È nSGCP¥Y$MOVZÃ-QDl�GCP¥[-NmW-T�ILQSP2I|G�kZY$IaY('&G�K*GJMHnSG�I|NXT&GCP�W-Th-QDk0B_Ê�G�GJh&P2kZY$T kON��_[-Nml�NXäcNXTVXW�Y$T&[-G|Y$nD�CW-QSNXT�[_QSV�N]Ã�Y$h*NXM�QDT"l�NXT kZYJ[-G|W-TÇT W&NXl�GaY$nD��GJM2QDk2I|GLñ"W&N]K-W&N�[-N]Ã�YJV�NXM¥kZY$n�V�GCPîY_B-üiQSVZÃ&GCPY$nD��GJM2QDk2I|GCP�K-MOG�VXnoY$IaY$T ñ W&N|V�GJILK-M2QDI|NXTuPZN�VXW&NXT&VXQoYJPd[-Na[&Y$kOGCPpY$nSN0Y$kOGJM2QoYJPdUÝPONLK-W&N�[-NXT;Y$K-nDQSV0Y$MMON�VXW-M2MONXT kONXI|NXT"kON���N�P�[-N�VXQDM��@l�GJnDl�NXM]YaV�GJILK-M2QDILQDM�noYPZY$nDQS[&YaGJh-kONXT-QS[&YaKvGJMiNXn�ILQSP2I|G�V�GJILK-MON�POGJM��KvGCP2QDh-nSNXI|NXT kONlCY$M2QoYJPpl�N�V�N�P0B7tiPO�J�+[-N�N�P2kZY³^`GJM2IaY���PONK-W&N�[-NXTFY$nSV0Y$T-ä>Y$M�^±YJP2kZÉJP2k2QSV0YJP�MZY$ä0GJT&N�PL[-NV�GJILK-MON�POQSRJTuNXT kOGJM2T&G�Y$niAU¾�B7è]NXT&NXMZY$nSNXI|NXT"kON�noYJP�K*NXMOPZGJT�YJPdñ W&N|K-MOGJKvGJT&NXT N�P2kOGCP�I|¦XkOG [-GCPpPONMONXk2MZYJVXkZY$T NXTuW-T&GCP�I|N�PZN�P�üªGJk2MOGCP�lJY$T;IaYJPaY$nDnoÉÝN�QDT&VXnDW&POGÝnSGCP�K�Y$kONXT kZY$TóÚ`V�GJI|GþN�PLNXn§V0YJPOGÝ[-NücY0l QS[�E�BG	 Y$I|N�P§ñ"W&NcGJh-k2W-l�G|W-T�Y�K�Y$kONXT"kON�NXT�	CW-nDQSG|[-NLA0�C�CxL[-NXn6I|¦XkOG�[-G|[-NXT&GJILQDT�YJ[-G�ÜÍÅiU�K*NXMÂ K�YJV�N�ÞÔß�BzªT GJk2MOGuPZNXT"k2QS[-G���kZY$Idh-QS¦XTóN�¤�QSP2kONXT Ïå�QÔJÍ��AÍ È �A�ÎÙ�Í,Ï%ÉzË�� Èx× �,�ÕÒ�Ê,Ñ È Í È �ÈkZY$nSN�PÇV�GJI|GÈg�Ð×ÂU�Ð¢ï2E�� ñ W&N�GJh-k2QSNXT&NXTuMZY$ä0GJT&N�PL[-N�V�GJILK-MON�P2QSRJT;QDT&VXMONX�Dh-nSN�P0BªË�NXMOG\T&GÝV�GJILK-M2QDI|NXTFkOG [-G���P2QDT&Gñ W&N³Y$nDIaYJV�NXT�Y$TÈ[&Y$kOGCP|POQDT<V�GJILK-M2QDILQDMaNXT;��VOÃ&NXMOGCPG VXW-nDkOGCP|GþNXT<VXnDW&POkONXMOPLT&GÝW&PZYJ[-GCP0Bªü]N³Y$Ã-�noY³[-NXT&GJILQDT�YJVXQSRJTu[-NLI|¦XkOG�[-GCPc^±Y$nSPOGCPcUþYJ[-NXIaÉJPpN�¤�QSP2kONLNXn{K*NXnDQD�CMOG³[-N|K*NXMO[-NXM�kOG [-GCPcnSGCPcÜÍ[&Y$kOGCPV�GJILK-M2QDILQS[-GCP2ÞZB
���NíV�@�h� ©î���®�SÉ,�{Ø#�����`�È�{���Q�L��¤��V�����`�

MiW-QDä>É�N�P2kZYÝPON�V�VXQSRJT¢PON�KvG [_M2�oYÝÃ�Y$hvNXM|nDnoY$IaYJ[-Gô�ZÑuÔ¯�ÌÍ,Ë��ZÏrÊ2�A�ZÑßË��ÌÙQ�G�Z��ÔJÍuKvGJMOñ W&N�Y$nD�CW-T�YJPKvNXMOPOGJT�YJPcK-QSNXT&PîY$T�ñ"W&N�noY�K�Y$noY$h-MZY�ÜÔY$M2�CW-I|NXT"kOG$Þ|QDILK-nDQSV0YÇñ W&NLN�PbPORJnoY$I|NXT kONLW-T�Y�Ã-QDKvRJkON�P2QSP��vT&GW-T\Ã&N�VOÃ&G�IaY$kONXIaÉ$k2QSV�G�K-MOGJh�YJ[-G-Bvt¥VXk2W�Y$nDI|NXT"kON��6NXn+ÜÔY$M2�CW-I|NXT"kOGÇ[-NXn�MON�VXW&NXT"kOG$ÞLN�PiMON0Y$nDI|NXT"kON�noYK-M2W&NXh�Y|[-NXn�kON�GJMONXIaY_B
� �"5@!¡����# ~! S~o"�� � 5�!$� ��#�����%{!$�"� )+���*/05!$ðï × � álñ �rÊ,Ñ á Í,Ë × Ô|ÏÐÍp�A��Ù^Í,Ï%ÉzËÌ� Èx× �,� Èx× �ßÉG�ZËW� × �eÊ Éz���ò'���rÙ�Í,Ï%ÉzË × Ï × Ë�kOG [-GCPrÑÖÍ È4] Ù�º��ZËWÍ È ���ÐÔJÊ,ÏrÊlkzÍiÏÐÊ � Í�ËÐÍ ×Öá ��Ê,Ñ1Ê n Ó × Ô È & É�Ê,ËWÊ�ÙQ��Ê,ÑÖ��� × �ZË7�Z�zÔ¯�ZËWÍ
n ≥ 0

m
�d!$)��"1�#®� Â W-K*GJT-�"Y$I|GCP�ñ W&N§W-TÇY$nD��GJM2QDk2I|G�P2QDTaKv¦XMO[_QS[&YbK-W&N�[-N�V�GJILK-M2QDILQDM�kOG [-GCP nSGCP{��VOÃ&NXMOGCP¥[-NkZY$IaY('&G�IaY0U�GJM7GiQD�CW�Y$n-Y

n
h-QDkOP0BJÂ Q_V�GJILK-M2QDILQDI|GCPªV�GJT�N�P2kONHY$nD��GJM2QDk2I|G]nSGCP

2n
��VZÃ&NXMOGCPÙñ"W&N{k2QSNXT&NXTN�¤&YJVXkZY$I|NXT"kON

n
h-QDkOP#�JkOG [-GCP7nSGCP7��VZÃ&NXMOGCP{V�GJILK-M2QDILQS[-GCP [-NXh*NXMZÉ$T|kONXT&NXMªW-TLkZY$IaY('&GbI|NXT&GJM{G]QD�CW�Y$nY

n − 1
h-QDkOP0B�zÙT�N�PONLkZY$IaY('&G�PON�K-W&N�[-NXT NXT&V�GJT k2MZY$M

2n − 1
��VOÃ&NXMOGCPpV�GJILK-M2QDILQS[-GCP�[_Q�^¿NXMONXT"kON�PÚ�K-W&N�PHGJh-kONXT&[_MONXI|GCP

2n−1 ��VOÃ&NXMOGCP�V�GJILK-M2QDILQS[-GCP¥[-N§kZY$IaY('&G
n−1

�
2n−2 ��VZÃ&NXMOGCP�V�GJILK-M2QDILQS[-GCP[-N§kZY$IaY('&G

n−2
�JU|YJP2��P2W&V�N�P2QDlCY$I|NXT"kONiÃ�YJP2kZY]kONXT&NXM W-TL��VOÃ&NXMOGp[-N§kZY$IaY('&G�V�NXMOG"ß�B"zªT kOGJT&V�N�P�V�GJTY$n�I|NXT&GCPc[-GCPi��VOÃ&NXMOGCPb[-NpNXT"k2MZYJ[&Y�[_Q�^¿NXMONXT"kON�PcPZN�GJh-k2QSNXT&N�W-T\ILQSP2I|G��VOÃ&NXMOGÇV�GJILK-M2QDILQS[-G-B6Ë�GJMnSG�kZY$T kOG���NXn+Y$nD��GJM2QDk2I|G[-NbV�GJILK-MON�P2QSRJT³T&GLK-W&N�[-NdPONXM§P2QDTÇKv¦XMO[_QS[&Y_B

2

�+YiK-M2W&NXh�Y�Y$T kONXM2QSGJM{PONHV�GJT&G V�N�V�GJI|GÐÊ,Ë á �
Ïr�Q��ÔJÍP���ZÑ�ËÌ��ÙQ���Q��ÔJÍCB��ik2QDnDQDä>Y�NXn�K-M2QDT&VXQDK-QSG]V�GJT&G�VXQS[-GV�GJI|G;É ×Oá �ÌÍ,��ófº
Í,Ñ��;Ú�K�Y$nSGJIaY>Ä�Y$�CWJjÑNXMOG"ßañ"W&N�[_QSV�N�NXT<kO¦XM2ILQDT&GCP�V�GJnSG ñ W-QoY$nSN�Pañ W&NÇT&G�PZNÇK-W&N�[-NXTKvGJT&NXMHÜîA0x�K�Y$nSGJIaYJPÑÞbNXT�ÜîA0r|Y$�CWJj2NXMOGCPÑÞcP2QDTÇW&PZY$M§W-T&Ga[-N]nSGCPmY$�CWJjÑNXMOGCPi[-GCP¥l�N�V�N�P0BzªT<GJk2MZYJP�K�Y$noY$h-MZYJP��7noY\V�GJILK-MON�P2QSRJTÈ[-N�[&Y$kOGCPLPON�K-W&N�[-NÇV�GJT&P2QS[-NXMZY$M|V�GJI|GÝW-T�YþYJPOG�VXQoYJVXQSRJTNXT k2MONÇ[-GCPLV�GJTJjÔW-T kOGCP�Ú`[-N��VOÃ&NXMOGCP�ß�B»¡öIaÉJPLNXTFV�GJT&VXMONXkOG��ªnoY\V�GJILK-MON�P2QSRJTÈPOQDTuKv¦XMO[_QS[&YÝN�P�W-T�Y
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YJPOG�VXQoYJVXQSRJT\h-QDU�N�VXk2QDlJYaU�NXT�V�GJT&PZN�VXW&NXT&VXQoYÇY$IdhvGCP�V�GJTJjÑW-T"kOGCP][-NXhvNXT�kONXT&NXMcNXn�ILQSP2I|G�TA$-I|NXMOG�[-NNXnSNXI|NXT kOGCP0BÂ�N�K-W&N�[-NXT³GJh-kONXT&NXM§MON�POW-nDkZYJ[-GCP�IdW&VOÃ&G|IaÉJP�^�W&NXM2kON�P¥PZGJh-MON�NXnvT�$-I|NXMOG|[-N���VOÃ&NXMOGCP§ñ W&N�T&G�PONK-W&N�[-NXT�V�GJILK-M2QDILQDM��"KvNXMOGbnoYJP K-M2W&NXh�YJP�POGJTaW-TK*G�V�GbIaÉJPHV�GJILK-nSNÔjOYJP0B Ë�GJM�NÔjÑNXILK-nSG���NXTanoYbK�É$�CQDT�Y[-Nc�\ïÍÊcE,ô�PON�W-k2QDnDQDä>Y�W-T�Y$MOVOÃ-QDl�G|[-N]kZY$IaY('&G|T&NX�"Y$k2QDl�GLK�Y$MZYLGJh-kONXT&NXM
2n

��VOÃ&NXMOGCP§V�GJILK-M2QDILQS[-GCP[_QSP2k2QDT&[-GCPmNXT³nDW-�"Y$Mm[-N]nSGCP
2n − 1

[-N]kZY$IaY('&G|I|NXT&GJMiG�QD�CW�Y$n�Y
n− 1

B�iT�Y�V�GJT&VXnDW&P2QSRJTFñ"W&N�PON|K-W&N�[-N�GJh-kONXT&NXML[-NXnHMON�P2W-nDkZYJ[-GþY$T"kONXM2QSGJM|N�P�ñ"W&NanSGCPiÊ,Ñ á Í,Ë × Ô|ÏrÍ È ���Ù�Í�ÏuÉ�ËÌ� ÈZ× ��� × Ô¯�QËWÊ�Ô × æEÍ È � N�P�[-N�VXQDM��+nSGCP�ñ W&N|l�W&NXnDl�NXTFY�V�GJILK-M2QDILQDM�noY�PZY$nDQS[&YlõGJh-kONXT-QS[&Y�K*GJM�NXnILQSP2I|GmV�GJILK-MON�POGJM�lCY$M2QoYJP�l�N�V�N�P���T&GmN�¤_QSP2kONXTdGmT&G§POGJT�$-k2QDnSN�P>B>zÙP2kOGCP�V�GJILK-MON�POGJMON�P�T&GmN�¤_QSP2kONXTbKvGJM[-GCP]MZY$ä0GJT&N�P��ÙÚÑA>ßiKvGJMOñ W&NpPOWÝN�¤_QSP2kONXT&VXQoY�V�GJT k2MZYJ[_QSV�NaNXn{Y$M2�CW-I|NXT"kOG�[-NXnªMON�VXW&NXT"kOG��6U;Ú¿e�ßiK*GJMOñ W&NP2QiW-T¬Y$nD��GJM2QDk2I|GFV�GJILK-MON�PZGJM�K-W&N�[-N\PONXM�W&PZYJ[-G QDkONXMZY$k2QDlJY$I|NXT kON�N�PaKvGJMOñ W&N�NXT¬V0YJ[&Y QDkONXMZYJVXQSRJTQDT k2MOG [_W&V�NVXQSNXM2kOGÇT-QDl�NXn{[-NLMON�[_W-T&[&Y$T&VXQoY³U\N�P2kOG³QDILK-nDQSV0YÇñ"W&N|kZY$MO[-N|GÇkONXILK-MZY$T&G³��NXT&NXMZY$MZÉ³W-T�YN�¤_K�Y$T&P2QSRJT�B"t¥[-NXIaÉJP#�"N�¤_QSP2kON§W-T�YbIaÉ¡¤�QDIaYdNXTNXn�[_QSPONQ'&G�[-NmV�GJILK-MON�POGJMON�PH[-Nm[&Y$kOGCPLö§ñ W&N§[_QSV�Nmñ W&NP2Q+W-T�V�GJILK-MON�POGJMLÚ9^`GJM2IaYJ[-GKvGJMmW-T�I|G�[-NXnoYJ[-GJM�U�W-T\V�G [_Q���V0YJ[-GJMîßiV�GJT&P2QD�CW&N�NXT\[-GCPmK�YJPOGCPiIaÉJPV�GJILK-MON�P2QSRJTuñ"W&NaNXT�W-TÕ$-T-QSV�G�K�YJPOG��6K�Y$MZY�Y$nD��$-T���VOÃ&NXMOG���NXT"kOGJT&V�N�P�N�¤�QSPOkONLW-T�I|G�[-NXnSG³kZY$n{ñ W&NY$K-nDQSV0Y$T&[-G�NXn{ILQSP2I|G�V�G [_Q���V0YJ[-GJM�GJh-kONXT&[_MZÉ³NXn ILQSP2I|G³MON�P2W-nDkZYJ[-G�NXT�W-T�PZGJnSG³K�YJPOG-B�zªnÙI|G�[-NXnSGh-W&POV0YJ[-Ga[-NXh*NcN�¤_K-nSGJkZY$M§noY�MON�[_W-T&[&Y$T&VXQoYañ"W&NcNXn�GJk2MOGLI|G�[-NXnSG|NXnDQDILQDT�YaNXT³[-GCP§GLIaÉJP§NXkZY$K�YJP0B

÷ t�vZvxwzy|{Q{�}Q}Q}�~�wXøXù�fú�ûUù
~NùZ�W�ü ? hU\ETWVW_ k�B(TWcn|(Vs�ETkJX X hITWV�A(T[(VW_�]�\#T1\(]vDJXxh@VWXZYîG#kJ_�Y�_�\E]ý ? [XA([(V_Ä]x\(],G�X^k{þEsfÿ»]^_ac�cEP×P×GUA(jEc�_aVÌ]x\(]ïTW[pc�]xh��|g�XZYîG#kJTWhIhI_aXZ[������	�Js
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�+YbV�GJILK-MON�P2QSRJT�[-Nm[&Y$kOGCP P2QDT|Kv¦XMO[_QS[&YbN�P{NXn�K-MOG V�N�POGpY]k2MZY�l�¦�PH[-NXn@VXW�Y$n�W-TV�GJTJjÑW-T"kOGp[-N§[&Y$kOGCPPZNdk2MZY$T&PÑ^¿GJM2IaY�NXTþGJk2MOGIaÉJP]KvN�ñ W&NQ'&G��@KvNXMOG�V�GJT"kONXT-QSNXT&[-G�Y$I�h*GCP]noYILQSP2IaYQDT_^¿GJM2IaYJVXQSRJT�B6zÙP2kONK-MOG�V�N�[_QDILQSNXT"kOGcPZN{nDnSNXlCYiYiV0Y$hvGiI|N�[_QoY$T kON§Y$nD��$-T�k2QDKvG][-N V�G�[_Q���V0YJVXQSRJTLñ"W&N�NXnDQDILQDT&NHnoYJP�MON�[_W-T&[&Y$T_ÌVXQoYJP NXT|nSGCP{[&Y$kOGCP>B Â WaK-M2QDT&VXQDK�Y$n@W-k2QDnDQS[&YJ[PON¥NXT&VXW&NXT k2MZYdNXT�NXn@Y$nDIaYJV�NXT�Y$ILQSNXT"kOG�[-N¥QDT_^¿GJM2IaYJVXQSRJT�UNXTnoYck2MZY$T&P2ILQSPOQSRJT�[-NiI|NXT&PZY¡j2N�P0B"zªT�NXn�K-M2QDI|NXM�V0YJPOG�PON§K-MON�VXQSPZYdW-T�YcI|NXT&GJM�V0Y$T"k2QS[&YJ[�[-N�N�P2K�YJVXQSG[-N�Y$nDIaYJV�NXT�Y$ILQSNXT"kOG\UþNXT NXnHPONX�CW-T&[-G��+PONV�GJT&P2W-I|N|W-T;Y$T&VOÃ&G\[-N|h�Y$T&[&Y³I|NXT&GJMp[-NXnHV0Y$T�Y$n [-NV�GJI�W-T-QSV0YJVXQSRJT�B6tiPO��K-W&N�P��&noYaV�GJILK-MON�P2QSRJTÝP2QDT�Kv¦XMO[_QS[&YaN�PiW-T�Y|GJKvVXQSRJT�QDT kONXMON�PZY$T"kON�K�Y$MZY|MON�[_W&VXQDMV�GCPOkON�PY$nmMON�ñ W&NXM2QDMaI|NXT&GCP�N�P2K�YJVXQSG NXT [_QSPOV�G�U;V�GJT&POW-ILQDMaW-TÈI|NXT&GJM�Y$T&VOÃ&Gu[-N³h�Y$T&[&Y�NXTÈW-TV0Y$T�Y$n±B�zªnHK-MON�VXQSG�ñ W&NaPZN|K�Y$�"Y�N�P�NXnHV�GCP2kON[-NV�GJILK-W-kZYJVXQSRJT<ñ"W&NPON|T&N�V�N�POQDkZY³K�Y$MZY�V�GJILK-M2QDILQDMUF[-N�POV�GJILK-M2QDILQDMnSGCPa[&Y$kOGCP0B zÙP2kON�QDT&V�GJT"l�NXT-QSNXT"kONÝN�PV0YJ[&Yþl�NXä�I|NXT&GCPP2QD�CT-Q���V0Y$k2QDl�Gu[-NXh-QS[-G Y$nK-MOGJ�CMON�PZG\[-N�noY�kON�VXT&GJnSGJ�C�oY_Bªü]NÝA0�C©C�\YuA0�C�Cr\NXn�k2QSNXILK*GÝ[-NÇYJV�V�N�POGþY�[_QSPOV�GÝPONaÃ�Y�IaY$T kONXT-QS[-GY$K-MOG0¤�QDIaYJ[&Y$I|NXT kONcV�GJT&P2kZY$T"kONiILQSNXT"k2MZYJPHñ W&N§noY]l�NXnSG�VXQS[&YJ[[-NmK-MOG V�N�PZGbPON¥Ã�YbQDT&VXMONXI|NXT"kZYJ[-GpW-T�YJP[-GCP§ILQDn�l�N�V�N�PmY$K-MOG�¤_QDIaYJ[&Y$I|NXT"kONCBÒ�ÉJPOQSV0Y$I|NXT"kON§N�¤_QSP2kONXT|[-GCPªk2QDKvGCPª[-N¥V�GJILK-MON�POGJMON�P���GbY$nD��GJM2QDk2I|GCP#��[-N¥V�GJILK-MON�P2QSRJTaP2QDT�Kv¦XMO[_QS[&Y��
EHGJILK-MON�POGJMON�PmN�POkZYJ[_�SP2k2QSV�GCP0B
EHGJILK-MON�POGJMON�P§h�YJPîYJ[-GCPmNXT³[_QSV�VXQSGJT�Y$M2QSG-B

Ê�GK�Y$MON�V�NpN�¤_k2MZY('&G�ñ"W&N��@Ã�Y$h-QSNXT&[-G�W&PZYJ[-G�W-T�Y|I|N�[_QS[&Y�[-NpQDT_^¿GJM2IaYJVXQSRJT\h�YJPîYJ[&YNXT\noYJP�K-MOGJh�Y¡Ìh-QDnDQS[&YJ[-N�P#�ªT&GCP|NXT&V�GJT"k2MONXI|GCP�V�GJTÈV�GJILK-MON�POGJMON�Pñ"W&N�W-k2QDnDQSV�NXTÈnoYJPLK-MOGJK-QSN�[&YJ[-N�PN�POkZYJ[_�SP2k2QSV0YJP|[-NnoYÇ^�W&NXT kON�[-NaQDT_^¿GJM2IaYJVXQSRJT;K�Y$MZY³I|NÔj2GJMZY$M�noY�V�G�[_Q���V0YJVXQSRJT Ú`NXn�V�GJTJjÑW-T"kOG\[-NP2�DI�h*GJnSGCP�[-N�PZY$nDQS[&YYJPZG VXQoYJ[-GCP�YbV0YJ[&YbI|NXT&PZY¡jÑNiNXILQDk2QS[-GpK*GJMÙnoYc^�W&NXT kON>ß [-N§nSGCPÙI|NXT&PîY¡jÑN�PH[-N§noYb^�W&NXT kONCB z{P2kOGCP PZGJT|nSGCPV�GJILK-MON�PZGJMON�PmN�P2kZYJ[_�SP2k2QSV�GCP>BË�GJM�GJk2MOG|noYJ[-G��@nSGCPmV�GJILK-MON�POGJMON�Pih�YJPZYJ[-GCP�NXT�[_QSV�VXQSGJT�Y$M2QSGaIaY$T k2QSNXT&NXTÝW-T�[_QSV�VXQSGJT�Y$M2QSG�[-NcnoYJPV0YJ[-NXT�YJP¥[-N]I|NXT&PîY¡jÑN�P�ñ W&NiÃ�Y$T³POQS[-GpNXILQDk2QS[&YJP§Y$T kONXM2QSGJM2I|NXT"kON�K*GJMHnoY�^`W&NXT"kONCB�E�YJ[&YpV0YJ[-NXT�Y�N�P2kZÉMONXK-MON�PZNXT"kZYJ[&YaK*GJM¥W-T³�DT&[_QSV�N�NXT�NXn+[_QSV�VXQSGJT�Y$M2QSG-B*tmn6K-MOG�V�N�PZY$M§nSGCPmI|NXT&PZY¡j2N�Pm[-NcnoYp^`W&NXT"kON���P2Q�W-T�YV0YJ[-NXT�Y�U"Y�Ã�Y�P2QS[-G�MON�VXQDh-QS[&YÇY$T kONXM2QSGJM2I|NXT"kON���PON�P2W&P2k2QDk2W-U�N�NXTþnoY�PZY$nDQS[&Y�KvGJM]NXnª�DT&[_QSV�NLñ W&N�¦�P2kZYG�VXW-K�Y�NXT�NXnv[_QSV�VXQSGJT�Y$M2QSG-B�EHGJI|GpnSGCPH�DT&[_QSV�N�PHPZGJT�T&GJM2IaY$nDI|NXT kON]IaÉJPHK*N�ñ W&NQ'&GCP�ñ"W&NinoYJP�V0YJ[-NXT�YJP��PZN\V�GJT&POQD�CW&NþV�GJILK-MON�P2QSRJT�Bmgik2MZYukO¦�VXT-QSV0Y;N�P�W-k2QDnDQDä>Y$MÇnoYuK-MOGJK-QoY;NXT"k2MZYJ[&YFV�GJI|GF[_QSV�VXQSGJT�Y$M2QSG��§UV�G�[_Q���V0Y$M§noYJP¥MONXKvNXk2QSVXQSGJT&N�PmV�GJI|G|W-T È Ê,ÑÖÔJÍ º
ÊeÙ × ÊLÊ�Ô|Ë�° È UW-T�Y�nSGJT-�CQDk2W&[�[-NbV�GJQDT&VXQS[-NXT&VXQoY_B
�*£Z¢p£ < ¥*·�©>ùJµb°�·�¥ ©>ù�öe©VÒ*öe¥

zªT�NXn+V0Y$K-�Dk2W-nSG�Y$T"kONXM2QSGJM]PONcV�GJI|NXT kORñ W&NbnSGCPmI|¦XkOG [-GCPi[-NdV�GJILK-MON�P2QSRJT\[-Nd[&Y$kOGCPmPZNcK-W&N�[-NXTVXnoYJPOQ���V0Y$M{[-N§YJVXW&NXMO[-GdV�GJTLnoY�^¿GJM2IaY][-N�ÏrÍ��A�QÑÖÊ,Ë]nSGCPÙPO�DIdhvGJnSGCPÙ[-NXn@Y$n�^±Y$h*NXkOG���N�P{[-N�VXQDM���[-N§YJVXW&NXMO[-G
eCr
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V�GJTFnoY\^¿GJM2IaYÝ[-N³N�P2k2QDIaY$ManoYJPLK-MOGJh�Y$h-QDnDQS[&YJ[-N�P[-N³nSGCP|P2�DIdhvGJnSGCP0BÙz{P2kOGÝI|G [-NXnSGCP\Ú`G\^`GJM2IaYJP[-NN�P2k2QDIaY$M¥noYJPmK-MOGJh�Y$h-QDnDQS[&YJ[-N�Pîß�kZY$I�h-QS¦XT�N�P2kZY$MZÉ$T�K-MON�PONXT"kON�P�YpnoY�Ã&GJMZYL[-NcV�GJILK-M2QDILQDMmkON�¤_kOG-B
¨0�S�h�@�h�  ���I�	���!�`��� �{� �0�{�.�	�!�����

��Y�IaY0U�GJM2�oYþ[-N�nSGCP|Y$nD��GJM2QDk2I|GCPa[-N�V�GJILK-MON�P2QSRJT<[-N�kON�¤_kOG\MON0Y$nDQDä>Y$T<noY\V�GJILK-MON�P2QSRJTÈY�T-QDl�NXn[-N�V0Y$MZÉJVXkONXM0B{Â Q¥NXn¥Y$nD��GJM2QDk2I|GþN�P|YJ[&Y$K-kZY$k2QDl�GÝlCYÇÜÔY$K-MONXT&[_QSNXT&[-G$Þ�nSNXT kZY$I|NXT"kONÇnoYJP�V�GJM2MONXnoYJVXQSGJT&N�PNXT k2MON��CM2W-KvGCP][-N�[-GCP#�@k2MON�P#�@VXW�Y$k2MOG��vNXkOVCBvV0Y$MZYJVXkONXMON�P]U�YJP2�7P2W&V�N�P2QDlCY$I|NXT"kONCB6zªTÝKvG V0YJP�G V0YJPOQSGJT&N�PNXn{Y$nD��GJM2QDk2I|G�k2QSNXT&N|noY�KvGCP2QDh-QDnDQS[&YJ[�[-N|PîYJV0Y$MbK-MOG0l�N�VZÃ&G�[-N�W-T�Y³MZY$T-��GÇ�CMZY$T&[-Na[-NLV�GJM2MONXnoYJVXQSGJT&N�PY$T kON�Pd[-Nañ W&N|PONY$nSV0Y$T&V�NaNXnª�&T�Y$nH[-NLnoYÇNXT"k2MZYJ[&Y�G³ñ W&N|PON|G�VXW-KvNLnoY�I|NXI|GJM2QoY�MON�PONXM2lJYJ[&YÇK�Y$MZYMON0Y$nDQDä>Y$M§noY�V�GJILK-MON�POQSRJT�BÂ Q+nSGCP�Y$nD��GJM2QDk2I|GCP][-NbV�GJILK-MON�P2QSRJTÝ[-NbkON�¤_kOG|W&PîY$MZY$T�W-T-QS[&YJ[-N�P�IaÉJP§�CMZY$T&[-N�P�V�GJI|GPO�DIdhvGJnSGCP[-NXn"Y$n�^±Y$h*NXkOGm[-NªNXT"k2MZYJ[&Y§NXTdnDW-�"Y$M+[-NªP2QDILK-nSN�P+V0Y$MZYJVXkONXMON�P#�0PONXM2�oY$TdV0Y$K�YJV�N�P�[-NªGJh-kONXT&NXM+W-TchvNXT&N���VXQSG[-NcV�GJM2MONXnoYJVXQSGJT&N�P�[-NcMZY$T-��GLnoY$M2��GLUe�_KvGCP2QDh-nSNXI|NXT kON��&I|NÔj2GJMZY$M§noYLV�GJILK-MON�P2QSRJT�BE W�Y$T&[-G PON³lCY$T Y�V�GJILK-M2QDILQDM�[-G�VXW-I|NXT"kOGCP�[-N³kON�¤_kOG�PZNÇK-W&N�[-NXT W-k2QDnDQDä>Y$M�K�Y$noY$h-MZYJP�V�GJI|GP2�DI�h*GJnSGCP[-NXn�Y$n�^±Y$h*NXkOG�[-N³NXT"k2MZYJ[&Y_B��ik2QDnDQDä>Y$T&[-G�noYÝILQSP2IaY Y$K-MOG�¤_QDIaYJVXQSRJT¢ñ W&N³Ò�NXT"k2nSNXU<NXk�Y$n±BNXT B Ò¥Â���Ð ©CxEDHPZN|K-W&N�[-Na[-N�VXQDM�ñ W&NLW-T [-G�VXW-I|NXT"kOGÝ[-N|kON�¤_kOG�V�GJT&POQSP2kONaNXT W-T�Y�Y$nDkONXM2T�Y$T&VXQoY\[-NV0YJ[-NXT�YJP�Y$n�^¿Y$T W-I|¦XM2QSV0YJPmU�V0YJ[-NXT�YJPm[-NcK-W-T k2W�YJVXQSRJT�B
� �"(7�����"��8@� ®h �3#"î� #-�����+#�#&%�ëÍ#&�6)���à"!J�9�"#%$¶´ �zÊpÙ�ÊA�A�Z�zÊ�Ê�Ñ Ò�Ê,�G�
Ïå�ZË × Ù�Ê�� È �
�zÊ È ��ÙQ���Q�zÙ × Ê�ÏrÊl'è × ÏrÊ,ÑU�A�*Ù�Ê,ËÌÊeÙ�Ô¯�QËÌ� È Ê,Ñ ÒQÊ,����Ïå�ZË × Ù^Í È m
� �"(7�����"��8@� ®h S~g"î� #-�����+#������7)��*/>)+#-�"��8*��$�´ �zÊLÙ�Êe�A�Z��Ê��A�ßÉz�
��Ô|��ÊeÙ × �,�Õ� È �
�zÊ È �ÌÙQ�G�Z�zÙ × ÊÏrÊ�è × ÏrÊ,ÑU�A�*Ù�Ê,ËÌÊeÙ�Ô¯�QËÌ� È �zÍ7Ê,Ñ Ò�Ê,�G�
Ïå�ZË × Ù�Í È m

Â�N�W-k2QDnDQDä>Y$MZÉ�NXniT&GJIdh-MON���NXT&¦XM2QSV�G [-NiÉ�Ê,ÑOÊAÓZËÌÊFK�Y$MZY�Ã�YJV�NXMMON�^¿NXMONXT&VXQoYþh-QSNXT YþW-T�Y�V0YJ[-NXT�YY$n�^±Y$T"W-I|¦XM2QSV0Y�h-QSNXT¬YþW-T�Y�V0YJ[-NXT�Y [-N³K-W-T"k2W�YJVXQSRJT�B�zÙPOkZYþ��NXT&NXMZY$nDQDä>YJVXQSRJT¬K*NXM2ILQDkON�[-N�POV�GJILKvG$ÌT&NXMcVXW�Y$nSñ W-QSNXMc��VOÃ&NXMOG³[-N�kON�¤_kOG�NXT�PON�VXW&NXT&VXQoYJPb[-N�K�Y$noY$h-MZYJP0B6��YJPcI|G [_Q���V0YJVXQSGJT&N�P�ñ"W&NpÃ�Y0U\ñ W&NÃ�YJV�NXMpNXT�nSGCP�Y$nD��GJM2QDk2I|GCPph�YJPZYJ[-GCP�NXTuY$n�^±Y$h*NXkOGCP�[-NaV0Y$MZYJVXkONXMON�P�K�Y$MZYÇh�YJPZY$M2nSGCPpNXTuY$n�^±Y$h*NXkOGCP�[-NK�Y$noY$h-MZYJP§PZGJTÇIL�DT-QDIaYJP§Ue�_��NXT&NXMZY$nDI|NXT"kON���MONXK*NXMOVXW-kONXT�POGJh-MON]noYJP§N�P2k2M2W&VXk2W-MZYJPi[-Nc[&Y$kOGCP0B-Ë�GJMiN�P2kONI|GJk2QDl�G���noYJPi[-N�POVXM2QDKvVXQSGJT&N�P][-NbnSGCPmI|¦XkOG [-GCP�[-NdV�GJILK-MON�P2QSRJTÝñ W&NdPONdÃ�YJV�NXT�NXT�N�POkONdV0Y$K-�Dk2W-nSG�POGJTQD�CW�Y$nDI|NXT kONilCÉ$nDQS[&YJP kZY$T"kOGpK�Y$MZYdY$n�^±Y$h*NXkOGCP�[-NiV0Y$MZYJVXkONXMON�PHV�GJI|G�K�Y$MZYpY$n�^¿Y$hvNXkOGCP [-NiK�Y$noY$h-MZYJPHULPONW-k2QDnDQDä>YpNXn*kO¦XM2ILQDT&G È aÝÏåÓÌÍ�ÑÖÍpK�Y$MZY�Ã�YJV�NXM�MON�^`NXMONXT&VXQoY�Y�W-T�NXnSNXI|NXT"kOGL[-NXn�Y$n�^¿Y$hvNXkOGp[-N�NXT k2MZYJ[&Y��-V�GJTQDT&[-NXKvNXT&[-N�VXQoYLñ W&NbPON0YpW-T³V0Y$MZÉJVXkONXMiG�W-T�YLK�Y$noY$h-MZY_B
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gik2MZY�GJKvVXQSRJT�N�P]noY�[-N�Ã�YJV�NXMbNXn{Y$nD��GJM2QDk2I|G³[-NLÅiW_^9^`IaY$T�YJ[&Y$K-kZY$k2QDl�GÎB �§èc�C©(D¯�vNXT�NXnÙPONXT k2QS[-Gñ W&N�PZN�lCYV�GJT&P2k2M2W-U�NXT&[-G³NXnªÉ$M2h*GJnª[-NpIaY$T&NXMZY�[_QDT�É$ILQSV0Y�kZY$T"kOG�KvGJMcNXn7V�GJILK-MON�PZGJMbV�GJI|GKvGJMcNXn[-N�POV�GJILK-MON�PZGJM0B�t�P2��NXn�É$M2hvGJn�T&GLk2QSNXT&Nbñ W&NcK�YJPZY$MOPON�Y$n+[-N�POV�GJILK-MON�POGJM��@PON]MON0Y$nDQDä>YLW-T�$-T-QSV�G|MON�V�G$ÌM2M2QS[-GL[-N]nSGCP§PO�DIdhvGJnSGCP§V�G [_Q���V0YJ[-GCP§U�YJ[-NXIaÉJP��&[-NXh-QS[-GYdnoYLYJVXk2W�Y$nDQDä>YJVXQSRJT\[_QDT�É$ILQSV0YL[-NXn6I|G�[-NXnSGV�GJT_^¿GJM2I|N�noY�V�GJILK-MON�P2QSRJT@��PONpK-MOG�[_W&V�NLW-T�YÇYJ[&Y$K-kZYJVXQSRJT Y�noYJP]K-MOGJh�Y$h-QDnDQS[&YJ[-N�P�QDT&P2kZY$T"kZÉ$T&N0YJP�[-NnSGCPpP2�DIdhvGJnSGCP0B�tiP2� K*GJMpNÔjÑNXILK-nSG���K-W&N�[-N�G VXW-M2M2QDM�ñ"W&NaW-Tu[-NXkONXM2ILQDT�YJ[-GÝP2�DI�h*GJnSGÝY$K�Y$MONXä0V0Y�IdW-U^`MON�VXW&NXT"kONXI|NXT kON�Y$n6V�GJILQSNXT-ä0G|[-N]noYpPON�VXW&NXT&VXQoY�U�PORJnSG�G V0YJP2QSGJT�Y$nDI|NXT kONdY$nv�&T�Y$n±B-�iT�W&PZGpN�POkZÉ$k2QSV�G[-NXn-I|G�[-NXnSGcK-MOGJh�Y$h-QDnD�SP2k2QSV�GdnSN§YJP2QD�CT�Y$MZÉbY]N�P2kON¥P2�DI�h*GJnSGbW-T�Y]K-MOGJh�Y$h-QDnDQS[&YJ[|T-Q�Y$nDkZY]T-Q-h�Y¡jOY��CnSGcñ W&NÃ�Y$MZÉpñ W&NiNXnvV�G [_Q���V0YJ[-GJM¥nSN]YJP2QD�CT&N�W-T�TA$-I|NXMOGL[-Nih-QDkOP�QDT"kONXM2I|N�[_QSG-B-Ë�NXMOGLP2QvNXn*W&PZG�ñ W&NmÃ�YJV�NXI|GCP[-NXnÙI|G�[-NXnSG\N�Pd[_QDT�É$ILQSV�G���noY³V�G�[_Q���V0YJVXQSRJT;YJP2QD�CT�YJ[&Y�Y$n P2�DI�h*GJnSG�K-W&N�[-NaPONXMpV�GJM2kZY�Y$nHV�GJILQSNXT-ä0GÚ`VXW�Y$T&[-G|N�P§IaÉJP�^�MON�VXW&NXT kON>ß�U�noY$M2�"Y|Y$n6�&T�Y$n{Ú`VXW�Y$T&[-GN�P¥I|NXT&GCP¥^`MON�VXW&NXT"kON>ß�BzÙTL��NXT&NXMZY$nJ�CNXn&V�GJILK-MON�POGJM{YJ[&Y$K-kZY$k2QDl�GdY$nSV0Y$T-ä>Y]I|NÔj2GJMON�P7MZY$ä0GJT&N�PÙ[-N¥V�GJILK-MON�P2QSRJTañ W&N�NXn-V�GJI�ÌK-MON�POGJMHN�P2kZÉ$k2QSV�G�YdV�GCP2kZYb[-NmPONXM{IaÉJP nSNXT"kOG-B�zÙP2kOG�PON§[-NXhvN���K-M2QDT&VXQDK�Y$nDI|NXT"kON��&Ybñ"W&NmnoYbV�G�[_Q���V0YJVXQSRJT[-NinSGCP¥P2�DIdhvGJnSGCP�lCY$M2�oYd[_W-MZY$T kONbNXn@k2MZY$T&PZVXW-MOPOGL[-NmnoYpV�GJILK-MON�P2QSRJT�B-��YJP�I|NÔjÑGJMZYJP¥[-NinSGCP�T-QDl�NXnSN�P¥[-N
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V�GJILK-MON�POQSRJT�KvGJMiNXn�W&POGa[-NdW-T�I|G�[-NXnSGa[_QDT�É$ILQSV�G�[-NXKvNXT&[-NXT\[-NdnoYJPiV0Y$MZYJVXkONXM2�SP2k2QSV0YJP��CnSGJh�Y$nSN�P][-NnoY�NXT k2MOGJK-�oYLU�nSG V0Y$nSN�Pm[-NcnoYJP§PON�VXW&NXT&VXQoYJPiV�G [_Q���V0YJ[&YJP0B��GCP§V�GJILK-MON�POGJMON�P]YJ[&Y$K-kZY$k2QDl�GCP§k2QSNXT&NXT�ñ W&NcMON�POGJnDl�NXMi[-GCP¥K-MOGJh-nSNXIaYJP��
ACBç�+YpYJVXk2W�Y$nDQDä>YJVXQSRJT³[-NXn@I|G�[-NXnSG-B_t¥VXk2W�Y$nDQDä>Y$M�NXn*I|G�[-NXnSG�P2QD�CT-Q���V0Y�QDT&VXMONXI|NXT kZY$M¥noYc^`MON�VXW&NXT&VXQoY[-NdY$K�Y$M2QSVXQSRJT�[-NbW-T&G|[-NcnSGCPmPO�DIdhvGJnSGCPmNXT�V�GJILK�Y$MZYJVXQSRJT\V�GJT�NXn6MON�P2kOG|[-NdP2�DIdhvGJnSGCPmñ W&NcT&GPOGJT�YJVXk2W�Y$nDQDä>YJ[-GCP0B
e_Bç�+Y�QDT&VXnDW&P2QSRJT�[-N�T W&NXl�GCPbP2�DIdhvGJnSGCPbNXTþNXnªI|G�[-NXnSG-B6�+Y�QDT&VXnDW&P2QSRJT�[-NLP2�DI�h*GJnSGCP]T W&NXl�GCPÚ�T&GY$K�Y$MON�VXQS[-GCPmÃ�YJPOkZY|N�PONcI|GJI|NXT kOG"ß¥K-W&N�[-NdMON�POGJnDl�NXMOPON�[-Nb[-GCP¥^¿GJM2IaYJP���ñ W&NbV�GJT&P2k2QDk2W-U�NXT\[-GCPl�NXMOP2QSGJT&N�P�[_QSP2k2QDT"kZYJP�[-NXnvV�GJILK-MON�POGJM§YJ[&Y$K-kZY$k2QDl�G-B_zªTnoYdK-M2QDI|NXMZY��_NXn�I|G�[-NXnSGpK-MOGJh�Y$h-QDnD�SP2k2QSV�GV�GJT"k2QSNXT&N�kOG [-GCPnSGCPaPO�DIdhvGJnSGCPñ W&N³POGJT¢P2W&POV�NXK-k2QDh-nSN�P�[-N³PONXMV�G�[_Q���V0YJ[-GCP0B �+YÝ^`MON�VXW&NXT&VXQoYQDT-QSVXQoY$ncK�Y$MZY kOG [-GCPÇNXnDnSGCPÇN�PÝA\K-W&N�P2kOG;ñ"W&N\noYuV�GJILK-MON�P2QSRJT T&GuÃ�YuV�GJI|NXT-ä>YJ[-G;UÈT&G;PONV�GJT&G V�NXT�noYJP�^�MON�VXW&NXT&VXQoYJPmMON0Y$nSN�P0B&�+Y|GJk2MZY�l�NXMOP2QSRJT �ÈIaÉJP§N���VXQSNXT kON�NXTÇ��NXT&NXMZY$n.� K�Y$M2kONb[-NW-T|I|G�[-NXnSGclJYJVX�SGbUpVXW�Y$T&[-GdY$K�Y$MON�V�NmW-TaP2�DI�h*GJnSGcT&GdV�GJT"kONXILK-noYJ[-G���PON�QDT&VXnDW-U�N§NXTaNXn@Y$M2hvGJn±Bzªn+K-M2QDI|NXM�N�POñ W&NXIaYLPONb[-NXT&GJILQDT�Y Èx×ÝÈ Ô¯�ZÏrÊL�A�*Ù�Í,Ï%ÉzË�� Èx× �,��Ù^Í,�N���NÏrÍ��A�ZÑOÍ�ÉzÑOÊ,�zÍaK-W&N�P2kOGñ"W&N�NXn�É$M2h*GJnv[-N�ÅmW_^�^�IaY$T�ñ W&NiMON�POW-nDkZYdN�PHW-T³Y$M2h*GJn*KvNXMÑ^`N�VXkZY$I|NXT kONcN�ñ"W-QDnDQDh-MZYJ[-G��_ILQSNXT k2MZYJPñ"W&NbY$n�PONX�CW-T&[-G|N�POñ W&NXIaY�PONc[-NXT&GJILQDT�Y ÈZ×ÆÈ Ô¯�ZÏrÊ ���PÙ^Í,Ï%ÉzËÌ� Èx× �,�ÎÙ�Í,�N���NÏrÍ��A�QÑÖÍ æEÊeÙxa|ÍCB
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zªn K-MOGJh-nSNXIaYÝ[-NnoY�^�MON�VXW&NXT&VXQoY\V�NXMOG B �mGJh�©Ce��ªE Ð ©$y"Y����\G$^±�C���+Ð¬Ò¥�_A���Åi÷]�Ce����þÂ Ð¢Ò¥�$y,Dk2QSNXT&N�P2W&PLMZY$�SV�N�P�NXTÈNXn§K-noY$T kON0Y$ILQSNXT"kOGu�&nSGCPOR$��V�G ñ"W&NÇÃ-QDä0G� bY$T"k�NXTÈP2W���[«ËLa|Ô × Ù^Ê��A�ûÑOÊÎËÌÊ#à#�,�É���ËÌÊ��ÑB6�+YQDILK*GJM2kZY$T&VXQoY�K-MZÉJVXk2QSV0Y�[-N�N�P2kONpK-MOGJh-nSNXIaY�NXTþNXn�V�GJT kON�¤�kOGÇ[-NXn7I|G�[-NXnoYJ[-G³YJ[&Y$K-kZY$k2QDl�GNXT\noYV�GJILK-MON�P2QSRJT�[-N�[&Y$kOGCP]N�P]ñ W&N�V0YJ[&Yal�NXäLñ"W&NpPONdV�G�[_Q���V0YW-T\PO�DIdhvGJnSG��@kOG�[-GCP�nSGCP]P2�DIdhvGJnSGCPñ W&NdG�VXW-M2MZY$TþYLK�Y$M2k2QDM][-N�N�P2kONdI|GJI|NXT"kOG�[-NXhvNXT�PONXMiK-MON�[_QSVOÃ&GCPcV�GJT\W-T�YLK-MOGJh�Y$h-QDnDQS[&YJ[ÝIaY�U�GJMcYV�NXMOG-B@ténSGCPmP2�DI�h*GJnSGCP�ñ"W&NbkOG [&Y0l �oY|T&G|Ã�Y$T�Y$K�Y$MON�VXQS[-G�PONcnSN�P�[-NXh*NXMZÉaYJP2QD�CT�Y$MmW-T�Y|K-MOGJh�Y$h-QDnDQS[&YJ[[_QSPOk2QDT"kZY|[-N�V�NXMOG��&KvN�ñ"W&NQ'�Y|U�K*GCP2QDk2QDlCY_B���Y|[_Q���VXW-nDkZYJ[\N�PmNXT&V�GJT"k2MZY$M�noYLI|NÔj2GJM§^¿GJM2IaY|[-N�N�P2k2QDIaY$MN�POkZYpK-MOGJh�Y$h-QDnDQS[&YJ[6Bzªn&[_QDnSNXIaYcN�PÙñ W&N�T&GcPON�k2QSNXT&N�T-QDT-�CW-T�Y]QDT_^¿GJM2IaYJVXQSRJTPOGJh-MON�nSGcñ W&N�lCY�Y]G�VXW-M2M2QDM0B��iTLK-M2QDT&VXQDK-QSGY$K�Y$MONXT kONXI|NXT"kON MZY$ä0GJT�Y$h-nSN�N�P³ñ W&N�Y;V0YJ[&YFY$nDkONXM2T�Y$k2QDlJYFT&GFV�GJT&G VXQS[&YFPZNÝnSN�YJP2QD�CT&NÝnoYuILQSP2IaYK-MOGJh�Y$h-QDnDQS[&YJ[6B@t×nSG�noY$M2��GL[-N]nSGCPmY('&GCP#��N�POkON]K-M2QDT&VXQDK-QSGLÃ�Y�P2QS[-G|YJP2W-ILQS[-G�KvGJM¥lJY$M2QSGCP�K-MON�VXW-MOPZGJMON�P[-NikON�GJM2�oYJP�[-NmN�P2k2QDIaYJVXQSRJTÇ[-NiK-MOGJh�Y$h-QDnDQS[&YJ[-N�P0B�Â QDT�NXIdh�Y$M2��G��-YbK-M2QDT&VXQDK-QSGCP�[-NpA>}C}J©��&E�B�Â*B�ËªQSNXMOV�NY$K-W-T kORÇñ"W&N�N�POG�NXMZYW-T�Y�K�Y$MZYJ[-G$jOY_B6Ë�Y$MZY�NXT kONXT&[-NXM2nSGÇQDT-QSVXQoY$nDI|NXT"kON|PZN�YJV�NXK-kZY$MZÉ�NXnªP2W-K-W&N�POkOG�UPZNp[-N�PîY$M2MOGJnDnoY$MZÉÇW-T�NÔj2NXILK-nSG³N�¤�KvNXM2QDI|NXT"kZY$n ñ"W&N�KvNXM2ILQDkZY�l�NXMcnSGCPbNXM2MOGJMON�P�NXTþnSGCPbñ"W&NLV0YJNL[_QSVZÃ&GPOW-K-W&N�P2kOG-BÂ W-K*GJT-�"Y$I|GCP§ñ W&N�PON�k2QSNXT&NiW-T�Y�W-M2T�Y�ñ W&NiV�GJT k2QSNXT&N|A0�C��K*NXnSGJkZYJP¥[-N][_Q�^¿NXMONXT"kON�P§V�GJnSGJMON�P#� KvNXMOGT&G\PONk2QSNXT&N�QDT_^`GJM2IaYJVXQSRJTFPOGJh-MON�NXn�TA$-I|NXMOGþ[-NKvNXnSGJkZYJPL[-NV0YJ[&Y\V�GJnSGJM0B{Â QHW-T�Y�KvNXMOPOGJT�Y�kOGJIaYW-T�Y�KvNXnSGJkZY�[-N�noYW-M2T�Y�U�POQDT\I|GCPOk2MZY$M2noYÇ[_QDMZÉ�P2QªN�PbG�T&G�T&NX�CMZY_B�ü]NLYJVXW&NXMO[-G³V�GJT�NXnªK-M2QDT&VXQDK-QSG��PZN|YJP2QD�CT�Y$MZÉ$T�noY�ILQDkZYJ[ [-NLnoYÇK-MOGJh�Y$h-QDnDQS[&YJ[ kOGJkZY$n YÇV0YJ[&Y�Y$nDkONXM2T�Y$k2QDlJY_B7Â Q YÇV�GJT k2QDT"W�YJVXQSRJTFN�P2kZYKvNXMOPOGJT�Y�[_QSV�Nañ W&N|noYÇKvNXnSGJkZY�K-W&N�[-NaPONXM�h-noY$T&V0Y��+T&NX�CMZY�G�[-NaT-QDT-�CW-T&G�[-NN�P2kOGCP�V�GJnSGJMON�P#�+NXn N�¤�ÌKvNXM2QDI|NXT"kOG|k2QSNXT&NdY$Ã&GJMZY�k2MON�P�KvGCP2QDh-nSN�PmY$nDkONXM2T�Y$k2QDlCYJP§Ue�-[-NbYJVXW&NXMO[-G|V�GJT³NXn6K-M2QDT&VXQDK-QSG��@PONcYJP2QD�CT�Y$MZÉY�V0YJ[&YÇY$nDkONXM2T�Y$k2QDlCY�W-TþkONXMOVXQSGÇ[-NpnoY�K-MOGJh�Y$h-QDnDQS[&YJ[þkOGJkZY$n±B6Ë�NXMOG�PONpK-MOG [_W&V�N�W-T�Y�V�GJT"k2MZYJ[_QSV�VXQSRJT@�K-W&N�P¥NXTÇnoYpK-M2QDI|NXMZY|N�P2k2QDIaYJVXQSRJT³PON�nSNbYJP2QD�CT�YLYpnoY�K*NXnSGJkZYpT&NX�CMZYpW-T�YpK-MOGJh�Y$h-QDnDQS[&YJ[�[-N 1

2

UNXTÇnoYPZNX�CW-T&[&Y 1
3

BzªTþl QSPOkZY[-NLN�POkOG��6PONpK-W&N�[-NLGJh&PONXM2lJY$McnoY�[_Q���VXW-nDkZYJ[�ñ"W&N�V�GJT-nDnSNXlCY�noYÇYJP2QD�CT�YJVXQSRJT�[-NpK-MOGJh�Y¡Ìh-QDnDQS[&YJ[-N�P�Y³PO�DIdhvGJnSGCP�ñ W&NLT&G³Ã�Y$T;Y$K�Y$MON�VXQS[-G-B7E W�Y$nSñ W-QSNXMpYJPOQD�CT�YJVXQSRJTu[-NaK-MOGJh�Y$h-QDnDQS[&YJ[-N�Pp[-NXhvNPZNXMaV�GJT&PON�VXW&NXT"kON\V�GJT<noYJPanSNXU�N�Pa[-N³noYþK-MOGJh�Y$h-QDnDQS[&YJ[ÈUFP2QmPZNÇñ"W-QSNXMON�Ã�YJV�NXMaW-T�YþN�P2k2QDIaYJVXQSRJT¬PON[-NXhvNpkONXT&NXMcV�GJT&G VXQDILQSNXT kOG³[-NXn7K-MOGJh-nSNXIaY_B6Ë�GJMbNÔj2NXILK-nSG��vN�PiKvGCP2QDh-nSN�ñ W&N�P2Q7T&GCP�h�YJPZY$I|GCPcNXTÝW-TK-M2QDT&VXQDK-QSG�ñ"W&N�YJP2W-IaYÇñ W&NLnSGCPdPO�DIdhvGJnSGCP�[-NLW-T;Y$n�^¿Y$hvNXkOG³POGJT N�ñ"W-QDK-MOGJh�Y$h-nSN�P���PON|V�GJT&POk2M2W-U"YÇW-TY$n�^±Y$hvNXkOG�T&GLMZY$ä0GJT�Y$h-nSNdñ W&N]QDT&VXnDW-U"YLP2�DI�h*GJnSGCPiñ"W&N]MZY$MZY�l�NXä�G VXW-M2MONXT�B
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�\¦XkOG [-G ËÙMOGJh�B&P2�DIdhvGJnSGLT&G>l�NXn ËÙMOGJh�B&P2�DIdhvGJnSG
s

A 1/(m + 1) ps/(m+ 1)
B n/m (ps − 1)/m
C n/m ((m− n)/m) · (ps/m)
D n/2m (2ps − 1)/2m
X t1/m ((m− t1)/m) · (ps/m)
C ′ n/(m+ n) ps/(m+ n)
X ′ (t1 + 1)/(m + t1 + 1) ps/(m+ t1 + 1)��Y$h-noYLs_BDA��&��¦XkOG�[-GCP¥[-NcN�P2k2QDIaYJVXQSRJT³[-N]K-MOGJh�Y$h-QDnDQS[&YJ[-N�P�[-NcP2�DIdhvGJnSGCP�T"W&NXl�GCP#�&NXT³[-GJT&[-N

m
N�P¥NXnT�$-I|NXMOGÇ[-NpPO�DIdhvGJnSGCPcV�G [_Q���V0YJ[-GCP]Ã�YJP2kZY�NXn7I|GJI|NXT"kOG��

n
N�PcNXn7TA$-I|NXMOGÇ[-N�P2�DI�h*GJnSGCPc[_Q�^¿NXMONXT"kON�PNXT&V�GJT k2MZYJ[-GCP��

ps
N�P NXn*TA$-I|NXMOG�[-N�G VXW-M2MONXT&VXQoYJP¥[-NXnvP2�DI�h*GJnSG

s
�
t1

N�P�NXn�T�$-I|NXMOGL[-NiP2�DI�h*GJnSGCP�ñ W&NÃ�Y$T�Y$K�Y$MON�VXQS[-GaW-T�YLPOGJnoYpl�NXäe�&N�P§[-N�VXQDM��
t1 = |{s • ps = 1}| B

Â�N Ã�Y$TpK-MOGJK-W&N�P2kOG][_Q�^`NXMONXT kON�P7I|¦XkOG [-GCP7K�Y$MZYiN�P2k2QDIaY$M7noY§K-MOGJh�Y$h-QDnDQS[&YJ[L[-NXn È aÝÏåÓÌÍ,ÑOÍ����u� È Ù�ÊxÉ��Q�nDnoY$IaYJ[-GdYJPO�-K*GJMOñ W&N¥P2WLK-MON�PONXT&VXQoYcNXTLW-T�YbPON�VXW&NXT&VXQoYcV�GJILK-M2QDILQS[&YcQDT&[_QSV0Ybñ"W&N¥NXn-I|G�[-NXnSGclCYcY]PONXMYJVXk2W�Y$nDQDä>YJ[-GcV�GJT�W-TLP2�DIdhvGJnSG�T"W&NXl�G-BC��Y$n�U�V�GJI|GcPON N�POK*NXMZY$h�Y��$noYJP7[_Q�^`NXMONXT kON�PªkO¦�VXT-QSV0YJP�^`W-T&VXQSGJT�Y$Th-QSNXT|V�GJTaY$nD�CW-T&GCPªI|NXT&PîY¡jÑN�PªU�T&G]kZY$TLh-QSNXT|V�GJT|GJk2MOGCP0BCzÙPªKvGCP2QDh-nSN¥PONXnSN�V�VXQSGJT�Y$M{I|¦XkOG [-GCPªMOGJh-W&POkOGCPñ W&N¥^`W-T&VXQSGJT&NXT�MZY$ä0GJT�Y$h-nSNXI|NXT"kONch-QSNXTÇV�GJT�noYbIaY0U�GJM2�oY�[-NmnSGCP�NÔj2NXILK-nSGCP K-MZÉJVXk2QSV�GCP>B-Â QDT�NXIdh�Y$M2��G��T&GLN�¤_QSP2kON]W-T³I|¦XkOG�[-G|RJK-k2QDI|GLK�Y$MZYLN�POk2QDIaY$M§K-MOGJh�Y$h-QDnDQS[&YJ[-N�P0B��YÇkZY$h-noY\s_BDAaI�W&N�P2k2MZY�Y$nD�CW-T&GCP�[-NN�P2kOGCPdI|¦XkOG�[-GCP0B�zªT kOG�[-GCP�nSGCP�V0YJPOGCPpPONP2W-K*GJT&Nñ"W&NNXnP2�DI�h*GJnSG�ñ"W&NmPON§V�G�[_Q���V0Y$MZÉbPONXMZÉdNXn
m+1

U|YJ[-NXIaÉJP ñ W&N
m ≥ 1

�"VXW�Y$T&[-G
m = 0

noYcK-MOGJh�Y$h-QDnDQS[&YJ[[-NXn�P2�DIdhvGJnSGi[-NHN�POV0Y$KvN{P2QSNXILK-MON kOGJIaY$MZÉ�NXn"lCY$nSGJMHA��¡K-W&N�P�NXn K-M2QDI|NXM7P2�DIdhvGJnSG�[-NXn I|NXT&PZY¡j2N{POQSNXILK-MONPONXMZÉpT W&NXl�G-BzÙnªI|¦XkOG [-G
A

N�PcNXnªIaÉJPbPONXT&VXQDnDnSG�KvNXMOG�noY�K-MOGJh�Y$h-QDnDQS[&YJ[�ñ W&N�YJPOQD�CT�YÇY$nÙV0Y$MZYJVXkONXMd[-NLN�POV0Y$KvNN�PiIdW-U³KvN�ñ W&NQ'�Y|K�Y$MZYanoYLIaY0U�GJM2�oY�[-NbnoYJPcY$K-nDQSV0YJVXQSGJT&N�P]K-MZÉJVXk2QSV0YJP0B6E nSN0Y$M2nDU³UÇÐ QDk2kONXT2B£E Ð ©$y"Y(DMON�V�GJT&G�VXQSNXMOGJTÝnSGCP]K-MOGJh-nSNXIaYJPc[-NXn�I|¦XkOG�[-G
A

U³K-MOGJK-W&P2QSNXMOGJT�NXn�I|¦XkOG [-G
B
�*NXn�VXW�Y$n7T&G�k2QSNXT&N�NXTV�GJT&P2QS[-NXMZYJVXQSRJTLY�W-TdPO�DIdhvGJnSG§Ã�YJP2kZYmñ"W&NªT&G�Y$K�Y$MON�V�NÙKvGJM+PONX�CW-T&[&Y§l�NXäe�0KvGJM+N�P2kONÙI|GJk2QDl�GiNXn�I|¦XkOG�[-G

B
k2QSNXT&N]W-T³V�GJT&P2QS[-NXMZY$h-nSNbV�GCP2kONbY('�YJ[_QS[-G-B&Ë7Y$MZY�NXnDQDILQDT�Y$MmN�P2kONcV�GCPOkONc��G$Æ�Y$k�K-MOGJK-W&POG|NXnvI|¦XkOG [-G

C
B �\G$^¿�C�ED7K*NXMOG�k2QSNXT&N�NXn7K-MOGJh-nSNXIaYÇY('�YJ[_QS[-GÇ[-NpT&N�V�N�P2QDkZY$McW-TþV0YJPOGN�POK*N�VXQoY$nªVXW�Y$T&[-G

m = n
UkZY$I�h-QS¦XT�VXW�Y$T&[-G

m = 0
B6Ë�Y$MZYÇPZGJnDW&VXQSGJT�Y$M2nSG³��G$Æ�Y$kcK-MOGJK-W&POGÇNXnªI|¦XkOG�[-G

C ′
ñ W&NLGJh-k2QSNXT&NLW-T�YK-MOGJh�Y$h-QDnDQoYJ[�K�Y$MZY³NXn{V0Y$MZYJVXkONXMp[-N|N�POV0Y$KvNLnDQD��NXMZY$I|NXT"kONI|NXT&GJM�[-NLnoY³ñ"W&N|[-NXhvN|PONXM0B+zªnÙI|¦XkOG�[-G

D
PON³GJh-k2W-l�GuV�GJI|G�MON�P2W-nDkZYJ[-G [-NXnmk2MZY$h�Y¡j2G�Ë�Y$W-n]Å�G0ÓHY$MO[ U¼	�N�Æ ÷iQDk2kONXMçB Åm÷c�CeEDiGJh-kONXT-QSNXT&[-GI|NÔj2GJMZYJPdKvN�ñ W&NQ'�YJPdKvNXMOG�V�GJT&P2QSPOkONXT"kON�PpMON�P2KvN�VXkOG\Y$n I|¦XkOG [-G

C
NXT I|G [-NXnSGCP�h�YJPZYJ[-GCP�NXT Ë{ËÙ� BzªnU$-nDk2QDI|Ga[-NcnSGCPiN�P2k2QDIaYJ[-GJMON�Pi[-NdN�POV0Y$K*N��&I|¦XkOG [-G

X
�-^`W&NcK-MOG [_W&VXkOGa[-NbW-T�N�P2k2W&[_QSGa[-NcÐ QDk2kONXTUÇÒ�NXnDn>B Ð¬Ò¥�_AQD�YJV�NXMOV0Y[-NXn�K-MOGJh-nSNXIaY[-NbnoYL^�MON�VXW&NXT&VXQoYV�NXMOGaI|NÔj2GJMZY$T&[-G�P2QD�CT-Q���V0Y$k2QDlJY$I|NXT kONpnoYJPMZY$ä0GJT&N�PH[-N§V�GJILK-MON�P2QSRJT�B�zªn�I|¦XkOG�[-G

X
k2QSNXT&N§W-TK-MOGJh-nSNXIaYdVXW�Y$T&[-G

t1 = 0
U�K�Y$MZYbPOGJnDW&VXQSGJT�Y$M2nSG��nSGCPHY$W-kOGJMON�PÙK-MOGJK-W&P2QSNXMOGJT�NXn�I|¦XkOG�[-G

X ′
B��iT�YdY$ILK-nDQoYd[-N�POVXM2QDKvVXQSRJTaU�W-T�YcV�GJILK�Y$MZYJVXQSRJTÇNXT"k2MONmnSGCP[_Q�^¿NXMONXT"kON�PmI|¦XkOG [-GCP§PZN]K-W&N�[-NdNXT&V�GJT"k2MZY$M�NXTÎB ���§�Ce,DìB

¨0�S�h���Y� �;���{���²�È�V�¬�{���I�	���!�`��� �n���0�®���{�{���
�+GCP�I|¦XkOG [-GCPLN�P2kZYJ[_�SPOk2QSV�GCP�K-MON�PONXT"kZY$T<noY�l�NXT kZY¡j2YÝ[-N�PONXM�QDT&[-NXKvNXT&[_QSNXT"kON�Pa[-NXn�I|G�[-NXnSGÝW-k2Q�ÌnDQDä>YJ[-G-B�EHGJTuN�P2kOG³PON�K-W&N�[-NXTuN�POV�GJ��NXMdI|G�[-NXnSGCPdñ W&N�W-k2QDnDQSV�NXT V�GJTJjÑW-T"kOGCPp[-N|P2�DI�h*GJnSGCPp[-N�^¿GJM2IaYñ W&N�^¿YJVXQDnDQDkONXTFnoY\MON�VXW-KvNXMZYJVXQSRJT [-N�QDT_^¿GJM2IaYJVXQSRJT PZGJh-MON�kON�¤�kOGCP|V�GJILK-M2QDILQS[-GCP>B{�iT�Y\h-W&NXT�Y\QS[-N0YK�Y$MZY�V�GJILK-M2QDILQDM�kON�¤_kOGCPdN�P�NXnÙI|G [-NXnSG�h�YJPZYJ[-G�NXT K�Y$noY$h-MZYJP B Ò§Â���Ð ©Cx(D¯��NXnHVXW�Y$n V�GJT&P2QS[-NXMZY³noYJPK�Y$noY$h-MZYJPL[-NXn¥kON�¤_kOGÝV�GJI|GþP2�DIdhvGJnSGCPL[_W-MZY$T"kON³NXn�K-MOG�V�N�POGþ[-N�I|G [-NXnoYJ[-G��ªPOW&P2k2QDk2W-U�NXT&[-GÝnoY�QS[-N0Yk2MZYJ[_QSVXQSGJT�Y$nv[-N¥W-k2QDnDQDä>Y$M�V0Y$MZYJVXkONXMON�P0B �iT&Gb[-NmnSGCPÙI|GJk2QDl�GCPH[-NXn@¦�¤_QDkOGd[-NmN�POkON¥T"W&NXl�G�I|G [-NXnSG�N�P{ñ W&N
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I�W&VOÃ&GCPbPOQSP2kONXIaYJP][-NdMON�VXW-KvNXMZYJVXQSRJT�[-NpQDT_^`GJM2IaYJVXQSRJTþW-k2QDnDQDä>Y$TÝK�Y$noY$h-MZYJPcV�GJI|G�K-M2QDT&VXQDK�Y$nªW-T-QS[&YJ[[-N�QDT_^¿GJM2IaYJVXQSRJTFK�Y$MZYÝNXn§YJV�V�N�POGþY\noY�h�YJPZN�[-N�[&Y$kOGCP�kON�¤_k2W�Y$n±BªË�GJM|V�GJT&POQD�CW-QSNXT"kON��ªnSGCP�I|G�[-NXnSGCPñ W&NbW-k2QDnDQDä>Y$T\noYJP§K�Y$noY$h-MZYJP]V�GJI|G�P2�DIdhvGJnSGCP�GJh-k2QSNXT&NXT�I|NÔj2GJMON�PmMZY$ä0GJT&N�P]ñ W&NbV�GJILK-MON�P2QSRJTþñ W&NcnoYJPGJh-kONXT-QS[&YJP�KvGJMcnSGCPbI|G�[-NXnSGCPbh�YJPZYJ[-GCP�NXT�V0Y$MZYJVXkONXMON�PåB Ò§Â���Ð ©Cx���ü]Ë Â_�C�(DìB�z{P2kOG³G�VXW-M2MONLK*GJMOñ W&NnSGCP�I|G�[-NXnSGCP�h�YJPZYJ[-GCP¥NXT�K�Y$noY$h-MZYJP¥K-MOGJKvGJMOVXQSGJT�Y$T³IdW&VZÃ�Y�IaÉJP�QDT_^¿GJM2IaYJVXQSRJT�POGJh-MON�noYpN�P2k2M2W&VXk2W-MZYPZNXIaÉ$T"k2QSV0Y|[-NXn6kON�¤_kOG|[-N]noYLñ W&NcPON]KvG [_M2�oY�GJh-kONXT&NXM�P2Q�PON]W-k2QDnDQDä>Y$T�V0Y$MZYJVXkONXMON�P�V�GJI|G|P2�DI�h*GJnSGCP>B��GCPdkON�¤_kOGCPdNXT nSNXT-�CW�Y¡jÑNaT�Y$k2W-MZY$n PONV�GJILK*GJT&NXTu[-N|K�Y$noY$h-MZYJP��+K*NXMOG�kZY$Idh-QS¦XT;PON|V�GJILKvGJT&NXT[-NcV0YJ[-NXT�YJPi[-NbV0Y$MZYJVXkONXMON�Pmñ W&NbPONXK�Y$MZY$TÇnoYJPmK�Y$noY$h-MZYJP§W-T�YJP§[-NdGJk2MZYJP0B-�+YLPOGJnDW&VXQSRJT�ñ"W&NcK-MOGJKvGJT&NÒ�NXT k2nSNXUØB Ò§Â���Ð¬©Cx,DHK�Y$MZY�MON�POGJnDl�NXMLN�P2kON�K-MOGJh-nSNXIaY\N�P�noY�[-N�VXMON0Y$ML[-GCPLY$n�^¿Y$hvNXkOGCP�[-N�P2�DIdhvGJnSGCP[_QSP¿jÔW-T kOGCP��CW-T&GcK�Y$MZYbI|G [-NXnoY$MÙnoYJP{K�Y$noY$h-MZYJP{U�GJk2MOGcK�Y$MZYbI|G [-NXnoY$MÙnSGCP PONXK�Y$MZYJ[-GJMON�P0B ��GCPÙI|¦XkOG�[-GCP[-N�V�G [_Q���V0YJVXQSRJTÝñ W&NbW-k2QDnDQDä>Y$TÝN�P2kONcI|G�[-NXnSGak2MZY$kZY$TÝY$n+kON�¤_kOGaV�GJI|G�[-GCP¥^`W&NXT"kON�P][-Nd[&Y$kOGCP�[_QSP2k2QDT_ÌkZYJPLñ W&N�PON�QDT"kONXMOV0Y$noY$T@�ªUuV�G [_Q���V0Y$T<N�POkZYJPLPON�VXW&NXT&VXQoYJP|[-N^`GJM2IaY\QDT&[-NXKvNXT&[_QSNXT"kONCB{zÙP2kZY\QS[-N0YÝPON[-NXT&GJILQDT�Y$MZÉaNXT³N�P2kONck2MZY$h�Y¡j2G|V�GJI|GiÏrÍ��A�QÑÖÍL�A�*Ê,Ñ ÒQÊ�Ó��QÔJÍ È�È �¯É�Ê,ËÌÊe�eÍ È B�+Y�&�CW-MZY³s_BDALI�W&N�P2k2MZY�W-T�NÔj2NXILK-nSG³[-N�noY�W-k2QDnDQDä>YJVXQSRJT�[-NXnÙI|G�[-NXnSGÇ[-NaY$n�^±Y$h*NXkOGCPdPONXK�Y$MZYJ[-GCPNXTuV�GJTJjÔW-T kOGÝV�GJTuNXnHI|¦XkOG [-G\[-NaV�G�[_Q���V0YJVXQSRJT;K-MOGJK-W&N�P2kOG\K*GJMpücY�l�QS[ ÅiW_^9^`IaY$TØB ÅiW_^±rCe(DìB+zªT;NXnNÔj2NXILK-nSG��{NXniV�GJTJjÔW-T kOG�[-N�PO�DIdhvGJnSGCP|K�Y$MZY�NXn�Y$n�^¿Y$hvNXkOG�[-N³K�Y$noY$h-MZYJPN�P��X+������G�����! "�G�$#"%��'&n6������("%!�")V�GJTþ^`MON�VXW&NXT&VXQoYJP�A��{A��ÙA��+eÇUþsÇMON�P2K*N�VXk2QDlCY$I|NXT"kON�ü�UþNXn{V�GJTJjÑW-T"kOG\[-N|[-NaPONXK�Y$MZYJ[-GJMON�PpN�P�+*-,/.0*,��*1.-*2)dV�GJTÇ^`MON�VXW&NXT&VXQoYJPdA]UÇx�MON�P2KvN�VXk2QDlJY$I|NXT kONÚ3.LMONXK-MON�PZNXT"kZYLW-T³N�POK�YJVXQSG"ß�B

,

10

Texto comprimido:     0110  1  0111  1  1  0  00  1  1  1  010  1  00  1  1
Texto original:            para cada rosa, una rosa es una rosa

una

para cada

es

rosa

1

1

10

0

10

0

Arbol de palabras Arbol de separadores

��QD�CW-MZYs_BDA��@EHGJILK-MON�P2QSRJT\W&PZY$T&[-GaV�G�[_Q���V0YJVXQSRJT�[-N�ÅmW_^�^�IaY$T\Y$K-nDQSV0Y$T&[-GNXn�I|G�[-NXnSGa[-N�Y$n�^¿Y$hvNXkOGCPPZNXK�Y$MZYJ[-GCP

¨��@�h�¢�0� �;���{���²�Í��¦§�����K�Y�{¤5¦²�%�
�mT�^±YJVXkOGJMªQDILK*GJM2kZY$T kONmñ W&N�T&G]k2QSNXT&N§NXT|VXW&NXT"kZYbNXn-I|G [-NXnSGb[-N§Y$n�^±Y$hvNXkOGCPÙPONXK�Y$MZYJ[-GCPÙN�PÙñ W&N¥NXTnoY�IaY0U�GJM2�oY�[-N]nSGCPHV0YJPZGCP§YdW-T�Y�K�Y$noY$h-MZYpnoYpP2QD�CW&N�W-TL$-T-QSV�GLN�P2K�YJVXQSGLNXT�h-noY$T&V�G�V�GJI|GLPONXK�Y$MZYJ[-GJM0BÅ]Y$h-QDk2W�Y$nDI|NXT"kON��*Y$n�I|NXT&GCP§NXn�}J�1¾�[-N]nSGCP§[-NcnSGCP§PONXK�Y$MZYJ[-GJMON�Piñ"W&NbY$K�Y$MON�V�NXT�NXT³kON�¤�kOGCPmN�POVXM2QDkOGCPPZNiV�GJILKvGJT&NXTÇ[-NiW-TL$-T-QSV�G�N�P2K�YJVXQSG�NXT�h-noY$T&V�GLB ��G$^±©C�(DìB��+NXT-QSNXT&[-G|NXT�VXW&NXT"kZY�N�P2kZY�QDT_^¿GJM2IaYJVXQSRJT@�Â QDnDlCY�K-MOGJKvGJT&NdNXTÕB �\GJW��C�(D+W-T�T"W&NXl�G|I|G�[-NXnSGa[-Nd[&Y$kOGCPmñ W&NbV�GJnSG V0Y|noYJP¥K�Y$noY$h-MZYJPiU�nSGCPiPONXK�Y$MZY¡Ì[-GJMON�PcNXT\W-TN$-T-QSV�GÇY$n�^¿Y$hvNXkOG�U³MONXK-MON�PONXT"kZY�nSGCPcN�POK�YJVXQSGCP�NXTÝh-noY$T&V�GÇ[-Nd^`GJM2IaYQDILK-nD�SVXQDkZY��6[-NLY$Ã-�ñ W&NcNXn6T&GJIdh-MON�[-NbN�P2kON]I|G�[-NXnSG|PONcV�GJT&GJä0V0YaV�GJI|GiÏrÍ��A�ZÑOÍ Èx× �N� È É�ÊeÙ × Í È B�+Y��&�CW-MZY\s_Bfe�I�W&N�P2k2MZY\W-TFNÔjÑNXILK-nSGÝ[-NXn�I|G [-NXnSGÝP2QDT;N�P2K�YJVXQSGCPLV�GJI�h-QDT�YJ[-G�V�GJTFNXnHI|¦XkOG�[-G[-NV�G [_Q���V0YJVXQSRJTF[-N�ÅmW_^�^`IaY$T�B+�+Y�QS[-N0Y�N�PpPONXT&VXQDnDnoY�UÝ^¿ÉJVXQDnH[-NaQDILK-nSNXI|NXT kZY$M0B{E�YJ[&Y³l�NXä�ñ W&NaNXnV�G�[_Q���V0YJ[-GJM�PON§NXT&VXW&NXT"k2MON]V�GJTW-TaPONXK�Y$MZYJ[-GJM�V�GJILK-W&N�P2kOG�$-T-QSV0Y$I|NXT kON�K*GJMÙW-T�N�P2K�YJVXQSGdNXTh-noY$T&V�GnSG�QD�CT&GJMZY$MZÉ_B*Â�RJnSGLN�P¥T&N�V�N�PZY$M2QSG�k2MZY$kZY$Mm[-GCP§V0YJPZGCP¥[_W-MZY$T"kONcnoY�V�G�[_Q���V0YJVXQSRJT@��P2Q6NXn6kON�¤_kOGLV�GJILQSNXT-ä>YV�GJT�W-T³N�P2K�YJVXQSG|NXT³h-noY$T&V�G|PZNcV�GJT&P2QS[-NXMZY$MZÉ|ñ W&NcNXn�kON�¤_kOGLV�GJILQSNXT-ä>Y|V�GJT³W-T�Y�K�Y$noY$h-MZYLlJYJVX�oY��-U�P2Q
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üiQDl�QS[_QDM�nSGCP�[-GCP��CM2W-KvGCP�MON�VXW-MOP2QDlJY$I|NXT kONpW-k2QDnDQDä>Y$T&[-GÇN�P2kONdILQSPOI|GaI|¦XkOG�[-G�Ã�YJP2kZYañ W&NpPORJnSGñ"W&N�[-N]W-T�PO�DIdhvGJnSGLK*GJM¥�CM2W-KvG-B
E W�Y$T&[-G�kOG�[-GCPHnSGCPH�CM2W-K*GCP�N�P2kO¦XT�V�GJILK-W&N�P2kOGCP�KvGJM{W-TL$-T-QSV�G�P2�DIdhvGJnSG�� PZNiV�G�[_Q���V0YpNXn@kON�¤_kOGGJM2QD�CQDT�Y$n±B

��Y�&�CW-MZYÇs_Bfs�IdW&N�P2k2MZY�N�P2kON�K-MOG�V�N�POG�K�Y$MZY�noY�[_QSP2k2M2QDh-W&VXQSRJT�[-Np^`MON�VXW&NXT&VXQoYJPbñ W&NLY$K�Y$MON�V�N|NXTnoY�kZY$h-noY�e_BDA][-N]noYdK�É$�CQDT�Y�A0©_B-zªn6V�R�[_QD��G�GJh-kONXT-QS[-G|N�P�N�¤-YJVXkZY$I|NXT kONbNXn6ñ"W&NcY$K�Y$MON�V�NcNXT�noYd�&�CW-MZYe_BDAcV�GJI|GpÜÍV�R�[_QD��Gas¡Þ^�-U�NXT³N�P2kONcV0YJPOGaNXTÇK�Y$M2k2QSVXW-noY$M���NXn+V�R�[_QD��G|N�P§[-N]MON�[_W-T&[&Y$T&VXQoY|IL�DT-QDIaY_B

0.67 0.11 0.07 0.06 0.05 0.04

0 1

0 1

0 1

1010

��QD�CW-MZYés_Bfs��pz6jÑNXILK-nSG�[-N¢W&POGé[-NXn�Y$nD��GJM2QDk2I|Gæ[-N Â Ã�Y$T-T&GJT�Ä ��Y$T&GæK�Y$MZYónoYó[_QSP2k2M2QDh-W&VXQSRJT [-NK-MOGJh�Y$h-QDnDQS[&YJ[ P = {0, 67, 0, 11, 0, 07, 0, 06, 0, 05, 0, 04} BÈzÙnÈV�R [_QD��G GJh-kONXT-QS[-G N�P C =
{0, 100, 101, 110, 1110, 1111}

Ë7Y$MZYþV�GJILK-MOGJh�Y$Mañ W&N�NXnmY$nD��GJM2QDk2I|G�[-N�Â Ã�Y$T-T&GJT�Ä ��Y$T&G�T&GþN�PLP2QSNXILK-MON³N�^¿N�VXk2QDl�GþPON�K-W&N�[-NV�GJT&P2QS[-NXMZY$MLnoYJP|K-MOGJh�Y$h-QDnDQS[&YJ[-N�P P = {0, 4; 0, 1; 0, 1; 0, 1; 0, 1; 0, 1; 0, 1} BÙË7Y$MZYþN�P2kZYÝ[_QSPÑÌk2M2QDh-W&VXQSRJTÈPZNÇGJh-k2QSNXT&N³W-TÈV�GJTJjÑW-T"kOG�[-N³K�Y$noY$h-MZYJPa[-N³V�R�[_QD��G�[-N�POVXM2QDkOGþI|N�[_QoY$T kON³noYÝnSGJT-�CQDk2W&[-N�P
|C| = {2, 2, 3, 3, 3, 4, 4} �¥V�GJTFW-T�Y\nSGJT-�CQDk2W&[;I|N�[_QoYþ[-N

L̄(C,P) = 2,70
h-QDkOP�K*GJM|PO�DIdhvGJnSG-B{Â QY$Ã&GJMZYÇPZNLV�GJT&P2QS[-NXMZY³NXn{V�R�[_QD��GÇnDQDh-MON[-NLK-MON��CjÑG�[-N�POVXM2QDkOGÇI|N�[_QoY$T"kON |C′| = {2, 3, 3, 3, 3, 3, 3} PONGJh-k2QSNXT&NpW-T�YanSGJT-�CQDk2W&[�I|N�[_QoY�[-N

L̄(C,P) = 2,60
h-QDkOP�K*GJM]P2�DI�h*GJnSG��*KvGJMinSGkZY$T"kOG��vNXnªV�R [_QD��G CT&GLN�P§[-NbMON�[_W-T&[&Y$T&VXQoYLIL�DT-QDIaY_B

¨0���0�¢�0� £����Y¦�ªY¤n�{¤5¦²ßV���{�=< �?>,Ø¬�{�
��YdK-M2QDI|NXMZY�^¿GJM2IaYp[-NcNXT&V�GJT"kZY$M§V�R�[_QD��GCP¥RJK-k2QDI|GCP�^`W&N�[-N�PîY$M2MOGJnDnoYJ[-G�K*GJM¥ücY�l�QS[ÇÅmW_ÆvIaY$TÇNXTA0�CrCe�B ÅmW_^±rCeEDìBvt¥[-NXIaÉJP�K-W-T"k2W�Y$nDQDä0R³ñ W&NdW-TÝV�R�[_QD��G�RJK-k2QDI|G�[-NXhvNdkONXT&NXMcVXQSNXM2kZYJPcV0Y$MZYJVXkONXM2�SP2k2QSV0YJPñ W&NcN�P2kZÉ$TÇMON�V�GJ�CQS[&YJP�NXT³NXn+P2QD�CW-QSNXT"kONbkON�GJMONXIaY_B

� �"5@!¡����# ®! `3 ä�Ê,ËÌÊF�
�CÊ,Ñ ÒQÊ�Ó��QÔJÍl'ÄÒx�G�Z��Ô¯� A & ÙQ� � Í È�È aÝÏåÓÌÍ�ÑÖÍ È '�ÒZ���Q��Ô¯��� È Ô@°,�CÊ È Í�Ù × Êe�eÍ È ÊF���zÊÉzËÌÍAÓÌÊ�Ó × Ñ × �eÊe���A�K� ×ÆÈ Ô|Ë × ÓZ��Ù × ��� P & �Ìè ×ÝÈ Ô¯�*�
�ÕÙ���� ×Öá ÍçÓ × �zÊ,Ë × ÍL�A�PË��Ì�,�
�z�eÊ,��Ù × Ê�Ï¼aÝ� × ÏrÊ � Ñ × ÓZË��Ð�A�ÉzË�� ] ¡�Í & C & �Q���KÙ���Ï%ÉzÑ���ÑÖÊ È�ÈZ×Öá � × �Z��Ô¯� È É�ËWÍxÉ × �Ì�AÊe�A� È µ
´ m   × pj > pi

�Z��ÔJÍ,�zÙx� È |cj | ≤ |ci| m
´ì´ mbã@Ê È É�Ê,ÑOÊAÓZËÌÊ È �A�ßÙ��#� ×Öá Í��Q�G� È ��Ù�Í,ËZË�� È É�Í��z�A�Z��Ù�Í,� ÑÖÍ È �eÍ È>È a ÏåÓÌÍ,ÑOÍ È Ïå�Z�zÍ È ÉzËÌÍAÓÌÊAÓQÑO� È Ô × �Z���Q�ÑÖÊ Ï ×ÆÈ ÏrÊÐÑOÍ,� á,× Ô|����m
´ì´±´ mbã@Ê È �eÍ È É�Ê,ÑÖÊ�ÓZËWÊ È �A�PÙ���� ×Oá Í7Ï ° È ÑÖÊ�Ë á Ê È�È Í,� × �A�Z��Ô × Ù�Ê È Ù�Í,�Õ�ÌèAÙ^�¯É�Ù × �,�2�A�ZÑ ñ Ñ Ô × ÏrÍ7�fa á,× ÔJÍnm
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zÙP2kONikON�GJMONXIaYbKvNXM2ILQDkONiNXT&V�GJT k2MZY$M�W-T�V�R�[_QD��GdK�Y$MZYdkOG�[-GCP{nSGCPHP2�DIdhvGJnSGCPH[-NmnoYc^�W&NXT kON�N�¤-V�NXK-kOGK�Y$MZY¥nSGCP+[-GCP�I|NXT&GCP�K-MOGJh�Y$h-nSN�P��¡NXT"kOGJT&V�N�P7N�P6T&N�V�N�PZY$M2QSGiN�¤�kONXT&[-NXM�N�P2kONªMON�P2W-nDkZYJ[-GmK�Y$MZY§ñ W&NªQDT&VXnDW-U"YnSGCP][-GCP]P2�DI�h*GJnSGCP]I|NXT&GCP]K-MOGJh�Y$h-nSN�P0B+Â�N�[-N��&T&N�NXnªY$n�^¿Y$hvNXkOG$Ì¿^�W&NXT kON A′ = {x′1, . . . , x′n−1}
VXW-U�GCPPO�DIdhvGJnSGCPiPON�Y¡jÔW&P2kZY$TÝYLnoYa[_QSP2k2M2QDh-W&VXQSRJT\[-NdK-MOGJh�Y$h-QDnDQS[&YJ[-N�P P ′ = {p1, . . . , pn−2, pn−1 + pn}
ü*N�P[-N�VXQDM��

p(x′k) =

{
p(xk)

P2Q
k ≤ n− 2

p(xn−1) + p(xn)
P2Q

k = n− 1E W�Y$nSñ"W-QSNXMcK-MON��Cj2G�[-N A′ PZNdK-W&N�[-NLV�GJT l�NXM2k2QDMdNXTÝW-T\K-MON��Cj2G�[-N A Y('�YJ[_QSNXT&[-GÇP2QDILK-nSNXI|NXT"kONW-TÇÜÔ�¡ÞbYLnoY�K�Y$noY$h-MZY|[-NbV�R�[_QD��G
c′n−1

Ú`ñ"W&NdV�G [_Q���V0YY
x′n−1

ßHK�Y$MZYLGJh-kONXT&NXM
cn−1

UÇY('�YJ[_QS¦XT&[-GJnoYW-T�ÜîA�Þ]K�Y$MZYLGJh-kONXT&NXM
cn

� �"5@!¡����# ®h S~   × �ZÑ1Ù���� ×Oá ÍûÑ × ÓZË��r�A�bÉzËÌ� ] ¡QÍKÉ�Ê,ËÌÊ A � È �A�ÐËÌ���,�����eÊ,�zÙ × ÊûÏ*a � × ÏrÊ & �Z��ÔJÍ��zÙ^� È �ZÑÙ^��� ×Oá Í7Ñ × ÓZË��*�A��ÉzËÌ� ] ¡QÍ�É�Ê�ËWÊ A′ ÔJÊ,ÏåÓ × �Q�çÑOÍL� È m
zÙP2kOGCP§kON�GJMONXIaYJP�POGJT�noY�h�YJPONckON�RJM2QSV0Y[-NXn�I|¦XkOG�[-G��@Y$W-T&ñ W&NbnoYLQS[-N0YLh�ÉJP2QSV0Y|N�PmIdW-U³P2QDILK-nSNdUPZN]K-W&N�[-Nb[-N�POVXM2QDh-QDM§I|N�[_QoY$T kONbnoYJP§P2QD�CW-QSNXT kON�PiNXkZY$K�YJP#�
ïìT-QSVXQoY$nDI|NXT kON¥PON�YJP2QD�CT�YiYiV0YJ[&YiP2�DIdhvGJnSG�W-T�Y§K�Y$noY$h-MZY�[-N�V�R [_QD��G�V�GJT�V�NXMOGih-QDkOP7[-N nSGJT-�CQDk2W&[6Btmn6I|NXT&GCPmñ"W&N

n
PON0YpQD�CW�Y$n�Y�A��_T&GLPON]VXW-ILK-nSNcnoY�[-N�POQD�CW�Y$nS[&YJ[�[-Nc ]MZY¡^`k e K*GJM¥nSGLñ W&NcN�P2kZYYJP2QD�CT�YJVXQSRJT�T&G�V�GJT&P2k2QDk2W-U�N|W-T V�R [_QD��GÇnDQDh-MON[-NLK-MON��Cj2G-B�Â�N|V�GJT&P2QS[-NXMZY$Tu�CM2W-KvGCPbkOG�[-GCPcnSGCPP2�DIdhvGJnSGCP|QDT&[_QDl�QS[_W�Y$nSN�P�� NXl QS[-NXT kONXI|NXT"kONÝ[-NÇkZY$IaY('&G�W-T&G��ÙUunoYþK-MOGJh�Y$h-QDnDQS[&YJ[ [-NXn§�CM2W-KvGV�GJI|GLnoYLP2W-IaY�[-NbnoYJP¥K-MOGJh�Y$h-QDnDQS[&YJ[-N�Pi[-NcPOW&P¥QDT"kONX�CMZY$T kON�P0B

��GCP{[-GCPÙ�CM2W-K*GCP V�GJT|I|NXT&GCPÙK-MOGJh�Y$h-QDnDQS[&YJ[�PONH^`W&P2QSGJT�Y$TaNXT|W-T&GcU�PON�QDT&PONXM2kZYcW-TçÓ × Ô È �ZÑO��Ù�ÔJÍ,ËK-MON�V�N�[_QSNXT&[-GþY�noYJPdK�Y$noY$h-MZYJPp[-NaV�R�[_QD��G\[-N|kOG�[-GCPbnSGCPpP2�DIdhvGJnSGCPdQDT l�GJnDW&VXMZYJ[-GCP���NXn{h-QDkcÜÔ�¡ÞK�Y$MZY�nSGCPpV�R�[_QD��GCP�[-N�nSGCPpPO�DIdhvGJnSGCPp[-N�W-Tu�CM2W-K*G\U�NXn�h-QDkdÜîA�ÞaK�Y$MZY�nSGCPp[-NXn¥GJk2MOG-BªEHGJI|GV�GJT&PON�VXW&NXT&VXQoYÇ[-N�N�P2kZYa^`W&P2QSRJTþPONdMON�[_W&V�NLNXn�^±YJVXkOGJM
K(C) U�NXn7TA$-I|NXMOGÇ[-N��CM2W-KvGCPcNXTÝW-T�YW-T-QS[&YJ[6B

Â�N�MONXK-QDkON�noY�NXkZY$K�YþY$T kONXM2QSGJM|W-k2QDnDQDä>Y$T&[-GþnSGCPp�CM2W-KvGCP³Ú�U�noYJPp^`MON�VXW&NXT&VXQoYJP|[-N�nSGCP�ILQSP2I|GCPîßI|G [_Q���V0YJ[-GCP#��Ã�YJP2kZYÇñ W&NLPORJnSG³ñ W&N�[-NLW-T&G-B�zÙT N�PON
K(C) = 1

KvGJMbnSG³ñ W&N�kONXT&[_MONXI|GCPdW-TV�R [_QD��G|nDQDh-MONb[-N]K-MON��CjÑG|U�N�P2kZY$MZÉ$T�VXMON0YJ[-GCP§nSGCP§V�R�[_QD��GCP¥K�Y$MZYLV0YJ[&YLPO�DIdhvGJnSG|[-NXn�Y$n�^±Y$h*NXkOG-B

x2 x4x3

x6x5

x1

0 1

0 1

0 1 0 1

0 1

��QD�CW-MZY s_Bfr��cÿiM2h*GJnL[-N;ÅmW_ÆvIaY$T�[-NXnNÔj2NXILK-nSG

�+Y��&�CW-MZYþs_B yþIdW&N�P2k2MZY�N�P2kON�K-MOG V�N�POGÝK�Y$MZY\noYÝ[_QSP2Ìk2M2QDh-W&VXQSRJTþ[-Nb^�MON�VXW&NXT&VXQoYJP]ñ W&NpY$K�Y$MON�V�NpNXT�noY|kZY$h-noYe_BDA[-N�noYpK�É$�CQDT�Y�A0©_B_zªTÇnoY�NXkZY$K�YdÜÍtmÞmIdW&N�POk2MZY�nSGCP��CM2W-K*GCPQDT-QSVXQoY$nSN�PÙ^`GJM2IaYJ[-GCP KvGJMÙW-Tr$-T-QSV�GbP2�DI�h*GJnSG�� NXTaN�P2kZYcNXkZY¡ÌK�Y
K(C) = 6

B�zÙT�noYJPbNXkZY$K�YJP]ÜÍÒ Þ|YÜÍz7ÞLPON�IdW&N�POk2MZY$TnoYJP¥POW&V�N�P2QDlJYJPH^`W&P2QSGJT&N�P§[-N�nSGCP¥�CM2W-KvGCP¥NXn6lCY$nSGJM
K(C) lJY[_QSPOILQDT"W-U�NXT&[-G�[-NdraYe_B&��QDT�Y$nDI|NXT"kON��vNXT�noYaNXkZY$K�YpÜÍ��ÞPZRJnSGLñ"W&N�[&Y�W-T��CM2W-K*G�KvGJM§nSGLñ W&NbNXn6K-MOG V�N�PZG��&T�Y$nDQDä>Y�U

K(C) = 1
B$zÙTLnoYi�&�CW-MZYcs_Bfr]PONHK-W&N�[-N¥GJh&PONXM2lJY$MÙNXn�É$M2hvGJn[-NÅmW_ÆvIaY$T���NXT&NXMZYJ[-G�K�Y$MZY�NXn NÔjÑNXILK-nSG���noYJPbK�Y$noY$h-MZYJP[-NLV�R�[_QD��G³PON�^¿GJM2IaY$T Y('�YJ[_QSNXT&[-G³nSGCP]h-QDkOPdV�GJT�nSGCPbñ W&NN�POkZÉ$TaNXk2QSñ"W&NXkZYJ[&YJP noYJPÙMZY$IaYJPH[-NXn�V0Y$ILQDT&G�ñ"W&NmlJY][-N�PO[-NnoYpMZY$�DädÃ�YJP2kZY�noYpÃ&G$jOY�V�GJM2MON�P2K*GJT&[_QSNXT kONCBzªn6V�R [_QD��G��&T�Y$n6GJh-kONXT-QS[-GL[_Q���NXMON]V�GJT�NXnvñ W&N]Y$K�Y$MON�ÌV�NiNXTnoYbkZY$h-noY�e_BDA��"N�P2kOGpN�P [-NXh-QS[-G�Y�ñ"W&NiNXn»Ó × Ô È �ZÑ��ÌÙ�ÔJÍ�Ëñ W&N�PONpQDT&PONXM2kZYK-MON�V�N�[_QSNXT&[-G�YnoYJP]K�Y$noY$h-MZYJPb[-N�V�R [_QD��G

}FuQTk0ÁFÃ�s @#saq1TW[pc�],GKRLJZ_a[(]%q�Ä
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��QD�CW-MZYws_B yG�¢z6jÑNXILK-nSGÛ[-N W&POGÕ[-NXnæY$nD��GJM2QDk2I|GÛ[-N¨ÅmW_ÆvIaY$T�K�Y$MZY noYÕ[_QSP2k2M2QDh-W&VXQSRJT [-NK-MOGJh�Y$h-QDnDQS[&YJ[ P = {0, 67, 0, 11, 0, 07, 0, 06, 0, 05, 0, 04} BÈzÙnÈV�R [_QD��G GJh-kONXT-QS[-G N�P C =
{0, 100, 110, 111, 1010, 1011} B+zªn6�CM2W-K*GLVXMON0YJ[-GaNXT³V0YJ[&YLNXkZY$K�Y�N�P2kZÉpQDT&[_QSV0YJ[-G|NXT³�CM2QSP>B-zªn�P2�DI�ÌhvGJnSG

λ
MONXK-MON�PONXT kZYaYpnoYLV0YJ[-NXT�YLlJYJVX�oY_B

VXW�Y$T&[-G�PONc^`W&P2QSGJT�Y$TÝ[-GCPm�CM2W-KvGCP�NXT\N�P2kON�V0YJPOG�P2QD�CW&NbnoYMONX�CnoY�ÜÍNXnih-QDkaV�GJTÈlCY$nSGJM|W-T&G�NXT¢NXn§�CM2W-KvG�V�GJTÈI|NXT&GJMK-MOGJh�Y$h-QDnDQS[&YJ[ UFNXn§h-QDkV�GJT lJY$nSGJMaV�NXMOG NXTÈNXnm�CM2W-KvG�V�GJTÈIaY�U�GJM�K-MOGJh�Y$h-QDnDQS[&YJ[�Þ^� KvNXMOG�N�P2kOG�N�PY$M2h-QDk2MZY$M2QSGÝU�PZNK-W&N�[-N�MON0Y$nDQDä>Y$MLW-T�Y\NXnSN�V�VXQSRJT<[_Q�^¿NXMONXT"kON³NXTFV0YJ[&Y\NXkZY$K�Y_B{Â�GJh-MON�noYJP
n − 1

K*G$ÌP2QDh-nSN�P�^`W&P2QSGJT&N�PcKvG�[-NXI|GCPc��NXT&NXMZY$M
2n−1 V�R [_QD��GCPb[-NLÅiW_ÆvIaY$T�[_Q�^`NXMONXT kON�PbU\kOG [-GCPbNXnDnSGCPdPOGJT�[-NMON�[_W-T&[&Y$T&VXQoYdILQDT-QDIaY_B"ü]N§Ã&N�VZÃ&G��"W-T�YJP2K*N�VXkOGdIdW-ULQDILKvGJM2kZY$T"kON�N�P{ñ W&N§VXW�Y$nSñ W-QSNXMHYJP2QD�CT�YJVXQSRJT�[-NK�Y$noY$h-MZYJP][-NdV�R�[_QD��GnDQDh-MON�P�[-NdK-MON��CjÑG�ñ W&NdkONXT-�"Y$T\noYJPmILQSPOIaYJPinSGJT-�CQDk2W&[-N�P]ñ W&NbnoYJP�K�Y$noY$h-MZYJP][-NV�R�[_QD��G�GJh-kONXT-QS[&YJP§KvGJM�NXn�Y$nD��GJM2QDk2I|G|[-N]ÅiW_Æ*IaY$TÇK-MOG�[_W&V�N]W-TÇV�R [_QD��GL[-N]MON�[_W-T&[&Y$T&VXQoYLIL�DT-QDIaY��KvNXMOGcT&G�kOG [-GCP{nSGCP V�R�[_QD��GCP [-NmMON�[_W-T&[&Y$T&VXQoY�IL�DT-QDIaYdPOGJTaW-T&G�[-NmnSGCP

2n−1 V�R�[_QD��GCP [-NiÅmW_ÆvIaY$T�B��Y]QDILK-nSNXI|NXT"kZYJVXQSRJTÇ[-NXn*Y$nD��GJM2QDk2I|G�N�PÙI�W-U|PONXT&VXQDnDnoY]ULN���VXQSNXT"kON�P2Q&PON¥W-k2QDnDQDä>YbW-T�YcI|GJT k2�SVXW-nSGl½K�Y$MZY\Y$nDIaYJV�NXT�Y$MLnoYJP�^�MON�VXW&NXT&VXQoYJPL[-NnSGCPp�CM2W-K*GCPiB£Â�N�[&�C�(DìB�zªT;K�Y$M2k2QSVXW-noY$MLnoY�MZY$�Dä�V�GJT kONXT&[_MZÉ\noYI|NXT&GJM§[-N�kOG�[&YJP0B&Â W³N���VXQSNXT&VXQoYLPON][-NXh*NcYpñ W&N]noYJP�QDT&PONXMOVXQSGJT&N�P¥UN�¤_k2MZYJV�VXQSGJT&N�P§NXT�W-TÇI|GJT"k2�SVXW-nSGPON�MON0Y$nDQDä>Y$T NXT
O(log2 n)

BHgik2MZY�kO¦�VXT-QSV0Yu[-N�QDILK-nSNXI|NXT kZYJVXQSRJT²[-NXn]Y$nD��GJM2QDk2I|G;[-N�ÅmW_ÆvIaY$T¢PZNK-W&N�[-NbNXT&V�GJT k2MZY$MiNXTÕB �\ b�CrEDìB
ACBEDGFIHGJ2KGJLFNM�OPDGQSRUT0V�VXWYKGOPJ2KGOGM�OGFNJ2K

Â�VZÃ"Ó�Y$M2k2äpU³ bY$nDnDQSV^&ÕB£Â� bx$y�D7[-N��&T-QSNXMOGJT�W-T�YVXnoYJPONbK�Y$M2k2QSVXW-noY$M2I|NXT kON�QDT"kONXMON�PZY$T kON�[-NdV�R�[_QD��GCP[-N|ÅiW_^�^�IaY$T@��V�GJT&G�VXQS[&Y³V�GJI|G�V�R [_QD��GCPpV0Y$T&RJT-QSV�GCPpG�N�P2kZÉ$T&[&Y$M0B���GCPdV�R�[_QD��GCP�V0Y$T&RJT-QSV�GCP�KvGCPON�NXTK-MOGJK-QSN�[&YJ[-N�P�IaY$kONXIaÉ$k2QSV0YJP�ñ W&N�^±YJVXQDnDQDkZY$T�P2W Y$nDIaYJV�NXT�Y$ILQSNXT kOG\U�IaY$T-QDK-W-noYJVXQSRJT@��Ã�YJVXQSNXT&[-G�ñ W&NnSGCPªY$nD��GJM2QDk2I|GCPªñ W&N{nSGCP���NXT&NXMZY$TLUcIaY$T-QDK-W-noY$T|PON0Y$T�IaÉJP�MZÉ$K-QS[-GCPªñ"W&NHGJk2MOGCP�k2QDK*GCP7[-N�V�G�[_Q���V0YJVXQSRJTUe�&Y$n6ILQSP2I|G|k2QSNXILK*G��-T&N�V�N�POQDkONXT³I|NXT&GCP§MON�ñ W-QSP2QDkOGCP§[-NcI|NXI|GJM2QoY|ILQSNXT"k2MZYJPiPON]K-MOG V�N�PîY$T�B
ÀFr [�Y�XZ[xD@TaV�A(caXmTWh�A([îR�kJj�XZc�j(_a[(]^kJ_aX1VWXZYîGEc�TsDJX1\ET!D¯]xc,Yß]^[(Tk¯]�zxAETUVFA,]xc
zxA(_aTk�[(X�\#XmTWh�Y�TW[EXxk%zxA(T@V�A,]^c
zXAE_aTk¯]\ET»hNAEhh�(_ M|XxhWs
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�+Y�[-N��&T-QSVXQSRJT�GJM2QD�CQDT�Y$n7[-NpnSGCP]V�R�[_QD��GCP�V0Y$T&RJT-QSV�GCPdN�P2kZÉ|K-noY$T kON0YJ[&Y�W-k2QDnDQDä>Y$T&[-G�h�YJPON�h-QDT�Y$M2QoY_BÂ QDT¬NXIdh�Y$M2��G��¥N�POkZY�[-N��&T-QSVXQSRJT×PON�K-W&N�[-N���NXT&NXMZY$nDQDä>Y$MÇ[-N�kZY$nm^¿GJM2IaYuñ"W&N�kZY$Idh-QS¦XT×PON�K-W&N�[&Y$TQDT&VXnDW-QDMmnSGCPmV�R�[_QD��GCPmV�GJT³W-T�Y�h�YJPZNcT"W-I|¦XM2QSV0YP2W-KvNXM2QSGJMiY|e_B&ü�QSVOÃ&GaN�P2kOG��-W-T�V�R�[_QD��G|[-NbÅiW_^9^`IaY$TN�P�V�GJT&P2QS[-NXMZYJ[-G<V0Y$T&RJT-QSV�GÈPOQ�KvGCPON�NÝnoYÕÉzËÌÍxÉ × �Ì�eÊA� ���NÑOÊ È ��ÙQ���Q�zÙ × Ê ����Ïå�ZË × Ù^Ê��mñ W&NþPON\K-W&N�[-N[-NXkZY$nDnoY$Mi[-NcnoY�P2QD�CW-QSNXT"kONdIaY$T&NXMZY��
´ B§�+GCP V�R�[_QD��GCP�PONmV�GJnSG�V0Y$T�NXT�GJMO[-NXT�[-N�VXMON�VXQSNXT"kONc[-NikZY$IaY('&G�PONX��$-T�noYJPHnSGJT-�CQDk2W&[-N�P�GJh-kONXT-QS[&YJPKvGJMLNXn§Y$nD��GJM2QDk2I|G�[-NÇÅmW_ÆvIaY$T@��IaY$T"kONXT-QSNXT&[-G NXn§GJMO[-NXTFnSN�¤�QSV�GJ�CMZÉ¡��V�GþVXMON�VXQSNXT kON³K�Y$MZY�nSGCPV�R�[_QD��GCP§[-NcW-TÇILQSPOI|GLkZY$IaY('&G-B
´±´ B§��G [-GCP§nSGCPmV�R�[_QD��GCP§[-NcW-T³[-NXkONXM2ILQDT�YJ[-G|kZY$IaY('&GPOGJTÇTA$-I|NXMOGCP�V�GJT&PON�VXW-k2QDl�GCP0B
´±´±´ BiÂ�N0Y

c1
NXn�$-nDk2QDI|GLV�R�[_QD��G�[-N

l
[_�D�CQDkOGCPbÚ`G�[-NiIaY0U�GJM¥lJY$nSGJM�T W-I|¦XM2QSV�G"ßHU

c2
NXn*K-M2QDI|NXM§V�R�[_QD��G[-N

l − 1
[_�D�CQDkOGCP�Ú`GaNXn+[-NdI|NXT&GJMilCY$nSGJMmT W-I|¦XM2QSV�G"ßZ�vNXT"kOGJT&V�N�P

c1 = B(c2 − 1)
�@NXT�[-GJT&[-N

BN�P§noYph�YJPONcT"W-I|¦XM2QSV0Y|W-k2QDnDQDä>YJ[&Y�K�Y$MZY���NXT&NXMZY$M�NXn�V�R [_QD��G|[-NdÅmW_^�^�IaY$T�B
Ë�GJMÙNÔj2NXILK-nSG��JP2Q_MON0Y$nDQDä>Y$I|GCPªW-T�Y�V�G [_Q���V0YJVXQSRJT|[-N�ÅiW_Æ*IaY$TLV0Y$T&RJT-QSV0Y�K�Y$MZY�noY�[_QSP2k2M2QDh-W&VXQSRJT|[-N^`MON�VXW&NXT&VXQoYJP§ñ W&N]I|GCP2k2MZYJ[&Y�NXTÇnoYpkZY$h-noYLe_BDAb[-N�noYpK�É$�CQDT�YÇA0©��_noYJP�nSGJT-�CQDk2W&[-N�Pi[-N]noYJP¥K�Y$noY$h-MZYJP§[-NV�R�[_QD��G�GJh-kONXT-QS[&YJPiKvGJM]NXn7Y$nD��GJM2QDk2I|G�[-NpÅmW_ÆvIaY$T�POGJT |C| = {1, 3, 3, 3, 4, 4} Ú9�&�CW-MZY�s_B y ß§UÇK*GJMnSGdkZY$T"kOG�NXn@V�R�[_QD��Gd[-NmÅiW_ÆvIaY$TV0Y$T&RJT-QSV�Gpñ"W&N§PZNmGJh-k2QSNXT&NmN�P C = {0, 100, 101, 110, 1110, 1111} B��G [-GCPbnSGCPbV�R [_QD��GCPd[-NÂ Ã�Y$T-T&GJT�Ä ��Y$T&G³KvGCPON�NXTþnoY�K-MOGJK-QSN�[&YJ[�[-N�noYÇPON�VXW&NXT&VXQoY�T W-I|¦XM2QSV0YÇU�KvGJMN�POkON]I|GJk2QDl�GaYpnSGCP§V�R�[_QD��GCP§V0Y$T&RJT-QSV�GCPiYpl�N�V�N�P¥kZY$I�h-QS¦XT�PON]nSN�Pm[-NXT&GJILQDT�YLV�R [_QD��GCPm[-NbÅmW_ÆvIaY$T�ÄÂ Ã�Y$T-T&GJT�Ä �@Y$T&G�B£EHGJT@}Js(DìB�mT�Yþ[-N³noYJPLl�NXT"kZY¡jOYJPGJh-kONXT-QS[&YJP�[-N³N�P2kZYJP|K-MOGJK-QSN�[&YJ[-N�PN�PanoYÝK*GCPOQDh-QDnDQS[&YJ[<[-NÇMONXK-MON�PONXT kZY$MkOG�[-GCP�nSGCP]V�R [_QD��GCP�W-k2QDnDQDä>Y$T&[-GÇNXn�K-M2QDI|NXM�lCY$nSGJMc[-N�V0YJ[&YT-QDl�NXn7U³P2W\K*GCPOQSVXQSRJTÝ[-NXT k2MOG�[-NXn7V�R�[_QD��GV0Y$T&RJT-QSV�G��7nSG\ñ W&NMONXK-MON�PZNXT"kZY\W-TFV�GCP2kON�[-N�Y$nDIaYJV�NXT�Y$ILQSNXT kOG�V�NXMOV0Y$T&GþY

O(log v)
�ª[-GJT&[-N

v
N�PNXn{TA$-I|NXMOG�[-NaNXnSNXI|NXT"kOGCPp[-NXn Y$n�^¿Y$hvNXkOG-B�gik2MZY�l�NXT kZY¡j2Y�[-NLnSGCPbV�R�[_QD��GCPdV0Y$T&RJT-QSV�GCPpN�Pbñ W&NLT&G³N�PT&N�V�N�PîY$M2QSG�Y$nDIaYJV�NXT�Y$M]W-T\É$M2hvGJn7[-Nd[-N�V�G�[_Q���V0YJVXQSRJT�B*�iT�N�POk2W&[_QSG[-N�noYJPml�NXT kZY¡j2YJP]GJh-kONXT-QS[&YJP]V�GJTNXnvW&POG�[-N�noY�V�G�[_Q���V0YJVXQSRJT³V0Y$T&RJT-QSV0YLPONiK-W&N�[-NcNXT&V�GJT"k2MZY$MiNXT;B Å��+�C�(DìB_�ÝÉJP QDT_^¿GJM2IaYJVXQSRJT³MON�P2KvN�VXkOGY�POWÇQDILK-nSNXI|NXT"kZYJVXQSRJT@�*W&POG�U�MONXK-MON�PONXT"kZYJVXQSRJT\PON]K-W&N�[-NXT�NXT&V�GJT k2MZY$MiNXTÎB£Î*�Ý�Cr��-���§��}��-���§�Ce(DìB

ACBEDGFIHGJ2KGJLFNM�OPD0QSR�T0Z�WYK�OSKGD"K![?\�K-\]F_^1K
�+Y�QS[-N0Yb^`W-T&[&Y$I|NXT"kZY$n�[-NinoYpV�G [_Q���V0YJVXQSRJT³[-N�ÅiW_Æ*IaY$T³YJ[&Y$K-kZY$k2QDlCY�N�P�ñ W&NiPOQ*NXT�W-TÇÉ$M2h*GJn6[-NV�G�[_Q���V0YJVXQSRJT�[-N{ÅiW_Æ*IaY$T�W-TdT&G�[-G§Ã&G$jOY¥V�GJM2MON�P2KvGJT&[_QSNXT"kON¥Y¥W-TpP2�DIdhvGJnSGmV0Y$I�h-QoYm[-N{K-MOGJh�Y$h-QDnDQS[&YJ[G�É�� È Í��_kOG�[-GCP¥nSGCP�T&G�[-GCP¥ñ"W&Ni^¿GJM2IaY$T³NXnvV0Y$ILQDT&Ga[-N�PO[-N][_QSVOÃ�Y�Ã&G$jOY�Ã�YJP2kZYpnoYpMZY$�DäcNXT³NXn6É$M2hvGJn�[-NÅiW_ÆvIaY$TÇkZY$Idh-QS¦XTÝ[-NXh*NXT³[-NcI|G�[_Q���V0Y$MmP2W&P§K*N�POGCP>B-�+Y�MON0YJP2QD�CT�YJVXQSRJT\[-NcnSGCP¥KvN�POGCP¥[-NcnSGCP¥T&G�[-GCPQDT kONXM2I|N�[_QSGCP][-NXh*N]^¿GJM2ä>Y$MiY�MON�GJM2�"Y$T-QDä>Y$M]NXn�É$M2hvGJnJ�&N�P2kOGLk2QSNXT&N�VXQSNXM2kZY|PONXI|NÔjOY$T-ä>Y|Y�noY|��NXT&NXMZYJVXQSRJT[-N]W-T\É$M2h*GJn6KvGJMmNXn+Y$nD��GJM2QDk2I|Ga[-NcÅiW_ÆvIaY$T³W-k2QDnDQDä>Y$T&[-G|noYJP¥T W&NXlJYJPmK-MOGJh�Y$h-QDnDQS[&YJ[-N�P0BzªTaA0�C©�}�	�N�Æ�÷�QDk2kONXMïB ÷iQDkZ©�}(D"[-NXkZY$nDnSR¥noYJP+Y$T"kONXM2QSGJMON�P�V�GJT"k2M2QDh-W&VXQSGJT&N�P7[-NªÊ�NXÓ¥kOGJTd��Y$nDnSNXM B ��Y$n9}Js(D¯��iGJh*NXM2kièbY$nDnoY$��NXM�B£ècY$n9}J©(D�U�ü�GJT�Y$nS[� ]T"W-k2Ã�B  ]T W�©Cr,DìB-�+YJP§k2MON�P¥kO¦�VXT-QSV0YJP§W-k2QDnDQDä>Y$T�noYJP¥K-MOGJh�Y$h-QDnDQ�Ì[&YJ[-N�P V�GJI|GdN�P2k2QDIaYJ[-GJMON�P>B�÷�QDk2kONXM{N�¤-Y$ILQDT&R�N�P2kONmY$nD��GJM2QDk2I|G���è] ×NXT�[-NXkZY$nDnSN§UpnSGcI|NÔjÑGJMORdK�Y$MZYcNXnKvN�GJM¥V0YJPOG-B&Â WÇk2MZY$h�Y¡jÑG�VXW-nDILQDT&R|V�GJT�W-T�YpQDILK-nSNXI|NXT kZYJVXQSRJT�[_QSP2KvGJT-QDh-nSNcNXT;B ÷iQDkZ©C�EDìB-tinvQD�CW�Y$nvñ W&NNXn�Y$nD��GJM2QDk2I|Gd��è] Ð�CNXn-K-MOGJ�CMZY$IaYc[-N�÷�QDk2kONXMÙP2W-KvGJT&NHñ W&N�nSGCP7KvN�POGCPª[-N�nSGCPªP2�DIdhvGJnSGCPÙñ W&N§Y$K�Y$MON�V�NXTNXT�noYJP Ã&G$j2YJP�V0Y$Idh-QoY$TÇ[-NiW-T�YpNXTW-T�YdW-T-QS[&YJ[6B_zªn*V0YJPZGdIaÉJPH��NXT&NXMZY$nJ�_NXT�NXnvñ W&N§noYdK-MOGJh�Y$h-QDnDQS[&YJ[[-NXnvP2�DI�h*GJnSGpK-W&N�[-NcV0Y$Idh-QoY$M¥W-T�Y�V0Y$T"k2QS[&YJ[�Y$M2h-QDk2MZY$M2QoY���^�W&N�[_QSPOVXW-k2QS[-GpK*GJM§EHGJM2IaYJV�&�UaÅ�GJMOP2KvG GJnB£EHÅ]©$y,D+UW-k2QDnDQDä>Y$T�noYJP¥ILQSP2IaYJP§QS[-N0YJP§h�ÉJP2QSV0YJP0B�+YÇK-M2QDT&VXQDK�Y$nH[_Q�^`NXMONXT&VXQoY�NXT"k2MONNXn Y$nD��GJM2QDk2I|G���è]  UþNXnÙI|¦XkOG�[-G�[-NL÷�QDk2kONXM�N�PdnoY�^¿GJM2IaY³[-Nk2MZY$kZY$M7nSGCP7P2�DI�h*GJnSGCP�T&G0l�NXnSN�P>B$�+GCP�K-M2QDI|NXMOGCP7I|¦XkOG�[-GCPÙY$W-I|NXT"kZY$h�Y$T|NXn-Y$n�^±Y$h*NXkOGi^`W&NXT"kON¥Y('�YJ[_QSNXT&[-GW-T�P2�DI�h*GJnSGcN�P2KvN�VXQoY$n_V�GJT�^`MON�VXW&NXT&VXQoY]V�NXMOG�Ú`[-NXT&GJILQDT�YJ[-G È a ÏåÓÌÍ,ÑOÍ��A�b� È Ù^ÊxÉ��$ßZ�"Y$n�VXW�Y$n-PON nSN¥YJP2QD�CT�YW-T�Y�K�Y$noY$h-MZY�[-NLV�R�[_QD��GÇY$nªQDT"k2MOG�[_W&VXQDM2nSG³NXTþW-T�É$M2h*GJnÙ[-NLÅiW_ÆvIaY$T�B6E�YJ[&Y�l�NXä|ñ W&NLY$K�Y$MON�V�NLW-T
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P2�DI�h*GJnSGaT"W&NXl�GPONcMON�NXILK-noY$ä>YN�P2kONbT&G�[-GLÃ&G$jOYLKvGJM§W-T³T&G�[-G|QDT"kONXM2T&G�V�GJT�[-GCPmÃ-Q jÑGCP>B&zªT�W-T&G[-NnSGCPHT&G�[-GCP Ã-Q j2GCPHK*NXM2IaY$T&N�V�NXMZÉ�NXnvP2�DI�h*GJnSG�[-N]N�POV0Y$KvNiV�GJT�^`MON�VXW&NXT&VXQoY�V�NXMOG���ILQSNXT k2MZYJP§ñ"W&N]Y$nvGJk2MOGPON�nSNiYJP2QD�CT�YcNXn�P2�DI�h*GJnSGbT"W&NXl�GdV�GJT|^�MON�VXW&NXT&VXQoYaACB�zÙP2kZYbY$K-MOG0¤�QDIaYJVXQSRJT�N�PªI�W-U�POQDILQDnoY$MHY$n-I|¦XkOG�[-G[-NcN�POV0Y$KvN
A
ô B��Y�Y$nDkONXM2T�Y$k2QDlCY�N�P7QDT&VXnDW-QDM7W-T�PO�DIdhvGJnSG�[-N�N�POV0Y$KvNHN�¤�K-nD�SVXQDkOG]NHQDT&VXMONXI|NXT"kZY$M{POWd^`MON�VXW&NXT&VXQoY�V0YJ[&Yl�NXäLñ W&N�PON�NXILK-nSN0YÝÚ�I|¦XkOG�[-G

C ′
ß�B@�+Y�[-N�PZVXM2QDK*VXQSRJTþ[-NpnoY�V�G [_Q���V0YJVXQSRJT�[-N�ÅiW_Æ*IaY$T�YJ[&Y$K-kZY$k2QDlCYW&PZY|N�P2kONbPONX�CW-T&[-GaI|¦XkOG [-G��*YJP2�6K-W&N�PiNXn+lJY$nSGJMm[-NdnoYp^`MON�VXW&NXT&VXQoY|[-NdV0YJ[&Y|P2�DIdhvGJnSGaNXT\NXn�É$M2h*GJn�N�PKvGCP2QDk2QDl�G|U�IaY�U�GJMcñ"W&N�V�NXMOG-B@��QDnDQS[_QO$þNXk�Y$n±B«B ���+Ë{�C�,D7V0Y$nSVXW-noY$MOGJTÝNXn7V�GCP2kONpN�¤-YJVXkOG�[-N�W-T�h-QDk]NXTnoY�V�G�[_Q���V0YJVXQSRJT\YJ[&Y$K-kZY$k2QDlCYL[-NbÅiW_Æ*IaY$T�BzÙn&V�GJT&V�NXK-kOG]h�ÉJP2QSV�G]K�Y$MZY]NXT"kONXT&[-NXM noYiV�G�[_Q���V0YJVXQSRJTa[-N¥ÅiW_Æ*IaY$TaYJ[&Y$K-kZY$k2QDlCY]PON�V�GJT&G�V�N¥V�GJI|GnoYdÜìK-MOGJK-QSN�[&YJ[�[-NcÃ&NXM2IaY$T&[&YJ[�Þ^�@Y�N�P2kZYLK-MOGJK-QSN�[&YJ[ÇnSNbP2QD�CW&N]W-T³kON�GJMONXIaY_B
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�+NXM2M2U�tpB@Ð�NXnSVOÃ@�v[-N��mT-QSP2U_P���QDT"k2MOG�[_WJjÑG�U³K�Y$kONXT kORW-T�YlCY$M2QoY$T"kON�[-N���Î6}J©çB£Î*��}J©(D7nDnoY$IaYJ[&Y��Î@Ð Ú`��NXILKvNXn Ä_Î@QDl�Ä"Ð�NXnSVZÃ@ßKB Ð�NXno©$y�DìB*zÙP2kZYalJY$M2QoY$T kONpPZNdÃ�YaÃ&N�VOÃ&G�IdW-U³^¿Y$I|GCPZYaKvGJM�PONXMinoYañ W&NPZNiW-k2QDnDQDä>YpK�Y$MZY�V�GJILK-M2QDILQDMiNXT�NXnv^¿GJM2IaY$kOGL[-N�QDIaÉ$��NXT&N�P�è]ïÔ��B_Â�N]k2MZY$kZY�[-N�W-T�YpI|G�[_Q���V0YJVXQSRJT�[-N��Î6}J©�ñ"W&N��-YpV�GCP2kZYp[-N]W-T�Y�kZYJPZY�[-N]V�GJILK-MON�P2QSRJTÇI|NXT&GJM��-G$^�MON�V�N]I|NÔj2GJMZYJP¥NXT³VXW�Y$T"kOG|Y�l�NXnSG�VXQS[&YJ[UFW&PZG [-N�I|NXI|GJM2QoY��HnSG ñ W&N³Ã-QDä0Guñ"W&N\PON�W&PZY$MZY�NXT¢nSGCP�I|G [-NXI|P�ñ W&N�POGJKvGJM2kZY$T¬NXniK-MOGJkOG�V�GJnSG÷�y"e$h-QSP0B@�+Y|lCY$M2QoY$T"kONp��Î@Ð kZY$I�h-QS¦XTþN�P2kZÉLQDILK-nSNXI|NXT kZYJ[&Y�NXT�NXn+K-MOGJ�CMZY$IaYNÙ�Í�ÏuÉ�ËÌ� ÈxÈ [-Np��Êiï¶�B �¥�\ü + �_AZDìB���YLY$ILK-nDQoY�[_Q�^�W&P2QSRJTÇñ W&NmÃ�Y�kONXT-QS[-GLN�P2kZY�lCY$M2QoY$T"kON]Ã�Y�Ã&N�VOÃ&GLñ W&N��_NXT�noYdIaY0U�GJM2�oYL[-NnSGCPmV0YJPOGCP��-VXW�Y$T&[-G|PON]Ã�Y$h-noY|[-Nb��Î6}J©�QDT&[_QDMON�VXkZY$I|NXT kON�PONcN�POkZÉ�Ã�YJVXQSNXT&[-GLMON�^¿NXMONXT&VXQoYaY���Î@Ð�BzªnÙK-MOGJKvRCP2QDkOG³[-NXn{Y$nD��GJM2QDk2I|G�N�PdV�GJT&P2k2M2W-QDMbW-T�[_QSV�VXQSGJT�Y$M2QSG�NXT�NXnÙñ"W&NaPON��CW�Y$MO[&Y$T�kOG�[&YJPcnoYJPV0YJ[-NXT�YJP³Ú`PZN�VXW&NXT&VXQoYJPL[-N�PO�DIdhvGJnSGCPîßbñ W&N�Ã�Y$T<Y$K�Y$MON�VXQS[-G\NXT;noY\NXT"k2MZYJ[&Y_Bªt	V0YJ[&Y�V0YJ[-NXT�Y\PONnSNYJPOQD�CT�Y�W-T³QS[-NXT"k2Q���V0YJ[-GJMLÚ�W-T³T�$-I|NXMOG"ß¥ñ W&N]noY�MONXK-MON�PONXT"kZY_B@tmn+QDM§V�G [_Q���V0Y$T&[-GanoYLNXT"k2MZYJ[&Y��@P2Q6T&GCPNXT&V�GJT k2MZY$I|GCPbV�GJTÝW-T�Y�V0YJ[-NXT�Yñ W&N�U"YN�POkZÉaNXTþNXnª[_QSV�VXQSGJT�Y$M2QSG��vnoYaPîY$nDQS[&Y[-NXnÙY$nD��GJM2QDk2I|GÇPONXMZÉNXnQS[-NXT k2Q���V0YJ[-GJM [-NHnoY]V0YJ[-NXT�YcNXTLNXn&[_QSV�VXQSGJT�Y$M2QSG-B�zªn&[-N�PZV�GJILK-MON�POGJM{[-NXhvN QDMÙV�GJT&POk2M2W-U�NXT&[-GbNXn-ILQSP2I|G[_QSV�VXQSGJT�Y$M2QSGñ"W&N]NXn+V�GJILK-MON�PZGJM��-K*NXMOG�noYpl�NXT kZY¡j2Y|N�P§ñ"W&NcNXn�[_QSV�VXQSGJT�Y$M2QSGaT&G�k2QSNXT&Nbñ W&N]K�YJPZY$MOPONc[-N^¿GJM2IaY�N�¤_K-nD�SVXQDkZYLU"Y�ñ W&Nc¦�P2kONbN�P2kZÉpQDILK-nD�SVXQDkOGNXTÇnoYLV�G [_Q���V0YJVXQSRJT�B
¬ ? [*kJTÌ]xca_�\(]x\7q/pjxPXDJTWh�P�] zxAET�B
VXZ[KTWhIDJXxh,ux]xcaXxkJTh�B�TWc�D¯]xYß]v�(XpYîTa[(_aY�Xb\ET�c�]bVWXx_�[EVW_�\ETW[EVW_�]�\ETWj�T�hITk>\#TßfjXPXDJTWh!G(]^k¯]4zxAET0�,]�P�]ïVWXZYîG#kJTWhI_a`Z[ P%\E_aVS�(X�D¯]xYß]L�EX YîTa[(_aY�X>hITmhNAKG�XZ[ET»_aYîG(cZTaVW_EDJX�TW[pThJ] Yß]LJx[(_ED@A,\es
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D ← A
w← ∅�����x�_� ¬EOF �-�Ñ����ZËKÙ�Ê,ËÌÊeÙ�Ô¯�ZË

K��� wK ∈ D� �����
w ← wK�+����� �ZÏ × Ô × ËP�ZÑÙ��#� ×Öá Íi�A� w
D ← D ∪ {wK}
w ← K�

�"�
zÙn�Y$nD��GJM2QDk2I|Gas_Bfe�I�W&N�P2k2MZY|N�P2kZYpQS[-N0Y|[-NbV�G [_Q���V0YJVXQSRJT\[-N]W-T�Y�IaY$T&NXMZYLIaÉJP§K-MON�VXQSPZY_B&ïÍT-QSVXQoY$n�ÌI|NXT kON|PON�Ã�Y$TþQDT"k2MOG�[_W&V�NXT NXT�NXnÙ[_QSV�VXQSGJT�Y$M2QSG D kOG�[-GCPcnSGCPcP2�DI�h*GJnSGCP�[-NXn{Y$n�^¿Y$hvNXkOG$Ì¿^�W&NXT kON�� A Hx¯ BE�YJ[&Y�V0Y$MZÉJVXkONXM�[-N�noY�NXT"k2MZYJ[&YuPON³lJY�nSNXU�NXT&[-G PON�VXW&NXT&VXQoY$nDI|NXT kONÝUFNXT

w
PON³lCYþV�GJT&P2k2M2W-U�NXT&[-GnoYþV0YJ[-NXT�Y�ñ"W&N�PON�h-W&POV0Y$MZÉ�NXT D BÙtin¥K-M2QDT&VXQDK-QSG wK = K

Ú�U"Yþñ"W&N
w = ∅ ßLUuPON³MON0Y$nDQDä>YþnoYYJP2QD�CT�YJVXQSRJT

w = K
B�E W�Y$T&[-G�PZNLnSN�N|NXn{P2QD�CW-QSNXT kONV0Y$MZÉJVXkONXM��

K ′
��PONLh-W&POV0Y³NXT NXn{[_QSV�VXQSGJT�Y$M2QSG�noYV0YJ[-NXT�Y

wK ′ = KK ′
ñ W&N���NXl�QS[-NXT"kONXI|NXT kON��*T&G|N�P2kZÉ_B&zªT\N�P2kONbV0YJPOG|noYLPZY$nDQS[&Y|N�PmNXn�QS[-NXT"k2Q���V0YJ[-GJM[-N

w
Ú`ñ W&NdNXT�N�POkONbV0YJPOG|lCY$nSN

K
ßHUÇPON�Y('�YJ[-N

wK
Y D Ú�Ue�@V�GJT&PON�VXW&NXT"kONXI|NXT kON��6PONcnSNpYJP2QD�CT�YLW-TQS[-NXT k2Q���V0YJ[-GJMîß�B*téV�GJT"k2QDT W�YJVXQSRJT�NXn�K-MOG�V�N�POG|PONcMONXK-QDkON�V�GJT�NXn+POQD�CW-QSNXT"kONpV0Y$MZYJVXkONXMmÃ�YJP2kZYY$nSV0Y$T-ä>Y$MNXnv�&T�[-N]noY|NXT"k2MZYJ[&Y_Btin�QD�CW�Y$n_ñ"W&N NXT�NXn�V0YJPOGm[-NH��Î6}C}
�¡Ã�Y�UclCY$M2QSGCP�YJP2KvN�VXkOGCP�[-NXn�Y$nD��GJM2QDk2I|G�ñ"W&N N�P2kZÉ$T�MONXnoYJVXQSGJT�YJ[-GCPV�GJT�POW³MONXT&[_QDILQSNXT"kOG�UÇN���VXQSNXT&VXQoY_B�zªT�K-M2QDI|NXMmnDW-�"Y$M��@V0YJ[&YLl�NXä�ñ W&NbPONbnSN�NcW-T�T W&NXl�GaP2�DI�h*GJnSGN�PT&N�V�N�PZY$M2QSG�h-W&PZV0Y$M§W-T�Y�V0YJ[-NXT�YLNXT³NXn�[_QSV�VXQSGJT�Y$M2QSG���VXW�Y$T kOGLIaÉJP¥MZÉ$K-QS[&YLPZN]MON0Y$nDQSV�NbN�P2kZYph�$&POñ W&N�[&YIaÉJPHMZÉ$K-QS[-GLPONXMZÉpNXn�Y$nD��GJM2QDk2I|G-B-���DK-QSV0Y$I|NXT"kONbPZN�POW&NXnSNXT�W-k2QDnDQDä>Y$M¥kO¦�VXT-QSV0YJP¥[-N�Ã�YJP2Ã-QDT-��B  ]T W@}Js(D�Gk2M2QSN�P�B£ècÒï¡dÂ_�CeED+K�Y$MZY�MON0Y$nDQDä>Y$MiN�P2kONcV�GJI|NXk2QS[-G-BzÙT PONX�CW-T&[-G nDW-�"Y$M��{PON�Ã�Yþl�QSP2kOG�ñ W&N�NXn�[_QSV�VXQSGJT�Y$M2QSG�lCY�VXMON�VXQSNXT&[-G;YþI|N�[_QS[&Y ñ"W&N�PONÇlCY$TQDT&PONXM2kZY$T&[-G�T"W&NXlCYJP�V0YJ[-NXT�YJP���K*NXMOG\NXT noY³K-MZÉJVXk2QSV0Y�T&G�PON[_QSP2KvGJT&Na[-N�V0Y$T"k2QS[&YJ[-N�PL[-NI|NXI|GJM2QoYQDnDQDILQDkZYJ[&YJP��@KvGJMinSG�ñ"W&N�PONd[-NXhvNpN�P2kZY$h-nSN�V�NXM]W-T�kZY$IaY('&GIaÉ¡¤�QDI|G�K�Y$MZYNXn�[_QSV�VXQSGJT�Y$M2QSG-BvË7Y$MZY�N�PÑÌkZY$h-nSN�V�NXM§[_QSVZÃ&G�lJY$nSGJM¥PON][-NXhvNikONXT&NXM¥NXT³VXW&NXT kZY�NXn*kZY$IaY('&GL[-NXnvQS[-NXT k2Q���V0YJ[-GJM��&K-W&N�P¥VXW�Y$T"kZYJP§IaÉJPV0YJ[-NXT�YJP�kONXT-�"Y�NXn6[_QSV�VXQSGJT�Y$M2QSGLIaÉJPHh-QDkOP¥PON�T&N�V�N�P2QDkZY$MZÉ$TÇK�Y$MZYpMONXK-MON�PONXT kZY$M§P2W&P�QS[-NXT"k2Q���V0YJ[-GJMON�PmUe�KvGJM�nSGLkZY$T"kOG��-noY�V�GJILK-MON�POQSRJT�NXILK*N�GJMZY$MZÉ_BvE W�Y$T&[-G|PONbY$nSV0Y$T&V�NbNXTÇkZY$IaY('&G|IaÉ¡¤�QDI|G|N�POkZY$h-nSN�VXQS[-GK�Y$MZY�NXn7[_QSV�VXQSGJT�Y$M2QSG�Ã�Y$h-MZÉ�ñ"W&NpNXnDQDILQDT�Y$McnoYJP]V0YJ[-NXT�YJPbY$nDIaYJV�NXT�YJ[&YJP��vK*NXMOG�ÿ>PONp[-NXh*NXTþ[-N�PON�VZÃ�Y$MkOG�[&YJPHnoYJPHV0YJ[-NXT�YJP¥[-NXn6[_QSV�VXQSGJT�Y$M2QSGLUalJYJVXQoY$M2nSGpKvGJMHV�GJILK-nSNXkOGLG�PONiK-W&N�[-NXT�Y$K-MOG0l�N�VZÃ�Y$M§noYJP�V0YJ[-N�ÌT�YJPHñ"W&NmIaÉJP PZN¥Ã�Y$TW&PîYJ[-GbU|[-NÔjOY$M2noYJP NXT�NXn@[_QSV�VXQSGJT�Y$M2QSGn�bzÙP2kZYbN�P W-T�Yb[-N�VXQSPOQSRJT�[_Q�^`�SVXQDn@U�T&G�Ã�Y�UPOGJnDW&VXQSRJT³RJK-k2QDIaYLT-Q6IdW&VOÃ&GaI|NXT&GCP0B@Â�N]Ã�Ypl�QSP2kOGLñ W&NcP2Q6NXn+[_QSV�VXQSGJT�Y$M2QSG|PON]lCYJVX�oY�V�GJILK-nSNXkZY$I|NXT"kONnoYdV�GJILK-MON�P2QSRJT�NXILKvN�GJMZYpY$W-T&ñ"W&NiI|NÔjÑGJMZYbnoYcl�NXnSG�VXQS[&YJ[6B_�mT�Y�Y$nDkONXM2T�Y$k2QDlJYdK-MOGJK-W&N�P2kZY�NXTanSGCP�Y$nD��G$ÌM2QDk2I|GCP È ºAË × �G� × � á B Ë{ ]Ð¬�C©(D�U;Ù�Í,Ï%ÉzË�� ÈxÈ B �¥�\ü + �_AZD�N�PmNXILQDk2QDMmV�R [_QD��GCPiN�P2KvN�VXQoY$nSN�P§ñ"W&NbQDT&[_QSV0Y$Tñ W&N�PON�[-NXhvNXT�NXnDQDILQDT�Y$McnoYJPcV0YJ[-NXT�YJPcI|NXT&GCPcW-k2QDnDQDä>YJ[&YJPbU�ñ W&NpPZN�W-k2QDnDQDä>Y$TþK�Y$MZY�POQDT&VXMOGJT-QDä>Y$McnSGCP[_QSV�VXQSGJT�Y$M2QSGCPi[-NXn+V�GJILK-MON�POGJM§U�[-N�POV�GJILK-MON�POGJM0B�iT�Y�KvGCP2QDh-nSNLI|NÔj2GJMZYÇ[-NXnHY$nD��GJM2QDk2I|G���Î@Ð V�GJT&P2QSP2kONaNXT V�GJT&P2QS[-NXMZY$Mpñ"W&NLnSGCPdQS[-NXT"k2Q���V0YJ[-GJMON�PPOGJT�MONXK-MON�PONXT kZYJ[-GCP{KvGJM7W-TLTA$-I|NXMOGclCY$M2QoY$h-nSN§[-N�h-QDkOP0BCtin_Ã�YJV�NXM2nSGdYJP2�J�JPON�K-W&N�[-NXTY$K-nDQSV0Y$MªkO¦�VXT-QSV0YJP

R�°]± ThJ\ETYAE[×G#kJ_a[(VW_ZG(_aXCBEThIDJXZhU]xcZJZX^kJ_EDJY�XZhþTWhID¯]^j,]x[×G�TW[(hJ]x\EXxh!G,]^k¯]ïVWX�\E_E|(VÌ]^khAE[,]���A(T[XDJTYzxA(T«TY�_ZDJTVÌ]^k¯]^VFDJTkJTWh� ~ gEf3fsBfG�X^k1c�X�D¯]x[xDJX
A
ThID¯]^kSR�� XxkJYß]x\EX G�X^k0DJX�\EXxhmcaXZh1VÌ]^k¯]^VFDJTkJTWh�� ~ gEf3fUT _a[(_aVW_�]^c�Y�T[XDJT TW[PTcz\#_aVWVW_aXZ[(]^kJ_aXphIT_a[XDIkJX�\CA(VWT[bc�]xh{Ãe²³@4G�XZhI_aj(caTWhUVÌ]x\ETW[(]xhU\ET»caXx[KJZ_ED@A(\PqZs
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N�POkZYJ[_�SP2k2QSV0YJP ñ W&N§MON0YJPOQD�CT&NXT�nSGCP QS[-NXT"k2Q���V0YJ[-GJMON�P#��[-NiIaY$T&NXMZY�ñ"W&NiPON§MONXK-MON�PONXT kONXTÇV�GJTI|NXT&GCP h-QDkOPnSGCP�QS[-NXT k2Q���V0YJ[-GJMON�Pmñ W&N�IaÉJP¥PON]N�P2kZÉ$T�W&PZY$T&[-GLNXTÇV0YJ[&YpQDT&P2kZY$T"kON]UaV�GJTÇIaÉJP�h-QDkOP�nSGCP¥ñ W&N�I|NXT&GCPPZN]W&PZY$T�BtmnD�CW-T�YJP¥[-N]noYJP�lCY$M2QoY$T"kON�P¥IaÉJP�QDT kONXMON�PZY$T"kON�Pi[-N]��Î@Ð«PZGJT�noYpV�G�[_Q���V0YJVXQSRJTNÜµ´�[-N]��QDnDnSNXM¥UÐ�NX�CIaY$T2B ��Ð¬©CrED¯��noYLV�G [_Q���V0YJVXQSRJT�¿%äæ[-NpÂ kOGJMONXM*B£Â kOG�©C©(D�U�noYaV�G [_Q���V0YJVXQSRJT·¶ B Ò�NXMÌDìB&zªnªY$nD��G$ÌM2QDk2I|Gc��Î@ÐÛV�GJT&POk2M2W-U�N¥V0YJ[-NXT�YJP{V�GJM2kZYJPªK-W&N�PÙNXT|V0YJ[&Y�K�YJPZGcPON¥V�GJT&V0Y$kONXT�Y]W-TÐ$-T-QSV�GbP2�DI�h*GJnSG��JKvGJMNXn6V�GJT k2MZY$M2QSGLnoYpV�G [_Q���V0YJVXQSRJT;Ü~´ØV�GJT&V0Y$kONXT�Y�noYJP¥[-GCP�$-nDk2QDIaYJP¥V0YJ[-NXT�YJP§NXT�nDW-�"Y$M§[-NcV�GJT&V0Y$kONXT�Y$MPZRJnSG|NXnþ$-nDk2QDI|GaV0Y$MZÉJVXkONXM0B@tiP2��PZNbV�GJT&P2k2M2W-U�NXT�V0YJ[-NXT�YJPmIaÉJP§noY$M2�"YJPi[-N�PO[-NbNXn�K-M2QDT&VXQDK-QSGaUKvGCP2QDh-nSN�ÌI|NXT kON§PON�I|NÔj2GJMZY]noY]V�GJILK-MON�P2QSRJT�B Ë�GJM{POWLK�Y$M2kON��CnoY]V�G [_Q���V0YJVXQSRJT ¿uä QDT k2MOG [_W&V�NiNXT|NXn&[_QSV�VXQSGJT�Y$M2QSGkOG�[&YJPbnoYJPdV0YJ[-NXT�YJP�ñ W&N|PON|GJh-k2QSNXT&NXT;Y$nÙW-T-QDMbnoY�V0YJ[-NXT�Y³ñ W&N|PONLNXT&V�GJT"k2MOR\NXT�NXn{[_QSV�VXQSGJT�Y$M2QSG\NXTnoYLQSNXk2MZYJVXQSRJTÝY$T kONXM2QSGJM�V�GJT�kOG [-GCPmnSGCPmK-MON��Cj2GCPm[-NdnoY|V0YJ[-NXT�Y|ñ W&NbPONdÃ�YLNXT&V�GJT"k2MZYJ[-G�NXT\NXn+[_QSV�VXQSG$ÌT�Y$M2QSGaNXT³N�P2kZY�QDkONXMZYJVXQSRJT�B�ü]NcN�P2kZY�^`GJM2IaY�PONcV�GJT&POk2M2W-U�NXT�U�PON]QDT"k2MOG�[_W&V�NXT�NXT�NXn�[_QSV�VXQSGJT�Y$M2QSGaIaÉJPV0YJ[-NXT�YJP#�-ñ"W&N�KvGCP2QDh-nSNXI|NXT"kONdY$K�Y$MONXä0V0Y$T�[-N�P2K-W&¦�P¥U"Y�ñ W&N�PZNiÃ�Y$T³VXMON0YJ[-G|YpK�Y$M2k2QDM§[-N]noYpNXT k2MZYJ[&Y_BË�GJMï$-nDk2QDI|G��"noYcV�G�[_Q���V0YJVXQSRJT~¶ N�P{W-T�YcV�GJIdh-QDT�YJVXQSRJTÇ[-N¥nSGCPHY$T"kONXM2QSGJMON�P��"K-W&N�PÙK�Y$MZYbV0YJ[&YdP2�DIdhvGJnSG[-N�noY\NXT"k2MZYJ[&Y�PON�V�GJT&P2k2M2W-U�N�W-T�Y�nDQSP2kZYÝ[-N�nSGCP�ÜìK-MON��CjÑGCPL[-N�V�GJQDT&VXQS[-NXT&VXQoY¡Þ�Y�nSGCPLñ"W&NÇY('�YJ[-NÇNXnPO�DIdhvGJnSG�nSNX�S[-G-B&tmn�[_QSV�VXQSGJT�Y$M2QSGaPONbY('�YJ[-NXT³noYJP¥V0YJ[-NXT�YJP§MON�POW-nDkZY$T"kON�Pmñ W&N]T&GLN�P2kZÉ$TÇK-MON�PONXT kON�P0B&ü]NN�POkZY�^`GJM2IaYLPZN]QDT"kONXT"kZY$T\VXW-h-M2QDMmIaÉJP¥KvGCP2QDh-QDnDQS[&YJ[-N�P0B
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U
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B�EHGJT;N�P2kZYÇQDT_^¿GJM2IaYJVXQSRJT@��POW�K-MON�[_QSV�VXQSRJTuK�Y$MZY�NXnHV0Y$MZÉJVXkONXMYJVXk2W�Y$nJ�@K*GJT-�"Y$I|GCP
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��PONXMZÉ

m[p1, p2]
B*Â Q7YJVXQSNXM2kZY��*N�Pi[-N�VXQDM��@POQ

c = m[p1, p2]
�@noY|PZY$nDQS[&YaPONXMZÉ|PZRJnSGW-T;h-QDk��ªñ W&N��7K-W&N�P2kOG�Y;A�QDT_^`GJM2IaYÝ[-NÇñ W&NÇPON�Ã�Y\nSGJ�CMZYJ[-GÝK-MON�[-N�VXQDMaNXn¥I|NXT&PZY¡j2NÇYJVXk2W�Y$n±B Â Q¥T&GYJVXQSNXM2kZY��6P2W�PîY$nDQS[&Y�PONXMZÉW-Tþh-QDkcK-W&N�P2kOG³YÇ���vQDT&[_QSV0Y$T&[-G³ñ W&N�T&GÇPZN�K-MON�[_Q j2G�UþYV�GJT k2QDT"W�YJVXQSRJT;NXnI|NXT&PZY¡j2NT&G�K-MON�[_QSVZÃ&G-Bªt¥[-NXIaÉJP���YJVXk2W�Y$nDQDä>Y\noY�kZY$h-noY�K�Y$MZY�ñ W&NnoY³l�NXä�P2QD�CW-QSNXT"kON�PON0Y�V0Y$K�Y$äÇ[-NK-MON�[-N�VXQDM��

m[p1, p2] = c
B+EHGJT�N�P2kZY�QDT_^¿GJM2IaYJVXQSRJT�N�PcV0Y$K�Y$äa[-NLPOQDT&VXMOGJT-QDä>Y$M�Y$nÙ[-N�POV�GJILK-MON�POGJMd[-NIaY$T&NXMZYLñ W&N]noY�kZY$h-noYLñ W&NbY$IdhvGCP§KvGCPON�NXT³NXTÇI|NXI|GJM2QoYaN�P¥QS[-¦XT"k2QSV0Y_BzÙn�[-N�POV�GJILK-MON�POGJM K�Y$M2kONm[-N§noYckZY$h-noYclCYJVX�oY]QDT-QSVXQoY$nJ��QD�CW�Y$n*ñ"W&N§NXn@V�GJILK-MON�POGJM0B"tin&MON�VXQDh-QDM{W-Th-QDkYA�� PîY$h*N�ñ"W&N�NXnvI|NXT&PZY¡j2Niñ W&N]PONmk2MZY$T&POILQDk2QSRpN�P�NXnvñ"W&N]PON�NXT&VXW&NXT"k2MZY�NXT�noY�kZY$h-noYpNXTnoY�KvGCP2QSVXQSRJTQDT&[_QSV0YJ[&YÝKvGJMLnSGCP|[-GCPÐ$-nDk2QDI|GCPaI|NXT&PZY¡j2N�PLMON�P2W-nDkZYJ[-G�[-NÇnoYÝ[-N�PZV�GJILK-MON�P2QSRJTÈMON0Y$nDQDä>YJ[&YÝÃ�YJPOkZYþNXnI|GJI|NXT kOG-BvÂ Q�MON�VXQDh*NcW-T�h-QDk�Y|���@PZY$hvNbñ"W&NdnoYLP2QD�CW-QSNXT kONdQDT_^¿GJM2IaYJVXQSRJT\PZNXMZÉLNXn+I|NXT&PZY¡j2NbkZY$n�VXW�Y$nJ�UK*G�[_MZÉ|YJVXk2W�Y$nDQDä>Y$MmP2WÇkZY$h-noYaY$n�QD�CW�Y$n+ñ W&NcNXn+V�GJILK-MON�POGJM0BÊ�GÇN�Pb¦�P2kONLNXnm$-T-QSV�G�NÔjÑNXILK-nSG³[-NaV�GJILK-MON�POGJMON�PbK-MON�[_QSVXk2QDl�GCP0B+Å�Y0UÝGJk2MZYJP�Y$nDkONXM2T�Y$k2QDlJYJP��+V�GJI|GnoYLñ W&NdPZNbQDT&VXnDW-U�NpNXT�ËÙ �ÌÔÎ*ïÔËóACB ¤�V�GJT\NXn�Y$nD��GJM2QDk2I|G�Ãß�Ì�,��Ù × � á �vñ W&NdV�GJT&P2QS[-NXMZYaW-T�V�GJTJjÑW-T"kOG�[-NP2�DI�h*GJnSGCPañ"W&N³POW&V�N�[-NXT YÝV0YJ[&YþV0Y$MZÉJVXkONXM7�ÕÒ�Í,Ñ ÑÖÍ�î>�ZË È �QÔ È � ñ W&NÇ�CW�Y$MO[&Y$T<nSGCPV0Y$MZYJVXkONXMON�Pañ W&NÃ�Y$T<PONX�CW-QS[-GþV�GJTFIaÉJP|K-MOGJh�Y$h-QDnDQS[&YJ[ÈY\W-T<V0Y$MZÉJVXkONXMa[&YJ[-G-B{EHGJI|G�NXn§V�GJTJjÑW-T"kOG�[-N�PONX�CW-QS[-GJMON�PN�P�KvN�ñ"W&NQ'&G���K�Y$MZYuQS[-NXT k2Q���V0Y$M³W-T×PONX�CW-QS[-GJM�PZN�K-W&N�[-NXT W-k2QDnDQDä>Y$M�I|NXT&GCPÇh-QDkOP0B¥zªnck2MZY$h�Y¡j2GF[-NXnV�GJILK-MON�POGJMcN�P]YJñ"W-�ª[_Q�^`�SVXQDnJ��U"Yñ W&Ndk2QSNXT&N�ñ W&N�V0Y$nSVXW-noY$McNXn�kZY$IaY('&GÇRJK-k2QDI|G�[-N�nSGCP]V�GJTJjÔW-T kOGCPc[-NPONX�CW-QS[-GJMON�P[-N�IaY$T&NXMZY�ñ W&N�T&G�PON�K-QSNXMO[&Y$T h-QDkOPLQDTA$-k2QDnDI|NXT kONCBHzÙn§K-MOGJh-nSNXIaY�YJñ W-�¥kZY$Idh-QS¦XT¢N�Pñ W&N|nSGCPpV�GJTJjÔW-T kOGCP�[-NXh*NXT;PONXMdK�YJPîYJ[-GCP�Y$nH[-N�POV�GJILK-MON�POGJM0B7�iT NÔj2NXILK-nSG�NXT K&PONXW&[-G$ÌìV�R [_QD��GÝñ W&NI�W&N�P2k2MZYcnoYd[-N�POV�GJILK-MON�P2QSRJT�UpnoYdV�G [_Q���V0YJVXQSRJT�ñ W&NmPON¥Ã�YJV�N�[-NXn@V�GJTJjÑW-T"kOGp[-NmPZNX�CW-QS[-GJMON�P PON§K-W&N�[-NNXT&V�GJT k2MZY$MiNXTÎB ËÙ ]Ð �C©(DìBË�GJM�$-nDk2QDI|G��¥N�P2kOGCP�Y$nD��GJM2QDk2I|GCP�POGJT IaY$nSGCP�Y noYuÃ&GJMZYF[-NþV�GJT k2MOGJnoY$M³�CMZY$T&[-N�P�N�POK�YJVXQSGCP³[-NV0Y$MZYJVXkONXMON�PÇQD�CW�Y$nSN�P>BHË�GJM³NXnDnSGFN�P�V�GJT"l�NXT-QSNXT kON�Ã�YJV�NXMÇnoYuV�GJILK-MON�P2QSRJT×NXT [-GCP�K�Y$M2kON�P���V�GJI|G;noYMON0Y$nDQDä>Y�NXn�Ãu�Ì�,��Ù × � á �7K-M2QDI|NXMOGÝV�GJILK-M2QDILQSNXT&[-GÝnSGCPpV0Y$MZYJVXkONXMON�PLV�GJT&PZN�VXW-k2QDl�GCP�QD�CW�Y$nSN�P�W-k2QDnDQDä>Y$T&[-GW-T�Y|lJY$M2QoY$T kON�[-N��m��z�ÚoÜÍ�§W-T\��NXT-�Ck2Ã\zÙT&V�G [_QDT-�JÞ^�vV�GJI|NXT"kZYJ[-G�V�GJTÝY$T"kONXM2QSGJM2QS[&YJ[�ßmU�YLnoYaPZY$nDQS[&YNXn�V�GJILK-MON�POGJMmK-MON�[_QSVXk2QDl�G-B
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k
nSNXk2MZYJP��¥[_QDMONXI|GCP³ñ W&NÝNXn�I|G�[-NXnSGFN�PÇ[-NþGJMO[-NXT

k
Ú¿YJP2�J�¥NXn]I|G [-NXnSGh-QDT&GJILQoY$n*PON§V�GJT&P2QS[-NXMZYdV�GJI|GcW-T|I|G�[-NXnSGd[-N§GJMO[-NXT���ß�B Â�N§K-W&N�[-NXTW&PZY$M{N�P2kOGCPªI|G�[-NXnSGCP kOGJIaY$T&[-GnoYJPdK�Y$noY$h-MZYJP�V�GJI|G�P2�DIdhvGJnSGCP0B�gik2MOGCP�I|G [-NXnSGCP�IaYJPdV�GJILK-nDQSV0YJ[-GCP�POGJT�nSGCPbI|G�[-NXnSGCPd[-NaN�POkZYJ[-GCP�&T-QDkOGCP�ñ"W&Nd��NXT&NXMZY$T�nSNXT-�CW�Y¡j2N�PiMONX�CW-noY$MON�P���UÇnSGCPiI|G�[-NXnSGCPi[-Nd�CMZY$IaÉ$k2QSV0Yñ W&Nd[-N��&T&NXT\nSNXT-�CW�Y¡j2N�PnDQDh-MON�PH[-NiV�GJT kON�¤�kOGpU|GJk2MOGCP0B-Â QDT�NXIdh�Y$M2��G��-NXn�Ã&N�VZÃ&G�[-NiNXT&V�GJT k2MZY$M¥W-T�Yb�CMZY$IaÉ$k2QSV0Ypñ W&N§��NXT&NXMON]NXnnSNXT-�CW�Y¡j2NcT�Y$k2W-MZY$n+N�P¥kOG�[&Y�l��oY�W-T�[_Q�^`�SVXQDn6K-MOGJh-nSNXIaYaY$h-QSNXM2kOG-B��YbP2QD�CW-QSNXT kONiVXW&N�P2k2QSRJT�N�P{PîY$h*NXMHV�RJI|G�N�P2kZÉ$T�[_QSP2k2M2QDh-W-QS[&YJP noYJP [_Q�^¿NXMONXT"kON�PHK�Y$noY$h-MZYJPH[-NXT"k2MOG�[-NV0YJ[&Ya[-G VXW-I|NXT kOG-B*�iT�I|G�[-NXnSG�Y$K-MOG�¤_QDIaYJ[-G�N�PinoYiÑ�� � �A�Í÷ × ÉEÒ¼B£Î@QDK-y"�(D¯��ñ W&NbQDT kONXT"kZY�GJh-kONXT&NXM�noY[_QSP2k2M2QDh-W&VXQSRJT\[-NcnoYJP�^`MON�VXW&NXT&VXQoYJPpÚ�T�$-I|NXMOGa[-NbG�VXW-M2MONXT&VXQoYJPîß§[-NcnoYJP¥K�Y$noY$h-MZYJP�NXT�NXn�kON�¤_kOG-B&�+Y�nSNXUY¡�&M2IaYpñ W&NinoYd^`MON�VXW&NXT&VXQoY�[-N]noY

i
Ìì¦�P2QDIaY�K�Y$noY$h-MZY�IaÉJP ^�MON�VXW&NXT kONbN�P 1

iθ
l�N�V�N�P§noYb^`MON�VXW&NXT&VXQoY�[-N�noYK�Y$noY$h-MZY|IaÉJP�^�MON�VXW&NXT kONCB@z{P2kOGLQDILK-nDQSV0Y|ñ W&NbNXT³W-T�kON�¤�kOG|[-N

n
K�Y$noY$h-MZYJP�V�GJT³W-T�l�G V0Y$h-W-noY$M2QSG[-N

V
K�Y$noY$h-MZYJP��-noY

i
Ìì¦�POQDIaY�K�Y$noY$h-MZY�IaÉJP�^`MON�VXW&NXT"kONpY$K�Y$MON�V�N

f(i)
l�N�V�N�P��&P2QSNXT&[-G

f(i) =
n

iθHV (θ)

Ú�y&BDA>ß
NXT³[-GJT&[-N

HV (θ)
N�P§NXn6TA$-I|NXMOG�Y$M2I|RJT-QSV�Ga[-NcGJMO[-NXT

θ
[-N
V

[-N��&T-QS[-G|V�GJI|G

HV (θ) =

V∑

j=1

1

jθ
Ú�y&Bfe�ß

N�PL[-N�VXQDM��ªnoYÝPOW-IaYþ[-N�kOG [&YJP|noYJP�^�MON�VXW&NXT&VXQoYJPN�P
n
Bªzªn§lCY$nSGJM|[-N

θ
[-NXK*NXT&[-N³[-NXnmkON�¤�kOG-BªzªTÈnoY^¿GJM2IdW-noYJVXQSRJTFIaÉJP�PONXT&VXQDnDnoY

θ = 1
U�KvGJMLV�GJT&P2QD�CW-QSNXT"kON

HV (θ) ∼= O(log n)
B7Ê�G�GJh&P2kZY$T kONÇN�P2kZYl�NXMOP2QSRJT�POQDILK-nDQ���V0YJ[&Y�N�PcIdW-U\QDT&N�¤-YJVXkZY��vU\NXnÙV0YJPOG

θ > 1
Ú`V�GJT&VXMONXkZY$I|NXT kON���NXT k2MON³A��frU\e��f��ß�N�PI�W&VOÃ&G�IaÉJP�YJ[-N�VXW�YJ[-G�K�Y$MZYmnSGCP�[&Y$kOGCP�MON0Y$nSN�P��¡V�GJT�W-T�Yi[_QSP2k2M2QDh-W&VXQSRJT�IdW-U�PON�P2�"YJ[&Y��0UbNXT�N�P2kON V0YJPOG

HV (θ) ∼= O(1)
Bv�iT�I|G�[-NXnSGI|NÔjÑGJM]GJh-kONXT-QS[-GÇY|K�Y$M2k2QDMc[-Np[&Y$kOGCP�N�¤_KvNXM2QDI|NXT"kZY$nSN�P��v[-NXT&GJILQDT�YJ[-G

RNuQT¶kYÁFÃ�s ² TW[pc�],GKRLJx_�[(]%qÌf
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k

(c+ i)θ
Ú�y&Bfs�ß

NXTþ[-GJT&[-N
c
N
i
POGJTÝK�Y$MZÉ$I|NXk2MOGCP�YJ[_QSVXQSGJT�Y$nSN�PbVXW-ILK-nDQSNXT&[-G�ñ"W&N

c > 0
U

0 ≤ i < 1
�vU

k
N�Pc[-NXnGJMO[-NXT�[-N]noYLP2W-IaY�[-NcnoYJP�^`MON�VXW&NXT&VXQoYJP§IaÉJPmNXn�TA$-I|NXMOG[-N]K�Y$noY$h-MZYJPm[-NXn�l�G�V0Y$h-W-noY$M2QSG�Ú
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κ
l�N�V�N�P§N�P

F (κ) =

(
α+ κ− 1

κ

)
pκ(1 + p)−α−κ
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NXT�[-GJT&[-N
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O(nβ)

NXT�nDW-�"Y$M�[-N
O(1)

�Y$W-T&ñ W&N�[_QSVOÃ&G]T�$-I|NXMOGbPONHK-W&[_QSNXMZYcY¡�@Y$T-ä>Y$MªK�Y$MZYiW-TLTA$-I|NXMOGcP2W_��VXQSNXT kONXI|NXT"kON§�CMZY$T&[-N¥[-NHkON�¤_kOGCP0BË�GJMmGJk2MOGLnoYJ[-G��&IdW&VOÃ&GCP]Y$W-kOGJMON�PiY$M2�CW-I|NXT kZY$T\ñ W&Nc[_QSVOÃ&GaTA$-I|NXMOGaÃ�Y�UÇñ"W&N]IaY$T kONXT&NXM2nSGNXnSNXlCYJ[-GNXT|VXW�Y$nSñ W-QSNXM{V0YJPOG][-NXh-QS[-GdY]ñ W&N¥N�¤_QSP2kONXT|NXM2MOGJMON�PÙGJM2kOGJ�CMZÉ¡��V�GCP{G]I|N�V0Y$T&RJ�CMZY¡^¿GCP0B���Y]nSNXU�[-N¥Å�N0Y$K&PPZN]Y$K-nDQSV0YLY�V�GJnSN�V�VXQSGJT&N�Pm[-Nc[-G VXW-I|NXT kOGCP§KvGJMOñ"W&N�noYJP¥K-MON�[_QSV�VXQSGJT&N�Pi[-NXn*I|G�[-NXnSGLPOGJTÇIaÉJP¥N�¤&YJVXkZYJP[-NXh-QS[-G³Y�ñ W&N�NXn7kZY$IaY('&GÇkOGJkZY$nÙ[-NXnªkON�¤�kOGÇY$W-I|NXT kZY_B�Ë�GJM�GJk2MZY�K�Y$M2kON��6N�P2kON�I|G [-NXnSG�kZY$I�h-QS¦XT N�PlCÉ$nDQS[-GLVXW�Y$T&[-GaPZNbY$K-nDQSV0Y|YpnoY�Ó NXh�B��QDT�Y$nDI|NXT kON��@NXnU$-nDk2QDI|GYJP2KvN�VXkOGaY�k2MZY$kZY$M�N�P§noY�nSGJT-�CQDk2W&[�I|N�[_QoY|[-NcnoYJPmK�Y$noY$h-MZYJP0B�zÙPOkOG|MONXnoY¡ÌVXQSGJT�YdNXn&kZY$IaY('&Gp[-NXn&kON�¤�kOGdI|N�[_QS[-GdNXTK�Y$noY$h-MZYJP V�GJT�NXn&kZY$IaY('&G�[-NXn�kON�¤�kOGdI|N�[_QS[-GdNXTah U kON�P#��P2QDTkONXT&NXMHNXTaVXW&NXT"kZYdnSGCP{POQD�CT&GCP{[-N¥K-W-T k2W�YJVXQSRJT�U�GJk2MOGCPHP2�DIdhvGJnSGCP{N�¤_k2MZY_B"��Gdñ"W&N¥T&GCP{K*NXM2ILQDkONi[-N��&T-QDMNXn&N�POK�YJVXQSG]kOGJkZY$n�ñ"W&NHT&N�V�N�P2QDkZYbNXn-l�G V0Y$h-W-noY$M2QSG���N�¤-VXnDW-U�NXT&[-GcnoYJPªK�Y$noY$h-MZYJPÙlJYJVX�oYJP0BC��Y]nSNXU�[-N¥Å�N0Y$K&PV�GJT-nDnSNXlCY|ñ W&NcnoY�nSGJT-�CQDk2W&[�[-NcnoYJP§K�Y$noY$h-MZYJP�NXT�NXn�l�G V0Y$h-W-noY$M2QSGPONcQDT&VXMONXI|NXT"kZYanSGJ�"Y$M2�Dk2ILQSV0Y$I|NXT"kONV�GJT<NXn¥kZY$IaY('&Gþ[-NXn¥kON�¤_kOG-BªzªTFnoY\K-MZÉJVXk2QSV0Y��ªnoY\nSGJT-�CQDk2W&[<I|N�[_QoYÝ[-N�noYJP�K�Y$noY$h-MZYJPaNXT<NXn��CnSGJh�Y$n[-NXn�kON�¤_kOG�N�P]V�GJT&P2kZY$T kON�[-NXh-QS[-G³Yañ W&NdnoYJP�K�Y$noY$h-MZYJP]IaÉJP]V�GJM2kZYJPcPOGJT\h�YJP2kZY$T"kON�V�GJI�W-T&N�PaÚ`POGJh-MONkOG�[-GbnoYJP K�Y$noY$h-MZYJPHlJYJVX�oYJP�ß�B"zÙP2kONiN�ñ"W-QDnDQDh-M2QSGpNXT"k2MONinoYJP K�Y$noY$h-MZYJPHV�GJM2kZYJP ULnoYJP K�Y$noY$h-MZYJP{noY$M2�"YJP�� kZY$n
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ñ W&NdnoYanSGJT-�CQDk2W&[\I|N�[_QoY�[-NdK�Y$noY$h-MZYKvNXM2IaY$T&NXä0V0Y�V�GJT&P2kZY$T"kON��vPON�Ã�YaN�¤_K-W&N�P2kOG�IdW&VZÃ�YJPcl�N�V�N�P]NXT[_Q�^¿NXMONXT"kON�PpV�GJT"kON�¤_kOGCP���UþYJ[-NXIaÉJPpPONLK-W&N�[-NN�¤�K-MON�PîY$MdI|N�[_QoY$T"kONW-T�I|G�[-NXnSG�[-NN�P2kZYJ[-GCPd�&T-QDkOGCPNXT�NXn6ñ"W&N]NXn6V0Y$MZÉJVXkONXM§N�P2K�YJVXQSGpT&GpK-W&N�[-N]Y$K�Y$MON�V�NXM§[-GCP�l�N�V�N�P¥PZNX�CW-QS[-G�Uak2QSNXT&N]W-T�YdK-MOGJh�Y$h-QDnDQS[&YJ[V�NXMOV0Y$T�Y�Y$n����feaU�Ã�Y0U�eCxLnSNXk2MZYJP0B*zÙP2kONdI|G [-NXnSGPONXT&VXQDnDnSG�N�PmV�GJT&PON�VXW&NXT kONpV�GJT�noYJPmnSNXU�N�P�[-NpÎ@QDK_^ªUÅ�N0Y$K&P0B
�P£WñP£ ù�°�·�¬³m©»ª ¬°Ð÷© ¨Göe¬·�¥�ª

zÙn��DT&[_QSV�NpQDT"l�NXM2k2QS[-G��vGa��VOÃ&NXMOG�QDT"l�NXM2k2QS[-G��6N�P�noYN�P2k2M2W&VXk2W-MZYIaÉJPiNXnSNXI|NXT kZY$nªK�Y$MZY|noYaMON�VXW-KvN�ÌMZYJVXQSRJT�[-N|K�Y$noY$h-MZYJP���Y$K�Y$M2kON|[-NaPONXMbW-T�YÇN�P2k2M2W&VXk2W-MZY�[-NLQDT&[-N�¤&YJVXQSRJT PONXT&VXQDnDnoY�U\KvGJK-W-noY$M�ñ W&NLPONK-W&N�[-NdY$K-nDQSV0Y$M�Yp�CMZY$T&[-N�PmV�GJnSN�V�VXQSGJT&N�P�[-N]kON�¤�kOGCPiNXTÇnSNXT-�CW�Y¡jÑNcT�Y$k2W-MZY$n±B���DK-QSV0Y$I|NXT kON]W-T�DT&[_QSV�NiQDT"l�NXM2k2QS[-GLPZNmV�GJILKvGJT&N�[-NiW-T�l�N�VXkOGJMHñ W&NiV�GJT k2QSNXT&N�kOG [-GCPHnSGCP kO¦XM2ILQ�ÌT&GCP][_Q�^¿NXMONXT"kON�Pbñ W&NpY$K�Y$MON�V�NXT�NXTÝnSGCP]kON�¤_kOGCP][-N�noY�V�GJnSN�V�VXQSRJT�NXTþGJMO[-NXTþnSN�¤_QSV�GJ�CMZÉ¡��V�G��vnSG�ñ W&NpPON[-NXT&GJILQDT�YçæEÍ#Ù�ÊAÓZ�
ÑÖÊ�Ë × Í�U�ñ W&NLPON�NXT&VXW&NXT"k2MZY³Y$nDIaYJV�NXT�YJ[-G³NXTþW-T � × Ù�Ù × Í,��Ê,Ë × ÍCB6tÁV0YJ[&Y�kO¦XM2ILQDT&G[-NXn¥l�G�V0Y$h-W-noY$M2QSG�PON�nSN³YJPOG�VXQoY\W-T�Y\nDQSP2kZYÝV�GJTFkOG�[&YJPLnoYJPLKvGCP2QSVXQSGJT&N�P|NXTFnoYJP|ñ W&N³Y$K�Y$MON�V�N³[_QSVZÃ&GkO¦XM2ILQDT&G|NXT³NXn+kON�¤�kOG-B-téV0YJ[&Y�nDQSP2kZY�PON]nSNc[-NXT&GJILQDT�Y�Ñ ×ÝÈ ÔJÊ7�A�*Í�ÙQ�
ËZËÌ�Z��Ù × Ê È GLÑ ×ÝÈ ÔJÊ7�A��É�Í ÈZ× Ù × Í,�4� È üULY$n@V�GJTJjÑW-T"kOG�[-N§kOG�[&YJP{N�PZYJP{nDQSP2kZYJP{PON§nSN§[-NXT&GJILQDT�Y Í#ÙQ��ËZË��Z�zÙ × Ê È B�zÙPZYJP KvGCP2QSVXQSGJT&N�PÙK-W&N�[-NXTÃ�YJV�NXMMON�^¿NXMONXT&VXQoY|YpK�Y$noY$h-MZYJP���Y|V0Y$MZYJVXkONXMON�PmGaY�[-G�VXW-I|NXT"kOGCP0BË7Y$MZYLh-W&PZV0Y$M§W-T³kO¦XM2ILQDT&GaNXT�W-TÇ�DT&[_QSV�NbQDT"l�NXM2k2QS[-G�PONc[-NXhvNXMZÉL[-NcnSG�V0Y$nDQDä>Y$M���NXT³K-M2QDI|NXMmnDW-�"Y$M��[_QSVZÃ&G�kO¦XM2ILQDT&GþNXTFNXn�[_QSV�VXQSGJT�Y$M2QSGÝU�KvGCP2kONXM2QSGJM2I|NXT"kONÇMON�VXW-KvNXMZY$M�noY�nDQSP2kZY�[-N�G�VXW-M2MONXT&VXQoYJP0BªË7Y$MZYh-W&POV0Y$M]W-T�Ya^`MZYJPON�GW-TÝK�Y$k2MORJT�[-NpK-MOG�¤_QDILQS[&YJ[<Ú`G�[_QSVOÃ&GÇ[-N�GJk2MZY�IaY$T&NXMZY��6PON�h-W&POV0Y$MZÉ$TþlCY$M2QSGCPkO¦XM2ILQDT&GCPLV�GJT&PON�VXW-k2QDl�GCPaG\V�NXMOV0Y$T&GCP#��MON�POK*N�VXk2QDlCY$I|NXT"kON>ß�V0YJ[&Y�kO¦XM2ILQDT&GþPON�[-NXhvN�[-N�h-W&POV0Y$M�KvGJMPONXK�Y$MZYJ[-GaK�Y$MZY|nDW&NX��GQDT"kONXMOPZN�VXkZY$MinoYJPinDQSP2kZYJP�[-NdG�VXW-M2MONXT&VXQoYJP�PZNX��$-T�noY|V�GJT&PZN�VXW-k2QDl QS[&YJ[\G|noY|K-MOG$Ì¤_QDILQS[&YJ[�[-NpnoYJPiK�Y$noY$h-MZYJPcNXTþNXn�kON�¤_kOG-B@ü]NXKvNXT&[_QSNXT&[-GÇV�GJT\ñ W&¦pPON�V�GJM2MON�POK*GJT&[&Y$TÝnoYJP�K*GCPOQSVXQSGJT&N�PNXTþW-T�Y�nDQSPOkZY�[-N|G VXW-M2MONXT&VXQoYJP�PONp^±YJVXQDnDQDkZY$MZÉ�W-Tþk2QDK*G�[-N�h�$&POñ"W&N�[&YÇW�GJk2MOG-B�tiPO�J�vnoYJPbG VXW-M2MONXT&VXQoYJPY�[-G�VXW-I|NXT"kOGCPH�ÈnoY�KvGCP2QSVXQSRJT
i
PON�MON���NXMONaY$n

i
Ìì¦�P2QDI|G³[-G�VXW-I|NXT"kOGU� Y$�CQDnDQDä>Y$T�noY�nSG�V0Y$nDQDä>YJVXQSRJT�UGJMO[-NXT�YJVXQSRJTþ[-N�[-G VXW-I|NXT kOGCP]MONXnSNXlJY$T kON�P��*noYJP]G VXW-M2MONXT&VXQoYJPbYaK�Y$noY$h-MZYJP×�ÈnoYK*GCP2QSVXQSRJT

i
PONdMON���NXMONYbnoY

i
Ìì¦�P2QDIaY�K�Y$noY$h-MZYC��P2QDILK-nDQ���V0Y$T�noYJP�V�GJT&P2W-nDkZYJP�[-NmK-MOG0¤�QDILQS[&YJ[þ�_ILQSNXT k2MZYJP¥ñ"W&NmnoYJPHK*GCP2QSVXQSGJT&N�PYpV0Y$MZYJVXkONXMON�P,�ÈnoYpKvGCP2QSVXQSRJT

i
PON�MON���NXMONbY$n

i
Ìì¦�P2QDI|GLV0Y$MZÉJVXkONXM¥^±YJVXQDnDQDkZY$T³NXn�YJV�V�N�POGL[_QDMON�VXkOG|Y$n6kON�¤_kOGK�Y$MZY�NXILK�Y$MONÔjOY$MmKvGCP2QSVXQSGJT&N�P§[-NckON�¤_kOG�� ÏrÊ�ÔJÙ�º × � á Ô¯�Ìè�Ô@É�Í ÈZ× Ô × Í,� È �óB��YÎÑ�� � �A�Y÷ × ÉEÒ d IdW&N�P2k2MZYÝñ W&NnoY�[_QSP2k2M2QDh-W&VXQSRJTF[-N�noYJPpK�Y$noY$h-MZYJP�[-NXT"k2MOGþ[-NW-TukON�¤_kOG\N�P2kZÉI�W-UPON�P2�"YJ[&Y��ÈÃ�Y0UW-T&GCP§K*G�V�GCP�VXQSNXT"kOGCPm[-N�K�Y$noY$h-MZYJPiñ"W&N]PON�Ã�Y$nDnoY$T³NXTÇW-T�rC�1¾�[-NXnvkON�¤�kOG�U�NXnMON�P2kOG�Y$K�Y$MON�V�N{KvG�V�GU��noYJP�K�Y$noY$h-MZYJP+I�W-Uc^�MON�VXW&NXT kON�P��JY$n"QD�CW�Y$n_ñ"W&N{noYJP+K�Y$noY$h-MZYJP�lJYJVX�oYJP#�>PON{K-W&N�[-NXTQD�CT&GJMZY$M0BC�iT�Y�K�Y$noY$h-MZY]lCYJVX�oYî� È ÔJÍxÉzîïÍ,ËÌ�n�ÛN�P7W-T�Y�K�Y$noY$h-MZYbñ"W&NHT&GcP2W-ILQDT-QSP2k2MZY]POQD�CT-Q���V0YJ[-GbNXT|NXnnSNXT-�CW�Y¡j2N§T�Y$k2W-MZY$nvU�K*GJM nSGdkZY$T kOG�PZN§K-W&N�[-NiQD�CT&GJMZY$M U"Ydñ"W&NmT&Gd[-NXh-QSNXMZYpPONXM GJh_j2NXkOGd[-Nmh�$&POñ W&N�[&Y�üN�P2kZYJPÙK�Y$noY$h-MZYJP POGJT�Y$M2k2�SVXW-nSGCP���K-MONXKvGCP2QSVXQSGJT&N�P UpGJk2MZYJP K�Y$noY$h-MZYJPHñ"W&N¥T&G�Y$K*GJM2kZY$TMONXnSNXlJY$T&VXQoYd[&YJ[-Gñ W&N�POGJTþ[-NXIaYJP2QoYJ[-G³V�GJIdW-T&N�P>B�t§^¿GJM2k2W-T�YJ[&Y$I|NXT"kON���noYJPcK�Y$noY$h-MZYJPcIaÉJP�^`MON�VXW&NXT"kON�PdPZGJT\K�Y$noY$h-MZYJPlCYJVX�oYJP¥U�K*GJM§nSG�kZY$T kOG��@Y$K-MOG0¤�QDIaYJ[&Y$I|NXT kON�noYLILQDkZYJ[³[-NcnoYJP¥K�Y$noY$h-MZYJP�ñ"W&NbY$K�Y$MON�V�NXT\NXT�NXn�kON�¤_kOGT&G�PONHV�GJT&P2QS[-NXMZY$MZÉ$TaYmN�^¿N�VXkOGCP7[-NHh�$&POñ"W&N�[&Y_BJzÙPOkOGmKvNXM2ILQDkONHMON�[_W&VXQDM7POQD�CT-Q���V0Y$k2QDlJY$I|NXT kON§NXn�N�POK�YJVXQSGYJ[_QSVXQSGJT�Y$n+ñ W&NbG�VXW-K�Y$TÇnSGCP¥�DT&[_QSV�N�PiY$n+k2MZY$h�Y¡j2Y$MmV�GJT�kON�¤�kOGCP§NXTÇnSNXT-�CW�Y¡j2NcT�Y$k2W-MZY$n±B

�Y���0�@�h� úI�{�Y¦§¤��9� ¤5�Nû%�n¦¢¤����
��Y$n_U�V�GJI|GcPON Ã�Yil QSP2kOG]NXTLNXn&Y$K�Y$M2kZYJ[-GbY$T"kONXM2QSGJM���NXn-N�P2K�YJVXQSG�MON�ñ W&NXM2QS[-G]K*GJMªNXn_l�G�V0Y$h-W-noY$M2QSGcN�PMONXnoY$k2QDlCY$I|NXT"kONdK*N�ñ W&NQ'&GL[-NbYJVXW&NXMO[-G|V�GJT³noYpnSNXU�[-NcÅiN0Y$K&P�U�NXTÇnoYpK-MZÉJVXk2QSV0YLPON]K-W&N�[-NbW-h-QSV0Y$MmNXTnoY|I|NXI|GJM2QoY|K-M2QDT&VXQDK�Y$nª[-NXn7GJMO[-NXT�YJ[-GJM�Ú�KvGJM�NÔj2NXILK-nSG��vrLI|NX�"Y$h"U�kON�P�K�Y$MZY�A��CQD�"Y$h"U�kONp[-NbkON�¤_kOG"ß�BË�GJMmGJk2MOGLnoYJ[-G��-noYJP§nDQSP2kZYJP§[-NbG�VXW-M2MONXT&VXQoYJP§T&N�V�N�P2QDkZY$T�IdW&VOÃ&GaIaÉJPmN�P2K�YJVXQSG-B
qsuQT¶kYÁSÂEsaq1TW[pc�],GKRLJx_�[(]�²�Ã
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�+YJP¥V�GJT&P2QS[-NXMZYJVXQSGJT&N�P¥IaÉJPHQDILKvGJM2kZY$T"kON�P¥K�Y$MZYpNXlCY$nDW�Y$MHnoYpN���VXQSNXT&VXQoY�[-NiW-TÇN�POñ"W&NXIaYp[-N�QDT&[-N�Ì¤&YJVXQSRJT�PZGJTdnSGCP�MON�ñ"W-QSP2QDkOGCP�[-NHN�P2K�YJVXQSG§UcnSGCP�k2QSNXILK*GCP�[-N{V�GJT&POk2M2W&V�VXQSRJT@�JYJVXk2W�Y$nDQDä>YJVXQSRJT�Uch�$&POñ W&N�[&Y_B��Y$T"kOG�nSGCP�MON�ñ W-QSP2QDkOGCP�[-N�k2QSNXILK*G�V�GJI|G�nSGCP�[-N]N�P2K�YJVXQSG�N�P2kZÉ$TÇNXT^`W-T&VXQSRJTÇ[-N�noYd�CMZY$T W-noY$M2QS[&YJ[³[-NXn�DT&[_QSV�N���noY�VXW�Y$n6[-N��&T&N�ñ W&¦�W-T-QS[&YJ[�[-NmQDT_^¿GJM2IaYJVXQSRJT³PONiMONXK-MON�PONXT"kZY_B�Â�N�K-W&N�[-NXT�QS[-NXT"k2Q���V0Y$M¥lCY$M2QSGCPk2QDKvGCP][-Nd�DT&[_QSV�N�P]QDT l�NXM2k2QS[-GCPc[-NXK*NXT&[_QSNXT&[-GÇ[-NpP2W\�CMZY$T"W-noY$M2QS[&YJ[FB Ò>¡c�mÊ]�C�#D¯�*ñ W&N�K-W&N�[-NXT\lCY$M2QoY$M[-N�PZ[-NbnSGCPi�DT&[_QSV�N�P�ñ W&N�K*NXM2ILQDkONXT\K-MOG V�N�PîY$MmMZÉ$K-QS[&Y$I|NXT"kON�noYJP�V�GJT&P2W-nDkZYJP�KvNXMOGañ W&N�POGJT�nSNXT"kOGCP]NXTPOW�V�GJT&P2k2M2W&V�VXQSRJT;Uþ[-NXIaY$T&[&Y$TuIaYJPpN�P2K�YJVXQSG�Ã�YJP2kZYÇnSGCPpñ"W&NPOGJT�nSNXT kOGCPpY³noYÇÃ&GJMZY�[-N|K-MOG�V�N�PZY$MV�GJT&POW-nDkZYJP§KvNXMOG�MZÉ$K-QS[-GCPmNXTÇnoYLV�GJT&P2k2M2W&V�VXQSRJT\[-NXn6�DT&[_QSV�NcU�[-NXIaY$T&[&Y$T�I|NXT&GCPmN�POK�YJVXQSG-Bzªn§K-M2QDI|NXMOG�[-NÇNXnDnSGCPPONÇV�GJT&G�V�N³V�GJI|G��DT&[_QSV�NÇQDT l�NXM2k2QS[-G V�GJT [_QDMON�V�VXQSGJT�Y$ILQSNXT"kOG;YÝK�Y$noY$h-MZYÚîïÍ�ËW� Êe�e�,Ë�� È^ÈZ× � áÐ× �Gæ(�ZËQÔ¯�Ì� × �z���Ìè@ß�B&Â QvN�P2kZÉ�QDILK-nSNXI|NXT"kZYJ[-GaYJ[-N�VXW�YJ[&Y$I|NXT kONbN�P�NXn*IaÉJPHMZÉ$K-QS[-GLYnoYpÃ&GJMZY|[-N]MON�POGJnDl�NXM§noYpIaY�U�GJM2�oYa[-NcnoYJP¥V�GJT&P2W-nDkZYJP0B��mk2QDnDQDä>Y�W-T³N�PZñ"W&NXIaY�I�W-U�POQDILK-nSN��&NXT³NXn+VXW�Y$nNXnv�DT&[_QSV�NcY$K-W-T"kZYLY�kOG�[&YJP�noYJPHK*GCP2QSVXQSGJT&N�P¥[-N�kOG�[&YJPHnoYJP�K�Y$noY$h-MZYJP¥[-NXn6kON�¤�kOG-B_��GpIaÉJP�K-MOGJh�Y$h-nSNcN�Pñ W&NmPOWk2QSNXILKvG�[-N�V�GJT&P2k2M2W&V�VXQSRJT�ULnSGCP MON�ñ"W-QSP2QDkOGCP�[-N�N�P2K�YJVXQSGpñ"W&Ni[-NXIaY$T&[-N�PZNXMZÉ$T�NXnSNXlCYJ[-GCP0B��+YJPG�VXW-M2MONXT&VXQoYJPbK-W&N�[-NXT�MOGJT&[&Y$M�NXTþkOGJM2T&G�Y$n xC�1¾ð[-NXnªkZY$IaY('&G�[-NXnÙkON�¤_kOG-B6zÙP2kOG³PZN�K-W&N�[-NLMON�[_W&VXQDMÃ�YJPOkZYmNXn_sCr1¾²GJILQDk2QSNXT&[-G�noYJP�K�Y$noY$h-MZYJP7lJYJVX�oYJP�Ú È ÔJÍZÉzîïÍ,ËÌ� È ß+[-NXn�l�G�V0Y$h-W-noY$M2QSG-B$��YJP�K�Y$noY$h-MZYJP�lCYJVX�oYJPMONXK-MON�PZNXT"kZY$T�[-NXn7y"�1¾ Y$nÙrC�1¾õ[-NpkOG [&YJP]noYJP]K�Y$noY$h-MZYJPc[-NXnªkON�¤_kOG-B�Â QDT�NXIdh�Y$M2��G��6noY�[_QSP2KvGCP2QSVXQSRJT[-N�W-T¬sCr1¾ [-N�kZY$IaY('&G N�¤_k2MZY�K-W&N�[-N\P2W-KvGJT&NXMkOG�[&Y�l��oY�W-TÈMON�ñ W-QSP2QDkOG NXnSNXlCYJ[-Gu[-N�N�P2K�YJVXQSGuP2Q[_QSPOK*GJT&NXI|GCP¥[-NiW-T�Y�V�GJnSN�V�VXQSRJT��CMZY$T&[-N��_UaNXTÇV�GJT&PON�VXW&NXT&VXQoY�N�¤�QSPOkONXT�[_Q�^¿NXMONXT"kON�P§kO¦�VXT-QSV0YJP¥ñ"W&NiT&GCPKvNXM2ILQDk2QDMZÉ$T³MON�[_W&VXQDM�NXn�N�P2K�YJVXQSG|ñ W&NcG VXW-K�Y$T³noYJP§nDQSP2kZYJP§[-NbG�VXW-M2MONXT&VXQoYJP0B

caballero

con

dinero

don

es

francisco

poderoso

quevedo

un

Don Francisco es un
caballero con un dinero.

D
oc

um
en

to
 2

...poderoso caballero
es don dinero.

Francisco Quevedo

D
oc

um
en

to
 1

1, 13

2, 17 2, 34

2, 30

1, 30

1, 26

1, 23

1, 39

1, 4

1, 49

2, 20

2, 37

2, 1

2, 14

2, 4

��QD�CW-MZY�y&BDA��Czvj2NXILK-nSGc[-NH�DT&[_QSV�N¥QDT"l�NXM2k2QS[-GdV�GJT|[_QDMON�V�VXQSGJT�Y$ILQSNXT"kOG�Y�K�Y$noY$h-MZY_BCzÙT|V0YJ[&Y�T&G [-Gc[-NHnoYnDQSPOkZY�[-NcG VXW-M2MONXT&VXQoYJPiPONbY$nDIaYJV�NXT�YLNXn�[-G�VXW-I|NXT"kOG|UnoYpK*GCPOQSVXQSRJT�NXTÇnSGCP§ñ W&NbY$K�Y$MON�V�NcnoYpK�Y$noY$h-MZY_B

zªn�PONX�CW-T&[-Gdk2QDK*Gb[-N§�DT&[_QSV�NmPON¥V�GJT&G�V�N§V�GJI|Gb�DT&[_QSV�NmQDT"l�NXM2k2QS[-GpV�GJTa[_QDMON�V�VXQSGJT�Y$ILQSNXT"kOGLYc[-G�VXW_ÌI|NXT kOG³ÚÌ�eÍ�ÙQ�
Ïå�Z��Ô Êe�e�,Ë�� È^ÈZ× � ár× �Gæ(�ZËQÔ¯�Ì� × �z�A�Ìè*ß�B�zÙT�N�POkONik2QDKvG�[-N�QDT&[-N�¤-YJVXQSRJT@�_noYJP�nDQSP2kZYJP�QDT l�NXM2k2Q�Ì[&YJP§T&G|Y$K-W-T"kZY$T�N�¤&YJVXkZY$I|NXT"kON�YpnoYJP¥K�Y$noY$h-MZYJPiP2QDT&GLñ"W&N�Y$K-W-T"kZY$T\YpnSGCPm[-G VXW-I|NXT kOGCPiNXTÇnSGCP§ñ W&NY$K�Y$MON�V�NXTÝ[_QSVOÃ�YJP�K�Y$noY$h-MZYJP0B@zÙP2kOGaT&GCPmKvNXM2ILQDkONpY$Ã&GJM2MZY$M�N�P2K�YJVXQSGK*GJM�ñ"W&NckOG�[&YJPinoYJPmG�VXW-M2MONXT&VXQoYJP[-NinoYdILQSP2IaY�K�Y$noY$h-MZY�NXTÇNXn*ILQSP2I|Gp[-G VXW-I|NXT kOGLN�P2kZÉ$T�MON�^`NXMONXT&VXQoYJ[&YJP¥PORJnSG�W-T�Y�l�NXäe�"UanSGCP K-W-T kON�ÌMOGCPm[-NXh-QSNXMZY$T\[-NbPZNXM¥IaÉJP§KvN�ñ"W&NQ'&GCPmK*GJMOñ W&NcÃ�Y�U�I|NXT&GCPi[-G VXW-I|NXT kOGCPiñ W&NcKvGCP2QSVXQSGJT&N�Pm[-NckON�¤_kOG-B�+GCPÙMON�ñ W-QSP2QDkOGCPÙÃ�Y$h-QDk2W�Y$nSN�P�[-N§N�P2K�YJVXQSGdK�Y$MZYbNXn�[_QDMON�V�VXQSGJT�Y$ILQSNXT kOGL[-N§[-G�VXW-I|NXT"kOGCP�PON§NXT&VXW&NXT k2MZY$TNXTÇkOGJM2T&GY$n�eCr1¾Ö[-NXn6kZY$IaY('&Ga[-NXn6kON�¤_kOG-B&�+YJPmV�GJT&P2W-nDkZYJPmñ W&NcV�GJT&P2kZY$T�[-N]W-T�YK$-T-QSV0YLK�Y$noY$h-MZY|PON



ë ý î�ï �¾ð��J»�¸C¾|»�· )ì»�Ü
)¯�

MON�P2W&NXnDl�NXT�[_QDMON�VXkZY$I|NXT"kONcP2QDTT&N�V�N�P2QS[&YJ[�[-NiYJV�V�N�[-NXM¥Y$n�kON�¤_kOG-B"zÙP2kOGpN�P YJPO��KvGJMOñ"W&NiP2Q&W-T�YdK�Y$noY$h-MZYY$K�Y$MON�V�NpNXT�W-TÝ[-G�VXW-I|NXT"kOG�N�P2kONpPONbMON�VXW-KvNXMZYaNXTÝP2W�kOGJkZY$nDQS[&YJ[6B*Ë�GJMcNXn�V�GJT k2MZY$M2QSG��*noYJP�V�GJT&POW-nDkZYJP[-N�^`MZYJPON§G�[-N¥K-MOG�¤_QDILQS[&YJ[T&GdPON¥K-W&N�[-NXT�MON�POGJnDl�NXMHV�GJT|noYcQDT_^¿GJM2IaYJVXQSRJT�Y$nDIaYJV�NXT�YJ[&Y�NXTaNXn@�DT&[_QSV�NCBü]GCP�K�Y$noY$h-MZYJP]K-W&N�[-NXTþN�P2kZY$McNXT\NXn7ILQSP2I|G�[-G VXW-I|NXT kOGÇKvNXMOGaK-W&N�[-NXTþG�T&GaK-W&N�[-NXTÝ^¿GJM2IaY$M]W-T�Y^`MZYJPON�G�N�P2kZY$M¥V�NXMOV0Y$T�YJP0B_Ë7Y$MZY�N�P2kON�k2QDK*Gp[-N]V�GJT&P2W-nDkZYJP¥[-NXhvNXMONXI|GCP¥[-Nih-W&PZV0Y$M�[_QDMON�VXkZY$I|NXT kONbNXTÇNXnkON�¤_kOGL[-NcnSGCP§[-G�VXW-I|NXT"kOGCPiNXT³nSGCP§ñ W&NbY$K�Y$MONXä0V0Y$T�kOG�[&YJP¥noYJP¥K�Y$noY$h-MZYJP§MONXnSNXlCY$T"kON�P>B
caballero

con

dinero

don

es

francisco

poderoso

quevedo

un

Don Francisco es un
caballero con un dinero.

D
oc

um
en

to
 2

...poderoso caballero
es don dinero.

Francisco Quevedo

D
oc

um
en

to
 1

1

2

1

1

1

1

1

1

2

2

2

2

2

2

��QD�CW-MZY�y&Bfe��&z6jÑNXILK-nSG|[-Nb�DT&[_QSV�NcQDT"l�NXM2k2QS[-GV�GJT�[_QDMON�V�VXQSGJT�Y$ILQSNXT"kOGÇYL[-G�VXW-I|NXT"kOG-B@zªT�V0YJ[&Y�T&G�[-G[-N]noY�nDQSPOkZY�[-NcG VXW-M2MONXT&VXQoYJP�PONbY$nDIaYJV�NXT�YLNXn+[-G�VXW-I|NXT"kOGNXT³NXn+ñ W&NbY$K�Y$MON�V�NcnoY�K�Y$noY$h-MZY_B

zÙn{kONXMOV�NXMpk2QDK*G�PONa[-NXT&GJILQDT�Y��DT&[_QSV�NaQDT l�NXM2k2QS[-GÝV�GJT [_QDMON�V�VXQSGJT�Y$ILQSNXT"kOG�Y³h-nSG ñ W&N�Ú�ÓQÑÖÍ�Ù¾�NÊe�l'�,Ë�� ÈxÈx× � á × �z���Ìè@ßHlCY�W-T³KvG�V�GLIaÉJPmY$nDnoÉ_B�ü�QDl�QS[-NbNXn�kON�¤_kOG|NXT³h-nSG�ñ"W&N�Pi[-NckZY$IaY('&GL�Cj2G��-nSGCPiVXW�Y$nSN�PK-W&N�[-NXT|Y$�CM2W-K�Y$M{YmIdW&VOÃ&GCP [-G VXW-I|NXT kOGCP��CPONXM�K�Y$M2kON�[-N W-TL[-G�VXW-I|NXT"kOGcG�K-W&N�[-N�N�P2kZY$MªP2W-KvNXM2K-W&N�PÑÌkOG�POGJh-MON]nSGCP¥nD�DILQDkON�Pm[-Nc[-G VXW-I|NXT kOGCP0B&zªn6�DT&[_QSV�NcPORJnSG|Y$nDIaYJV�NXT�YLnSGCP¥h-nSG ñ W&N�P¥NXTÇnSGCP¥ñ W&NbY$K�Y$MON�V�NV0YJ[&YdK�Y$noY$h-MZY_B-ücYJ[-G�ñ W&NmT&GJM2IaY$nDI|NXT kONcÃ�Y�UIdW&VZÃ&GCP¥I|NXT&GCPHh-nSG ñ W&N�P�ñ"W&N�[-G VXW-I|NXT kOGCP¥NXn6N�P2K�Y¡ÌVXQSG]ñ W&NHG�VXW-K�Y$MZÉ�NXn_�DT&[_QSV�N¥PONXMZÉiIdW-UdKvN�ñ W&NQ'&G]UdPONHK-W&N�[-N�NXnSNX�CQDMÙ[-N�YJVXW&NXMO[-GcV�GJT�noYJP7T&N�V�N�P2QS[&YJ[-N�P[-NXn7W&P2W�Y$M2QSG-BvË�GJMbGJk2MOG�noYJ[-G��vY$nD�CW-T�Y�V�GJT&POW-nDkZY[-NXhvNXMZÉ�[-NpMON�POGJnDl�NXMOPONpW-k2QDnDQDä>Y$T&[-G�W-T�Y�h�$&POñ W&N�[&YPON�VXW&NXT&VXQoY$n¥POGJh-MON�NXnHkON�¤�kOG\KvGJMOñ"W&NT&GÝPON�V�GJT&G V�N�NXTFñ"W&¦�[-G�VXW-I|NXT"kOGCP|[-NXn�h-nSG�ñ"W&N�Y$K�Y$MON�V�N�noYK�Y$noY$h-MZY_B�zªn*�DT&[_QSV�NiPONmW-k2QDnDQDä>YdV�GJI|G�W-T[_QSPOK*GCP2QDk2QDl�G�K�Y$MZYb�&nDk2MZY$M nSGCP h-nSG ñ W&N�PH[-N§noYbV�GJnSN�V�VXQSRJTÇñ W&NT&GÇV�GJT k2QSNXT&NXT�noYJPcK�Y$noY$h-MZYJPbV�GJT&P2W-nDkZYJ[&YJP>B�zÙP2kONK$-nDk2QDI|G³N�PZñ"W&NXIaY�[-N�QDT&[-N�¤&YJVXQSRJTÝ^�W&N�K-MOGJK-W&N�POkOGQDT-QSVXQoY$nDI|NXT kONNXTFè�nDQDILK&PON�B ��Ð¬�$yeD¯�6W-T�Y³[-NLnoYJP�V0Y$MZYJVXkONXM2�SP2k2QSV0YJP�[-Nè�nDQDILK&PONN�Pdñ W&NLIaY$T"k2QSNXT&NW-T³�DT&[_QSV�N�k2MZY$T&P2K�Y$MONXT kONp[-NdkOG [-GCPmnSGCP§��VZÃ&NXMOGCPi[-NdW&P2W�Y$M2QSG-B*zªn+�DT&[_QSV�N�G VXW-K�YaK*G�V�G|N�P2K�YJVXQSGaUÇPONIaY$T k2QSNXT&N�YJVXk2W�Y$nDQDä>YJ[-G�I|N�[_QoY$T kON�MON�V�GJT&POk2M2W&V�VXQSGJT&N�P]K*NXM2QSR�[_QSV0YJP��vYJ[-NXIaÉJPiKvNXM2ILQDkONdNXT&V�GJT k2MZY$MbNXTVXW�Y$nSñ W-QSNXM]I|GJI|NXT"kOG�nSGCP���VOÃ&NXMOGCPc[-NpW&P2W�Y$M2QSG�ñ W&N�V�GJT"kONXT-�"Y$TþW-Tþ[-NXkONXM2ILQDT�YJ[-GÇK�Y$k2MORJTþ[-Nph�$&PÑÌñ W&N�[&Y_B�è�nDQDILK&PONpkZY$Idh-QS¦XT�PZN�W-k2QDnDQDä>YK�Y$MZY�QDT&[-N�¤&Y$MbP2QDkOGCP�Ó NXh@�vK-MOGJKvGJMOVXQSGJT�Y$T&[-GÇW-T�Y�h�$&POñ W&N�[&YMZÉ$K-QS[&YLNXT³POW&P¥K�É$�CQDT�YJP§ÓHNXh³I|N�[_QoY$T"kONdW-T�Y�kO¦�VXT-QSV0Y|[-N]QDT&[-N�¤&YJVXQSRJT�V�GJTÇW-T�YLPZGJh-MON�V0Y$M2�"YLh�Y¡jOY_B
�Y���0�¢�0� úI�{�Y¦§¤��9� �0�®���È�{�0¤��{Ø#�����`��� ���5�v�ò�{¤%�L�V���{�V���

E W�Y$T&[-G�PON�IaY$T&NÔjOY$Ta[-G VXW-I|NXT kOGCP�V�GJTaN�P2k2M2W&VXk2W-MZYcK-W&N�[-NmPONXMÙQDT"kONXMON�PîY$T"kONinSG V0Y$nDQDä>Y$MÙK�Y$noY$h-MZYJPNXT�NXnSNXI|NXT kOGCP�[-N|N�P2k2M2W&VXk2W-MZY_B��mT�YÇ[-N|noYJPbK-M2QDI|NXMZYJP�K-MOGJK-W&N�P2kZYJPdnoY³MON0Y$nDQDä>Y$MOGJTÎ¡{GJT-�\ ]U W��+N�NNXk�Y$n±BïB �e¡b¡]Ò¥�Cx(DHñ"W&NLK-MOGJK-W&N�POQSNXMOGJT�W-T�k2QDKvG³[-N|�DT&[_QSV�Nah�YJPZYJ[-G³NXT�W-TuÉ$M2h*GJnHÒ + ñ W&NLKvNXM2ILQDkON



	
Àaé�À ¶�·�¸�¹£º�»���¹ ·
��»�½¶)ì¹£¸e��� ëY

caballero

con

dinero

don

es

francisco

poderoso

quevedo

un

Don Francisco es un
caballero con un dinero.

D
oc

um
en

to
 2

...poderoso caballero
es don dinero.

Francisco Quevedo

D
oc

um
en

to
 1

1

1

1

1

1

1

1

1

1Bloque 1

��QD�CW-MZYmy&Bfs��¡z6jÑNXILK-nSG][-N �DT&[_QSV�N QDT l�NXM2k2QS[-G]V�GJTp[_QDMON�V�VXQSGJT�Y$ILQSNXT kOGdY§h-nSG�ñ W&NCBJÂ�NHP2W-KvGJT&N ñ W&N{N�¤_QSP2kONW-TÝh-nSG�ñ"W&NLñ W&N�NXT-�CnSGJh�Y³YnSGCPb[-GCPc[-G�VXW-I|NXT"kOGCP0B�zÙT�V0YJ[&Y�T&G [-GÇ[-NpnoY�nDQSP2kZY�[-N�G�VXW-M2MONXT&VXQoYJPdPONY$nDIaYJV�NXT�YaNXn6h-nSG ñ W&NcNXT�NXn�ñ W&NbY$K�Y$MON�V�NbnoYpK�Y$noY$h-MZY_B

nSG�V0Y$nDQDä>Y$MHK�Y$noY$h-MZYJPH[-NXT k2MOG�[-N�[-G�VXW-I|NXT"kOGCP�N�P2k2M2W&VXk2W-MZYJ[-GCP0B_�iT�É$M2hvGJn@N�P noYcMONXK-MON�PONXT kZYJVXQSRJT³[-N§noYN�POk2M2W&VXk2W-MZY¥j2NXMZÉ$MOñ"W-QSV0Yd[-NmW-T�[-G VXW-I|NXT kOGpU�V0YJ[&YdT&G�[-Gd[-NXn*É$M2hvGJn�MONXK-MON�PZNXT"kZY�YcW-T�[-NXkONXM2ILQDT�YJ[-GNXnSNXI|NXT kOGÈ[-NþN�P2k2M2W&VXk2W-MZY_Bit V0YJ[&Y;T&G�[-GF[-NXn�É$M2hvGJnbPONÝnSNÝMONXK-MON�PONXT kZY<NXT×NXnc�DT&[_QSV�NþI|N�[_QoY$T kONW-TþNXT kONXMOGi$-T-QSV�G��+YJP2�7K-W&N�PcPONXMZÉ�T&N�V�N�PZY$M2QSGÇ[_QSPOK*GJT&NXMb[-N|Y$nD��$-TþI|N�V0Y$T-QSP2I|G�P2W-K-nSNXI|NXT"kZY$M2QSG³ñ W&NKvNXM2ILQDkZY|YJPOG�VXQoY$M§NXn�QS[-NXT k2Q���V0YJ[-GJMiV�GJT�NXn�k2QDKvGL[-NcNXnSNXI|NXT"kOG�[-NcN�P2k2M2W&VXk2W-MZYY$n�ñ"W&N]MONXK-MON�PONXT kZY_BË�GJM{GJk2MOGbnoYJ[-G���NXTûB  mGJkZ�Ce,D@PON�K-MOGJKvGJT&N¥W-TL�DT&[_QSV�NmN���VXQSNXT kONmñ W&N¥N�¤�k2QSNXT&[-N§NXn&��VOÃ&NXMOGcQDT l�NXM2k2QS[-GK�Y$MZYdV�GJIdh-QDT�Y$M2nSGLV�GJTW-T�DT&[_QSV�N�[-NmV0Y$ILQDT&GCP���ñ W&N§MON�^¿NXMONXT&VXQoYbnSGCP kO¦XM2ILQDT&GCP�[-NXn���VZÃ&NXMOGdQDT l�NXM2k2QS[-GV�GJTuNXn{nDW-�"Y$MpNXT [-RJT&[-N�PON|NXT&VXW&NXT"k2MZY$TF[-NXT k2MOG�[-NanoY³N�P2k2M2W&VXk2W-MZY�[-NXn [-G�VXW-I|NXT"kOG-BÙÂ�N|K-MOGJKvGJT&NW-k2QDnDQDä>Y$McW-TÝ�DT&[_QSV�N�nSN�¤_QSV�GJ�CMZÉ¡��V�G³ñ W&NpPZN�W&PîY$MZÉaK�Y$MZY�MON�PZGJnDl�NXMbV�GJT&P2W-nDkZYJPcñ"W&N�PON�N�^¿N�VXkÌ$&NXT�POGJh-MONnoY�N�P2k2M2W&VXk2W-MZY�UÝNXnHV�GJT"kONXT-QS[-G\[-N|nSGCPp[-G VXW-I|NXT kOGCP*���\�ÈK-W&[_QSNXT&[-GCPZNGJh-kONXT&NXM�MZY$T�& QDT-��P�V�GJI|GMON�POK*N�P2kZYLYpnoYJPmV�GJT&P2W-nDkZYJPmPOGJh-MONbnoY�N�P2k2M2W&VXk2W-MZYL[-NcnSGCP§[-G�VXW-I|NXT"kOGCP>BËªMONXl QoY$I|NXT kONdYdnoYdV�GJT&P2k2M2W&V�VXQSRJT³[-NXnv�DT&[_QSV�N]PON�NXnDQDILQDT�Y$TÇnoYJPHK�Y$noY$h-MZYJP�lJYJVX�oYJP�U|noYJP�NXk2QSñ W&NXkZYJPQDM2MONXnSNXlCY$T"kON�P#�+YÇV�GJT"k2QDT W�YJVXQSRJTuPZN�MON0Y$nDQDä>Y�W-TþK-MOG V�N�PZG³[-N�nSNXIaY$k2QDä>YJVXQSRJT�U\K*GJM�$-nDk2QDI|G�PON�MON0Y$nDQDä>YW-T�Y�N�P2k2QDIaYJVXQSRJTF[-NnoY�[_QSP2k2M2QDh-W&VXQSRJTF[-NkOG [-GCPpnSGCPpkO¦XM2ILQDT&GCP�ñ"W&N�PONW-k2QDnDQDä>Y$MZÉ�K�Y$MZY�GJh-kONXT&NXMLNXnMZY$T�&�QDT-�&B*zªn+MON�P2W-nDkZYJ[-G�[-NdN�POkONbK-MOG�V�N�POG|��NXT&NXMZYaW-TÝÉ$M2hvGJn�[-NXT&GJILQDT�YJ[-GiÛ�ÜLã È �
ÏKÏÐÊ�Ë � ñ W&NdN�PNXn6K-W-T kOGa[-N]K�Y$M2k2QS[&Y|K�Y$MZYLVXMON0Y$MmNXn6�DT&[_QSV�NcQDT l�NXM2k2QS[-GaU�NXn��DT&[_QSV�Nb[-NbV0Y$ILQDT&GCP0B��Y$Idh-QS¦XT<PZN|K-MOGJKvGJT&NaW-T�Y³^`GJM2IaY�[-NMON�POGJnDl�NXM�noYJP�V�GJT&P2W-nDkZYJP�V�GJT;N�P2k2M2W&VXk2W-MZY���K�Y$MZY�NXnDnSG\PON[-NXl�W&NXnDl�N³noYþQDT"kONXMOPON�V�VXQSRJT¬[-NXniV�GJTJjÑW-T"kOGu[-NÇnSGCPa[-G�VXW-I|NXT"kOGCP�ñ W&N³V�GJT"k2QSNXT&NXT¢noY�N�POk2M2W&VXk2W-MZYÈÚ`GV0Y$ILQDT&G[-NXT"k2MOG�[-NXn�É$M2hvGJn�[-NdN�P2k2M2W&VXk2W-MZY�ß§[-NdnoY|V�GJT&P2W-nDkZYaV�GJT\NXn�V�GJTJjÔW-T kOG[-N�[-G VXW-I|NXT kOGCP�ñ W&NV�GJT k2QDT&NXTþnSGCPmkONXM2ILQDT&GCPc[-NpnoYV�GJT&P2W-nDkZY_B�Â Q�noYaQDT"kONXMOPZN�V�VXQSRJTÝ^�W&NXMZYalJYJVX�oYPON�K*G�[_M2�oYak2MZY$h�Y¡j2Y$McV�GJTnoY�W-T-QSRJTu[-N|Y$IdhvGCPdV�GJTJjÑW-T"kOGCP0B�Ë�Y$MZY�GJh-kONXT&NXMdNXnÙMZY$T�&�QDT-��[-N|[-G�VXW-I|NXT"kOGCPpPONL[-NXhvN�MON0Y$nDQDä>Y$M�NXnKvN�PZYJ[-G|[-N]nSGCPmILQSP2I|GCP��-K�Y$MZY|NXnDnSGaPON�^¿GJM2IdW-noY|W-T�Y�lJY$M2QoYJVXQSRJT\[-NXn+N�POñ W&NXIaY�kO[ Ä"QS[�^ªU�PZNck2QSNXT&NbNXTVXW&NXT kZYbnoYbQDILK*GJM2kZY$T&VXQoYp[-NmnoYbN�P2k2M2W&VXk2W-MZY�Ú�K*GJT&[-NXMZÉ$T&[-GJnSGpI|N�[_QoY$T kONiW-T�V�G N���VXQSNXT kONi[&YJ[-G�KvGJM{W-TN�¤_KvNXM2kOG"ß�NXT�noYañ"W&NbPZNbNXT&VXW&NXT"k2MZYV0YJ[&YLkO¦XM2ILQDT&G-B*ü]NbN�P2kZYLIaY$T&NXMZY��@NXT�noYLVXMON0YJVXQSRJTÝ[-NXn+MZY$T�&�QDT-�T&G�POGJnSGpPON§k2QSNXT&N�NXTVXW&NXT kZYdnoYd[_QSP2k2M2QDh-W&VXQSRJTÇ[-N§nSGCPHkO¦XM2ILQDT&GCP�NXTanSGCPH[-G VXW-I|NXT kOGCP¥[-N§noY�V�GJnSN�V�VXQSRJTPOQDT&G�kZY$Idh-QS¦XT�noYLK*GCP2QSVXQSRJT³[-NXn+kO¦XM2ILQDT&G|NXT³noY�N�P2k2M2W&VXk2W-MZY_B



ë � î�ï �¾ð��J»�¸C¾|»�· )ì»�Ü
)¯�

gik2MZYuY$K-MOG�¤_QDIaYJVXQSRJT×NXT_^±Y$k2QDä>Y�noY V�GJT&P2k2M2W&V�VXQSRJT [-NXni�DT&[_QSV�NÝY$K-nDQSV0Y$T&[-G;kO¦�VXT-QSV0YJP�N�P2KvN�VX����V0YJP[-NÇMON�VXW-KvNXMZYJVXQSRJT [-N³QDT_^`GJM2IaYJVXQSRJT¢NXTÈ[-G VXW-I|NXT kOGCPN�POk2M2W&VXk2W-MZYJ[-GCP�B£E Ð E��Cs(D¯�{[-NÇIaY$T&NXMZY�ñ W&NT&G�PORJnSGaPZNdk2MZY$kONp[-N�NXT&V�GJT k2MZY$McnSGCP][-G VXW-I|NXT kOGCP]MONXnSNXlJY$T kON�P|Ú`ñ"W&N�K-W&N�[-NdÃ�YJV�NXMOPZNpV�GJTÝVXW�Y$nSñ W-QSNXMI|G�[-NXnSG�[-NÇMON�VXW-KvNXMZYJVXQSRJT¬VXnoÉJP2QSV�G"ß|POQDT&GþkZY$Idh-QS¦XT¬noYÝK�Y$M2kON�[-N�NXnDnSGCP�ñ"W&NÇK-W&N�[&Y�MON�P2W-nDkZY$MIaÉJPQDT kONXMON�PZY$T"kON�Y$n+W&P2W�Y$M2QSG-B@Ë�Y$MZYNXnDnSGaPZNbV�GJT&P2k2M2W-U�NbW-T��DT&[_QSV�Ndñ W&Nbk2QSNXT&NdnoYLILQSP2IaYLN�POk2M2W&VXk2W-MZYañ W&NNXn_[-G VXW-I|NXT kOG]QDT&[-N�¤-YJ[-G]I|N�[_QoY$T kON�W-T�I|N�V0Y$T-QSP2I|Gc[-NHK-MOGJK�Y$�"YJVXQSRJTLUbK*G�[&Yiñ"W&N�NXT�K-M2QDI|NXM7nDW-�"Y$MGJh-k2QSNXT&N]N�QDT&[-N�¤-Y�kOG�[-GCPHnSGCP kO¦XM2ILQDT&GCPm[-NinSGCPHT&G�[-GCPHÃ&G$j2Ypñ W&NiV�GJT k2QSNXT&NXT³kON�¤�kOG-B_t×V�GJT k2QDT"W�YJVXQSRJTQDT&[-N�¤&Y$TnSGCP T&G�[-GCP ñ W&NiV�GJT k2QSNXT&NXT�Ã-Q jÑGCP U"YbQDT&[-N�¤&YJ[-GCP�� K�Y$MZYdNXnDnSGpPONih-W&POV0Y$T�kOG [-GCP nSGCP{kO¦XM2ILQDT&GCPV�GJI�W-T&N�PbNXTþnSGCP]T&G [-GCP]Ã-Q j2GCP��vPONpK�YJPZY$T�Y$n7T&G�[-G�K�YJ[_MON�U�PON�NXnDQDILQDT�Y$T�[-NXn7�DT&[_QSV�NL[-N�nSGCP]Ã-Q j2GCP0BzÙPOkONdK-MOG�V�N�POG�PON�MONXK-QDkON�Ã�YJPOkZYñ W&NpPON�V�GJILK-nSNXkON�noY�N�P2k2M2W&VXk2W-MZY�[-NXnª[-G�VXW-I|NXT"kOG-B�tæI|N�[_QS[&Y�ñ W&NPON�lCY�V�GJT&P2k2M2W-U�NXT&[-G�NXnª�DT&[_QSV�NaPON�lCY$T�YJP2QD�CT�Y$T&[-GÇnSGCPdK*N�POGCPcV�GJM2MON�POK*GJT&[_QSNXT kON�PpYÇV0YJ[&YÇkO¦XM2ILQDT&GNXILK-nSN0Y$T&[-GdW-T�Y�lJY$M2QoYJVXQSRJT�[-NXn&N�POñ"W&NXIaYckO[ Ä"QS[�^W��NXn&VXW�Y$n�K*NXM2ILQDkON§GJh-kONXT&NXM nSGCPªKvN�POGCPÙV�GJIdh-QDT�Y$T&[-GnoYa^`MON�VXW&NXT&VXQoY�V�GJT\noY�ñ W&N�NXn�kO¦XM2ILQDT&G³Y$K�Y$MON�V�NLNXTþNXnÙ[-G�VXW-I|NXT"kOGÇV�GJTÝnoY^`MON�VXW&NXT&VXQoY�V�GJT\noY�ñ W&NY$K�Y$MON�V�NbNXT�nSGCP¥T&G [-GCP>B�iT�Ycl�NXä]V�GJT&P2k2M2W-QS[-G�NXn*�DT&[_QSV�NiPONiK-W&N�[-NXTÇNXILK*NXä>Y$M¥YdMON�POGJnDl�NXMHV�GJT&POW-nDkZYJP0B Ë7Y$MZY�MON�POGJnDl�NXM�W-T�YV�GJT&P2W-nDkZY�PZNcGJh-k2QSNXT&NcW-T�Y�nDQSP2kZY�[-Nc[-G�VXW-I|NXT"kOGCPiNXILK-nSN0Y$T&[-G|W-TÇI|¦XkOG�[-G|[-N]MON�VXW-K*NXMZYJVXQSRJT�[-NcQDT_Ì^¿GJM2IaYJVXQSRJTÇk2MZYJ[_QSVXQSGJT�Y$nJ��Y�V�GJT"k2QDT W�YJVXQSRJT@��UW-T�Ypl�NXäcñ"W&NcNXnvW&P2W�Y$M2QSGLÃ�YpN�POV�GJ�CQS[-G|W-T�[-G�VXW-I|NXT"kOGK�Y$MZY�N�¤-Y$ILQDT�Y$M��7PON�Y$T�Y$nDQDä>Y$T;noYJP�MONXnSNXlCY$T&VXQoYJP�[-NakOG�[-GCPpnSGCPdT&G�[-GCP�V0Y$T&[_QS[&Y$kOGCPLñ"W&NaMON�P2KvGJT&[-NXTYanoYaV�GJT&POW-nDkZYaU�PON�GJh-k2QSNXT&NpW-TÝMZY$T�&�QDT-��[-N�T&G�[-GCP�[-NXnª[-G�VXW-I|NXT"kOG-B6Ë�GJMcnSGakZY$T kOG��6N�P2kZYakO¦�VXT-QSV0YPORJnSGdNXlJY$nO$�YbnSGCP [-G�VXW-I|NXT"kOGCP�ñ W&N§PON§Ã�Y$T�PONXnSN�V�VXQSGJT�YJ[-G�K-MONXl QoY$I|NXT kONiKvGJM{NXn@W&P2W�Y$M2QSGd[-NiNXT"k2MONinSGCPG$^`MON�VXQS[-GCP§KvGJM§W-T�P2QSPOkONXIaY|[-NcMON�VXW-KvNXMZYJVXQSRJT�[-NdQDT_^`GJM2IaYJVXQSRJT�k2MZYJ[_QSVXQSGJT�Y$n±BG¡�PORJnSG|NXT�N�POGCPm[-G�VXW_ÌI|NXT kOGCPHPZN§KvGJT&[-NXMZY$TnSGCPHNXnSNXI|NXT"kOGCP¥N�P2k2M2W&VXk2W-MZY$nSN�P�ñ W&N§nSGCP{^`GJM2IaY$T@��PONXnSN�V�VXQSGJT�Y$T&[-GLYJñ W&NXnDnoYJP ñ W&NPOGJT�IaÉJP§MONXnSNXlCY$T"kON�P0B@ÊiG|GJh&POkZY$T"kON���N�PmK-MOGJh�Y$h-nSN�ñ W&Nb[-G�VXW-I|NXT"kOGCPiT&GaPONXnSN�V�VXQSGJT�YJ[-GCP�V�GJT"kONXT-�"Y$TK�Y$M2kON�P§ñ W&N�K-W&N�[&Y$T³kONXT&NXM§IaY0U�GJM§QDT"kONXMO¦�PmK�Y$MZY�NXn6W&P2W�Y$M2QSG��_IaY�U�GJMiQDT&VXnDW&POGLñ"W&N]noYJP¥NXlCY$nDW�YJ[&YJP��_UP2QDT³NXI�h�Y$M2��G|T&GLPON]k2QSNXT&NXT\NXT³VXW&NXT"kZYaV�GJT�N�P2kZYpK-MOGJK-W&N�P2kZY_B
�P£��P£ ¤�¥�¦?§�¨�©«ª¬¯®�° ·�©>ù Ó¶°�·�¬¶³m©

Ë7Y$MON�V�N{[_Q�^`�SVXQDn"ñ W&N7noYJP6kO¦�VXT-QSV0YJP�[-NªV�GJILK-MON�P2QSRJT�[-NªkON�¤_kOG§PON7K-W&N�[&Y$T�V�GJIdh-QDT�Y$M7V�GJTbnSGCPv��VOÃ&NXMOGCPQDT l�NXM2k2QS[-GCPp[-NXh-QS[-G\Y�noYÇT&N�V�N�POQS[&YJ[�[-NYJV�V�N�[-NXMLY�KvGCP2QSVXQSGJT&N�P�Y$nSN0Y$kOGJM2QoYJP�[-NXn kON�¤�kOGÇU�Y³MON0Y$nDQDä>Y$Mh�$&POñ W&N�[&YJP7PON�VXW&NXT&VXQoY$nSN�P7POGJh-MONHK�Y$M2kON�P7[-NXn kON�¤_kOG-BJzÙPZYJP�T&N�V�N�P2QS[&YJ[-N�P7Ã�YJV�NXTLñ"W&N k2MZYJ[_QSVXQSGJT�Y$nDI|NXT"kONnSGCP �DT&[_QSV�N�PHQDT"l�NXM2k2QS[-GCP¥PON�Y$K-nDQSñ"W&NXTÇPOGJh-MONikON�¤�kOG�P2QDT�V�GJILK-M2QDILQDM0B���YJP kO¦�VXT-QSV0YJP�[-N�V�GJILK-MON�P2QSRJTÇ[-NkON�¤_kOG�IaÉJP�MON�VXQSNXT kON�PßB �\�§��}��JÊi�\Ê + �C�(D_T&G]PORJnSG�K*NXM2ILQDkONXTLMON�[_W&VXQDMªNXn_kON�¤�kOG]NXT�W-T|eCr¡ÌÍsC�1¾é[-N�P2WkZY$IaY('&GbGJM2QD�CQDT�Y$n@P2QDT&Gbñ W&N�kZY$Idh-QS¦XTaKvNXM2ILQDkONXT|h-W&POV0Y$M POGJh-MON§NXn-kON�¤_kOGbV�GJILK-M2QDILQS[-GdP2QDTLT&N�V�N�POQS[&YJ[[-Np[-N�POV�GJILK-M2QDILQDM2nSG;B �\Ê]Î*Ò¥�C�EDª[-NdW-T�Y|^`GJM2IaYI�W&VOÃ&G�IaÉJP�MZÉ$K-QS[&Yañ W&NpP2Q�PZNdMON0Y$nDQDä>YanoYILQSP2IaYh�$&POñ W&N�[&Y�POGJh-MON�kON�¤�kOG�[-N�POV�GJILK-M2QDILQS[-G-B-��G [&YJP¥N�P2kZYJPHkO¦�VXT-QSV0YJP§[-N�V�GJILK-MON�P2QSRJT³PONih�YJPZY$TÇNXT�W-T�YV�G�[_Q���V0YJVXQSRJT�[-NbÅiW_Æ*IaY$T³NXT�noYJP§ñ"W&NcV0YJ[&YLkZY$h-noYL[-NbP2�DI�h*GJnSGCP§N�PmNXn�l�G V0Y$h-W-noY$M2QSGa[-NXn�kON�¤�kOG-B��YÝV�GJILK-MON�P2QSRJT<N�P�W-T�Y\kO¦�VXT-QSV0YþGJM2kOGJ��GJT�Y$nmñ W&N�PON�W-k2QDnDQDä>YÝK�Y$MZY\MON�[_W&VXQDMLnSGCP�MON�ñ"W-QSPOQDkOGCP|[-NN�P2K�YJVXQSG�NXTÇnSGCP��DT&[_QSV�N�P�QDT l�NXM2k2QS[-GCP0B@Â�N]K-W&N�[-NXT³V�GJILK-M2QDILQDM§nSGCP¥[-G�VXW-I|NXT"kOGCP¥U�NXnv�DT&[_QSV�NCB&z7¤_QSP2kONXT[_Q�^¿NXMONXT"kON�PHkO¦�VXT-QSV0YJP�[-NiV�G�[_Q���V0YJVXQSRJTÇ[-NmT�$-I|NXMOGCP¥NXT"kONXMOGCPHKvGCP2QDk2QDl�GCP�ñ"W&NiPON§K-W&N�[-NXT³Y$K-nDQSV0Y$MHK�Y$MZYV�GJILK-M2QDILQDMªnoYJP�nDQSP2kZYJPª[-N�G�VXW-M2MONXT&VXQoYJPª[-N nSGCP7�DT&[_QSV�N�P7QDT l�NXM2k2QS[-GCP0BCzªn_MON�P2W-nDkZYJ[-Gc[-N�N�PZY�V�G�[_Q���V0YJVXQSRJTN�PpW-T�YÝPON�VXW&NXT&VXQoY\[-N�h-QDkOP��7NXn�kZY$IaY('&Gþ[-N�N�PZY\PON�VXW&NXT&VXQoY\T&GÝN�PLV�GJT&P2kZY$T"kONCBª�+YJP�kO¦�VXT-QSV0YJP|IaÉJPV�GJT&G�VXQS[&YJP§PONcV�GJI|NXT kZY$MZÉ$TÝY�V�GJT k2QDT"W�YJVXQSRJT�B
�Y��¨0�@�h� £����Y¦�ªY¤n�{¤5¦²ßV���4�®�7�{¦I�S���v���{¤5¦����

��YdV�G�[_Q���V0YJVXQSRJT�K*GJM�[_Q�^`NXMONXT&VXQoYJP¥PZNmW-k2QDnDQDä>Y�V�GJI|GpW-TK-MONXK-MOG�V�N�PZY$ILQSNXT"kOGañ"W&NiP2QDM2lJY�[-N]Y�U�W&[&YK�Y$MZYcV�GJILK-M2QDILQDM nDQSP2kZYJPÙ[-N¥NXT kONXMOGCP GJMO[-NXT�YJ[&YJP0B"�+Y]QS[-N0Y]K-M2QDT&VXQDK�Y$n@K�Y$MZY]MON�[_W&VXQDM NXn-kZY$IaY('&G�[-N�nSGCP�DT&[_QSV�N�P{QDT"l�NXM2k2QS[-GCPHN�PÙñ"W&N�noYJP{nDQSP2kZYJPÙ[-N§G�VXW-M2MONXT&VXQoYJP{[-NmV0YJ[&Y]K�Y$noY$h-MZYbN�P2kO¦XT|GJMO[-NXT�YJ[&YJPH[-N�^¿GJM2IaY



	
À.-AÀFÁ ��ÂbÃ"½±»��X¹Ä�C·L¸�»�À�Ý ·�¸�¹ º�» ë Å

VXMON�VXQSNXT kON��*U�[-N�N�P2kZYLIaY$T&NXMZYPONdK-W&N�[&YaY$nDIaYJV�NXT�Y$M]noY|[_Q�^¿NXMONXT&VXQoY�Ú`GaÃ"W&N�V�G"ßmNXT"k2MON�W-T�NXnSNXI|NXT kOGU NXn�NXnSNXI|NXT kOG�[-N�noY�K*GCP2QSVXQSRJT<Y$T kONXM2QSGJM0BÙzªn�K-M2QDI|NXM|NXnSNXI|NXT"kOG�[-N�noY�nDQSP2kZY\V�GJT"kONXT&[_MZÉÝPOWulCY$nSGJMGJM2QD�CQDT�Y$n±B�+Y�[-N�V�G�[_Q���V0YJVXQSRJT×PON�MON0Y$nDQDä>Yu[-N³^¿GJM2IaYuPON�VXW&NXT&VXQoY$nJ��PON�W-k2QDnDQDä>YuNXn�K-M2QDI|NXMÇNXnSNXI|NXT"kOG;K�Y$MZYV0Y$nSVXW-noY$M�NXn¥lJY$nSGJM[-NXnmPONX�CW-T&[-G��ÙNXnmPZNX�CW-T&[-GþK�Y$MZYþV0Y$nSVXW-noY$MNXnmlJY$nSGJM|[-NXn§kONXMOV�NXMOG�U;YJPO�§P2W&V�N�P2Q�ÌlCY$I|NXT"kONCB{�mN0Y$nDQDä>Y$T&[-GþnoYÝV�G�[_Q���V0YJVXQSRJT [-N�noY\nDQSP2kZYÝ[-NÇN�POkZY\IaY$T&NXMZYþPONÇGJh-k2QSNXT&NÇW-T�Y\nDQSP2kZYÝñ W&NV�GJT k2QSNXT&N]TA$-I|NXMOGCP¥I|NXT&GJMON�P¥ñ W&N�nSGCP�GJM2QD�CQDT�Y$nSN�P0B-zÙP2kOGCP�T�$-I|NXMOGCP¥K*N�ñ W&NQ'&GCP�PON�K-W&N�[-NXT�MONXK-MON�PONXT_ÌkZY$M{T&GJM2IaY$nDI|NXT"kON]V�GJTaI|NXT&GCP{h-QDkOP P2Q@PONmY$K-nDQSV0YcW-TaI|¦XkOG [-G�[-N§V�G [_Q���V0YJVXQSRJTÇYJ[-N�VXW�YJ[-G-B-EHGJI|GdNXTnoYJP�nDQSP2kZYJP]�CMZY$T&[-N�PcN�PîYJP�[_Q�^¿NXMONXT&VXQoYJPbPOGJT\IaÉJP]KvN�ñ"W&NQ'�YJP��vN�P][-N�P2W-KvGJT&NXM]ñ W&NpnoYJP�nDQSP2kZYJP]�CMZY$T&[-N�PkONXT-�"Y$T�W-T�Y�I|NÔjÑGJM§V�GJILK-MON�POQSRJT�U�noYpMON�[_W&V�VXQSRJT�[-NbN�P2K�YJVXQSG|K-W&N�[-NcMOGJT&[&Y$MmNXT³kOGJM2T&GaY$nÙA0�1¾�B
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zÙPmnoYLkO¦�VXT-QSV0Y|IaÉJP�PONXT&VXQDnDnoYLW-k2QDnDQDä>YJ[&YaK�Y$MZY|V�G�[_Q���V0Y$M]NXT"kONXMOGCPiK*GCP2QDk2QDl�GCP>B��iT�NXT"kONXMOG
α
VXW�Y$n�Ìñ W-QSNXMZY|PZNbV�G [_Q���V0YaI|N�[_QoY$T"kON

α− 1
h-QDkOP�V�GJT�lCY$nSGJMÍüDALü@PONX�CW-QS[-GCP�[-NdGJk2MOGh-QDkiV�GJT�lCY$nSGJMÍüf��üDB@Ë�GJMNÔj2NXILK-nSG��ÙNXn§T�$-I|NXMOG sþPZN³V�G [_Q���V0Y�V�GJI|G<ACA0�_B{�+Y�V�G [_Q���V0YJVXQSRJT W-T�Y$M2QoY�[-NÇnSGCP|[_QSNXä�K-M2QDI|NXMOGCPNXT kONXMOGCP|PONIdW&N�P2k2MZY�NXTunoY�kZY$h-noY\y&BDACB7zÙP2kZY�kO¦�VXT-QSV0YÝPORJnSGÝPONXM2�oYÝYJV�NXK-kZY$h-nSNÇK�Y$MZY�T�$-I|NXMOGCP|IdW-UKvN�ñ W&NQ'&GCP�Ú�K*GJMNÔjÑNXILK-nSG��{I|NXT&GJMON�PaGþQD�CW�Y$nSN�P�YFA0x�ßZ�ªKvNXMOG�PON³V�GJI|NXT kZYþKvGJMOñ"W&N³PZNÇNXILK-nSN0Y�NXTGJk2MZYJP§kO¦�VXT-QSV0YJPm[-NbV�G�[_Q���V0YJVXQSRJT�[-NcNXT kONXMOGCP0B
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zªnDQoYJPÙK-MOGJK-W&POGdNXTûB zªnDQ9}Jr,D�[_Q�^¿NXMONXT"kON�P kO¦�VXT-QSV0YJPÙK�Y$MZYbMONXK-MON�PONXT"kZY$M TA$-I|NXMOGCPHNXT"kONXMOGCP W-k2QDnDQDä>Y$T&[-GW-T TA$-I|NXMOG\lCY$M2QoY$h-nSN[-Nah-QDkOP0B+�iT�Y³[-NnoYJPdK-MOGJK-W&N�POkZYJPpPZN|V�GJT&G V�N�V�GJI|G\zªnDQoYJPÔÄ

γ
��noY³VXW�Y$n�[_QSV�Nñ W&N¥K�Y$MZYcV�G�[_Q���V0Y$M{W-T�NXT"kONXMOG

α
VXW�Y$nSñ W-QSNXMZYbPZN¥[-NXh*NXMZÉd[-N§GJh-kONXT&NXMHNXn@V�R [_QD��GcW-T�Y$M2QSG�[-NXn�T�$-I|NXMOG

1+blog2 αc
UdV�GJT&V0Y$kONXT�Y$MªnSGCP blog2 αc

h-QDkOP7ñ W&NHMONXK-MON�PONXT"kZY$TaY$n_TA$-I|NXMOG
α−2blog2 αc NXT�h-QDT�Y$M2QSG-BË�GJMmNÔj2NXILK-nSG���NXn6T�$-I|NXMOG

α = 5
PONcV�G�[_Q���V0Y|V�GJI|G

1 + log2 5 = 3
N�¤�K-MON�PZYJ[-GaNXT³V�R [_QD��GLW-T�Y$M2QSG��V�GJT&V0Y$kONXT�Y$T&[-GJnSG;V�GJT¢NXniT�$-I|NXMOG

5 − 2blog2 5c = 1
NXTÈh-QDT�Y$M2QSG U;W&PZY$T&[-G blog2 5c = 2

h-QDkOP#üGJh-kONXT-QSNXT&[-G�V�GJI|GbMON�P2W-nDkZYJ[-G�NXn�V�R�[_QD��GaACA0�C�_ACB�Â�N§K-W&N�[-NXTNXT&V�GJT"k2MZY$M�GJk2MOGCP{NÔj2NXILK-nSGCP{NXTanoYckZY$h-noYy&BDACB gik2MOG;I|¦XkOG [-GF[-NþV�G�[_Q���V0YJVXQSRJT×K-MOGJK-W&N�P2kOG<NXT B zªnDQ9}Jr�DbPONÝV�GJT&G V�N�V�GJI|GFzÙnDQoYJPÔÄ
δ
B§zÙT×N�P2kONI|¦XkOG�[-G³kZY$I�h-QS¦XTuPZN|V�GJT&V0Y$kONXT�Y$TF[-GCPbK�Y$M2kON�P�K�Y$MZY�^¿GJM2IaY$M�NXn V�R�[_QD��G��&T�Y$n±B�Ë�Y$MZY�V�G�[_Q���V0Y$MdW-TNXT kONXMOG

α
VXW�Y$nSñ"W-QSNXMZYaPONb[-NXhvNb[-NbGJh-kONXT&NXM�NXn+V�R [_QD��GazªnDQoYJPÔÄ

γ
[-NXn�TA$-I|NXMOG

1 + blog2 αc
U�Y|N�P2kZYPZN�VXW&NXT&VXQoY�[-N]h-QDkOP¥PON�nSNcV�GJT&V0Y$kONXT�Y$T³nSGCP blog2 αc

h-QDkOP¥ñ"W&N�MONXK-MON�PONXT kZY$T\Y$nvTA$-I|NXMOG
α− 2blog2 αcN�¤_K-MON�PZYJ[-GÇNXTÝh-QDT�Y$M2QSG-B�Ë�GJMdNÔj2NXILK-nSG��vK�Y$MZY�V�G [_Q���V0Y$MbNXnªT�$-I|NXMOG

α = 5
PON�[-NXhvNL[-NLGJh-kONXT&NXMbNXnV�R�[_QD��Gd[-NizªnDQoYJPÔÄ

γ
[-NXn�T�$-I|NXMOG

1 + blog2 5c = 3
� ñ"W&NiN�PÙnoYdPON�VXW&NXT&VXQoY|A0�_A���V�GJT&V0Y$kONXT�Y$T&[-GJnSG�V�GJTNXn-T�$-I|NXMOG

5−2blog2 5c = 1
NXTah-QDT�Y$M2QSGcU�W&PîY$T&[-G blog2 5c = 2

h-QDkOP#ü�GJh-kONXT-QSNXT&[-GbV�GJI|GcMON�P2W-nDkZYJ[-GNXn�V�R�[_QD��G³A0�_A0�_ACB@Â�NbK-W&N�[-NXT�NXT&V�GJT"k2MZY$M�GJk2MOGCPmNÔj2NXILK-nSGCPmNXTÇnoY�kZY$h-noY�y&BDACB
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��Y$h-noYÇy&Bfe��+z6jÑNXILK-nSGCPp[-NaV�R�[_QD��GCPpè]GJnSGJI�h Uþ�mQSV�NLK�Y$MZY³[_QSP2k2QDT kOGCPdlCY$nSGJMON�Pp[-NLnSGCPdK�Y$MZÉ$I|NXk2MOGCP>B��GCPmP2W-K*NXM2�DT&[_QSV�N�Pi[-N]noYp^¿GJM2IaY
1n

QDT&[_QSV0Y$T�V0YJ[-NXT�YJPi[-N
n
W-T&GCP§PONX�CW-QS[-GCP0B

Ë7Y$MZY V�G [_Q���V0Y$M�NXniNXT kONXMOG W&PîY$T&[-G�NXn]V�R [_QD��G [-NÝè]GJnSGJI�h¢[-N�K�Y$MZÉ$I|NXk2MOG
m
� PON�V�GJILQSNXT-ä>Y[-NXkONXM2ILQDT�Y$T&[-G�noY�K�Y$M2kON|NXT"kONXMZY�[-NXn{V�G�VXQSNXT"kON

n/m
UÝPONLPZYJV0YÇN�P2kON�lCY$nSGJMbW-k2QDnDQDä>Y$T&[-G�W-T�V�R [_QD��GW-T�Y$M2QSG-B$t;V�GJT"k2QDT"W�YJVXQSRJT|PZN{V0Y$nSVXW-noY

n mod m
UcPON PZYJV0Y§N�P2kON{lJY$nSGJM�W-k2QDnDQDä>Y$T&[-GmW-T�V�R�[_QD��G§h-QDT�Y$M2QSGY¡jÑW&P2kZYJ[-G��_[-N�^`GJM2IaYpñ W&NcY$nD�CW-T�YJP¥l�N�V�N�P§PONiW-k2QDnDQDä>YLN�¤&YJVXkZY$I|NXT"kONcnoY�K�Y$M2kONcNXT"kONXMZY|[-N

log2m
h-QDkOPU�GJk2MZYJP§l�N�V�N�P§PON]W-k2QDnDQDä>Y|W-TÇh-QDk§IaÉJP§ñ W&NcN�P2kONclCY$nSGJM0BzÙn{V�R [_QD��G�[-N|�§QSV�N|N�P�N�ñ"W-QDlCY$nSNXT"kON�Y$n{V�R�[_QD��G³[-Nè]GJnSGJI�h@�+KvNXMOGÇnDQDILQDkZY$T&[-G³nSGCPdlJY$nSGJMON�P�[-NXnK�Y$MZÉ$I|NXk2MOG

m
Y�K*GJkONXT&VXQoYJPcNXT kONXMZYJPd[-NLe��6N�Pc[-N�VXQDM��

m = 2k
B6z{P2kOG�^¿YJVXQDnDQDkZY�noYQDILK-nSNXI|NXT kZYJVXQSRJTÃ�Y$MO[_Ó�Y$MON\[-NXncY$nD��GJM2QDk2I|G��HU"Y�ñ W&N�noY�K�Y$M2kON\NXT"kONXMZYu[-NXn]V�G VXQSNXT kON

n/2k
PON�K-W&N�[-N\[-NXkONXM2ILQDT�Y$MV�GJTF[-N�P2K-noY$ä>Y$ILQSNXT kOGCPaUuNXn¥lJY$nSGJML[-N�T;I|R [_W-nSG

2k
PON�GJh-k2QSNXT&N�Y�K�Y$M2k2QDMa[-N�nSGCP

k
h-QDkOPLI|NXT&GCPP2QD�CT-Q���V0Y$k2QDl�GCPi[-N

n
B��Y³kZY$h-noY�y&Bfe³I�W&N�P2k2MZY\NÔjÑNXILK-nSGCPp[-N�V�R [_QD��GCP|è]GJnSGJI�huU��mQSV�N|K�Y$MZY�[_QSP2k2QDT"kOGCP�K�Y$MZÉ$I|NXk2MOGCP>BË�GJM¥MZY$ä0GJT&N�P¥[-N]N�P2K�YJVXQSG��_noYJP¥V0YJ[-NXT�YJP¥[-N]VXQDT&V�GLG�IaÉJP�W-T&GCP¥PZNX�CW-QS[-GCP¥PON�Ã�Y$TÇY$h-MONXl�QoYJ[-G�KvGJM

1j
�[-GJT&[-N

j
MONXK-MON�PONXT"kZYaNXn�TA$-I|NXMOG[-N]W-T&GCPm[-N]noYLV0YJ[-NXT�Y_B
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  `¡i�X[�WbdcKqHV�a[g�onl[bna�VRa�gH`ShjVRa_][X[gQfY][gHX7h;qHV�qQh�]_bna}fRbd`Qa[][X[gH\kqQh�a_bd�HX_V�VYcKfRbd`dl�gH`�]_b�qHV]_bxqHbnaUckbnasa[g�onl[bna}qHV2gH`�]_V#��]_b ü ckbna}h�THgH`x]7hdqHbdX_VRa�hjckbna}a[g�onl�bna}a_VJh�c^ZjhdfRVY`Sh�`�VY`�ckbna`QbxqHbna%pQb�l_hda�z��>` B  �¢x¢H£n¤�¥ a_VvqHVRa_fYX[\^�WV�gH`;ZuyY]_b�qHb�qHVUfRbd`Qa[][X[gQfY\k�d`�c^\^`QV�h�cWqHVUi�X[�WbdckVRaqHV3a[g�onl[bna"��VY`�¦¨§  U£�©d¥ gH`Sh���bdX[ZjhJqHVsfRbdZJTHX[\^ZJ\^X[ckbna�z
��bnavh�X[X7h���awqHVsa_g�onl�bna,a_bd`tgH`Sh�\^ZJTHckVYZuVY`x]7hdfY\k�d`�V#oSVY`QfY\kVY`x]_V2mxgQVUX_VRq�gQfRV3VYc�fRbna[]_VsqHV
h�c^ZjhdfRVY`Sh�ZJ\kVY`�]_b�qHV'ckbna5i�X[�WbdckVRa5qHV"a[g�onl�bna�z�ª�`H\kfY\�h�c^ZuVY`�]_Vwa7V'THX_VRa7VY`�]7h�X_bd`uVY`t¦¨«�« £n¬�¥l�gH`x]_b�fRbd`�gH`Eh�c^�(bdX[\^][ZubUqHV�fRbd`Qa_][X[gQfRfY\k�d`�TSh�X7h�fRbd`Qa[][X[gH\^X[ckbnaKgQa7h�`QqHb

O(n log n)
fRbdZE|

TSh�X7hdfY\kbd`QVRaJqHV;f�h�X7hdfY]_VYX_VRa�z5�%bd`h�`�]_VYX[\kbdX[\kqQhdq�a_VjqHVRa_fYX[\^�H\kVYX_bd`GVY`®¦°¯}bd`S±(² ¥ �Sh�l�b�VYc`QbdZ2�HX_V�qHVE³�´�µ5¶·h�X[X7h���a[¸7z   `�h�c^�(bdX[\^][Zub�qHVjfRbd`Qa[][X[gQfRfY\k�d`�TSh�X7hLh�X[X7h���a�qHVja[g�onl[bna�nX7h�`QqHVRa�a7VsTHgQVRqHV2VY`QfRbd`x][X7h�XUVY`�¦°¯}¹'º3{ £n»�¥ zQ��hJgH][\^c^\^��hdfY\k�d`�qHV2a[gHTHX7h�|��^`Qq�\kfRVRaUa_bd�HX_VVYc�h�X[X7hR�GqHV�a[g�onl[bnaua_VtTWbna[THgQa_b�VY`¼¦¨¹�ºs¹w½ £n¾�¥ r5ZJ\kVY`x][X7hda;mxgQV�q�\���VYX_VY`�]_VRa�]_yRfY`H\kf�hdaZubxq�\�oSf�hdqQhda�qHV}�H¿Qa_mxgQVRqQh��H\^`Sh�X[\�hJVY`Qf�h�ZJ\^`ShdqQhda�h�X_VRq�gQfY\^XvVYc~][\kVYZJTWbuqHV}�H¿Qa_mxgQVRqQh
VY`uq�\ka_fRbsa_V%THX_VRa_VY`x]7h�X_bd`jVY`�¦¨¹"��¹

+ £n¤�¥ z   `Sh���bdX[Zjh}qHV,fRbdZ2�H\^`Sh�X�c�h}fRbdZJTHX_VRa[\k�d`jfRbd`ckbnavh�X[X7hR��avqHVsa_g�onl�bnawa7V}THgQVRqHV3VY`QfRbd`�][X7h�X}VY`�¦¨«��s½ £ ² ¥ z
æ,ÀBÁ `OAx:�=@CJI�ALNK:dÂ�F®�sa_bd`uVRa_][X[gQfY][gHX7hda�qHV,\^`QqHV#�QhdfY\k�d`;bdX[\kVY`x]7hdqQhda%hUTSh�c�h��HX7h3���Shda7hdqHbna�VY`upShda�|pH\^`H��¦¨Ã��"±(² ¥ zQ´5X_VRa_VY`x]7h�`�gH`Shu�Sh�l[hja_bd�HX_VRf�h�X[��huqHV2h�c^ZjhdfRVY`Sh�ZJ\kVY`x]_b�Ä�Å�Æ>Ç » Æ>ÇÈa_bd�HX_V3VYc

]7h�Zjh��QbJ]_bd]7h�cOqHVYc�]_V#��]_b�É%V}\^ZJTHc^\kf�h�`L�H¿Qa7m�gQVRqQhEa_VRfYgQVY`QfY\�h�cKVY`�VYc~�^`Qq�\kfRVnz@{xgLfRbdZJTHckV�l�\kqQhdq
VRavc^\^`QV�h�c�r@�Lh�gH`QmxgQV2c�hjfRbd`Qa[]7h�`�]_VEqHV�c^\^`QV�h�c^\kqQhdq�VRa��Sh�l_hJckbnavoSf_pQVYX_bna}\^`�e(VYX[][\kqHbnasa7bd`LZuV#|
l�bdX_VRa�TSh�X7h�c�h�Zjh��(bdX[��h�qHV�h�THc^\kf�hdfY\kbd`QVRa�z   ][\^c^\^��hL]_yRfY`H\kf�hda�qHV;pShda[pH\^`H��TSh�X7hLZjh�T�V�h�X�c�hdaTSh�c�h��HX7hda�VY`LZjida_f�h�X7hdavqHVs�H\^]_a�qHVs]7h�Zjh��Qb

B
rQqHVsZjh�`QVYX7hjm�gQVsf�hdqQhJ�BX7h��nZuVY`x]_bjqHVs]_V#��]_b

qHVU]7h�Zjh��Qb
b
][\kVY`QV}hda_\^�n`ShdqQh2gH`Sh�Zjida_f�h�X7h�qHV

B
�H\^]_a"fRbdX[X_VRa[TWbd`Qq�\kVY`�]_V3h�X_V�h�c^\^��h�X"gH`LÊUË

fRbd`Jc�hUZjida_f�h�X7hsqHV"]_b�qHbna5ckbnaÌ]_yYX[ZJ\^`Qbna�mxgQV,fRbd`�][\kVY`QVnzx�OhU\kqHV�hU��gH`QqQh�ZuVY`�]7h�c�VRa5fRbd`Qa[\kqHVYX7h�X
m�gQVnrdqQhdqHb}gH`���X7h��nZuVY`�]_bsqHV%]_V#��]_bHrna_\�fRbd`x][\kVY`QV,gH`ShUqHVY]_VYX[ZJ\^`ShdqQh}TSh�c�h��HX7hUckbnaÌ�H\^]_a>hdfY][\^e(bna
qHV�q�\kf7pSh�TSh�c�h��HX7h�VRa[]7h�X7i�`�hdfY][\^e(bna}]7h�Z2�H\kyY`¡VY`�c�huZjida_f�h�X7h�qHVYc��BX7h��nZuVY`x]_bHz~�5cÌTHX[\^`QfY\^TSh�c
\^`QfRbd`�e(VY`H\kVY`x]_V;mxgQV�THX_VRa_VY`�]7h�`�VRa}c�h�TWbna[\^�H\^c^\kqQhdq¡qHVJmxgQV�ckbna}�H\^]_a2hdfY][\^e(bna3qHV�gH`¡]_yYX[ZJ\^`Qb
VRa[]_yY`�]7h�Z��H\kyY`GhdfY][\^e(bna�VY`�gH`���X7h��nZuVY`�]_b�qHVu]_V#��]_bLVY`�VYc%m�gQVj`Qb�h�TSh�X_VRfRV�ÄÍ��h�cka7Vuq�X_bdT@É#z
�5cKTHgH`�]_b;Zjida�qHVYc^\kf�hdqHb�qHV2VRa_]7hJ]_yRfY`H\kf�h�VRa�hda_VY�ngHX7h�XUgH`ShjTHX_bd�Sh��H\^c^\kqQhdq�a_g�oSfY\kVY`�]_VYZuVY`�]_V
�Sh�l[hjqHV3mxgQV2a_VsTHX_b�q�gH��f�huVRa_]_Vs��VY`Q�dZuVY`QbHz�Ê�][X_b;THgH`�]_bjfYX[�^][\kfRb�VRawc�hjfRbd`Qa[][X[gQfRfY\k�d`�qHVsc�hda
Zjida_f�h�X7hda,VY`�gH`�][\kVYZJT�b�]7h�`tfRbdX[]_bJfRbdZubEa_V�h3TWbna[\^�HckVnzQ{�bd`�Z2gH�thdqHVRfYgShdqHbna"TSh�X7hEfRbd`Qa[gHc�|
]7hda}qHV2][\^TWbu��X7hda_V�bjTHX_b���\^ZJ\kqQhdqGÄ�a_\^ZJ\^c^\^][gQqSÉ#r@TWbdX_mxgQV2]_b�qQhdaUc�hda�TSh�c�h��HX7hdasqHV�c�h;fRbd`Qa[gHc^]7h
qHVY��VY`�VRa[]7h�X�THX_VRa_VY`�]_VRaJVY`�c�hLZjida_f�h�X7h�qHV;f�hdqQh�gH`Qb�qHVjckbnaEVYckVYZuVY`�]_bnaEX_VRfYgHTWVYX7hdqHbna�rKckb
fYgSh�c%hdqHVYZjida�pShdfRVjmxgQVuc�h�THX_bd�Sh��H\^c^\kqQhdq�qHVu��h�cka_Vjq�X_bdT�a_V�h�Zjida��Sh�l_h�zO�OhLfRbd`Qa[][X[gQfRfY\k�d`
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VRa3�Shda[]7h�`x]_Vja_VY`QfY\^c^c�h�r�a_Vuq�\^e�\kqHVuVYc�]_V#��]_b�VY`��Hckb�m�gQVRa2�¡f�hdqQht�Hckb�m�gQVJ][\kVY`QVjgH`ShtVY`�][X7hdqQh
hda_bxfY\�hdqQhuVY`LVYc~oSf_pQVYX_b�qHV3a[\^�n`Sh�][gHX_VRa�zSµ,qHVYZjida�rH][\kVY`QV2c�hEe(VY`�]7h�l_huqHV2m�gQVs`QbupShR��mxgQVsX_V#|
fRbd`Qa[][X[gH\^X"]_bxqHb�VYc@�^`Qq�\kfRVsh�c~h��Shdq�\^X%`xgQVYe(b�]_V#��]_bEh3c�h�fRbdckVRfRfY\k�d`�r��Shda[]7h�fRbd`�h��Shdq�\^X"`�gQVYe(bna
X_VY�n\ka[][X_bnauh�c%oSf_pQVYX_bHz5�Ì��\ka[]_VY`q�\���VYX_VY`x]_VRa���bdX[ZjhdaJqHVth�c^ZjhdfRVY`Sh�XJckbna�oSf7pQVYX_bnaJqHVjoQX[Zjh��
q�\���VYX_VY`x]_VRa,��bdX[ZjhdawqHV3fRbdZJTHX[\^ZJ\^X[ckbna�¦¨Ã��"±n± ¥ z
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�Oh�X_VRfYgHT�VYX7hdfY\k�d`�qHV�\^`���bdX[ZjhdfY\k�d`GVRaEVYc"f�h�ZJTWb¡qHV�c�h�\^`���bdX[Zji�][\kf�h�qHVRq�\kf�hdqHb�h�c�h��(VRa[][\k�d`
qHV�VYckVYZuVY`x]_bnat]_V#��][gSh�ckVRaLqHV�\^`���bdX[ZjhdfY\k�d`�z,µ q�\���VYX_VY`QfY\�h�qHV�ckbna�a[\ka[]_VYZjhdatqHV��Shda_VRatqHV�qQh�]_bna
pSh��H\^][gSh�ckVRaEÄBX_VYc�hdfY\kbd`Sh�ckVRa	É#r�VYc�]_V#��]_bu`Qbua_V3THgQVRqHV�h�c^ZjhdfRVY`Sh�X}VY`�gH`ShJ]7h��Hc�h�rSZuVRq�\�h�`�]_V�X_VY�n\ka[][X_bna
��f�h�ZJT�bna�r�qHV�Zjh�`QVYX7h�m�gQV�pShR��m�gQV��HgQa_f�h�X}a_bdc^gQfY\kbd`QVRa3h�c^]_VYX[`Sh�][\^enhdasTSh�X7h;�(VRa[][\kbd`Sh�XsVRa[]_V2][\^TWb
qHV}\^`���bdX[ZjhdfY\k�d`�z

�5c�THX[\^`QfY\^TSh�c�THX_bd�HckVYZjhjqHVsVRa[]_V}][\^T�bjqHVsa[\ka[]_VYZjhdawVRawmxgQV}][X7h�]7h�`LfRbd`�\^`���bdX[ZjhdfY\k�d`L�;`QbufRbd`
qQh�]_bna�r�TWbdX�ckb�mxgQV�`Qb�V#��\ka[]_V;gH`Sh�X_VYTHX_VRa_VY`x]7hdfY\k�d`��bdX[Zjh�c"`H\,qHV�ckbnaEqHbxfYgHZuVY`x]_bnauqHV�]_V#��]_b�`H\
qHVUc�hda,fRbd`Qa[gHc^]7hdawX_V�h�c^\^��hdqQhda�z@�%bdZubJfRbd`Qa_VRfYgQVY`QfY\�h�rQVRa_]_bna,a[\ka[]_VYZjhda"gH][\^c^\^��h�`tgH`Sh�X_VYTHX_VRa_VY`x]7hdfY\k�d`
h�THX_b���\^ZjhdqQh�qHVLh�Z2�Shda;VY`�][\kqQhdqHVRa�m�gQV�\^`x]_VY`�]7h�f�h�TH][gHX7h�Xja[gGa_VYZji�`x][\kf�h�r>��m�gQVLa_VtqHVY`QbdZJ\^`Sh
�	��
��������������� z{�V2qHV#oQ`QVY`�qHbna,��hda_VRavq�\���VYX_VY`QfY\�hdqQhda}VY`�VYc���gH`QfY\kbd`Sh�ZJ\kVY`�]_b�qHV2gH`�a[\ka[]_VYZjhjqHV3X_VRfYgHTWVYX7hdfY\k�d`
qHV}\^`���bdX[ZjhdfY\k�d`��
� FHC�A�IKA À�� I�A���F Á�À! "� fYgH�(b¡bd��l�VY][\^e(b�VRaufRbd`Qa[][X[gH\^Xuc�hdaEX_VYTHX_VRa_VY`x]7hdfY\kbd`QVRa�h�THX_b���\^ZjhdqQhda�qHV�c�h

\^`���bdX[ZjhdfY\k�d`¡mxgQV2fRbd`x][\kVY`QV�f�hdqQh;qHb�fYgHZuVY`�]_b�qHV2c�hjfRbdckVRfRfY\k�d`�#WVY`�]_yYX[ZJ\^`QbnaU�(VY`QVYX7h�ckVRa�rWa_V
�Shda7h�VY`�c�hda�TSh�c�h��HX7hda2m�gQVEh�TSh�X_VRfRVY`�VY`¡f�hdqQh;qHb�fYgHZuVY`�]_b��LVY`¡VYc�`x¿HZuVYX_b�qHV2e(VRfRVRasmxgQV
h�TSh�X_VRfRVY`�z

� FHC�A�IKAL<%$�C'&�MOAxI�F fYgH�(b;bd��l�VY][\^e(b;VRavfRbd`Qa[][X[gH\^X�gH`ShJX_VYTHX_VRa_VY`x]7hdfY\k�d`�h�THX_bR��\^ZjhdqQhjqHV2c�hufRbd`�|
a[gHc^]7h���bdX[Z�gHc�hdqQh�T�bdXtVYcUgQa[gSh�X[\kb���VYedh�c^gSh�Xta[g®a_VYZuV�l_h�`H��h�fRbd` ckbna�qHb�fYgHZuVY`�]_bna�qHV�c�h
fRbdckVRfRfY\k�d`�#�ckbna'qHb�fYgHZuVY`�]_bna,fRbd`Qa[\kqHVYX7hdqHbna"X_VYckVYenh�`�]_VRa"a_VYX7i�`thdmxgQVYc^ckbna%fYgH��h2X_VYTHX_VRa_VY`x]7hdfY\k�d`
�ngSh�X_qHV%h�c^�n¿H`�TSh�X_VRfY\kqHbUfRbd`2c�hwqHV�c�hwfRbd`Qa[gHc^]7h�r�a[\kVY`QqHb�ZjhR�(bdXÌVYc�`H\^e(VYc�qHV>X_VYckVYenh�`QfY\�hvfYgSh�`x]_b
ZjhR�(bdXUa_V�hEVRa[]_V}TSh�X_VRfY\kqHbHz

�OhJZjh��(bdX[��h;qHV�a[\ka[]_VYZjhdav�(VY`QyYX[\kfRbnaUqHV2X_VRfYgHT�VYX7hdfY\k�d`�qHV3\^`���bdX[ZjhdfY\k�d`�THX_bdT�bdX_fY\kbd`Sh�`�pQVYX[X7h�|
ZJ\kVY`x]7hda"T�bd]_VY`x]_VRa"�uV#oSfY\kVY`�]_VRa"TSh�X7hEhdfRfRVRqHVYXwh3ckbna%qHb�fYgHZuVY`�]_bnawa_VY�n¿H`�a[g�fRbd`�]_VY`H\kqHb(�HVYc�gQa[gSh�X[\kb
VRa_T�VRfY\�oSf�huc�hE\^`���bdX[ZjhdfY\k�d`�mxgQV3m�gH\kVYX_V2X_VRfYgHT�VYX7h�X}hE][X7hRe(yRaUqHV3gH`ShjfRbd`Qa[gHc^]7h�r@hJZuVY`�gQqHb�VY`LckVY`�|
�ngSh�l[V%`Sh�][gHX7h�c�rn�2ckbna5qHb�fYgHZuVY`�]_bna�m�gQV"VYcQa[\ka[]_VYZjhUVRa[][\^Zjh}mxgQV"a_bd`EX_VYckVYedh�`x]_VRa5TSh�X7hUckbnaÌX_VRmxgH\ka[\^]_bna
qHVYc@gQa[gSh�X[\kb2a7VwckVwTHX_VRa7VY`�]7h�`th3yRa[]_VUhs][X7hRe(yRa"qHVvgH`Shs\^`�]_VYX���h��(z   `Sh3�HgQVY`Sh3\^`x]_VYX���h��UT�VYX[ZJ\^][\^X7i2gH`THX_b�fRVRa_b�qHVUX_VRfYgHT�VYX7hdfY\k�d`�\^`�]_VYX7hdfY][\^e(bHrSVRa[][\^Z2gHc�h�`QqHbuh�cWgQa[gSh�X[\kbEh�X_VYex\ka7h�X%ckbna"qHbxfYgHZuVY`x]_bna,X_VRfYg�|
TWVYX7hdqHbna��tX_V#��bdX[Z�gHc�h�XUc�hjfRbd`Qa[gHc^]7hj\^`H\kfY\�h�c�r@qHV3��bdX[ZjhjZjh�`�gSh�c5b;h�gH]_bdZji�][\kf�h)#WVRa[]7hu¿Hc^][\^ZjhjVRa�c�h
��bdX[Zjh�Zjida5pSh��H\^][gSh�c�r�h�][X7hRe(yRa�qHV"ckbUmxgQV,a_V"qHVY`QbdZJ\^`Sh+*�, ���-�/. ,10 ���2���� 043�,5*�, � , �6� 0 ���� ÄBX_VYckVYenh�`QfRV��VRVRq��Shdf ¢ É#z)7shdqQh2c�h�fRbdZJTHckV�l�\kqQhdqtqHVYc@][X7h��Sh�l[bEqHVUX_VRfYgHT�VYX7hdfY\k�d`t�uc�h�\^ZJTHX_VRfY\ka[\k�d`tqHVUc�h�qHVRa_fYX[\^T�|fY\k�d`�qHVJc�htfRbd`Qa[gHc^]7h�pQVRf_pShtTWbdX2VYc>gQa_gSh�X[\kbHr�VYc>Zub�qHbt\^`�]_VYX7hdfY][\^e(b�VRa�h�ZJTHc^\�h�ZuVY`x]_VjX_VRfRbd`Qb�fY\kqHb
fRbdZubuc�h���bdX[ZjhEZjidavV#oSfY\kVY`�]_V2qHV3ZuV�l�bdX7h�XvVYc~X_VY`Qq�\^ZJ\kVY`x]_b;qHVYcKhdfRfRVRa_buhEc�h�\^`���bdX[ZjhdfY\k�d`�z
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7}VRa_qHV�VYc}THgH`�]_bqHV�e�\ka[]7h�fRbdZJTHgH]7hdfY\kbd`Sh�c�r,c�h�X_VRfYgHT�VYX7hdfY\k�d` qHV�\^`���bdX[ZjhdfY\k�d` fRbd`Qa[\ka[]_V�VY`
fRbd`Qa[][X[gH\^XO�^`Qq�\kfRVRaOV#oSfY\kVY`�]_VRa�r�THX_b�fRVRa7h�X~c�hdaOfRbd`Qa[gHc^]7hda�qHVÌckbna~gQa[gSh�X[\kbnaOckb,Zjida~X7i�TH\kqQh�ZuVY`�]_V'TWbna[\^�HckV
�JqHVRa7h�X[X_bdc^c�h�X"h�c^�(bdX[\^][Zubna%qHVvfYc�hda[\�oSf�hdfY\k�d`�ÄBX7h�` ¢ \^`H�xÉ�m�gQV,ZuV�l[bdX_VY`jc�h2f�h�c^\kqQhdqjqHVvc�hs\^`���bdX[ZjhdfY\k�d`VY`QfRbd`x][X7hdqQh�zK�Obna�qHb�fYgHZuVY`�]_bnaEa_VjX_VYTHX_VRa_VY`�]7h�`�ZuVRq�\�h�`�]_V�VYc%fRbd`dl�gH`x]_b�qHVj]_yYX[ZJ\^`Qbna�X_VYckVYenh�`�]_VRa
mxgQV3h�TSh�X_VRfRVY`LVY`LVYc^ckbna�z7}VRa_qHV,VYcSTHgH`�]_b2qHVwex\ka[]7h3qHVYcQgQa[gSh�X[\kbHrnc�h}X_VRfYgHTWVYX7hdfY\k�d`;qHVw\^`���bdX[ZjhdfY\k�d`�fRbd`Qa[\ka[]_VwVY`jVRa_][gQq�\�h�X
VYc%fRbdZJT�bdX[]7h�ZJ\kVY`x]_b�qHVYc%gQa[gSh�X[\kbHr�\^`�]_VYX[THX_VY]7h�XJa[g�`QVRfRVRa[\kqQhdq�qHVj\^`���bdX[ZjhdfY\k�d`���h�`Sh�c^\^��h�XEfR�dZub
yRa[]7hJh���VRfY]7huh�c�hEbdX[��h�`H\^��hdfY\k�d`���VYcW��gH`QfY\kbd`Sh�ZJ\kVY`�]_b�qHVYc�a[\ka[]_VYZjh�z

F+G1HIG JLKNMPORQ�STMPKUMVOWQ�SUX�OZY\[R]^ORX_STYa`cbPdeMPOf`gdNhK5XjiWSIYa`gbPd
´Kb�qHVYZubnavqHV#oQ`H\^Xw]_yYX[ZJ\^`Qb;qHV}\^`QqHV#�HhdfY\k�d`�qHVRa_qHVsqHbnawTHgH`x]_bnavqHV}e�\ka[]7h)�
7UVRa7qHV2gH`�THgH`�]_btqHV�ex\ka_]7huX_VRa[][X[\kfY][\^e(bHr�gH`�]_yYX[ZJ\^`QbtqHV2\^`QqHV#�QhdfY\k�d`¡VRaUgH`ShjTSh�c�h��HX7h�fYc�h�e(V
Ä�bs�nX[gHT�b�qHVvVYc^c�hda�\^`�]_VYX[X_VYc�hdfY\kbd`ShdqQhda	É�]7h�c@mxgQV,][\kVY`QV�a[\^�n`H\�oSf�hdqHb2THX_bdTH\kbHr�T�bdX'a[�QZJ\ka[Zjh�rxa[\^`
`QVRfRVRa[\kqQhdq�qHVs\^XvhdfRbdZJTSh��ShdqQhjqHV3bd][X7hda,TSh�X7hETWbxqHVYXwqHV#oQ`H\^X[ckb
7UVRa7qHVsgH`�THgH`�]_b;qHVse�\ka[]7h�Zjidaw�(VY`QVYX7h�c�rSgH`�]_yYX[ZJ\^`QbjqHVs\^`QqHV#�QhdfY\k�d`LTHgQVRqHV2a_VYXvfYgSh�ckmxgH\kVYX
TSh�c�h��HX7hJm�gQV�h�TSh�X_VRfRV3VY`�VYc�]_V#��]_bJqHV3fYgSh�ckm�gH\kVYX�qHbxfYgHZuVY`x]_bjqHVsgH`ShJfRbdckVRfRfY\k�d`

�>cS��gH`QqQh�ZuVY`�]_bJqHV�]_bxqHbna'ckbna"a[\ka[]_VYZjhda%qHVUX_VRfYgHT�VYX7hdfY\k�d`tqHV�\^`���bdX[ZjhdfY\k�d`��Shda7hdqHbna"VY`�]_yYX[ZJ\�|
`Qbna}qHV�\^`QqHV#�HhdfY\k�d`�VRa}mxgQV�VYcÌfRbd`�]_VY`H\kqHb�a7VYZji�`�][\kfRbtqHV�ckbnaUqHb�fYgHZuVY`�]_bna�r~b;qHV�c�hj`QVRfRVRa[\kqQhdq¡qHV
\^`���bdX[ZjhdfY\k�d`uV#��THX_VRa	hdqQhUT�bdX5VYc�gQa[gSh�X[\kbHrdTHgQVRqHV,V#��THX_VRa7h�X_a_V,h�TSh�X[][\^X>qHV"gH`EfRbd`dl�gH`�]_b2qHV']_yYX[ZJ\^`Qbna
qHV}\^`QqHV#�QhdfY\k�d`�z

  `Qb�qHV�ckbna�THgH`x]_bnasZjidasfRbd`)kQ\kfY][\^e(bna3VY`¡fYgSh�ckmxgH\kVYX7h�qHV�VRa_]_bnasa[\ka[]_VYZjhda}VRa}c�h;`QVRfRVRa[\kqQhdq¡qHVqHVY]_VYX[ZJ\^`Sh�XUm�gQy3qHb�fYgHZuVY`�]_bnaUa_bd`�X_VYckVYenh�`�]_VRa��tfYgSi�ckVRaw`QbHrQa_\kVY`QqHbu`QVRfRVRa7h�X[\kbJgH`�h�c^�(bdX[\^][ZubjmxgQV
X_V�h�c^\kfRVsc�hEfYc�hda_\�oSf�hdfY\k�d`�qHVsckbnawqHb�fYgHZuVY`�]_bna�z

�>c@h�c^�(bdX[\^][Zub2hdfY][gSh�X7i3qHV�hdfYgQVYX_qHb2h}gH`Sh}a_VYX[\kVwqHVwTHX_VYZJ\ka7hda5TSh�X7hsVYenh�c^gSh�X�mxgQywVRa5X_VYckVYenh�`�]_V,�
mxgQy>`Qb�ckb�VRa�r�qHV'Zjh�`QVYX7hvmxgQV%q�\���VYX_VY`x]_VRa5fRbd`dl�gH`x]_bna5qHV>THX_VYZJ\ka7hda5qHVY]_VYX[ZJ\^`Sh�`Jq�\���VYX_VY`�]_VRaÌZub�qHVYckbna
X_VRfYgHTWVYX7hdfY\k�d`LqHVs\^`���bdX[ZjhdfY\k�d`�z
l%mcn�m�n�m oTp?qsr!tuqsv(wyxsz|{s}~r�q�}u�c}�vu��wcp�w�{�qs{|}"z���}�v�tu�Z}���qsv(wyx�z�{s}~r�q�w�za�c�u�1��q�v(w�x�z

´Ìh?�7h�fRbdZ��Sh?�7h�ckbnajq�\ka_][\^`�]_bna;Zubxq(��y�_��q(�^���<��(���������k�����(������������� ����y¡������^¢��?�£�(�<�������¤���)�y��¤����j¤����¥��¦¤����y�'���'§��(���(¨_�(������j¤�����?�����¤��+���?¤��y�ª©����¤����������(�«(�y�(�¬�+����V���P����(���<�����¤��®�(�T©������ ��<���'�?���?�¯�?��¨2� ����T¤��y����P�(�������?¤��(���?�y�°	���<����������?��±
² �Z�(�1³�������(�_�´���<�)�y�����a�µ�(¶C����������¤��?��¤��<�'§����¥·"*�, ��/
¸��� 0¹����Z�<�´���º�(�����u������y¡����(�Z�(�9��(����)»¤��_�º���<��(�u������(�_�Pj���N�����¼����y�½_�?��¤��<�T¶^����*�, �¾ ·(,1* �2���� 0¿����N�<�º�����(������������y¡��À�(�N�(�9��(�����¤��_�����y�½_�?��¤��<�^j���¼�����|���<��(��������(�_�'±"«Á�?�(���(�(���?���(�Â��I��¿(������Â�(�Á�(�9��(�����¤��_�4j���¼��I���9�(��y��<�������y�(���������y�½��?�j¤��<�¯���T�(���<�(�C�?�(����j¤��?�º�(�������<�_��¤��+�(�P���+��¤����)±
Êº¤����_�P���?¤��_�C�(�+����¤����¦<�V���������¬�����?� ����� ·"*�, ��/
¸��� 0 � 0 � ,1*�·(Ã ��� 3 � j�����<�T���®� �<¶2���V�(���<��y���y¡���?�y�'�?�(°	�����¯���?���¥���<��(���������y�����<�´��¨_���?�y�<�%�¥� �<¶2�����<�aj���Ä���¯�������)#6�¯���R·"*�, ��/
¸��� 0 . ,�3 ��� �'�?�y��(��������N���?��¤����¯�(�V�����5�(���<��y���y�����<�¥���j¤�����u�����������º���?���+�)�y��¤����j¤����¯���<��(���������y�����<�'±

F+GªÅµG ÆÀOZY\[R]^ORX_SIYa`gbPdÇMPOW`ÈdNh1K5X9iWSIYa`gbTdÇYÄQ�ÉRÊs`gY´S
Ë �_�C���9�(��y�_�µ���Ì����y�<�_�µ�<�������y�(����?�Íj�����(�Í�(�j��(����j¤��¼�<��¤�Ì��(�<�������¤��¼�u���µ�(�Î�<����Ïª�(��¤����(�¤�¦���������_�%����(���<����j¤��?¤���½2�_�\�(��������������(�_�Ì³c¤�¦���������_�Ä�(�R�����(�1Ð(����y¡���¸�§2�(�R� �?������Tj���R�(��¤�¦����������(�C�����(�1Ð(����y¡����<�¯�(��� ���?���?«(���®��(¶2�®����¨_�(��³��'���(�®����(���<����j¤�� ���?��¤��µ�(�C��� ���� Ì?��¤��y�'�®¨_�y��«��?�%�(���(�9��(�����¤��¬�?������T�����¤�����<�<�_±
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Ù �C�½9�y�(���¤��¬����_§������(�4�(�Î�(�9��(�����¤��(§s¢��?«(��Ì^¤�¦���������_�µ� Ì��V����(���<�����¤��?¤���½2�_��j������¤����_�'#�<��¤�� �)��©�����������¹���µ����(���<�����¤��¬���<�)���?�j¤��+���¬������¨_������y¡����(�N���<���_�EÄ!���(��¦���y�<�_�	ÉP�®�'�����®¤�¦����������(�T�����(�1Ð�����y¡��¼�(�T�(�¼�(�j��(����j¤��(±
Ú^Û�Ü%�KÀBÁ�À! "�£Ý�Þ�ßáà , � t , � 0�â . ,1*�Ã � Ã ���_� 3�, �cã * .+� 0"Ã 
Zä ki ¾ 0 �cã * .+� 0"Ã � ,10 ã * ��� Ã ä6å ·(Ã�* � Ã ��� 0 � Ã å
K = {k1, . . . , kt}

, 
 , ��� Ã�0'æ ¾ 0 � Ã�3�, � Ã'3�Ã 
¯� Ã 
I�cã * .+� 0uÃ 
<ç�èé��� 3 ���cã * .+� 0"Ã ki 3�, ¾ 0�32Ã �¾j. ,10 � Ã
dj


 , � , �?
 Ã ����ê¾ 0ê·(, 
 Ã wi,j > 0 ç à �T¾ 0 �cã * .+� 0"Ãê0"Ã � · � *�, � ,Î,10 ¾ 0ë32Ã �¾9. ,10 � ÃÂ,10 � Ã_0 � , 

1¾Í� Ã�*¸*�, 
 ·)Ã�0"3 � ,10 � , wi,j = 0 ç ì 0£32Ã �<¾j. ,10 � Ã dj , 
��í��?
 Ã ���� 32Ã � Ã_0 ¾ 0 � , �<� Ã_*�3�, �cã * .+� 0uÃ 

~dj = (w1,j , w2,j , . . . , wt,j)

çRî���ï¸¾ 0 ���� 0 gi 3�, �'¾ , �B� ,À, � ·�, 
 Ã �?
 Ã ���� 32Ã � Ã�0�, �¥�cã * .+� 0"Ã ki 3�,�<¾)����ð¾9� ,* � , �'� Ã�* t ñ 3 �!. ,10 
¸� Ã�0 �_�Õå , 
 3�, �� * å gi(~dj = wi,j)
ç

ò ����� �?������j¤��_§��y�_�s���<���_�´�(�ó�y�_�s¤�¦���������_�a���R�<�������y�(����?�+�C�(¤����?����j¤��Z�����(��u����)�y��j¤��<�vÄ������+»�(����³��'����y¡����µ���?��¤����5�(�I���µ�����1Ð9�y��¤��������+�(�T�<�������������y¡��4��j¤����T���N�?���?���y��y¡��4�(�T�'�����µ¤�¦�����������<���������<��¤���É1§(�(�T� �?�����������T����<�����9������y���¤����(������<���+�(�T�(�^¤�¦������������^�(�4�(�j��(����j¤��������)�y�<�������� ���<����'���(���½_�?�y���¯�����j������(�®�+��¤�����¤�¦���������(±
µá�<����¤����j������y¡��À���I���'�?����°	�?��Ì��(���N«(���½2�V�(�<�����������y¡����(�T�y�_�5���9�(��y�_�¥���Ì����y�<�_�¥�(¤�������°	���(�_�¯�����<��(���������y¡��¼�(�T���)©������ ����y¡���Ä!«��9���y�'�?���(§(½2�<�¤��������?��¶¬�(����«��?«(����ôy��¤��y�<��É1±

lam/õ%m�n�m ö|�a{s}�ry��÷a�%��r�}9qsz��
Ù �����j�(��y�N«��j���y�'�?���+�<��¤�Ìµ«��������(�+��¹���V¤��<����ô��+�(�T�<����Ïª�(��¤��_�Z¶ ���Ì?��¨2�«(���N«��j���y�'�?���¬ø ½�ËU²�ù9§¹'ºsË ò ù_ù	úc± ² �¬�<�������y�(����Á����®�y�_�N¤�¦���������_���(� �����(�1Ð�����y¡��Â�<��¤�Ì?�~�(���<�����¤��<�����?�������¤��<����Í���(�9��(�����¤��(#´�y�_�N���<���_�C�����~«(�����?���y�_�'§´�<�+�(�<����'§

wi,j ∈ {0, 1}
± Ë ���N�<�������(��¤����+�����~�1Ð)�(���<���y�����<�«��9���y�'�?�����5�<���^�(���+���� Ì?��¤��y�'�+«(�y��4�(�1³��(�y���)��¤�¦���������_�¥�(�T�����(�1Ð(����y¡��^�(�(�y�(�_�¥�u���¥����������(�����<�«��9���y�'�?���_� � 0"32§ÄÃ�*¹¶Î0"Ã � ± Ù �Ä���9�(��y�4«��j���y�'�?���4�(���<�)�y�<� ���Ä�(�Î�(�j��(����j¤����<�V����y�½_�?��¤��®�^��������^¤�¦�������������<�)�y�(§(�����¥�y������T��� �<�������y�(�����j���T�(�4�(�j��(����j¤������<�����������+���?������?�������¤��+�N����<�������(��¤��)±

Ú^Û�Ü%�KÀBÁ�À! "�£Ý�Þ�ûýü 0£, �\. Ã'3�, � Ã�þ�Ã'Ã � , � 0uÃ � Ã 
 ·(, 
 Ã 
¬�?
 Ã ���� 32Ã 
¬�À��� 3 ���cã * .+� 0"Ã 
 Ã�0£þ � 0 � * � Ã 
¸å
wi,j ∈ {0, 1} ç+ì 0 �Á� Ã�0 
1¾j����� q , 
�¾ 0 � ,�ÿ¸·"*�, 
¸��� 0|þ�Ã	Ã � , � 0 ��� Ã_0 � ,10 �<� Ã�0 ����ç à , � ~qdnf ���µï Ã_* .��0uÃ�* .���� 3 ��
1ä�¾ 0 ���!�6� 3�, ���À� Ã_0 
¸¾9�-��� q ç à , � ~qcc �¾(����ð¾9� ,1* � 3j, ���À� Ã . ·)Ã�0u,10 � , 
¹� Ã_0'æ ¾ 0 ���!�6�?
 3�,
~qdnf

ç�î���
1�/.+�!�B����¾ 3®3�, � 32Ã �¾9. ,10 � Ã dj ,10 ���®� Ã�0 
¸¾9����� q 
 ,µ3�,��Ä0u, � Ã . Ã

sim(dj , q) =

{
1 
1� ∃~qcc • (~qcc ∈ ~qdnf ) ∧

(
∀ki, gi(~dj) = gi(~qcc)

)

0
,10 ����
 Ã � Ã�0 � * � * � Ã

Ä��)±^Å�É
ü ��. Ã'3�, � Ã®þ�Ã'Ã � , � 0"ÃT·"*�,�3 ��� , ð¾ ,C, � 32Ã �¾j. ,10 � Ã dj , 
 *�, � , �6� 0 � , �N��� � Ã�0 
1¾j����� q 
1� sim(dj , q) =
1 ç ü 0 ���?
 Ã � Ã�0 � * � * � Ã 
 ,C3 ��� , ð¾ ,µ0"Ã¹, 
 *�, � , �?� 0 � , ç

Ë �N�(������������?��½2��j¤��6Ï����(�T���9�(��y�+«��j���y�'�?�����<�5���4�������(���y��y������± ² ���5�����<���j½2��(�y���¤��<�I���<���y�(�����j���5���'�?����°	�T�(���P«H¿�������<���T�1Ð����¤��)§2�<�Ä�(�<����'§2���<��(�u����V�C����¢��_�\�P�C�(¶+���j�<�_�a�(�9��(�����¤��_�	#2¶2§��������¤����5�����(�(§<���5�<�������������y�5¤��������������?�s���������<�<�<���y�����(�<���(�Ä���)©������ ����y¡��µ�¥�1Ð9�(���<���y�����<��«u�9���y�'�?������?�(��j���¬¦<��¤����C¤��y�����~�(���¼���� �?��¤��y�'���(���<��y���)±��R���Î¤��9�(�¼�<��¤������ �(���<�(�®�(�<����+����®��\���9�(��y�«��9���y�'�?���+���<���u�����(�V� Ì��¯�+���N���<��(���������y¡��¼�(�V���?¤��_�¥j���V�+���N���<��(���������y¡��¼�(�P���)©������ ����y¡���±
lam/õ%m/õ%m ö|�a{s}�ry� p2}�vu�����1w-qsr

Ù �\���9�(��y�4½2�<�¤��������?�5���(���������(�Í�<½_�?���<� ���<���u�<�¤����?�ó���9�(��y��«��9���y�'�?���4�(���<�+�������<�<�����9�<�j���C��´����(�y�<�®�(�µ���<���_�¥«(�����?���y�_�I��������¤��®�(�C� �?������®�<�������y�(����?«(�y�N������«(¤������y¡��À�(�V���<���(���<��¤�������j¤�������<�)�����'±w´´�����<���~�(�������������(��� �?���<�Â�(��¤����?«��6Ïª�Â�����Vj���¼�y�_�4�u�<���_�¹������½_�?�y�����<�¹���«(�����?���y�_�T���?���®���j�(��T��«(¤������T���<���(���<��¤����T���j¤�������<�)�����'± Ë �_�T���<���_�º�(�N�y�_�I¤�¦���������_�P���µ�(¤�������°	�?����?������«(¤������¯�� � * � 32Ã¹3�, 
¸�!.+�/�-����¾ 3¹��j¤����P�y�_�¥�(�9��(�����¤��_�º¶®���N���<���(���<��¤��^ø ² ËO¾ ±(§ ² º2² ¬ úc±
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Ú^Û�Ü%�KÀBÁ�À! "�£Ý�Þ�� ü 0Î, �´. Ã'3�, � Ã � , �'� Ã�* �����%� Ã 
 ·(, 
 Ã 
 wi,j ��
 Ã ���� 32Ã 
+��� · � * (ki, dj)

 Ã�0 �6��� Ã�*�, 
·)Ã 
¸�����/� Ã 
Tä 0uÃ¬þ � 0 � * � Ã 
<ç�è � Ã 
V�cã * .+� 0uÃ 
 3�, ���?
C� Ã�0 
¸¾9�-���?
C���_. þ ��ã 0 
 , � , 
C�?
 Ã �<��� ¾ 0 ·(, 
 Ã ç à , �

wi,q ≥ 0
, � ·(, 
 Ã �?
 Ã ���� 32Ã ��� · � * (ki, q)

ç ü 0 � Ã�0 � , 
�å , �ó� , �<� Ã�*¹3�, � Ã�0 
1¾j����� ~q 
 ,¬3�,��Ä0u, � Ã . Ã
~q = (w1,q, w2,q, . . . , wt,q)

,10Î32Ã_0"3�,
t
, 
 , � 0�â . ,*ªÃ � Ã ����� 3j, �cã * .N� 0"Ã 
'ç
	£� Ã�0 
 , �¾ ,0 � , . ,10 � , å, ��� , �<� Ã�*¯· � * � , � 32Ã �<¾j. ,10 � Ã dj 
 ,V*�,c·u*�, 
 ,10 ���¹. ,�3 ��� 0 � , ~dj = (w1,j , w2,j, . . . , wt,j)´´�����y�5¤��?�j¤��(§<�y�_���(�9��(�����¤��_�s¶º���Z�<�������(��¤��5���%����(���<����j¤��?�C�(¤�������°	�?���(�¥½2�<�¤������<�

t
»c�)����������y�����?�y�<�	±

Ù �)���9�(��y�T½2�<�¤��������?�(�(�����u�����Z�(¤�������°	�?�Ä�<�����T���<�)�y���T�(�Z������������¤����+���I�<�������������y¡�� ��j¤����5��)½2�<�¤�����(�N�(�À�(�j��(����j¤��(§
~dj
§"¶¼��´½2�<�¤����V�(�N���¬�<�������(��¤��)§

~q
± Ù ��¤��¬�<�������������y¡������N�(���<�(������?��¤���³��'�?�'§�����¥�ÈÏª����(�y�(§��u���¥�� � Ã 
 ,10uÃ¬3j, �sí 0 �_¾j� Ã j���I©������ �?�4�y�_�5½2�<�¤������<�'�


¸�!. (dj , q) =
~dj ·~q
|~dj |×|~q|

=
Pt
i=1 wi,j×wi,qqPt

i=1 w
2
i,j×

qPt
i=1 w

2
i,qº\�ê����

wi,j ≥ 0
¶
wi,q ≥ 0

��¯½_�?�y���¹�(�
sim(qd, j)

���¼���������¤����Í�<�����(������)�y�(�Í��������?�(¨2�
[0,+1]

±~µ5�(�� Ì��T�(�N�(���<�(�<����P���´�(�Á�(�9��(�����¤��^�<�º����y�½��?�j¤���� ���(§u��´���j�(��y�¬½2�<�¤��������?������(���� �y�_�T�(�j��(����j¤��_�P�(�N���������(�^�?��¨_�����(�¹�(�N������������¤����¼¶4�u�������¤��µ���<��(������?�T�(�9��(�����¤��_�j���¯���<���u�������?�¹���?������?�������¤��µ�V���N�<�������(��¤��)± Ë �_�R���<���_�Z�(�¯�y�_�Z¤�¦���������_�5���º�(���<�(��^�'�?�y��(���?�¥�(�½_�?�������5� �?��������Cø ²�� ±�6úc±Qµ �<����¤����j������y¡��Á���P�(�<�������«(����Ì+���+� Ì��¥�<�����9��y���)±
Ú^Û�Ü%�KÀBÁ�À! "�£Ý�Þ�� à , � N , � 0�â . ,1*�Ã � Ã ���_� 3j, 32Ã �¾j. ,10 � Ã 
�ä ni , � 0�â . ,1*�Ã¼3j,�32Ã �<¾j. ,10 � Ã 
 ,0� Ã 
4ð¾ , � · � *�, � ,�, �5�cã * .N� 0"Ã ki ç à , � freqi,j , � 0�â . ,1*ªÃ~3�, � , � , 
¼ð¾ ,�, �5�cã * .+� 0uÃ ki � · � *�, � ,,10|, � 32Ã �¾j. ,10 � Ã dj � , 
 3�, �� * åT���Nï *�, �¾ ,10 ���� 3�, �Z�cã * .+� 0"Ã ki ,10|, � 32Ã �<¾j. ,10 � Ã dj Ã�� ï<�2�<� Ã�*� ï����_ç ü 0 � Ã�0 � , 
¸åa���¯ï *�, �¾ ,10 �<��� 0"Ã�* .����-���	� 3 � fi,j 3�, ���cã * .N� 0"Ã ki ,10À, � 32Ã �¾9. ,10 � Ã dj 
 , �������¾9���. ,�3 ��� 0 � , ��� ,�ÿ¸·"*�, 
¸��� 0

fi,j =
ï *�, ð

i,j

máxl
ï *�, ð

l,j,10ê3 � 0"3�,�, �´.�í ÿ �/. Ã 
 ,�Ã�þ ��� ,10u,�3�,®,10 � *�, � Ã'32Ã 
µ� Ã 
N�cã * .+� 0uÃ 
Nð¾ , � · � *�, � ,10£,10~, � 32Ã �<¾j. ,10 � Ã
dj
ç à � , ���cã * .+� 0"Ã ki 0uÃ � · � *�, � ,�,0�, � 32Ã �<¾j. ,10 � Ã dj ,10 � Ã_0 � , 
 fi,j = 0 ç à , � � 3 ï i ���¥ï *�, �¾ ,10 �<���� 0 � ,1* 
� 3�, � 32Ã �¾9. ,10 � Ã^3�, �s�cã * .+� 0"Ã ki ���_���¾9��� 3 �^� Ã . Ã

� 3 ï
i = log

N

niî Ã 
R. ,!æ<Ã�*�, 
 , 
<ð¾ , .���
 3�,a·(, 
� 32Ãµ3j, �cã * .+� 0"Ã 
Z¾9���!�B���'� 0P·(, 
 Ã 
 Ã�þ � ,0 � 3�Ã 
5. ,�3 ��� 0 � , ��� ,�ÿ¸·"*�, 
1��� 0
wi,j = fi,j × log

N

niÃ �6� * ������ Ã_0u, 
 3�,N3 �����9� ,�ÿ¸·u*�, 
1��� 0 ç
´´���C�<��¤�������¤���½2�(§������C�<��¤����?¤��¨_�����µ�(�����<�����(�^�(��¤�¦���������_�C�����(������������?��, 
<ð¾ , .���
®� ï��2� 3 ïø ²�� ² » § ²�� ²�?úc±5´´�?���ê������¨_���?���u�<���_�����y�_��¤�¦���������_���(�¹���Á�<�������(��¤�� ² �?��¤����Â¶�¹R��� �j�y�¶�ø ² ¹,±n±?ú�(�����(�����y���������������¨_�(�y���¤��C�1Ð9�(���<���y¡��

wi,q =

(
1

2
+

1
2
ï *�, ð

i,q

máxl
ï *�, ð

l,q

)
× log

N

ni��4�(�����(�
freqi,q

�<�5���µ©����<������������(���¤�¦���������
ki
������¤��1Ð9¤�� �(�T���+���)©������ ����y¡��Á�������y���¤������

q
±

! ���¬�(�+�����T�(������������?�y�<�P½2���¤��6Ï����C�(��%���9�(��y�¹½2�<�¤��������?�ó�<�Pj���N�����<������� �¹�(�N���<�����(�^�(�¤�¦���������_�5���ÈÏ������+���������)�����y���¤��®�(�T���µ���<��(�u�������y¡��4¶2§����(�� Ì��¥�u�������¤��T���<��(������?�¯�(�9��(����)»¤��_��j���¬���<���u�����(��£�¼�����<�������(��¤����(�®©������ �À�?�(���<Ð)��� �����)±'Êº¤����Á½2���¤��6Ï��À�<��j���¬�����<�������y¡���(���<�������������y¡��~���¤������y�_�P½2�<�¤������<�V�u�������¤��������(����?�C�y�_�V�(�j��(����j¤��_�C�(� ���������(�¼�?�a¨_�����(�4�(�������������¤�����±�¶s�<¡����y�'�?�����¤��_§���u���9�(��y�+½2�<�¤��������?�u¤��y����T���µ�(�<��½2��j¤��6Ï��+j���º���(�u�����Tj���¯���+�1Ð)�y��¤����(�������(���������¯��j¤����P�y�_�¥¤�¦���������_�'±
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lam/õ%m%$%m ö|�a{s}�ry�Â�%�¸��÷�qs÷´w�r%&('���w�v)�
Ù �º���9�(��y�~�(����«��?«(����ôy��¤��y�<�Í¤����?¤��Î�(�Á�<��¤���� �?�®���Î�(����«��?«(�����y�������(�Á����Á��º�������?���y�Î½_�<¶��~��<�������y�(����?�´���j¤�����<���?��¤���Ä!����y�½��?�j¤���É´��9�(�9��(�����¤��

dj
�<�����º���<���(���<��¤��T�¥�(���I�<�������(��¤��

q
ø¨Ë ²�� ² ¾ §½�ËU²�ù	úc±,´%�?���Â����y�(§5��T���j�(��y�Â���(�u������j�������ê�(����«��?«(�����y�����ý�(�Á����y�½��?������Â�����y�~�(�������(�À�(����Á�<�������(��¤��Á¶~�(�¬��������(���<�����¤�����y¡��|�(��5�(�9��(�����¤��(± ² �^���(�u�����¹j���¬�1Ð)�y��¤��¬�(�¿�<����Ïª�(��¤��À�(��(�9��(�����¤��_�I����y�½_�?��¤��<�º���?������� �<�������(��¤��

q
±Q¶Zô��(�y�'�?����j¤��_§�� �<��¤�� � Ã_0'æ ¾ 0 � Ã � 3�, ��� ���P�y�C�<�����9�<��<�����

R
¶¹�(�«��T� �6Ð9������°	�?�¥�����(����«��?«(�����y�������(�P����y�½_�?������)±

Ú^Û�Ü%�KÀBÁ�À! "�£Ý�Þ�Ýýü 0Â, �Ä. Ã'3�, � Ã�·"*�Ã�þ � þ �/�*)�
����� Ã � Ã 
 ·(, 
 Ã 
 �?
 Ã ���� 32Ã 
®��� Ã 
 3�Ã �¾9. ,0 � Ã 
 ä�������
� Ã�0 
¸¾9�����?
^
 Ã�0ëþ � 0 � * � Ã 
�å wi,j ∈ {0, 1} ∧ wi,q ∈ {0, 1} ç^ì 0 �~� Ã�0 
¸¾9�-��� q , 
^¾ 0 
¸¾ þ � Ã�0'æ ¾ 0 � Ã3j, �cã * .+� 0"Ã 
'ç à , � R , �5� Ã�0'æ ¾ 0 � Ã�3�,¹32Ã �¾j. ,10 � Ã 
 *�, � , �6� 0 � , 
^� Ã�0"Ã �� 32Ã 
 � Ã ·u*ªÃ¸· ¾ , 
� Ã 
+�6åIä R̄, �Z� Ã_0'æ ¾ 0 � Ã � Ã . · � , . ,10 � Ã~3�, R � , 
 3�, �� * å , �5� Ã�0'æ ¾ 0 � ÃÎ3�,^32Ã �¾j. ,10 � Ã 
 0"Ã�*�, � , �6� 0 � , 
,�_ç à , �
P (R|~dj) ��� ·"*�Ã�þ � þ �/�-� 3 � 343�, ð¾ ,�, � 32Ã �¾9. ,10 � Ã dj 
 , � *�, � , �6� 0 � , � ���¹� Ã�0 
1¾j����� q ä P (R̄|~dj) ���·u*ªÃ�þ � þ �!�B� 3 � 3V3j, ð<¾ , dj 0"Ã 
 , � *�, � , �6� 0 � , �º���T� Ã�0 
¸¾9�-��� q ç2î��¯
1�/.+�!�B����¾ 3 sim(dj, q)

3�, � 32Ã �¾9. ,10 � Ã
dj
�����¹� Ã�0 
1¾j����� q 
 ,N3�,��Ä0�, . ,�3 ��� 0 � , ��� ,�ÿ¸·"*�, 
¸��� 0


1�/. (dj , q) =
P (R|~dj)
P (R̄|~dj)

Ä��)± » É
µ �1©��<�¤��_�V�(��Ì��¤��y�<�_�'§����¬©��(����y¡��Î�(��������������¤�����¤��?�ó¶��<�������<��¤�Ì¹�1Ð)�(���<�������4��ê���^�<�������y¡���?�j¤�����y���'§)���µ�<�Z��������?¤���½��)±97T�<���(��¦<�Z�(�¯�(�^�<����Ïª�(��¤��+�(�I���(�u�_���y��y�����<�\¶®���u�������y�����<�Z���I��«(¤��y�������+����¨_�(�y���¤��C�1Ð)�(���<���y¡��

sim(dj , q) ≈
t∑

i=1

(
wi,q ×wi,j ×

(
log

(
P (ki|R)

1− P (ki|R)

)
+ log

(
1− P (ki|R̄)

P (ki|R̄)

))) Ä��)±-(É
����(�����(�

P (ki|R)
�<�I��� �(����«��?«(�����y�����À�(�µj���N��s¤�¦���������

ki
�<��¤�¦µ�(���<����j¤��N��Á�(�À�(�j��(����j¤����y�¨_�y�(�4�?�Ä�?°	�?�P��À��a�<����ÏÈ�(�j¤��

R
§
P (k̄i|R)

�<�T���®�(����«��?«(�����y�����À�(�+����+��%¤�¦���������
ki
���¹�<��¤�¦�(���<�����¤��T��®�(�¹�(�9��(�����¤�����y�¨_�y�(���?���?°	�?�Z��¹��u�<����Ïª�(��¤��

R
§2�����%¿(��¤������(§

P (ki|R̄)
¶
P (k̄i|R̄)¤��y�����¼����¨_�(��³��'���(�_�º�?��Ì?�y��¨2�_�I�+�y�_�¯�?��¤�����y�����<�º¶®�<�����(�y�����j¤��?���y�_�T���¤����C��ô�±

! ���µ½2�°Vj���P���I¢��+��«(¤���(�y�(�+�(���+�1Ð9�(���<���y¡��4��������?¤���½_�+�(�T���µ������������¤�����§���~¿(�(�y�<�+�(����«(�y�� �j���¥j���<���T�����a���<������½2��\�<�Äj���5���V���¥�<�����j�<�¯����<����ÏÈ�(�j¤��
R
���(�y����?��§2���<�<�<�¸�?���y�V���?���P�'�?�y��(���?�\������(����«��?«(�����y�����(�<�

P (ki|R)
¶
P (ki|R̄)

± ! ���¬���_����«(�y�+����������y¡����<�P���(��������V����
P (ki|R)

�<�P�<������»¤��?�j¤��T���?���N¤��j�(�_�Z�y�_�¥¤�¦���������_�¥�I��¨_���?���
1
2

§j¶¹���(�� Ì��5¤��?�C«(�y¦�¼���T���(�u�����Tj���I���+�)�y��¤�����«(����y¡���(�T¤�¦���������_�º���¤����C�y�_�¥�(�j��(����j¤��_�¯���+����y�½_�?��¤��<�I���T�(���<�(�C�?�(���'Ð9��� �?�º�u���5���+�)�y��¤�����«(����y¡��¼�(�¤�¦���������_�P��j¤����N¤��j�(�_�I�y�_�T�(�j��(����j¤��_�V�(�µ���®�<���y�<�<��y¡���±.�R�����<��¤����T�(�_�T���(���_���y��y�����<�I¤��������_�j���
P (ki|R) = 1

2

¶
P (ki|R̄) = ni

N

§�����(�����(�
ni
�<�¯����x¿(������®�(�C�(�j��(����j¤��_�Ij���V�<���j¤��y��������¤�¦���������

ki
¶
N
�<�¥����x¿(�������¤���¤��?���(�P�(�9��(�����¤��_�I��^�����<���y�<�<��y¡���±

Ù �����R�(����«��?«(�����y�����(�<�¥���¯�(���<�(��^���ÈÏª�����?�R�(���µ½2�°I�<�������¨_�(�y�(�N�(�¹���?�/�9���(¨µ���(�y����?��± ² �'�
V
���x¿(������+���(�y����?���(�º�(�9��(�����¤��_�5���<��(��������(�_�Z¶

Vi
��u��¿(��������(�T�(�j��(����j¤��_�Z���<��(�u������(�_�5j����<���j¤��y�����¼���¤�¦���������

ki
§����¤������<�<�

P (ki|R) =
Vi+

ni
N

V+1

P (ki|R̄) =
ni−Vi+ni

N
N−V+1Ë �µ�(������������?�u½2��j¤��6Ï����5�(��u���9�(��y�µ�(����«��?«(����ôy��¤��y�<���<�Rj���I�����(����C�y�_�Z�(�9��(�����¤��_�5��¹�����(���(�<����<��y��j¤��C�(�T���+�(����«��?«(�����y�����¼�(�P����5����y�½_�?��¤��<�'±Q´´��������<�<�<����¤��N�(����������?������y¡��4���(�y����?����j¤�����(�9��(�����¤��_�+����y�½_�?��¤��<�+¶ê���¼����y�½_�?��¤��<���<�_�¸��j��� ���Á���y����(���¹�<�N�u�_����«(�y�_§���������¤����������(�(§a�?�� �?���ÈÏ��?�Z�u�<���_�ó«(�����?���y�_�Z���N¤��y����T��¬�����j¤��N���C©!���<����������N�(�T�?���?���y��y¡��4�(�º�y�_�R¤�¦���������_�5��¬�y�_��(�9��(�����¤��_�	§�¶ ¤��?�����9�<��¤��y����V��������j¤��+�����(�������(�����������¤����V�y�_�5¤�¦���������_�'±
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Ù ���<��¤������<�<��y¡��¼���P�<������j¤��?��Ì?�Á«(���½2�����j¤��+�)��©������j¤��<�I�?���(��������y�����<�T�(�P�y�_�¯���j�(��y�_�I���Ì6»���y�<�_�µ����®����¢��?�~����(��������(���<���Î��\���������(��\¤��y����u�Á�<���Î��\�(�����u¡_����¤��¼�(�����ÈÏ������?�µ�Á�65����)����(���<��¤�����y�����<�\�T�)�y��¢��_�a���9�(��y�_�Ä���Ì����y�<�_�'±n´´���Ä�y�T¨2�������?��§_���I� �'¶2����ô��P�(�Z�����a�(�����(���<��¤����ó�����+¤��<¡?»���y�'���Z¶¹�1Ð9�y��¤���^�u�9�<�_�5���y��¤��� ���5�(�T���<��(���������y¡��¼�(�T���)©������ ����y¡��4���'�?�y�<�¥j���T�����Z�����(�y������¤����±

´%�?�������ÈÏ������?�P������9�(��y�¬«u�9���y�'�?��� ���µ�(¤�������°	�?�Á���j�(��y�_�P�?��¤�������?¤���½2�_�T«��������(�_�T��Á����¤��<����ô��¬�(��<����Ïª�(��¤��_�R¶����®�(������������?�u��«)Ï��¤���½2�+�<�ó���<��(������?�\�y�_�\���<���(��¤����(�_�R����¤�������<�)�y�_�5j���¥���µ�(������������y�?»���N����)�y��¢������9�(��y�(±H´´���¥��¤����+�����(�(§j�����5�1Ð)¤�������y�����<�¥�(������9�(��y�+½2�<�¤��������?��¶��(����«��?«(����ôy��¤��y�<����������y�½_�?���T�'�?«u�I�y�_�a���9�(��y�_�Ä�?��¨2�«(��Ì?�y�<�_�\�?��¤�������?¤���½2�_�ó¶C�y�_�%���9�(��y�_�a�(����«��?«(����ôy��¤��y�<�_�\�?��¤�������?¤���½2�_����<�����<�¤���½_�?�����¤��P¶¬¤����?¤��?�¼�(�T���1k��ÈÏ��?�¥�����¥�(�������(���������º��j¤����P�y�_�5¤�¦���������_�'±
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�(�«��I�Nj���I���µ�<�������(��¤��µ�(�I�������?���y���<�R�(���µ½_�?¨��µ�1Ð)�(���<���y¡��^�(�T���¹���<�<�<���y�����¹�(�I���)©������ ����y¡���§)¶�+j���T���N©������ �+�(�P����(���<�����¤��?�º�y�_�¥�(�9��(�����¤��_�º¤��?�C«(�y¦�����j¤����j�)���<�V�����<���¤��y�)�(�C«(���_±
! ���¯���<�+«��<¶2�<�����?���T�<�´�(��¨_���6©��I�)������¨_�y�(�V���ôy����y�<�T����(�����(�R�y�_�%���9�(�_�s����(���<�����¤��?�������%½_�?�����6»«(�y�<�5�?�y�'�?¤����������¥�(����(����«(�y�� �+j���I���º�(�<���'�µ���<������½2��'± Ù �¹�<��¤��µ��������º�(�I¨_���6©��_�'§)����<�����9������y���¤�����I����(���<����j¤����(�º©������ �+����?����¤��?¤���½_�+���_��¤����?���(�+�����5�(�������(���������¯j���T�1Ð9�y��¤���4���¤����T�����5½_�?�����6»«(�y�<�µ¶��(��©������ �4����?�j¤���¤��?¤���½����1Ð)�(���<���?���(�¼���^©������°	�4�<���Íj���®���®���(��������Î�)�y��¢����+���������y�����<�	§���<�)�y���+���<�)���?�j¤��V�(�����)�y��¤�����«(����y¡��¼�(�T�(����«��?«(�����y�������<�����)�y��y���������¼ø¨´´�'��P�P�úc±
µ �<���j¤�����������y¡������V�(�<�������«(����Ì?�¼«(���½2�����j¤��µ�y�_�¯���j�(��y�_�I�(�V���<��(���������y¡����(�V���)©������ ����y¡��«��������(�_�I��Á���<�(�<�º«��'¶2�<�����?�����I� Ì��I����y�½��?�j¤��<�'± Ù �s�(����������¬�(�N����y�_�I�<�I��%�(��������������(� . Ã'3j, � Ã3�,P*�,�3¬3j, � 0 ï ,1*�,0 ���� ø¨¶Q�ZùnÆ(§�¶Q�Zù�Åú�¶®���º«����¸�µ��¹�(���N���<�^��¹���N����T���T�)�y��¤����(¨_����¼�(�_�5���(«(���1»�(�<�'�"�(���®���<�4³_Ï��¬�(�µ�(�9��(�����¤��_�V���?���®�'�����¬�<���y�<�<��y¡���©������ �����®�u���T�(�_�I¤����u�_�T�(�N���j�(�_�Tj�������(���<����j¤��?�4�y�_�Z¤�¦���������_�¯�(�I�y�_�¥�(�9��(�����¤��_�¯¶ �y�_�5�(�9��(�����¤��_�¯���<���u�<�¤���½_�?�����¤��_§��(�T� �?������j���T�(�T�(�^���j�(���(�V�(�9��(�����¤�� ���?�y����?���<�_�5¢�������+�y�_�Z���9�(�_�¥�(�T�y�_�5¤�¦���������_�5�����5�y�_�¥j���T¢��?����y�(�µ�����(�1Ð����(�_�'±H´s���¥��¤����N�����(�+���T�)�y��¤����(¨_���T���C���<�^�(�T�<�������(��¤��N����T���I����'�+����?���(�+��u�������?���y�©������C�(���µ�(���µ�<�������(��¤��+�?�u���y��¤��� �C¶��<���j¤��y����T���j�(�_�Z�(�I�<�������(��¤��µ¶����9�(�_�R�(�º¤�¦���������_�'§)�(�I� �6»������µ����I�(�º�(�®���9�(�_�Z�(�¯¤�¦���������+���?�y��^�?���<�_�R¢�������C�y�_�R���9�(�_�\�(�I�<�������(��¤��N�<�������<���������)�y���¤��<�'±

µº�C«����%���(«(���<�(�<�a���R�<�����<�¤��?�����<�)���?��¤��Z�y�_�´���9�(�_�a�(�ó¤�¦���������_�aj���Z�1Ð9�y��¤���N����?�C«����	± ! ���º½2�°j���¥���¯¢��?�®�<��¤���� ���(�µ�����ó�(����«��?«(�����y�����(�<�	§j���V���)©�����������µ���¯¢����<�¥������¤��?������?���(�+�'�����V�(�9��(�����¤�������<�<����½��?����j¤��^¶Î�'�?�y��(���?���(�À���Á�(����«��?«(�����y�����|�(�^����¹�����<�������(��¤�������<�(�^���?¤��y��©��<��¢��������(�����(�9��(�����¤��¼�����¢��4���y�(�^��«������½_���(�(§��<�V�(�<����'§
p(q|d)

± ! ���¬½2�°®�����¤��9�����V�����V�(�������?¨�����y�����<�¢��?�¹³����?����°	���(�(§"���T¨2�����������+�����(�������y¡��Á�(�V�(�j��(����j¤��_�¯�<�������<���������)�y���¤��_±
! ���¬�?��¤�������?¤���½��¹�?�%���j�(��y�¹�(�µ���<���(�C���)©�����������¹���µ�(���<�����¤��¬��ÂøMRTS ² ù ¾ ú%��(¶��¬�)��©������������<���¬¦<��¤��¯�<�\����º���¥�'�?�C«(���µ���C�����y���¤�����y¡��^�(�¥�y�_�R�?���<�_�'±xÃ������ �?�������¤��_§9���?���V�(���C�<�������(��¤��

q
�y�_��(�9��(�����¤��_�º���P�����(����?�¼���¨n¿(�����N�(����«��?«(�����y�����

P (d|q)
±Q´%�?��������y�����T������¤��?������?�4�y�_�¥���9�(�_�¥�(����µ�<�������(��¤��)§)�(�������?¨��?���(����¡��y�N�(���µ½2�°º¶¬�'�?�y��(���?���(�+���V�(����«��?«(�����y�������(�Ij���I�'�����µ�(�9��(�����¤�����'�N����y�½_�?��¤��C�������+�����<�������(��¤��)±

´´���¹���£���?��¤��¼�� . Ã'3�, � ÃÂ3�,�*�,�3¿3�, � ,* ��� 3 ¾9. þ*�,£ø¨Ë ò � ù ¾ úT��¡��y�ê�<�������y�(����Î�(�_�®¤����u�_�¬�(����9�(�_�'�"���j�(�_�T�(�+�(�j��(����j¤��^¶4���9�(�_�T�(�µ¤�¦���������(± Ù ��¤��_�I���j�(�_�P�<��¤�Ì?�À�<�����<�¤����(�_�T�����V�?���<�_�j���+½��?���(�<���(�+�y�_�P���j�(�_�C�(��¤�¦�����������¬�y�_�P���9�(�_�V�(���(�9��(�����¤��(± Ë �¹�<�������(��¤��^�����<�������y�(�����<�����I�(�+¤����u�I�<�����<����?�(�(�R�(�9��(�����¤��T¶µ���ó�(�������?¨��I�(���I��¡����º½2�°R���?���T��«(¤������%�(���º�����(�������y¡�����¨n¿(�
p(d|q)

±

F+GVUCG ÆÀOZY\[R]^ORX_SIYa`gbPdÇMPOW`ÈdNh1K5X9iWSIYa`gbTdeOZd MPK+Y\[Ti OZdXW2K5Ê
O%ÊYW2X)[TYZW9[TX_SIMPK5Ê

Ë �C���<��y��j¤��P�(��������©��������y¡����(�P�(�j��(����j¤��_�N[ � Ë ���?�����?��� ���<����?�¥¶¬����¨��?�(��°	�?�¥���)©������ ����y¡��¤��1Ð)¤����?��¢��µ������¨_�������(�+�(���N����<��y��j¤��V�(�� �?�����+�(�I���<��(�u�������y¡��4�(�I���)©������ ����y¡��4�1©��<�¤���½_�N����«(����<��¤��4¤����u�Î�(���(�9��(�����¤��_�¬¶¿����¼���(�� Ì��®�(¤������y�<��¤��?��¤��Î�����<��¤������¤��(���Î�<�����Î���À���)©������ ����y¡���<���j¤���(�y���Í����)�y��¢��Í�<��¤������¤��(���Î���?���Î�(�½2����½2��4�(�9��(�����¤��_�^�~���?��¤��<�¹�(�Á�y�_�¬���y�����_�¹�<��������<���(���<��¤����+�(���+�<�������(��¤��)±
�\���?���(�+���P�?�(���y�'�?�¹�����R¤�¦<��(�y�'���¥�(�º���<��(�u�������y¡��4�(�I���)©������ ����y¡��^¤������)�y��y�����?�y�<�5���?���µ���<��)»������?�C�(�9��(�����¤��_�\[ � Ë Ä��^���?��¤��<�N�(���y�_�C���y�����_�	ÉI���4������«(¤��y�����ê�y�_�C���<���(��¤����(�_�µ�(�<���'���(�_��(���<�I�<��¤����I¤�¦<��(�y�'���I��¨_�������?�Á���®�<��¤������¤��(���¬�(�µ�y�_�º�(�9��(�����¤��_�P�����(�¹j���µ�����y� �u�������¤���À�1©��<�1»¤����?�Z]g�<�������(��¤����¯�(���?������¸P¶2§(�����¯�y��¤��?��¤��(§����P�(�y����(�V�(����¨_���?�4���?��¤��C�(��%�����u�<�¤�� ���� Ì?��¤��y�<�¬�(����T�(���¨_�(�j¤��)±x´´���R�y�P¤��?��¤��(§j���?���P���<��(������?�ó���)©������ ����y¡��¬�<��¤������¤��(�������C���¯�(�«u�5¤������R��®�����j¤��¤��?�j¤�������<����¤���(�y�(�®�<���������+�<��¤������¤��(��� �(�T�y�_�¥�(�j��(����j¤��_�'±
Ë �¼�<��¤������¤��(���¼�(�¬�y�_�+�(�9��(�����¤��_�����®�(¤�������°	�Á���?����©����������¤��?�+�(����©��j�'�?����°	����y¡��Â�(�¬�����N���<�ª»�(���<��¤����5�(������y��¤��� ���µ�(�(�y�����(�<�¯�(�P�(�9��(�����¤���� Ì��¥���(�<�����������Ä��<��¤��N� �<¶2���º���(�<�������y¡��¼�<��¤�Ì
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���������y���������¹�<���Á��� ���j��y¡��À�(�N�<���u�<���³���y�������(��%�<�����u������j¤����(�µ�(�9��(�����¤��^��Á���®�<�������(��¤��(É1±
a �(�� Ì��\����(����«(�y�� �V�(�¥�����Ä�<��¤����?¤��¨_�����R�(�5�����(�1Ð(����y¡��¬�(�5���)©������ ����y¡��®�<��¤������¤��(�������C�<�Ä���ô�¤��y�<����?��� ��s�)�y���K5��®�(�V¤��?�y�<�I�<��¤����?¤��¨_�����I�(�V���<��(���������y¡���± ² ���Á��C«��?��¨2�(§��������V«������?�¼��Á����������1Ð9»�(��ôy���¤��+�(�º���N�<��¤������¤��(���µ�y¡�¨_�y�'�µ�N��¹���V���<��(���������y¡��4�(�º�������6Ïª�<�	§��y�_�R���9�(��y�_�R�(�I���<��(���������y¡��j����� �?���ÈÏ��?�Î�(�9��(�����¤��_�N�<��¤������¤��(�����(�_�N����¨_����Î���y����(���1Ð9������������¤��?�y�<�µ¶�¢��<¶��(���¹©��?��¤��^�(��1Ð)������������¤�����y¡��Î�1Ð)¤��������½_�¬����<���y�<�<��y�����<�V¨_���?���(�<�'± Ù �À���?��¤��y��(���?�C����¨_�������y����(�^�)��©�ôy����ó�<���+»���?���?���y�_�µ�¬�(�À�(��½2��Ä����?����¤��?¤���½2���(�«(�y�(�4�¹j��������¨_���+¢��?«(�y����(�^�(���¹�'�?���������^�(�+���¤��9�(���y��¨_ô���1Ð)������������¤��?��¶¹�(�T�����¥�<�������<���������)�y���¤��<�I�<���y�<�<��y�����<�I�(�T�(�����«������?�������^���'�?����°	����y¡��~øM�\¢(��Æ�Åúc±

Ë¯�_���Q=|�����9���������Îø =�����ù6?_ús©!���C�(���®�(�C�y�_�º�(����������_�T��Á�<��¤����)���?�º�����u�_����«(�����y�����¼�(�N�(�½2����½2���(���4�¹½��?�������P���?��¤��<�µ�(���(���(�9��(�����¤����<�����4���<���(���<��¤��4�¹�(���¹�<�������(��¤��4�(�+���<��(���������y¡��Î�(����)©������ ����y¡���± ² �V¤����?«��6Ïª�¯�u�����\�(�a� �?�(��³��<��¤��I����Ä�y�_���(�9��(�����¤��_�%�<�����(�y�¤��_�s���a�(���<�(��µ½_�?�y�����?�«(�y��¬�T���?��¤����ó�(����<�����9������y���¤��N�(�5�����Ä���?��¤��<�ó�u����(§��� �'�?�C«(�y�(§����V�<�Ä�<����½2��(�y��j¤��I���'�?����°	�?�ó�(���½_�?�y��������y¡��|�(�4���������?��¤��<�®�À���?��¤����®�(�^�y�_�®�(��¯�<�����j������y��j¤��Î�(�4�y�_� �(�9��(�����¤��_�¬�<�����(�y�¤��_�'±
Ù �\�������(�¹�?�C«����+���)©������ ����y�����<�����ÈÏ������4���¼�(���<��y���y¡��Â�(�®�y�_�µ�(����������_���(���<��¤��_�+�(��\���?�/�9���(¨�§���(�� Ì��Z��u�<�����j������y��j¤��N�(�º���V�<��¤������¤��(���µ���¥���½2����µ�<�����C�(�¬�<�����u������j¤��T����¤�����<���?�j¤��º���?���C������<��(���������y¡���±

Ë �_� ���9�(��y�_�¬�(�^���<��(�u�������y¡����(�^���)©������ ����y¡���������u�������¤�����<���C«(�����?�¬���À���)©������ ����y¡��¤��1Ð)¤����?�u¶����V���)©������ ����y¡��^�<��¤������¤��(���?���(�¯�y�_�Z�(�9��(�����¤��_�5���º�(������������?� . Ã'3�, � Ã 
 3�,I*�, �¾ ·(,1* � ñ�<��� 0�3�, � ,�ÿ � Ã4, 
� * ¾(�<��¾ * � 3�Ã_± Ù �¯����������¤��?��¤��+�)�y��¤����(¨_�(���T�<��¤��_�¯���j�(��y�_�I�(�V�y�_�I�(�V���<��(���������y¡���(�¹���?¤��_�'§53 �2��� *�, � * � , �6��� §%�(���<�+�y�_�+���9�(��y�_���(� ���<��(���������y¡��£�(�¬¤��1Ð9¤����<��¤������¤��(�����(�����������»¤���~���<��(������?�N�(�9��(�����¤��_��j���®�¸�?¤��y�ª©��?¨��?�~���?������?�������¤��¹���¼�<�������(��¤��)§s���y���¤�������j���®��~�(������<��(���������y¡����(�ó���?¤��_�%��¡��y�º���Ä���<��(������?�´��y�����j¤��_�a����\���?¤��y�ª©����<��µ���¯�<�������(��¤��º��N���µ¤���¤��?���y������±

lam�b´m�n�m c�qed���z��s�f&�q�{�}Íry��'hgFikjº}A'����1tsvu�¸ts�ªqs{s�7'
Ë �4������������y¡��Í�(�®���¼�<��¤������¤��(������~�y�_�N�(���j�<�<���_�µ�(�®�����(�1Ð(����y¡��Í¶����<��(���������y¡��¿�6©��<�¤��¼��½_�?���y�_�¯�������<�¤��_�¯�?���)�y���K5����T�����(�y�����j¤�����y¡��À�(�T�(�4���y��¤��� �+�(�P���<��(���������y¡����(�P���)©������ ����y¡����

Å_± Ë �~�����(�1Ð�����y¡��á�(�«u�À�'�?�(¤��(���?�����Í�<��¤������¤��(���Â�(�Á� �?������¿���(�<��������Í���?���Í���������¤����^������<��(�u�������y¡��¼¤��?��¤��������¯�<���j¤���(�y�(� �<�����������¥�<��¤������¤��(���)±
» ± Ù �´�(���j�<�<���¬�(�V���<��(���������y¡��À�(�«u�N�<�������y�(����?�T¤��?��¤��®���®�<��¤������¤��(���¬�<�����®��%�<����¤���(�y�(�^����+¢������+�(�V�<��¤���� �?�¯���N����y�½��?������ �(�T�(���(�j��(����j¤����4��¤������<�������������¤��µ�<��¤������¤��(���?��±
)± ² �(��¨2�¹���Á���<�<�<���y�����¿�(�¹�)�y������������(�¹����¤���ª©����<�<��j���¹�u�������¤��?�Í©������C�(���?� �(�¬©������ �ÀÌ?¨_���¶Î���������������<��¤��®¤��������(�¹�<�������(��¤�����¶Îj���^�<¶9���(��£�¼½j�y�����?����°	�?���(�®©������ �À���(�<��������Á�y�_���y������¤��_�I���<��(��������(�_�'§���4�y�®����V�u�9�)��ô��?���_�¥�����?� �?�º�(�4����¤���j¤��®�����5©��j�'�?����°	�?�¯�������<��)»�u�������y¡��¼�(�P���N���)©������ ����y¡���±
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�R�������(��¤��Sg���(�1Ð(����y¡�� � �No ² ²�
q = fc(c) q = fc(c, s)�po ²
q = fc+s(c) q = fc+s(c, s) q = fc+s(s)²

q = fs(c, s) q = fs(s)q �?«(���n�)±^Å_���\��������³��'����y¡��Á�(�C�y�_�¯���y��¤��� ���º�(�V���<��(���������y¡��Á�(�V���)©������ ����y¡��Á���<�����<�¤��®�?�������®�(��<���j¤���(�y�(��¶¹�<��¤������¤��(���)±

l%m�b´m/õ%m iT}�v�tu�Z}���qsv(wyx�z�{s}��%q�'?qr8�}A'
Ë �N�y�(�'���(�T���<��(�u����?�¯���?��¤��<�¥�(�V�(�9��(�����¤��_�¥�����<�¥�����½_�)§��?�(������V�y�_�Z����¤���½2�_�¥¶¬�����Z�(���?»�(���<��¤����P����?��«�����¤��?�j¤����)��©������j¤��<�V��À��%���������(�(± Ë �®���<��(�u�������y¡��Î�(�µ���?��¤��<�P�(���(�9��(�����¤��_�	§�����?� �������¥· �?
<� æ<, 
 §u�<�¯�����(�����(���<��¤���� Ì��T�?��¤���¨_���®¶^�<��¤����)�������®��¼�<��¤��µ�'�?���u�Áø°Ê ü �Ns��(§WÊ ü �ZPnÆ(§

�À² 7N=pt�ù�(§>�Z�?��ù6?_úc± Ù �Z�(����������(�y������ ©��(�����?�����¤��Á�������<��(�u�������y¡��Â�(�¬�������6Ï��<�µ�<�N«�����¤��?�j¤���������(�y�_���(���¤����Á�(���y�_�C�(�9��(�����¤��_�+�(��¤��1Ð)¤��(§��y�_�C�������6Ï��<�C�����ê���<������������C¤��1Ð)¤����?�y�<�µ�(�����?���6»«(�����T�<�������<��(¤���½_���P����µ�(���<����j¤��?����y���¤��¬¢�������¨2�����y�����À��À���¼¤��� Ì?¤��y�'�¬¶�j���_§������º�y�¬¤��?�j¤��(§�(���<�(��^����Z����y�½_�?��¤��<�Z���?���N����������?���y�¹ø ��² ù6?_úc±�u´���v]c���?���?«(�����5�<�������<��(¤���½����VwI���¤�����(����_�¯�(������<����������N�(�I���?���?«(�����5���¨�x(�^��7]g�����(��4�(�I�y�<�¤��(���ywI�(����(�j��(����j¤����(�I¤��1Ð9¤��tÄ��<��¤��+�<�Z�(�<���(�I����(����������µ��Ì?¨_�������µ���\x(��¤���� �(É1± ! ���C½2�°V�?�y�������(�_�'§9�y�_�Z�������6Ï��<�R���º�<�������y�(����?�4�<�������(�9��(�����¤��_�������?�����(�_�T¶¼���C�����(�1Ð��?��¶4���<��(������?���(��%���9�(�¹���Ì����y�<�(§u«��������(�¹��Á�y�_�I���9�(��y�_�P�<��¤�Ì?�����?�P�(������(�1Ð�����y¡��4¶¬���<��(�u�������y¡���Ä!«��9���y�'�?���(§(½2�<�¤��������?��§��(����«��?«(����ôy��¤��y�<�(§"�¤���É1± ² �¨�x(���<��¤��N�(�����(���<��¤��)§�y�_�¥�(�9��(�����¤��_�I���V�<�������y�(����?���<����� ���<������������¯�������'�?�y�<��Ä�����������(����� ���P�������?���?�@É5�(�V�������6»Ï��<�\j���I�(���<�(��^�µ���N�<��������y�)���¥�1Ð����¤��?�����¤��P�<���¹�(�(�y�����(�<�5�<��¤������¤��(���?�y�<�5¤��?�y�<�5�<�����N��Ì?�����6©��_�'§�'�?�(ô�¤��(�y�_�¥�+���<�<��y�����<�	±97T�«(�y�(���Nj���T�N�(���y���������¯��¨_�������N���+�<��¤������¤��(���N�y¡�¨_�y�'�+�9��(��¤��N�(�T�y�_�5�(�?»��(����j¤��_�'§���"�(����«(�y�� �P�(������������?���<�ó����<����¤����?�R�(���z]c«(������yw¯���¨_�����¤�����y¡��¹�(�¥�y�_�ó�(�9��(�����¤��_���Á�(��� ���<����������®�(�N�������6Ï��<�T���<���¤������)± Ù ���u�°	�?���(�¬�����º���®�(����������®���?���?«(���¬�(��´�(�9��(�����¤��¢�����¤��N���\x(��¤���� �)§(�����¥�(������������?�y�<�¯����<��¤��y�����<�¥j���P���T�(�«���4������½2���¤��?�¯�������|{'��4���Ì?�j¤��_�5�������6Ï��<��)��½9�y�)���¥����(�j��(����j¤��~}C¶�{	���Ì?�y�<�¥�����ô��?�^�y�_�Z��ô�����¤��<�¯�(�T�y�_�Z���y�����_�¥�(���¤������(���¤��1Ð)¤��~} øM�\¢(��Æ�Åúc±
! �£��¦¤��9�(�~���Ì����y�<�ê���?���ê�y�9�'�?����°	�?�®�������6Ï��<�¬�<�������y��¤�������?���?����°	�?�¬���ê�)�y��¤�����«(����y¡����(����������?���?«(�����P�(��j¤����4�(�N�(���¬½2���¤��?���¹�(�+¤��?� �65��¬³_Ï��¬j���+���N½��®�(�<���(���?°	�?���(�(± Ë �_�T��ô�����¤��<�V�(�N�y�_��������6Ï��<�¬������������j¤����?�ë����?���(�~���¼��«������½_�ê�(���'�?�µ«(�y�~����¨_�(��³��'�?¤���½2�~������Î�)�y��¤�����«(����y¡��ë�(��½2�9�'�?«(�(���?���y���y�9�'�?�s�?���<�������?���?���y� �<�����)�y��¤�����«(����y¡����(���½9���)±
q �?�C«(�y¦�ê���C¢��?�����'�?����°	���(�¹�(�����(���<��¤����T«������������P����������6Ï��<�I� Ì��P�<����'�?�����V�®��� ���9��y¡��À�(��<��¤������¤��(��� �y¡�¨_�y�'�)§"�u����®�<��¤��V¤������ �(�C�(�����(���<��¤����¯���®�(���<�(��À�?�(���'½2�<��¢��?�V�?�s� Ì6Ð9�����¬�(�V��� �<�ª»¤������¤��(���T�y¡�¨_�y�'�V�(�5�y�_�Ä�(�9��(�����¤��_�'§��u����P���� �'¶2���ó�����<���j½2��(�y���¤��I�<��� �������¥���_�Ä����<����¤����?���_��<�´����ó�y�_�������¸�6Ïª�<�´���ó�<�������<���u�����(��+�<���µ�(���_�%���¨_����j¤��_�%���<����������?�y�<�%�<��¤�Ì?¤��y�<�_�´�(���1»��(���j�<�<�����(�_�

Ä!¶¬�u���5�y��¤��?��¤������TÏ����Ì?��j�(�y�<�_�	ÉZ��(¶2��¤��?� �65������ ���T�(���<�(�C�����?�(¤��?�º�(�I©������ ���)����Ì?���y�'�®�N������<�������(��¤����Zj���¯¢����<��¹���1©�����������+�V���µ�<��¤������¤��(���N�<�����<�ô�³��'�µ�(�º�y�_�Z�(�j��(����j¤��_�'± Ù �^��¤������R���?���6»«(�����'§j���C���<��(�u�������y¡��4�(�º�������6Ï��<�R�<�R�(���\x(¤������1Ð9¤�������y¡��^�(����<�����<��(¤����<��¤�Ì?�����?�5�(�º�(�9��(�����¤��������Cj���¯���N�<�Z���)³���y���¤��I���?���C���<���������(��5�C�<�������(��¤����5j���¥���1©�����������?�¹�<��¤������¤��(���µ�(�«(�y�(���C������?¤��(���?�y�°	� �(�T�y�_�5�������6Ï��<�'±
l%m�b´m%$%m ö|�a{s}�ry��{�}Ír�w*'(�Èq�'Ázs��'���r-qu�%qs{�q�'

Ù ��¤��I�(�����(���<��¤��T�(�N�R�(�V�2� G �V�9��ø��R�(��ù��_�(§��R�(��ù��?«(ú����R«������T������T�)��½9�y���y¡����(�5�'�����T�(�9��(����)»¤��4��ê���¨_�y�����<�µ�(��¤��1Ð)¤����)�y��ÏÈ�(�j¤����V������4��������<��(«(����Î¤��9�(�4��ó�(�9��(�����¤���Ä!ô����)�y�<�<�µ�(������_�	É1§�(���9�)����y����(�^�(���¬���y��¤��)± Ù �a�(���j�<�<���^���+���'�?����°	�¹���?���¬�y�_�V�)�y��¤����j¤��_�V¤������_�V�(�+���¨_�y�����<�Cj�����?���6»���<�<��^��4����(�j��(����j¤��(§(�(���9�)����y¦���(�_���P��x(��¤����(�y�<�¥���y��¤����'�9���y��¤��N�(�P�'�?�(ô�¤��(�y�_�'§)���y��¤��N�(�T��Ì?�����6©��_�'§
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�¤��_±�§9�(�º� �?������Cj���¯���N�1Ð)�y��¤��¯�������?���?���y��j¤������¤����I���¨_�y�����<�Z�(�¯�(���C���y��� �C���y��¤��C¶����"���¯�(���<�(��(���9�)������¯��j¤����P���¨_�y�����<�¯�(�P���y��¤����¥�)��©������j¤��<��Ä!½2��vÃ´��¨_�(�����)±^Å�É1±

Subsubseccion

Subseccion

Seccion

Capitulo

Ã´��¨_�(�����)±^Å_�ÌË¯��(���<����j¤�����y¡��£�(�®���¼�<��¤������¤��(�����(�®�(�Â�(�9��(�����¤��À�(�¬¤��1Ð)¤��¼���<�)���?�j¤��^����?¤�������y��¤����¥�(�T�����(�1Ð(����y¡���Ä��(��������	ÉR�)��©�������¤��<�'±

u´�?���º���������¤����´���¯«/x���j���<���º�u���´���¨_�y�����<�a�(�ó¤��1Ð)¤��(§_���(�� Ì��%�(�\�����´¤�¦���������_�a�(�ó�����(�1Ð�����y¡���§��� �<������¤����(¶2�®�(�êô����)�y�<��Ä!¢��?«(��¤����?�������¤��^���<�)���?�j¤��¬�(��³���¢�����Á���j½2���¤��y�(��ÉC��Í��\j����¢��'¶��(�����j¤��������¹�����V�'�����¹¤����u�¹�(���<�������������¤�� �<��¤������¤��(���?��#������9��������4�¹�'�����¹���¤��������4¢��<¶Á�(���¬���y��¤���(�C�����¥���¨_�y�����<�Tj���V����(���<����j¤��?�¼���9�(�_�º�(�µ�<���P¤������(± a �(�� Ì��'§u�'���������y��¤����(���<�(�N���� . , �'�<��� 3 ��<���¼���ô����)�y�<�V�<�������<���������)�y���¤��µ�������¥�j��(�������������º�(�P�y�_�¥�)��©�������¤��<�¯¤�¦���������_�'±7I�«(�y�(�Á�^j���������V���¨_�y�����<�µ�����¤�����<��y���¤��<���¹�(���^���y��� �^���y��¤��¹���¼�����������?���?��§s��ó¤������4�(��<�������(��¤����Ä�¯���'�?����°	�?�Ä����«(���R�<��¤��\¤������T�(�R���j�(��y�_�a���������������������	§?�(��(¤������Q]g����y�<�<��y�����?�a�(���º���¨_�y¡��j���5�<����¤���(¨��C��(¤�¦���������
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lam�b´m�b´m ö|�a{s}�ry��{s}~zs�a{��7'^�%�¸��d�w���qsry}A'
ua�����(���<��¤��I�u����RT���(°	�?�y� ò �<½_�?�����¯¶3Ë¯�y�'�?���(�z�5���°	�6»��\�?¤��<�5ø ò ���Pù��)§6��� ò ù��9§ ò ���Pù`s6«)ú(�<��¤���(�����(���<��¤������������¤��µ�(�1³��(���T�<��¤������¤��(�����T�(�µ�����(�1Ð(����y¡��®Ïª���Ì?��j�(�y�'���T�)��©������j¤��<�I���?�����(�Á���y������(�9��(�����¤��GÄ!ô����)�y�<�<�����Á�(������_�	É1§%�(�¹� �?�����������¹�'�����Á�<�����u������j¤��4�(�¹�<��¤��_�+ô����)�y�<�<���<�+�(����9�(�������9������(���C�(���µ���¨_�y¡��4�(�T¤��1Ð)¤��(±)7T�����N�(���+�<�������(��¤��)§(����<����Ïª�(��¤������<���(���<��¤��N��¡��y�N�u�9�)��Ì�<���j¤������P���j�(�_�T�����¤�����<��y���¤��<�N���(���¬���y��� �®�<��¤������¤��(���µÏª���Ì?��j�(�y�'�)± Ë ���s��¨_�(�����)±-�®�µ���<��¤�����(�����<��¤������¤��(�����(�P�����(�1Ð�����y¡���Ï����Ì?����(�y�'���(�P����?¤���� �(��½2��y�<�'±7T���(�Í�(��ô����)�y�<�^Ïª���Ì?��j�(�y�<�Â���?���~���Í�<��¤������¤��(���)§¥j�����(������������y�����Í�����^���_���y��y�����<�4��ë���(�9��(�����¤�� �(�I�'�����N���9�(�(§)¶ �(�^¤�ô��(�y�<�N³���¢����������½2���¤��y�(� �(�T�����(�1Ð(����y¡��4�(�T�����5�9��(�������������¥�(��y�_�¥¤�¦���������_��Ä��(�������É1§(j���P�����)�y�'�+�(¡����(�V���T�(���9�)���<���¦<��¤����	§)�����¥�<�������(��¤����¯���º�(���<�(��¼���<������½2���?�(���y�'�?���(�C�(����������µ���ô����)�y�<�¯�(������P���?���V�y�j�'�?����°	�?�ó�����ó�9��(�������������\�(�5�y�_�ó¤�¦���������_�\�(�¯�<�������(��¤��¶^�(�<���(��¦<�	§����?���®�'�������(��� �(�C��������'§����<�<��������T��sô����)�y�<�C�(�N�<��¤������¤��(��� ���?�����(�¤�����������?�P���Ì?�y�<����<���u�����(��¼�N�y�_�¥���<��(�y����¤��_�¯�(�V�<��¤������¤��(���+�(���?�j¤��'���(�_�º����)�y��¢����<�������(��¤��)±
² ������¤���j¤��4���y�¨��?�+�¹�(�Î�<�����(�������y���¼���¤����®�1Ð9�(���<����½9�y������§�«/x�������<�����C���<�)���?��¤��®¤�¦���������_�'§«/x�������<����������«(���¬�����<��¤������¤��(���Á¶~�<���C«(��������y�����<�®�(�4�?�C«��_�+¤����u�_�'§´¶~�1³���y�������)§Ä�(�¤��<�¤��?���(��(����������~��|j��¦4���9�(�_�®¢��<¶¿�9��(�������������®¶Â�<�����(����«��?���(�Í�(�<���(��¦<�¬���º�����£�<��¤������¤��(���?�������¤��½_Ì?���y�(�_�5���?���+���+�<�������(��¤����(���?��¤��'�����)±
! ���¥�(�����(���<��¤��¯�(�ó�(���j�<�<�¸�?���y���¤��I� Ì��s���?³���¤��y�'���(�(§	��µ�u�_�´�(�Ä�(���¥� �<¶2���a�1³���y�������)§6�����ô��¥������¨_�(�y���¤��_± Ù ���(��������Z�������µ�����ô��C�y�j�'�?����°	�?�'§j���?���V���C�(����������µ�j��(�����������N�(���ô����)�y�<�T�(�¯¤�¦���������_�'§��)���9�(�T�(�\� �'¶2���a�(���?©!�(���)�y����� ����Z�<����¤��y����Z���I�9��(�����������)#2�(�<���(��¦<�'§?���?���I��)���<��¤��P�(�Z�'�����_�'§�����<�����(����«��?��ô��®�����<���V���9�(���y�j�'�?����°	���(�¬�<����� ���� Ì��¯�(���?©��(���(� �<���j¤��y����µ�<��¤��������½_���9��(�����������)§
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Subsubseccion

Subseccion

Seccion

Capitulo

�´��¨_�(�����)±-�)��Ëº��(���<�����¤�����y¡��4�(�º���N�<��¤������¤��(���N�(�¯�(�^�(�9��(�����¤��+�(�I¤��1Ð9¤��µ���<�)���?��¤��P��u���9�(��y��(�T���9�(�_�5�(���<Ð)��� �?�y�<�'±

¶+�� �'�����P�(�¥����\����ô����Z���j�)��ÌV�<��������(���\j���Z¤��j�(�_�ó�y�_�a���j�(�_�\�(�Z�(��½2��"���(������y���ój���Z�y�¥�<����¤��y������(���<����j¤��?�C�(���¯�j��(�����������¯�(�ó�<���a¤�¦����������Ä!¶T���¯�����ô��Z���<�<�<�¸�?���y�¥���½9�y���?�s��2���<��¤��¯�(�a���´Ï�����?��j�(ô��(É¶¬�����Ì?���<�������y�(������(�_�º�<����������y�½��?�j¤��<�¥�y�_�¥j���T���<�����������?�¼�?������ª³����(�V�<��¤������¤��(�����(�<�������¤��������+�<�������(��¤��)±
Ë �^�y�(�'�¼�(� ���½9�y���?�C�y�_�µ���9�(�_�C�(��¡'Ð9�����_�N�(����������¼¶À����¤�����������ô\j�������½9�y���?�N��ó���<��¤��Á�(�ô����)�y�<� Ïª���Ì?��j�(�y�<�ê���¯���ê�<�®���<�<�<���?���y�~���À�����µ«(�����ê�<��¤��4���9�(��y�(± Ë ���¬�u�_����«(�y�<�®�<�������(��¤����^�©������C�(���?�¥���?���+�<��¤��T���j�(��y�����������¤���4� �'¶2���¯�<�����(�y�ÈÏÈ�y�����¼����P��4������9�(��y��«��������(����^���y��¤���������������?���������	±

l%m�b´m/l%m iT}�v�tu�Z}���qsv(wyx�z�{s}~r��7'f�g�~}38�����}�'^�\tszÄ����'�{�}~}�zó���ªqs{�q��
Ù � ��y���¤����ó����¤�������y�����<�\��(��°	ÌP�(���<���V����a� Ì��ó����¤�����<���?�j¤��º�(�¤�����������?�R���Ì?�y�<�Ä�(���<�(��®����a�y�_����ÈÏ������<�¯�(�(�j¤��_�º�(�µ���¤��������¹�?�s�(�9��(�����¤��¬������(¨��?�T�(�C����y�<�<��y�����?�º�y�_�º���j�(�_�¯� Ì��¯����y�½_�?��¤��<�ø ; Ë ËUÆ��6úc± Ë �_�C�(�(��¤��_�N�(� ��j¤��������¼�?�ó�(�9��(�����¤��Á�������y�_�C���(¨��?���<�µ��~�(�����(� ��� �(�«u� �?«(�����N���(�9��(�����¤��N���?���µ����I��"�������?���y�N���<�<�<���+�C�����\���?��¤��<�R� Ì��R����y�½_�?��¤��<�5�(��u���y�����(§j�(�T���������(������T�<�������(��¤��P���'�?����°	�����)±~u%�?���T���y�½��?�ó�V�'�?«u�P�<��¤��5�<�����¤��y�(�C���T«�����¤��T�<��� �<�����9�<��ó���Ì?�y�<�Ä�������<���_��(�(�j¤��_�5�������µj���º¤��?�C«(�y¦�4���I�(�«u��¹��«(¤������Z�����R���������y�����<�5���¤����P����y�_�'± Ë �_�R���ÈÏª�����<�Z�(�(�j¤��_�5�(���j¤��������LÄ�� Ù u ü �	É5���P�(�1³�����4«�����Ì?���(�_���C��4�y�_�¥����¨_�(�y��j¤��<�¯�����¤�����y�_�'�

Å_± ² �º���<��(������µ�(�¹���j�(�µ�����)���P��®���(¨��?�¥�(�I�����R¢(� Ï��_�5����?���(�µ���µ� �'¶2����ô��+�(�I����y�_�Z���I¢��'¶��?��<�������y�(������(������y�½_�?��¤��<�'±
�)±��\���?���(�º���\��«(¤��y����ó�(���¯���<����������º�(�Ä���9�(�_���µ�(¶P���������y�������(�_�a����\���a¢��?�N���<��(�u������(�I�(����������(���<���4��������¤�����y� �?��¤�����y���'§"���¤������<�<�¥�<���������<���(���<��¤��+�����y�+���P�(�½9�����½2�P����(�����������(�P����y�_�'±

ò �4��«���¤��?�j¤��_§���«(¤������N�(���_�V«(������_�µ���<���(��¤����(�_�'§���� Ù u ü �'§��(�������(���Ì4��ê¨_���?�ê���<�)�y���4�(� �������y�½_�?�������j���P���P��«(¤���(¨������?���+�y�_�¥���j�(�_�'±
l%m�b´m���m �P}�zs}��ªqsr/w(�(qsv(wy��zs}A'4{s}�r\}A'A�´t�}���qá�1���sw�{a�

Ù �ÍøMR ²1� �?«�§�R ²1� �_�?úa���N���y�¨��¬�®���¬�<������������y¡���j���N��� ���<��(���������y¡��ê�(�N���)©������ ����y¡��À¤������)��»��y�����?�%���¬�<�T���(�<��������¬���?���¬�<���y�<�<��y�����<�V�(�N�(�9��(�����¤��_�
[ � Ë ����������_§�����(��������T���(¨��?�'§u�y�_��(�9��(�����¤��_��[ � Ë ¤��y�������(���^�<��¤������¤��(���NÏª���Ì?��j�(�y�'�^���©������ �^�(��Ì?��«����Ä¶������P�y�^¤��?��¤��(§�������<�������(��¤����\�(�«(�y����?� ���������¤����Ä¢����<��ó���1©�����������T���V��¡��y�C�?���<����¤���(�y�(�N�������T¤��?�µ«(�y¦�¹�T�(�¤��?���y�<�R�(��<���º�<��¤������¤��(���)±_7T�R�<��¤��¯©������ �)§����\�(���<�(�R���<��¤������(¨_���Ä��9�<���j¤��1Ð9¤��Pj���\����¤�����<���P�?�)�������?���y�P�I�?��¨�x(�
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��y�����j¤��+�C��y������¤��_�Z�<��������¤��_�Z�(�º�y�_�\�(�9��(�����¤��_�v[ � Ë ± Ù �¹�<�������<����������)§j��¹��"�'Ì?�y��(�y�N�(���������y�½��?������®���V�(�«��V���1k��ÈÏ��?�º�(�V©������ �¬�?�(�����(������� ¤��?��¤��®�����<��¤������¤��(���®�(��s�(�9��(�����¤��¹�<����������¯���<��¤����y�<��y�����<�T����V�����<�������(��¤���¢����<�C����«(���µ�<�����<��¤������¤��(���)± Ë �_�T�?�(¤������<�º�<�������y�(����?��j���P�y�_��)��©�������¤��<�N�(��½2��y�<�N�(��RÌ?��«����ó¤��y�����Í�)�y��¤�����¤�������������¤��?������4���?�������4�<�������(��¤��¼�����j¤����j�)���<��Í�(�
ï<�2�<� Ã_*53j, � Ã_*¸*�, ������ 04j���Z�)�y���������(¶2�5��)½_�?�y���Ä�(��9���<���I��«(¤���(�y�(�T¤��?��¤��P� Ì��%����?�j¤��P� Ì��a�(�<���<��)»���?���_�R�� ���Ì?��«u�����(��u�(�j��(����j¤��(§9�u���Ä�y�V¤��?��¤��(§9�<�������y�(����?�¬j���5�y�_�\�<����¤���(�y�(�_�5j���¯�?���?���<�<����¹�y�_�Z�(����������_�Z�(��½2��y�<�¥�(�I���N�<��¤������¤��(���+�����¬� Ì��Z����y�½_�?��¤��<�¥j���I�y�_�5����T�?���?���<�<�����¹�(��½2��y�<����)©�����y�����<�'± Ù ���������?���y�N�(�¤�����������+�(�º©������ �N�)����Ì?���y�'�µ���µ�����u����¤��?������+�(�º�y�_�Z�)��©������j¤��<�5�(��½2��y�<��(��ZÌ?��«u���\����?���(�¼�(�¤���������������¹¨_���?���(���?���y�����Â�?�R�1©��<�¤Vx��4�(���^���<��(���������y¡��Í�?�(�y���������È0u, 
1� ,�3*�, � * � , �6��� É1±Ù �£���¨_�(���(�À���(¨��?�'§Ä�y�_� �(�9��(�����¤��_��[ � Ë ¨_���?�����?�£�(���Á���)©������ ����y¡��£�µ�(¶Í¢��¤������¨2¦���'�¶Á��a�������?���y�^�(���<�(���<��¤��?�P���j¤�����<�����(����¡��y�^��À���?��¤����(��Ä�(�j��(����j¤��(± Ë �_�C�?�(¤������<�µ�(������������?�
���_� , � Ã�* )��?
 �I�'�����I�(���º�(�Z�<��¤����%���?��¤��<�%¶N�(��u����)�y����(�Pj���R���I�<�������(��¤��T���\���1³�����P�¯�(����� 
1� 0 ��� , ñ���_� , � Ã�* ä *�, � * � , �6��� É��ê�Á½_�?��������� .+¾9�-��� ñ ���2� , � Ã�* ä *�, � * � , �6��� É �'�?¤��¨2����ô����'§Ä���¹©������µ�(���?�£�)�y��¤����j¤��_��(���9�<�<�)�����y���¤��_�º���?�����'�?�y��(���?�¯����u�<�����(�T�y�_�¯�(�j��(����j¤��_�'±

Ë �¹���<��(���������y¡��ê�(�+�(���^�¹½_�?�������V�'�?¤��¨2����ô����5Ïª�(��¤��4�<���ê���¬���<��(�u�������y¡��Î�?�(�y���������<������¤���»¤��(¶2��^�(���C©������ �Ck��1Ð9��«(�y�P�(�I���<��(������?�5���)©������ ����y¡�����^�(�9��(�����¤��_�N[ � Ë ± Ù ��¤����Z�y�(�'���5���I¢�������(�y�����j¤����(�+���u´� G ���7T�\»�[ � Ë §)j���¥�<�\�(� ���y��¤��� �C����5¨2�������C���?�/�9���(¨2�\�<�������y��¤����¤��<�Z�T������<�������(��¤����C�(���������?���y��j�����(���<�(��ê¢����<��µ���1©��������������¡��y�¼�?�ó�<���j¤���(�y�(�¼�¼�?�\�<����¤���(�y�(�¼¶��¹����<��¤������¤��(���)± Ë ���µ�(������������N�����Î�����������?���<�+�^�����µ�(¤�������°	�������+��ê�(�~���y��¤��� �4�(� ���<��(�u�������y¡��Í�(����)©������ ����y¡���¤������)�y��y�����?��§����y��j¤������V�����P���¨_�(�������V�u�������¤���ê���(�� Ì��C���<��¤������(¨_���V��À���¬�<�������(��¤���(�����+½��?�������5���?��¤��<�º�(�T�����<��¤������¤��(�����(�V�y�_�¥�(�j��(����j¤��_�'±u´�?���Î��«(¤������®���ê����y�½_�?����������?��¤��Á�(�4���À©������µ�(������y¡�� � ïK�_� 3 ï �(��º���9�(��y��½2�<�¤��������?�T���?������<���u�����(��Z�V�<�������(��¤����R����¯���V���1©�����������?�®���C�<��¤������¤��(���)±�us���Z��¤����V�����(�(§j�<��¤��?«(�y�<�<�¯�(���P©������µ�)»������y¡����<�����<����?�s����?���(�¬��s�������?���y� �<��¤�Ì�����¤�����<�����(�¹����(���®�'�?¤��¨2����ô��)§���¤���������?���(�¬�y� �<��¤�Ì���½_�?�������5¶®�(���+¤�����<���������?���(���<��¤�Ì�����¤�����<�����(������(�4���(«�Ì?��«u���s�(�T���+�<��¤������¤��(���D�!���<��(���������y¡���?�(�y�������(É5���y����(���'�����N©������C�(������y¡��¼�(���+���?��¤��y��(���?����°	����y¡��Á�(�V�����¥����¨_�(�y���¤��<�	±
Ú^Û�Ü%�> �¡~ ! "�£Ý�Þ�¢¤£3¥¬ÛA¦!Û`§/¨��J¡~ �¨ª©J¨/«6¨ª¬´�.¨�¡`¨1'ÛA®|¯|«�°�¨�±êà , � e ¾ 0�, � , . ,10 � Ã ð¾ ,+·(,1* � ,10u, � , �¾ 0 �~���_� , � Ã�* )��Â���_�Èç à , � t ¾ 0 �cã * .+� 0"Ã äÎ� ï (t, e) ��� ï *�, �¾ ,10 ����Â� Ã�0 ð¾ , t � · � *�, � ,ê,0 e ç à , �
N ²�³V´ , � 0�â . ,1*ªÃ 3�,P, � , . ,10 � Ã 
 3�, �������_� , � Ã�* )�� ���_�´ä , ï ²�³µ´ (t) ���\ï *�, �¾ ,10 �<���®� Ã�0 ð¾ ,V, �u�cã * .N� 0"Ã t� · � *�, � ,V,10 � Ã 
 , � , . ,10 � Ã 
 3�, ���N���_� , � Ã�* )��+���_�gç(î�� *�, � , �6� 0 �<��� 3�, � , � , . ,0 � Ã e · � * �µ¾ 0 � ·"*�, ��¾ 0 ���
q
*�, ï ,1* � 3 �¹�®¾ 0 �®���_� , � Ã�* )�� cat , 
9¶·Iàv¸

(e, q) =
∑

t∈terms(q)

� ï (t, e) � , ï ²�³µ´ (t)2 � ï (t, q) ���)± ?xÉ
,0 3 � 0"3�, ���´ï *�, �<¾ ,10 ����V� 0 � ,1* 
� 3�, ¾ 0 �cã * .N� 0"Ã t ,10 ���P���_� , � Ã�* )��I
 , �������¾9���P. ,�3 ��� 0 � , � , ï ²�³V´ (t) =
log N ¹Lº+»¼�½ ¹Lº+» (t)u´�?���+�'�?�y��(���?�5���µ����y�½_�?������+�(�T�(�¹��y�����j¤������?���µ½��?�������5�'�?¤��¨2����ô����¯���º�(�«���4�'�?�y��(���?�5���(��»����?������j¤��T�����\©!���<������������Z�<�������<���������)�y���¤��<�¯�µ�'�����N�'�?¤��¨2����ô��µ���?���C���j¤��¨_���?�������5�(�I���C����¨_�(�y��j¤��� �?������)±
Ú^Û�Ü%�> �¡~ ! "�£Ý�Þ�¾�£3¥¬ÛA¦!Û`§/¨��J¡~ �¨ª©J¨/«6¨�§/¨/«6 �¨/¿�¡~¨1'Û~®|¯7«6°�¨/¿�±Îà , � M , �"� Ã�0'æ ¾ 0 � Ã+3�, ���?
º���_� , � Ã ñ* )��?
5ä N ÀQ²�³V´ =

∑
cat∈M

, � 0�â . ,1*ªÃ+3�,T, � , . ,10 � Ã 
ºð¾ ,Ä·�,1* � ,0u, � ,10 �kÁÀç à , � , ï ²�³V´ (t) ���Äï *�, �¾ ,0 ñ�<���µ� Ã�0 ð<¾ ,I, �(�cã * .N� 0"Ã t � · � *�, � ,P,10 � Ã 
 , � , . ,0 � Ã 
 3�, ���C���2� , � Ã�* )��+���2��å ,0¹, 
� , ����
 Ã ���aï *�, �¾ ,10 ñ�<���C� 0 � ,1* 
� 3�, ¾ 0 �cã * .N� 0"Ã t 
 , �������¾9��� 3�, ���P
1���_¾j� ,10 � , .�� 0u,1* �C� , ï ÀQ²�³V´ (t) = log N Â ¹Lº+»P
cat∈M

¼�½ ¹%º�» (t) çî�� *�, � , �6� 0 ���� 3�, ¾ 0�, � , . ,10 � Ã e · � * � ¾ 0 � ·"*�, ��¾ 0 ��� q *�, ï ,1* � 3 �®���6� * ���?
V���_� , � Ã�* )��?
V¾j
� 0"32Ã 3j,0 ¾ , � Ã¹, � * � 0/Ã � 0 � ¤ª©%Ä��y�9©I, 
r¶
·ºàv¸

(e, q) =
∑

t∈terms(q)

� ï (t, e) � , ï ÀQ²�³V´ (t)2 � ï (t, q) ���)±-�(É
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² � �(���<�(�¹�<�����(����«��?�+j���¬�<��¤��4�(�1³��(�y��y¡��Â�<�+�<��(��½_�?�y���¤��¹�����������������?������«(¤������+�������1»�y�½_�?������¹�(�+�(���¹�'�?¤��¨2����ô��4����?���(�
M

�<��¤�¦N©������ ���(�¹�����P�(�Åx(�(�y�<�4��y�����j¤��(±.�´�����?�������¤��������j�(������?��ÌÀ�����<�������y¡��|j���¹���������¤��4��«(¤������ ���Á����y�½_�?������À�(�^�(�¿���(«�Ì?��«����¯�(�^�����<��¤������¤��)»���)§u���?���¹����y�^���N�(�«u�+¤������V��À�����j¤��^����N�(�À���(«�Ì?��«����a�(���<�(���<����¤������V½_�?�������P�'�?¤��¨2����ô����P¶¤��?�µ«(�y¦�Íj���®�y�_�µ¤�¦���������_��j���¹�?���?���<�<��Í��~���¼���?ô�°¬�(��Z���(«�Ì?��«����5���®�(�«���Í�<�������y�(����?�+� Ì������y�½_�?��¤��<�Zj���5�y�_�\j���º�?���?���<�<��¹��¬�(��½2��y�<�ó���)©�����y�����<�'± ² �¥�(���<�(�I��«������½��?�R����¯�����\�(�1³��(�y��y�����<��?�j¤�����y�����<�¯�����4���?��¤��y��(���?����°	����y�����<�T�(�P¦<��¤��)±
Ú^Û�Ü%�> �¡~ ! "�£Ý�Þ�Æ¤£3¥®Û�¦/Û~§/¨��.¡~ �¨�©J¨/«6¨Å¦%¨Å«?Û~¡A¬.©ÄÛA«y¨/¡A / u�¤¨��> �ÇJ¨/Ç>¨�±�à , � e , � , � , . ,10 � ÃC* ��)��¯���ð¾ , 
 ,�*�,��R,1*�, ���Á� Ã�0 
1¾j����� q ä à)ü (e)

, �\� Ã�0'æ ¾ 0 � ÃÁ3�,¬, � , . ,10 � Ã 
®ð¾ , � · � *�, � ,0�,10¿, �a
¸¾ þ í *'þ�Ã �
� � 0 �<�B¾9ä ,10"32Ã � e �_ç à , �C��È l ∈ [0, 1]

, �ï���<� Ã�*¥3�, � Ã�*1*�, ������ 0 �?
 Ã �<��� 3�Ã � Ã�04, � , � , . ,10 � Ã l ∈ à)ü (e) çî��Â���_� , � Ã_* )�� 3�, ��� 3 � , � , . ,0 � Ã � 0 � ,1*10"Ã å 3�,0"Ã ��� 3 �Â. ,�3 ��� 0 � , ���_� ( 
 , ) åµ
 , � ,0u,1* � 3�, ï Ã�* .��3 � 0 í�.+������ä�� , ï ²�³V´ ( É ¼ )(t) , 
¹���+ï *�, �¾ ,10 ����Î� 0 � ,1* 
<� 3�, �5�cã * .+� 0uÃ t ,10 ���ê���_� , � Ã�* )��~���_� ( 
 , ) çRî��*�, � , �6� 0 �<��� 3�, ��� *�, �¾ ·(,1* �2���� 0 � 0 � 3 � 3 ��
 , �������¾9���¬. ,�3 ��� 0 � ,
·ºàv¸

=
∑ É ¼ ∈ ÊKË (e)

∑
t∈ ´ ¼+Ì�Í É (q) � ï (t, 
 , )

(∏
l∈ Î ³V´(Ï (e, É ¼ ) ��È l

) � , ï ²�³V´ ( É ¼ )(t)2 � ï (t, q)
=

∑ É ¼ ∈ ÊKË (e)

((∏
l∈path(e, É ¼ ) ��È l

)∑
t∈ ´ ¼,Ì�Í É (q) � ï (t, 
 , ) � , ï ²�³V´ ( É ¼ )(t)2 � ï (t, q))

���)±-�(É

Ù �I¢��<��¢��Â�(�À���(��������¹j���Á�y�_�¬¤�¦���������_�4����À�?���?���<�<��ë����y�_�¹�(��½2��y�<�4���(������y�����<�^�(�Á���Ï�����?����(ô��µ�����¬� Ì��R����y�½��?�j¤��<�5����º�y�_�Z����T�?���?���<�<��4��®�y�_�R���)©�����y�����<�Z�(���<�(�T�<����½2���¤��������T��¹�(������<���j½2��(�y���¤��^�(���<�+��Í��y���¤��_�+¤����u�_�N�(�¹�(�j��(����j¤��_���<��¤�Ì��<�������y�(�������y¡��¿�(� ����������¤��?������Á����(���<�(�P���j½2���¤����'±
Ë ���(�����(���<��¤��¼�(� q ������¤��� ² ��¢(���y�<�(���¶ : ����¨2�� � ������¬ø ²������ § ²��<� �6ú¥�<�+��¤����¼¤�¦<��(�y�'���(��<�������(��¤��?�¯¶¬���<��(������?�º�(�9��(�����¤��_�Ð[ � Ë ����T¤��y����µ������������¤����(�<�º�<���¼������j�(��y��½2�<�¤��������?��¶¹����<j�(��½��?�y�������C���¤����IÌ?��«u���y�<�T� � *�,�, .��_������� 0 � É1± Ë �V�y�(�'�P�(������������?���<�\�����?�(¤��?�\¤�¦<��(�y�'���\�(�º�<��(��½_�6»�y�������N���¤����VÌ?��«����y�<�Z���?���µ�u�������¤����¥��j�(������?�¥�<�������(��¤����5�<���^�<��¤������¤��(���N¶ j���I�(���<���?�4��«(¤�������<����� ���<���(���<��¤��®�(�j��(����j¤��_�Ð[ � Ë j���V���<�����������?���(�P©������ �����?������?�a���)�y��¢��¬�<�������(��¤��)±�u%�?�������y�����V�1Ð9¤��y����(�µ������9�(��y��½2�<�¤��������?�s���?��������P¤���(¨�� ��¼�����j¤��������<��¤������¤��(����¶2§������¥�y��¤��?�j¤�������I�<�������(��¤����º¶^�y�_�º�(�9��(�����¤��_�T[ � Ë ���C����(���<�����¤��?�À���<�)���?�j¤��+Ì?��«����y�<�I�¤��y����¤����(�_�'�u�����I�<�?»�y�<�<��y�����<�Ä�����N�(��Ì?��«����)¶C�y�_�¥32Ã �<¾j. ,10 � Ã 
¥�����_��� Ã 
 ���������(«�Ì?��«u���y�<�%�����¤�����<��y���¤��<�R�I�)�y��¢��CÌ?��«�����±! � �cã * .+� 0uÃ�, 
1� * ¾)�'��¾ * ��� �<�\�(�¬Ì?��«������¤��y����¤����(�N����«(���I��"j���¯���º���V�(�¬�<����ÏÈ�(�j¤��N�(�º�¤��y����¤����	§½9�y���� �¹����(���<����j¤��?�N��ó���?�u��R�(���y�_�V¤�¦���������_�N��ê�(�9��(�����¤��_�+�����ê�<��¤������¤��(���)± Ë �_�V¤�����������_��<��¤������¤��(���?�y�<�V�?���?���<�<��À¤��?�j¤��¹��Á�y�_�T�(�9��(�����¤��_�P�y¡�¨_�y�<�_�P�<�����¹������®�<�������(��¤��)± ² �N�����j¤��¹���Ax(������¬�(�N�9��(�������������I�(�N�'����� ¤�¦���������¬�<��¤������¤��(���?�%�(��j¤����¹�(�C�y�_�I�(�j��(����j¤��_�P�y¡�¨_�y�<�_�I¶4���Ax(��������(�I�(�9��(�����¤��_�¯�y¡�¨_�y�<�_�5����T�<���j¤��y�����4�(�¹¤�¦�����������<��¤������¤��(���?��¶�������� �?����°	�?���(���<��¤��_�½_�?�y�����<�P������«(¤��y�������a���<���¹�(��Ä¤�¦���������(± Ù ��¤��_�P�u�<���_�P���N�(¤�������°	�?�����?���^�<������¤����(���V�y�_�T½2�<�¤������<��(�C�y�_�¯�(�9��(�����¤��_�'#u�y�_�º�u�<���_�º�(���½2�<�¤����T�(�V�����(���¨_�(��¤��¬�����¼�(�1³��(�y�(�_�º�����º����������?���y�(± Ù ��¤��_�½2�<�¤������<�V�������<�������?�����(�_�C�(¤�������°	�?���(�4��a�(���9�)���¤��^�<���'�?���?�'± a ÏÈ����¤��?���(�¬�y�_�P���?��Ì?���¤����_�C��À������<�������y�����<�5���º�(���<�(��4�����µ�(���?�5¤��?��¤��+������j�(��y�N½2�<�¤��������?���<�����N���N�<��(��½_�?�y�������N���¤����VÌ?��«����y�<�'±
a ��ô)�(���<�'§2���Z����¤����9�)���<�5�(���T¤�¦<��(�y�'�Pj���Z¨2�������T�(�����?�/�9���(¨C�(�5�(�9��(�����¤��_��[ � Ë ���<�����<�¤���(�µ�<�������(��¤����º�<�����<��¤������¤��(���)§"�u���� ���<��(�y����N�(�V�(���<�����9������y���¤��¬�(���½j�y�®�(��s�������?���y�®����«(���C����<��¤������¤��(���¹�(�N�y�_�P�(�9��(�����¤��_�µ�(�µ���¹�<���y�<�<��y¡���± a �%��¨_���?�Ä����+�����a�'�����^�?��¤�����y���'§�����?���(�^����1©��<�¤Vx��?���<�������(��¤����º�����^¢����<��¥���1©����������� �+���+�<��¤������¤��(��� ���P��«(¤��y����C������?�/�9���(¨ �(¤�������°	�?���(�<�����<��¤��P�'�����(§(�����C�(���?���(��É¥������j�(��y��½2�<�¤��������?��±
Ù �¼øM� �<� + � 6úu���5�(���<�����¤��C�(���N�?���(��������y¡��¬�(��"���j�(��y�C½2�<�¤��������?�"���?���C«(�����'�?�\�<���y�<�<��y�����<�[ � Ë ���<�)���?��¤��º©����?¨_�����¤��_�v[ � Ë ¶����������³��'�?�R�y�_�Ä���<���(��¤����(�_�R���¨�x(�®��������y�½_�?������)± ² �¯�(�<�������«���(�À���9�(��y�^����N«�����1³�����4�¬�����P�<�������(��¤����V�<�����<���j¤��1Ð9¤��_�C������?¤���½��?����j¤�� �<�����<�ô�³��<�_�P������^�<������<�<�<���y�����(�<�T�(�µ���)©������ ����y¡��������(���<��y�����T���<���u�<�¤��¹�?�s���9�(��y�®½2�<�¤��������?�%���Ì����y�<�(± a �(������µ���¬�<����(�<������(�º���?���¥¤��9�(�_���y�_�s¤������_�s�(�\�<�������(��¤����'± : ����y����(�º�(���¥������ÈÏ��?�(°	�º�<���µ������9�(��y�º½2�<�¤��������?�
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��®�(¡����(�¯�����\�<�������(��¤����\�(�¥¤��1Ð9¤��C����«(���¥¶+�y�_�ó�(�9��(�����¤��_�Z����� ��«)Ï��¤��_�ó�(�¯���P���y��� �P���?¤��(���?�y�°	�)§�y�_�¬�?�(¤������<�®���(¨_�y�����|j���^�����<�������(��¤��ê���4�1Ð)�(���<���4��|�������y��� ��©������ �Àj���4�y�_�®�(�j��(����j¤��_�[ � Ë §"�(�N� �?������¹j���N�(�D]�©����?¨_�����¤��^�(��[ � Ë wµ���N�<�������?�����<������¤����n]�©����?¨_�����¤��4�(��[ � Ë w���?�������<��(�u����?�¥�(�¼��«)Ïª�¤����(������y������¤����u�(±u´�?���P����y�C���R���'�?����°	�T�(���T�1Ð9¤�������y¡�� �(��(���j�(��y�V½2�<�¤��������?������Z���������¤��Z����¤��¨_���?�\�(���I���<�)�y����(�5������ÈÏ��?�(°	�P��j¤����¯�'�?�������_�Y[ � Ë ¶+���¥�(�1³����5�(���j���½2�P���<�'�?�(�y�����µ�(�¥���������³��'����y¡�� �(�����½_���(��(�¥���V�1Ð)¤�������y¡�� �(������9�(��y�(± Ù �����9�(��y�V���5¢��V�(����«����(�C�<��� ���V�<���y�<�<��y¡���S òºÙ [��<��������¨_�(�y¦���(�_����(���¬�(���<��y���y¡����C�(¶��?��¤��)± Ë �_�P���<���(��¤����(�_�V¤��?�C«(�y¦�ê�����)�y�'�?�Îj���µ�����C�<�������(��¤����Cj���+�<��¤�Ì?��«(�y���<���u�<���³��'�������P���¤�¦���������_�P�(�N�y�_�T�<����¤��1Ð)¤��_�P���<�������y�(�_�T¤��y�����À� Ì��I���_����«(�����y�����(�<�P�(�N���<�<��¨2���y�_�Ä«u����1³���y�_�\�(�5�����Ä���<�)�y�����ó� Ì��ó�<�����(�y�ÈÏ����ó�<��¤����)ôy��¤��y�'���ó¶N�(�¯�(�¥������ÈÏ��?�(°	�P���¤����º�<����¤��1Ð)¤��_�'±
² ���À��µ«��?��¨2�(§��<��¤��_�I���<���(��¤����(�_�P���+�(�«�����<�������y�(����?�V�<�����®���<���(��¤����(�_�T���(�y����?�y�<�V�(�«(�y�(�4� j������T¢��+�<��¤����)�����(���(�^¨_���(�����C�(¶¹��������¤����(���(�C�<�������(��¤����'±
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Ë � �<�����(���<���y¡����(�µ¤��1Ð)¤����!¶���¼¨2�������?�´���®�<�����(���<���y¡��À�(�C���?¤��_�#É¥�<���)©�ô�� ���j���C�y�_�I���?¤��_�j���T���I½��?�4�N�<�����(���������¯�<���j¤���(¨��?�¼�?��¨�x(�^¤����u�+�(�I���<�)�(�����?������)§��(���<��¤��Nj���T���I¢��?�^¨2���������(��?�(���y�'�?���(�µ��y���¤����a���¨_�����'§_¶+j���5����<�����(���<�����Ä�(���<���T���)©�������������Ä���?���C����ô(�(���<�(�<����\�<�����1Ð����¤���¤�����)�y��¢��_�Ä���?¤��_�'± ! ���<�����(���<�����a�(���<�(�Z���<�)������Ä��)¤��?� �65��V�(�R�(� �?����¢(��½2�P�(�¤�����������?���(�Cj��¦Z���?¤��_������®� Ì��\©����<������¤��<�Z���?���+������¨_���?���y�<�Z�(�¹�<¡j�)��¨2�N� Ì��R�u�<j���K5��N����I��uj���I���I������¨_���N�C�y�_�Z���?¤��_�������_�V©!���<�����j¤��<�'±.u´���C�y�¹¤��?�j¤��(§����^�<�����(���<���y¡��ê¤��y������(�_�µ�¤��?�����C���Ì?���?�����¤��¬�)��©�����������������'§�(���V���5����'�?��¨��V�(�5���'�?����°	�?�R�<����Ïª�¤��(�����\����«(���5�y�_�\��ô��C«����y�_�Ä� Ì��Ä©!���<�����j¤��<�'§_¶+���P��¤����Pj���5�����¤�������Z]g�(�<��y���y�����<�3wV�(�T���+�(����������)±
! ���?���(�µ���µ¤�������������y��¨_ô����<�������<�¤��N�)��������_�¥j���¯���µ�(����������N�¤��?���+���I�(�������������]c���j�(��y�6wI¶¤����?¤��¹�(�N�(���<�(�<����P���®�(����«��?«(�����y�������(�+��� ©������¤����(�N���)©������ ����y¡��ê¨2�������?���(�¹�(���¹�)�y��¤�����«(����y¡���(� ���^�(����«��?«(�����y�����~�(���y�_�N��ô��C«����y�_�N�(��R�?��©��?«u�¤��¼�(� ���¤��������)±.� ���4���¨_�(�����¼�¤��?���4�����(����?»��������]g�<�9�)��³��'���(���3wNj���µ����'� ¶������¤��µ�y�_�I�<¡9�)��¨2�_�I���?�����y�_�T��ô��µ«u���y�_�T�(��a�?��©��?«��¤��¹�(�µ��j¤��������«����¸Ì?���(�_������À�����T�(����«��?«(�����y�����(�<�µ��«(¤���(�y�����V�u���V��%���9�(��y�(±J�\���?��¤��^� Ì��P�<����'�?�����µ�<��¤����������(���<�)�y�<��y�����<�Z�1©��<�¤����������R�u���R������9�(��y�N�V�y�_�\���?¤��_�R�(�¯��j¤��������C� �'¶2���5�����ÌP���C�<�����(���<���y¡��¬j���������«(¤���(¨��)±Ju%�?���^� �'¶2���µ���)©������ ����y¡��~���<����'���(��Ä���j�(������(��¶À�<�j�)��³��'����y¡��~�<�������(��¤��?��ÕÖ�)±-�4¶ÕÖ�)±-�����<���u�<�¤���½_�?�����¤��_±
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�R�����º¶��I���R¢��º�<�������¤����(�(§_���?���T�<�9�)��³��'�?�a�'�����I��y������¤��V�<��¤������¤��(���?�(¶el?�º«(�y�jj���Z�(�\¤��1Ð)¤�����5�(¤�������°	�?��ÌV�(� ���j�(��y����������������?�(¤��?¤���½2�TY\�<���u�<�ô�³��<�(±Aus�_����«(�y������¤��T�<��¤��V��y�<�<��y¡��¬���P�(���9�)�(°'�'��(���_�C���<���(��¤����(�_�N¡��(¤������_�N�(�«(�y�(�Á�¹���4����«(���<�'�?��¨���j���������(���9�)���<� ����?���(�Á��� �?��� ���<����?�Í����s³���¢�����¹�<�����(�������y�(�¹�y�_�I�)�y�<��y�����?���y�_�V�(�µ�y�_�¯���9�(��y�_�'± � Ì��T�<��������¤��?�����¤��_§����C�y��¨_���?��Ì®�(������ÈÏ���������£�������?°'¡��|�(�¼�<�����(���<���y¡��|���º���¹©������y�����?�|�(�_� ���j�(��y�_�®��(¶2�_�®�)�y�<��y�����?���y�_�®¤��y������µ����¢��_�I��ô��C«����y�_�¥����<���\x(��¶¬�<�����)�y��¤�����«(����y�����<�I�(�T�(����«��?«(�����y�����¼�����������?���<�	±
Ù ���<��¤������<�<��y¡������P�<�������¤��?��Ì �(�4��¦¤��9�(��¨2�������?��j���V���T¢����(�<�¸�?�������������(��¶¹����P���������¤���?¨_���(���?�R�1³���y���¤������j¤��P��y������¤��_�R�<��¤������¤��(���?�y�<�ó¶el?�P«(�y�9����<�\�(�¥¤��1Ð)¤��V�����������?���<�\«��6Ïª�V�(�����y�ª»���µ���9�(��y�+�����?�(¤��?¤���½2�+¶2§9�����\�y�N¤��?�j¤��(§9���I�?¨_���(���?�^�y�_�Z��ô��µ«u���y�_�5�<���µ�(���<�Z¶ �<���^�)�y��¤�����«(����y¡���(�®�(����«��?«(�����y�����¿�����������?�+�(�^�?�C«��_�+���j�(��y�_�	± ² �¬�(¤�������°	�Á��ó©����¤������(�¹���¤������(ô��Á���?���Á�<��¤���� �?���R¤��?� �65����(��\¤��1Ð)¤��Á�<�����(�������y�(�À�<���Î�(�~���j�(��y���(�¤�������������(�(§Ä�?�(��j���®��~�(�����?�(���y�'����y¡���(��Ì��¤��y�'�µ���º�(���<�(�º�ÈÏ��<��(¤��?�Z����?��¨2������¤����N�(� : �1×�� �?�®���?���µ��«(¤������R��u¤��?� �65��+�1Ð(���¤��µ�(��"¤��1Ð9»¤�� �<�����(�������y�(�®�<���Á������j�(��y�(± ò � ��«���¤��?��¤��N���©����¤����º�(�C��j¤������(ô����(������������y�������<��¤���� ����y�����<��µ�(¶¹�(��¡<Ð)��� ���º�?��½_�?�y���¯�1Ð(���¤��(±

Ú^Û�Ü%�> �¡~ ! "� ¢�Þ�� £ � ¯"��9«� ²]>¬J¡~ ! "�¿Û~¿r� ³[ª¨/Ç>¨ª¨e¦�9¨\[ª¨\´J¯êÛA¿r� ³[ª¨/Ç>¨ÅÇsÛ<¬s�J[ª¯#Ç´ÛA¦�¯#±Àà , � Vd, �´����.��qµ Ã�,10~þ ���!
 3j, �s� Ã ����� þ ¾9��� * � Ã ð<¾ , ï Ã�* .�� , � 3 ������ Ã�0 � * � Ã�3�, �%. Ã'3�, � Ã d åRä¬
 , � Hd ��� ,10 ñ� *�Ã¸· )�� 3�,CÃ�*�3�,10 � ,1*ªÃ �������¾9��� 3 � · � * � 3 ����� Ã . Ã	3�, � Ã ç à ,ó· ¾ ,�3�,N, 
1���!.�� * ð¾ , ����� Ã�0 � * � þ ¾)�<��� 0À3�, �. Ã'3j, � Ã d ��������.��qµ ÃF�Ä0 ��� 3�, � 3�Ã �¾9. ,0 � Ã . ,�3 ��� 0 � , ����
¸����¾9� ,0 � ,+,�ÿ¸·"*�, 
¸��� 0
T d = Vd + ndHd

���)± ?�Y
q ��(�y����(�^���������¤��¬���®�(�1³��(�y��y¡��À�?�j¤�����y���V���µ���y�¨��¬� ���®�<������������y¡��À����N���µ�y�_�º���9�(��y�_�

i¶
j

���<���������5���<�����<�¤���½2�_�¥�)�y�<��y�����?���y�_�'Y5���I©!�����y�����?��Ì?�^«��6Ï����(�4��¡��y�+���9�(��y�D�!�����?���(���(��x(�(�y�<��)�y�<��y�����?���y�TYº����?���(�¬���®���(� � �(�N�����I�<����¤�����«(����y�����<�C�?�´¤��?� �65��¹�<��¤���� �������P���'��� �<¶2���P����µ����<���j¤�����«(����y¡��£�?�\¤��?� �65����<��¤���� �����Á�(��R���j�(��y�¼���<���(��¤��?�j¤��^�(� �����(�(�y¡��~�(�¹�?�C«��_�'± Ù �N�(�<����'§����?���(�

T i + T j > T i∪j
���)±-�}Y

u´�?���¹�'�?�y��(���?�
T i∪j

���+�(�«��N��«(¤������P���®�(�(�y¡����(�N�y�_�T½2�9�'�?«(�(���?���y�_�P¶����¬�<��¤���� ����y¡����(�N�����j¤������(ô����(�I���µ�(�(�y¡���± Ù ��¤������I�(���<�(�T���'�?����°	�?�¥��¹¤��y����u�+�������'�?�����<���u�<�¤����µ�y�_�Z¤��?� �65��_�¥�(�I�y�_�½2�9�'�?«(�(���?���y�_�'±
Ú^Û�Ü%�> �¡~ ! "� ¢�Þ�Ý £ Zy¶ ¯7«y«6¯�Û~¿9� ²[ÿ¨/ÇJ¯�ÇsÛ<¬s�J¨E·,¬J¿� ! "��±Àà , � Ai∪j , �ó�6� Ã�*¸*�Ã�, 
1���!.�� 32Ã�3j, ���ï1¾j
¸��� 0Á3�, � Ã 
V. Ã'3�, � Ã 
 i ä j ç ü 0 � Ã�0 � , 


Ai∪j = T i + T j − T i∪j
���)±-�}Y
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² �®�<������(°	�?��Ì��'�?�y��(���?���(�Á�����N�<����¤�����«(����y�����<���<��¤���� �������+�?�R¤��?� �65��4³����?��§ T i ���?�����'��������9�(��y�

i ∀i ∈ 1..N
§"¶¼���(�� Ì��T���N�'�?�y��(���?��Ì?�������I�<���j¤�����«(����y�����<�V�<����Ïª�(��¤����

T i∪j
���?��� ¤��9�(�_������a���?���ÈÏ����

i, j ∀i ∈ 1..N−1, j ∈ i+1..N
�u�_����«(�y�<�ó�(�Z���j�(��y�_�\�I���P½2�°¥����5���Z½_�T��«(¤���(�y����(�����?¢��������µ�<��¤���� ���(�µ���?���V�'�����C���_����«(�y�5©������y¡��®�(�º���9�(��y�_�

Ai∪j
± ! ���V½2�°I�1©��<�¤������(�_�ó¤��9�(�_�\�y�_��'Ì?�y��(�y�_�\���5�(���9�<�<�(���Ìµ�I©������y�����?�Ä�y�_�ó���j�(��y�_�
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Ai∪j���_����¤���½2�(±�u%�?���T���'�?����°	�?�Ä���I©������y¡������5������������?���y�_�a���9�(��y�_�
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¶
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�(����<����Ïª�(��¤��V¶N���R���j¤����j�)���<�¯�(��j���½2�+���j�(��y�+¨2���������(���<j�(��½��?�y��j¤��C�+�N���µ�(�(�y¡��4�(�T�?�µ«u�_�	± ! ���µ½2�°P����¤����9�)����y�(��������9�(��y�

i ∪ j
��Â��Z�<����ÏÈ�(�j¤�����¡��y�������Ì4�(���<��y���Á�'�?�y��(���?�����Í�<����¤�����«(����y¡��|�<��¤���� �������?�\¤��?� �65��Á¶�������<���j¤�����«(����y�����<�º�<����Ïª�(��¤������BÏª�(��¤�� �<���4���½��?�y���5�(����?¢����������<��¤���� ���(�TY5�(��������½2�����9�(��y���<���4�����<��¤��(± Ù ��¤��P�(���9�<�<�������T����(��¤��P¢�����¤�������P���P��«(¤���(¨��?�¼¤��j�(�_�¥�y�_�5½��?�y�����<� Ai∪j ���¨��?¤���½2�_�'±Z ¦�®|¯|«� %�[ª¯ÿ¢�Þ�û�£���¬J¿� ! "� ÇsÛÄ[ÿ¯#ÇsÛ�¦�¯|¿�±

fAg .���ä Ã�*U_ �6� Ã�*¸*�Ã ← 0h g+Å 1 ≤ i < j ≤ N fÆg�6� Ã_*¸*�Ã#_ �2�<��¾(��� ← T i + T j − T i∪jbrh ( �6� Ã�*1*ªÃ�_ ���<��¾)�_� > .���ä Ã�*6_ ��� Ã�*1*ªÃ )j a)e�l .���ä Ã�*6_ �6� Ã�*1*ªÃ ← �6� Ã�*1*�Ã#_ �2�<��¾(���
bi← i
bj ← j{

g�fbrh ( .��_ä Ã_*U_ �6� Ã_*¸*�Ã > 0)j a)e�l
dbi ← ï1¾�
1� Ã_0 � *6_ . Ã'3j, � Ã 
 (dbi, dbj)
dbj ← dN
N ← N − 1{

g|f `<aAb c/e ( .���ä Ã�*U_ �6� Ã�*¸*�Ã > 0)

Ù �¼��´�?��¨2������¤����¬���C¢��?�¼������¤��y�(�®�y�_�º�(�¤��?���y�<�I�(�µ�<¡����®���C�'�?�y��(���?�Á¶^��«(¤��y�����¼�y�_�º½_�?�y�����<�
T
�(�º�����R�<��¤���� ����y�����<�R�<���¹�����ó����¤���½2�_�5�(�I����?���y�����¬¶��y�¨_��«(�����y�����^�(��u�<¡9�)��¨2�(±1Sc�(�y����?������j¤��I����<�_��¤��Z�<�

O(V N3)
����?���(�P�1Ð)�y��¤���

N
���9�(��y�_�%¶C��)¤��?� �65��P�(��9½2�9�'�?«(�(���?���y�V�<�

V
± ò �T��«���¤��?��¤��_§�<��¤��+�<�_��¤������µ�(���<�(�+���<�)������C�

O(V N2 logN)
���'�?����°	�?���(�4�u�<j���K5����T���ÈÏª�������P����«(������Ä�<¡j�)��¨2��<�����¬�����I�ÈÏ�����(�y�¬���<�'�?�y��(���?�V��¡��y� �y�_�P�?¢��������_�P�<��¤���� ���(�_�P�(��´�����½2�^�)�y�<��y�����?���y�¹���j¤����j�)����y�(��<�����¹���µ¢��¬�<�������¤����(�^�<�����?��¤�����y�����y������§��¬� �?�j¤������C�?��� ���<����������P�����T���?���ÈÏ����T�(�N���9�(��y�_���^�(�����<�������(�T�(���y�����y�����4�����¯�?¢����������<��¤���� ���(�(±
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î G32NG ï�É�SIQª[¯SIYÄ`cbPd MPORQ®i K+MPORQcK
u´�?���~�?���?����°	�?�¬�(�^©������ �ê����(ô����y�'��¶Â�½_�?�����?�®��¯������)�����y��j¤��Í�(��¯���9�(��y�ê��£���|½2������y¡��������������?�(¤��?¤���½������¬¢��Á�(�<���?�������������(���(�Í�(����¤���¤������À����¬�����(�y������¤�����R���9�(��y���(�¹�<����¤��1Ð)¤��_��<��¤������¤��(���?�y�<�Ä�(¤�������°	�?���(�P�(� �<¡9�)��¨2�P�(� : �1×u� �?�������y��j¤����(�µ�I���?���?«(���P�<�����P���9�(��y�V�<�����<�ô�³��<�(±² �R¢��I�(¤�������°	���(�P�(���I�<�9�)��³��'����y¡��®�?��¤�����¦¤��y�'�P�(�5�'�?�����¤�����<�a���?���T�<�����(���������ó�y�_�a�)�y�<��y�����?���y�_�ó�(��'�����¯�<¡j�)��¨2�I�(� : �1×�� �?��± Ë ���s�(�����«����%���Ä¢��?�µ���'�?����°	���(�T��C�(�\uv���<���N�(�C�(���9�<�<�����(��� us��j¤����(�S SµSó��� ����� : °2§e� Û � � «j¶j¤��<�¥�(�V������������+�(������������?��¶ Ë �����)Ð4�<���������y��¤��� �+���u����?¤���½2�(±

��m%$%m�n�m Ê�q�'�v)��r�}�v(v(wy��zs}A'¼{�}À�%�t�}�÷�q
u´�?���®�1©��<�¤����?�¯�y�_�º�1Ð)�u���������j¤��_�º���P¢��?������y�<�<��y�������(�¬�)��©������j¤��<�¯¤��?� �65��_�I�(�V�����º�<���y�<�<��y�?»���<�Y= ²�� §�t�S �>��¶ a uÎ�(���j�<�<�(��j¤��<�R�(��u�<����ÏÈ�(�j¤��µ�(�º�<���y�<�<��y�����<�Z�(�¯�1Ð)�u���������j¤�����y¡�� q Â Ù �ó»,ø : �?��ù��6úc± Ù �^���µ¤��?«(�����)± Û ���I�(���<�(��4��«������½_�?�5�����5�'�?�����¤����ôy��¤��y�'���¥¨2�������?�y�<�¯�(�T�����5�<���y�<�<��y�����<�'±Ù �Z�����u����¤��?�j¤��V�(�<��¤����'�?�¥j���I�'�����+���(«u�<���y�<�<��y¡��4�<��¤�Ìµ©������ �����N�����R�(�^�<����Ïª�(��¤����(�T�(�9��(����)»¤��_�+¶~����4���(�� Ì�����������(¶2�¹�������(«u�<���y�<�<��y¡��|�(�®¤��?� �65���������������(���<�)���?¤��(§Ä�����N�y��¤��?�j¤����y�_��(�9��(�����¤��_�C����N�<��¤�Ì?���(���<�����¤��<�C��Á�(���¬�(�¤���������������¹���(«��<���y�<�<��y¡��À¤��?�C«(�y¦�À�y�¹�<��¤�Ì?�À���������(«u�<���y�<�<��y�����<�º�(�T� �<¶2���¯¤��?� �65��(±

q �?� �65�� Ë�us± q ± Ë�u´± mN± Âº�?°'¡��
q Â Ù �ó»�= ²��

Û ±-��� Û ±-���_ù Û ù�)±-P_ù_ù Û P)±-�P � ù)§ ?As�ùXÌ�)±-� Û �)±-�_ù�� P`sy?�±-��P�� �P)±Ms�� � ?�§ ?~ � Ì
Û9� ±-� Û9� ± ?~P Û Û ±-���_ù)±-� � � ���)±-� Û P )§ Û �`sSÌ� Û ±-����)±-�6?As )±-`s � ±-�6?�? s Û ±-P��� �)§ Û  Û Ì?~�)± Û�Û )±-�_ù`s �)±-�_ù � ± � �`s ù`s9± Û ù � Û § ?~���XÌ���)±Ôù���)±Ôù��� Û9� ± �1Û �)±Ms���� Û�Û �)±-��� Û Û § Û � � Ì

Û9� ?�±Ôù6?~�)±Ôù6? Û Û �)±-�`s��)±-�_ù � Û ?�?�±Ms �1Û � §-P��`sSÌ
q Â Ù �ó» t�S � �

Û ± � � Û ±-P�P�� Û � Û ±Ôù ��� Û �)±Ôù��6? s9§Ôù�P��XÌ�)± � P�)±-�P_ù ù_ù��)± � �`s ��)±-����� )§-��P�XÌ
Û�Û ± Û �6?�± Û s Û Û ±-P�� Û ± �1Û � � Û ± � ù6? �)§-P � �XÌ� Û ±- � �)± � �_ù )± ?~P_ù)±-��� � s Û ± Û �� �)§ � �PXÌ?~�)±-���_ù)±-����P �)±Ôù`s � ± Û9� � Û9� �)±Ms�`s Û § ?As�XÌ���)±Ôù����)±-�`s�ù Û9� ±-�`s��)±-�6?�ù Û ���)±-���� Û §-� Û ùXÌ

Û9� �)±Ms � ù)±-���6? Û s9±-��P_ù)±Ms�P�� Û ���)± Û�Û  � §Ôù��6?ÍÌ
q Â Ù �ó» a u

Û ± Û P��)±Ôù���P Û ù��)±Ôù Û � Û ù)± Û9�  ù)§Ms�� � Ì�)±-P � �)±Ms�s�� ù����)±-6? � ? Û ±-���� ?�§- Û ?ÍÌ
Û9� ± ?~�_ù)±-�_ù�� Û ±Ms�� Û ± Û `s �6?�± � ��P )§ Û ? � Ì� Û ±-� Û ù)±-�_ù� )± ?~P��)± � ù�P s�)±-P�� � �)§ Û�Û sSÌ?~�)±-����)±-�`s�� �)±Ôù�P��)±Ms��� Û9�1Û ± ?~P � Û § ?~���XÌ��)±-6?~)±-�6?~P Û9� ± ? Û�Û ±-P��6? Û ���)±-6? � Û § Û s��XÌ

Û9� �)± �1Û P)±Ôù��`s Û s9±-�����)± Û�Û ù Û �`s9±-`s�� � §Ôù Û �XÌ
q �?«(�����)± Û �e�Z�?�����¤����ôy��¤��y�'���¥�(�I�����5�<���y�<�<��y�����<�'±/u%�?���+�'�����+�<���y�<�<��y¡��4���I�C���<��¤����+���¬¤��?� �65�����«j¶j¤��<�X� q �?� �65��TY1§���s�~x(������¬¤���¤��?�%�(�V���?���?«(�������nË�us± q ±rY1§���´�~x(������¹�(�V���?���?«(�����T�)��©�������¤��<�T��Ax(������ �(�T¤�¦���������_�º�(���½2�j�'�?«(�(���?���y�<�nË�us± m+±rYR¶¬���+���������y¡�����j¤����µ�?�C«��_���³ÂI�?°'¡��ÆY1±
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Ë �¹�<��¤������¤��(���¹�(�+�y�_�P�(�j��(����j¤��_�Cj���µ©������ �?���'�����¬�(���¹�(�+�����T¤����<�V�<���y�<�<��y�����<�C�<�T�C�(¶�����������?�'�)¤��y�����^�(�4��¡��y�µ�(��½2����(�P�<��¤������¤��(��������T�(���������¤�������(�9��(�����¤������<�)���?�j¤��V���N�¤��yj���¤���<��¤������¤��(���?�ÎN�éÐÏ}Ñ|Pµ¶ �(���¤������(�T�'�����N�(�9��(�����¤����1Ð)�y��¤���^��¤������5�¤��y����¤����Z�<��¤������¤��(���?�y�<�¥j���I����(¤�������°	�?�����?���¬�����)�y�'�?�µ��a�y�(���¤���³��'���(���+�(���(�j��(����j¤��(§����®©��<��¢��)§���a¤�ô�¤��(�y�(§���ó�?�(¤����'§����®©!����j¤��j���P������¨_����¡�����(�9��(�����¤��(§"����<����¤���(�y�(� �(������y�����(§(�����5���?���?«(�����º����<½2�_§��¤��_±

��m�$%m/õ%m Ò¬z û r�w*'�w*'�{s}�rZ�¸}�zs{´w��Íw�}�zÄ���
Ù �~�<��¤��Á���<�<��y¡��Í���¹�?���?����°	�?��Ì���\������)�����y��j¤����(��R���j�(��y��������������?�(¤��?¤���½2�À�(�^���������(�À�¤��9�(�^�y���<������j¤����(���<���~�?��¤�����y�����y�������a�����<�����(����«��?��ÌÁ���ó������«(¤��y�����~���ÈÏ��������C���<�����<�¤��¼�4���¤�¦<��(�y�'�Á«�Ì����y�'������5���9�(��y���(�4�?��©��?«��¤��_��������?�����(�_�'Y1§%���¼«����������Â�(�®���¼¤�¦<��(�y�'���(�¬©������y¡��Â�(����9�(��y�_�5¶¹�(����������(�T«(�y�9����<�¥�(�V¤��1Ð9¤��(±
Ë ��½2��y�9��y���������<�)�������?��� �<�����(���������I�����º�<���y�<�<��y�����<�T�<�º�(� Û ��P ; «j¶j¤��<��l?���¨¹�?�(���'Ð9��� �����6»����j¤��R����?���(�T���T���\�(¤�����°	�?��«(�y�9����<�%�(�R¤��1Ð9¤��(± Ù ���<��¤��\½_�?�y���%�<��¤�Ì¯��������(�y�(�T��)¤��y������º���<�<�<�¸�?���y����?���I���9�(����?�'§?©!�����y�����?�a�y�_�a���j�(��y�_�Ä¶µ�<�����(���������ó��(¤��1Ð)¤��(± Ù �(¤��y������P����(�y�'���(�P���?���I©������y�����?��y�_�a���9�(��y�_�Ä½_�?��ô��T�(�<���(�5�y�_��?�±-��P���¨_�(���(�_�ó�� �����Ä�<���y�<�<��y�����<�\�(�¥�(�����¨��?«�¶9¤��¥¢�����¤��T�y�_��? � §-�`s���¨_�(���(�_�I���?���®�����I�<���y�<�<��y�����<�V�(�µ��y������¨��?«j¶j¤��<�'± Ù �´���������¤��^�(��´¤��y����u�¹�(�C©!�����y¡����<�I� �6»¶2���¥���?���������¯�<���y�<�<��y�����<�I� Ì��¥���<j���K5���������4¤��������¬�?�>� � Ì �(���¤��y����u� ¤���¤��?�/Y1§���������<�¯�C����¢��������_�Z����¨_�(��³��'�?¤���½2�+���?���µ�����Z�<���y�<�<��y�����<�Z¨_���?���(�<�k����®¤����������?���XÌé�(��u¤��y������N¤���¤��?�/Y1± Ù ��¤��N����(�«��µ� ����µ���¤��y����������<�<�<���?���y�®���?����©������y�����?�º�y�_�¯���9�(��y�_�º�<�¯�������'�?�s���<���u�<�¤��¬�?�s¤��?� �65��¬�(��½2�9�'�?«(�(���?���y�(§_�������?������<�<�5���(«(�������'�?�������¤��¯���<�����<�¤��V�?�9¤��?� �65��C�(�Z���º�<���y�<�<��y¡��¼ø : �'�`s�P?ú(¶µ¢��?«(��»¤����?������j¤��¯�<��¤�ÌP�<����'�?���µ�

O(
√
n)
± a �(�� Ì��ó���¤��y����u�V�(�R©������y¡�� �(�������(�¥�(�Z©������ �T������)��Ì?¤��y�'��(��´�~x(������4�(�N�¤��yj���¤����P�(�N�<��¤������¤��(���¹�)��©������j¤��<�T�(���<�����¤��<�V��Á���¬�<���y�<�<��y¡���§�¨2�������?�y������¤���<��¤��¥�~x(������C������y�¯����a���<����K5��C¶µ���µ����<�<�º�T���<�)�y���C����¯����<�<�¯���¤��?� �65��µ�(�5���P�<���y�<�<��y¡��¹�������j���P�(��u����(�C�(�T����7 q 7 �L]g7T�1³��(�y��y¡��Á�(� q ���u���(�C7I�9��(�����¤��6w"Y¥�(�T�y�_�¯�(�9��(�����¤��_�'±

Ù ������¤��?«(�����)±-��¶^������+³�¨_�(�����)±-)±-� ���P�(���<�(�µ½2��¯�(�����<�������?������y¡����(�V�y�_�º���<���(��¤����(�_�I�(��<�����(���<���y¡��Í��«(¤���(�y�(�_�µ�u���N��ó���9�(��y���(�®�?��©��?«��¤��_�C������?�����(�_��� � a ² §��(�ª]È�?���<�<��¤����Á��y�����)»¤��?��wV�(������9�(��y���(�µ�<����¤��1Ð)¤��_�º�<��¤������¤��(���?�y�<��Y5¶^������9�(��y� �(�µ�<����¤��1Ð)¤��_�º�<��¤������¤��(���?�y�<��� ² � � Y�?�(���y�'�?���(���+���+���µ¤�¦<��(�y�'���(�º©������y¡��4�(�I���j�(��y�_�5���?���N�����5���(«u�<���y�<�<��y�����<�º�(�Ð= ²�� ¶¬�<��¤��µ½2�°2§�65����)�y����(�µ�(���V���(«��<���y�<�<��y¡��®�(�¯�(���_�v� ����� «j¶j¤��<�R�?�(���<Ð)��� �����?�����¤��7Ó9±~u%�?���V¤��1Ð)¤��_�Ä���<j���K5��_����¤��?� �65��µ�(���½2�9�'�?«(�(���?���y�C�<�\����¨_�(��³��'�?¤���½2�C���<���u�<�¤��C�?�"¤��?� �65��C�(���¤��1Ð)¤��V¶��<�������<�����j¤�������¤��
² � � �����Í©������y¡��Í���?¨����(�£�?��¤��À�(���<��y�ê�?�¥������?���?� �y�_�����j�(��y�_�����À��«(¤���(�y����(�����ÈÏ������À�?��¨_�)»���¹����«(��� ��Ä���j�(��y���(� �?��©��?«��¤��_�V������?�����(�_�	§��u����¼�¹���<�)�y���^j������a¤��?� �65����(�����4�<���y�<�<��y¡���?�(����j¤�����R���������¤��À�(��Z½2�9�'�?«(�(���?���y�À���®½��¼���<�)����y����(��¶����?���Á¤��?� �65��_�+¨_���?���(�<� ² � � �����©������y¡��Â��«(¤���(�y������?�(���<Ð)��� �����?�����¤��¼�(� Û9� ÌU�(�¹�<�����(���<���y¡��|���)�y��y�����?�¥���<���u�<�¤����?�Z���9�(��y��(� �?��©��?«��¤��_�C������?�����(�_�'±Jus���N��¤����4�����(�(§ ² � � �<����©!�����y¡��Î��«(¤��y���� �(���_�C���<���(��¤����(�_�µ�����������?���<��?�s���j�(��y�®�����4©������y¡��f�!�(� Û �)§-���XÌ �(�µ�<�����(���<���y¡��À���)�y��y�����?�s���<�����<�¤��¹�?�����9�(��y� �(�µ�?��©��?«��¤��_�������?�����(�_��Y%������µ���®������)�����y���¤��+�<�\�C����¢��+���ÈÏ����\��¹��"�'�����C�(�º�y�_�ó¤��1Ð)¤��_�ó���<j���K5��_�\��¹��"j����<�����y��(°	�¹��«(¤���(�y����(�^�(���®���ÈÏ������¹������®�<�����(���<���y¡�����Á¤��������4�®�(� Û�Û Ìf������¬�<���y�<�<��y¡��ê�(��(� Û
� «�¶9¤��P���<�����<�¤�� �?�����9�(��y�������¹©������y¡���±

a ���?��¤����ó�(�5�<��¤��Z��������j¤��V¶µ�� ½j�y��¤��I�(�Z�y�_�a���<���(��¤����(�_�\�?��¤�����y�����<�\��¡��y�P���5�<�������y�(����?��Ì?� ��������?°'�����<�\�(�¯�<�����(���<���y¡��¹��«(¤���(�y�����R�?�(���y�'�?���(�µ���T¤�¦<��(�y�'�C�(�5©������y¡�� �(�¥���9�(��y�_�'± Ù � ���P¤��?«(���\�)±-���R�µ���<��¤����P��(¤��?� �65��V������¨_�����?���(�¯�'�����T�<���y�<�<��y¡��PÏÈ�(�j¤��C�I�y�_�a¤��?� �65��_�Ä�<�����(�������y�(�_�\¶C���?°'�����<��(�R�<�����(���<���y¡����<�������<���������)�y���¤��<�a�(���9�<�<�(���¤��<�a�(�Z�?�(���y�'�?�a��j���9�(��y�T�(�\�<���j¤��1Ð9¤��_�a�<��¤������¤��(���?�y�<��<���µ©!�����y¡��+�(�\���9�(��y�_�'± ² �\�(���<�(�Z�<�����(����«��?�Äj���R�����s���?°'�����<�a�(�Z�<�����(���<���y¡��������+���ÈÏ������<�´���?����<���y�<�<��y¡����<�I� �<¶2�����<�I¶4����?���(�¬������������¤��¬�(���½2�9�'�?«(�(���?���y�¹�<�¥��������+ø : �'�`s�P?úc§�¤��?��¶4�<�����®����(���<�(�V�<���j¤�������¤��?�º��^����¤��?«(�����)± Û ±
ÔUÕAÖ �-×"�n�"Ød�ÚÙV�U�7Øn��Û'�3ø�Ød�ÚÙÜ�'Ý Ö �"Þ��'×"Ø ÖXß � ß ��× à-��á%â-�¾× Ö ø��U×U×U��ã'�V�Uá ß �.ú9öUä�� ä�ä'å�� ÷Kû�úæ�7ç#Øn�UáÃçè�Ú�q�Ú�n�"×U�U�NõÖõ�� õ��Úå�� ÷�÷���q� øi�Ú���d�ÚáÎ�"�<Ø Ö Ød� øéÛ ß ��ør�ÚáÎ×"âq�Öø��Uá�ö6å ÷�� õKúµ÷Üá Ö � ß ��êë�"�n�U�7Øn�UáX>éä�Û � ûKúAì�B



ü Ò*B�ÒÿþkÇ Á?Ö?�-Á?;<@BA ½È» �<Ö"E ¹|» �<Ö ¹ 0eE

= ²�� ² � � �<���¹©������y¡�� ² � � �����¹©������y¡�� � a ²í ����¨_�����?� �R�����(�'± Âº�?¤��y� �R�����(�'± Âº�?¤��y� �R�����(�'± Âº�?¤��y�
Û ±-��� Û ±-���_ù ?~P6?�±-�`s�� _ù)§-���XÌ �6?~�)±-6?~P ?�?�§-�6?ÍÌ �6?~)±-P�P�� ?�?�§-���XÌ�)±-� Û �)±-�_ù�� Û ±Ms�ù�)±Ôù�� � ��)§-� Û Ì Û ±Ôù���)± ?~��� ��)§ ? Û Ì Û ±Ôù`s�ù)±Ôù � ? ��)§-P_ùXÌ

Û9� ±-� Û9� ± ?~P Û )±-� Û ?�±-� Û   � §-��PXÌ )± ?�?~)±-��� ��)§Ms��XÌ )±-���P)±-P`s�P �)§-�`sSÌ� Û ±-����)±-�6?As �)± Û ù � ± � � Û �_ù)§ Û ?ÍÌ �)±-����)±-��� �  � §Ms��XÌ �)±-P Û �)±-��� ��)§ � PXÌ?~�)± Û�Û )±-�_ù`s Û�Û ±-P���P)±-����� ��P)§ Û �XÌ Û �)±- Û ?�± � ?~� �_ù)§-�6?ÍÌ Û )± � �_ù)± ?~�`s  Û § �1Û Ì���)±Ôù���)±Ôù��� Û s9± ?�ù�P)± Û �� �`s9§Ms�ùXÌ Û P)± � ��)±-P`s�ù ��P)§-�6?ÍÌ Û ù)±-��P��)±-P�� Û  � §-��XÌ
Û9� ?�±Ôù6?~�)±Ôù6? Û ��P)±-��P Û ±-P`s�ù �`s9§-�XÌ �_ù)±-� Û ±-����� �`s9§Ôù��XÌ  Û ±Ms����)±Ms��  � §-���XÌ� Û9� ± ��� ù)± ?~P�� ���)±-��P��)±-�6?~� ���)§-P � Ì �`s9± Û ���)±-�`s�ù �`s9§-� � Ì �6?�± Û ��)±-P_ù��  � §-�6?ÍÌ

q �?«(�����)±-�)���R�����(���<�����y���4���?¤��y�_�¯�������(¨ �)��×�������¤¥���9�(��y�'§)©����N= ²�� ±
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WSJ: Tamaño de colección (Mbytes)

SCMWBH con fusión
SCMWBH sin fusión

Modelo de alfabetos separados

Ë �µ¤��?«(�����)± ?N�µ���<��¤����+����~x(��������(�I���9�(��y�_�5����T���I¢��?�¬©������y�������(�(± Ë �+�<�����(������],Sc�(�y����?��w�����)�y�'�º�<��������?��¤��_�%���9�(��y�_�%���ó�<������(°'¡T��9�(���j�<�<���(�?��9���j�(��y�º�u���%�(�1©��<�¤��¯¶V��)�(�\������?�����(�����<�� Ì��N�(���Á�����N��y�����j¤��À�<��¤������¤��(���?�5�)��©������j¤��^�<���~���¼�1Ð(�<��u��y¡��Â�(��Z��y������¤��îN�éÃÏ}Ñ|PÁ����¹����<�9�)��³��'�Z�(¤�������°	�?���(�º��2���j�(��y�¥�u�����(�1©��<�¤��¥¶T����a���K5��?���5��2�(����������(�y�¥¶T��_³����?���(�Ä�(�V�(�j��(����j¤��(±
Ë �¼�<�����(�����D],�´�����?��w �����)�y�'����R�~x(������ê�(� ���9�(��y�_������¬���¬�(¤�������°	�?��Ì?�Â�(���¼½2�°^�ÈÏª�<��(¤����(�����(���9�<�<�����(�T©������y¡���±
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Ù �N�<��¤��¥���y��� �º��ô����'�)§�Ù Á^î.Ú�Ú�Á ¢��¯��«(¤���(�y�(�T���¯���ÈÏ����´�<�����(���<���y¡�����+¤��9�(�_���y�_�%�'�����_�'§?�(�1»���_��¤����?���(�µj���5���P�y�(�'�µ�(�5�(¤�������°	�?�Z�<����¤��1Ð)¤��_�Z�<��¤������¤��(���?�y�<�Z�)�(���?��¤��I����(���9�<�<���C�(�º�<�����(���<���y¡���<�%«(������)±~us�����Ù Á¹îJÚ�Ú�Á �<�a�(�����y��¤��� �T�(�¯�<�����(���<���y¡��®�����?�(¤��?¤���½2�P¶2§_�<�������<�����j¤�������¤��_§9����<�a�?�(¤��I���?���º���'�?����°	�?�Ä���<�<�<���_�%�)�����<�¤��_�a��N«������<�´�(�R���?¤��_�%¤��1Ð)¤����?�y�<�a�º���y��¤��� ���´�(�R���<��(���������y¡���(�+���)©������ ����y¡��Îj���+� �?���ÈÏ����¨_���?���(�<�V½2�����(������<�µ�(�����)©������ ����y¡���± ò ¡�¤��<��� ����+���¹�)��©�����������
ú6ûýü × Ö ÙV���n��ÙV�Ðø Ö á ß�Ö ×Uâ�ÙV�U�7Ø Ö á�â�Øn�-ør��þ6�Ú� ß�Ö â-�-��ó'�Ú�n�r�Ú�#Øn� ß �3øk×"ã ß �-ù Öÿß �<;uâ�=}ÙÜ�Ú� �-�'án� ß�Ö �U�º�-�Öør�'���d�'áß �U� Ö ÙV���q� ß � � �����Æ*'�³5QçQ� Ö × Ö ��á%� ß �"�d�vør���Uá³Ø%�nâ�×"Ønâ��d� ß � ø Ö á ß�Ö â-ÙV�U�7Ø Ö áU���� �Ú�d��× Ö ÙV���n��ÙV� ��ør�'áX× Ö ø��U×U×U� Ö ���Uáæ× Ö �
	 û�����Aû á%�è���U×U�Uá%� Ønã��n�6� ø��rþU�Ú�Íâ-�q�ÚáS�¾���7â-�UÝ-�'áSÙ Ö#ß ���-×6�'×"� Ö �-�UáX�U�øi�Úákê?â-�"�#Øn�"áUÛ-�¾�"� Ö �Uá³Ød�'áÎ� Ö ��ê?�U× Ød�Ú� Ö ����øi�Í× Ö ÙV���n�Uá%��ã�� ß ��ør��× Ö ø��U×"×U��ã����
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[ � Ë u�u � � R [ � S Ë�Ëí ����¨_�����?� �R�����(�'± Âº�?¤��y� �R�����(�'± Âº�?¤��y� �R�����(�'± ÂI�?¤��y�
Û ±-��� Û ±-���_ù ����)±- Û � �`s9§Ms Û Ì ?~���)±Msy?�? 6?�§-P6?ÍÌ ?~��P)±Ms���� ?�?�§-P_ùXÌ�)±-� Û �)±-�_ù�� Û ± ?~��P)± ?~�6? ���)§-� Û Ì Û ±Ms Û9� ± � ù_ù  � §Ôù_ùXÌ �)± � P6?�±-P��6? 6?�§-�`sSÌ

Û9� ±-� Û9� ± ?~P Û �)±Ms�ù�P)±Ôù�� � ���)§-���XÌ )± Û � � ± Û�Û ù  � § � �XÌ )±Ôù�P��)± ? � P ��)§-�_ùXÌ� Û ±-����)±-�6?As �)±-��� Û ±-���� ���)§-� Û Ì �)±-��6?�±-�P_ù �_ù)§-��XÌ P)± � �_ù)± Û � � `s9§-P`sSÌ?~�)± Û�Û )±-�_ù`s Û�Û ±-����)±Ôù���� ���)§Ms��XÌ Û �)± Û ��)± ? �  ��P)§-P�PXÌ Û �)± � _ù)±Ôù��� `s9§-� � Ì���)±Ôù���)±Ôù��� Û �)±-P����)±Ôù6?~� ���)§Ms�sSÌ Û P)± � ù��)± ?~�`s ��P)§Ms�XÌ �6?�± � _ù)± ?~�6? �P)§ Û sSÌ
Û9� ?�±Ôù6?~�)±Ôù6? Û �`s9±Ôù`s��)±-P`s�� ���)§-���XÌ  � ± �1Û9� ± Û �_ù ��P)§-�_ùXÌ _ù)±-P���P)± Û s�� `s9§Ms � Ì

q �?«(���n�)±-�)�1= ²��

[ � Ë u�u � � R [ � S Ë�Ëí ����¨_�����?� �R�����(�'± Âº�?¤��y� �R�����(�'± Âº�?¤��y� �R�����(�'± ÂI�?¤��y�
Û ± � � Û ±-P�P�� �����)±-�`s�ù ���)§ � PXÌ ��)± � �`s ��)§-��PXÌ ���)±-��P6? �`s9§-��PXÌ�)± � P�)±-�P_ù Û ± ?~�_ù)± Û s�� ��)§ ?�ùXÌ Û ±-P6? Û ± Û ��  � §-���XÌ �)± � ?~)±Ôù � ? ��)§-� � Ì

Û�Û ± Û �6?�± Û s Û �)±-�`s Û ±-��� ��)§Ôù��XÌ )±-����)±Ms�� � �_ù)§Ms��XÌ )±-P � �)± Û P6? ��)§-6?ÍÌ� Û ±- � �)± � �_ù �)± Û ��P)±-��6? �6?�§ � �XÌ �)±-�6? Û ± ?�? Û �_ù)§-�_ùXÌ s9±-��P��)±Ms�P6? 6?�§-6?ÍÌ?~�)±-���_ù)±-����P Û9� ±-�_ù�)± ?~��� �6?�§ Û �XÌ Û �)±-��6?�±-`s�P ��P)§-P�PXÌ Û ?�±-��P Û ±Ms�� � 6?�§-�_ùXÌ���)±Ôù����)±-�`s�ù Û �)± Û P6?�± Û �� �6?�§ Û�Û Ì Û P)± � P_ù)±-�_ù�� ��P)§Ms�XÌ � Û ± ?�ù��)±-P � P �)§Ôù�XÌ
Û9� �)±Ms � ù)±-���6? ���)±-�6?�?�±-� Û s �6?�§ Û �XÌ  � ±-��� Û ±-���� ��P)§-� Û Ì ��)± Û ���)±-_ù�� 6?�§ ?~�XÌ

q �?«(���n�)±Ms9�7t�S,� �

[ � Ë u�u � � R [ � S Ë�Ëí ����¨_�����?� �R�����(�'± Âº�?¤��y� �R�����(�'± Âº�?¤��y� �R�����(�'± ÂI�?¤��y�
Û ± Û P��)±Ôù���P ��6?�±-�_ù�P �`s9§-��XÌ ? Û P)±-��� � ��)§-���XÌ ?~�6?�±-���6? `s9§-� Û Ì�)±-P � �)±Ms�s�� Û ±-���`s9± ?~��� ���)§Ôù_ùXÌ Û ±Ms�ù6?�±-�_ù_ù  � §Ôù Û Ì �)± Û ù_ù)±-����� _ù)§-P`sSÌ

Û9� ± ?~�_ù)±-�_ù�� �)±-P � ù)±Ôù���� ���)§-P�XÌ )± Û ? � ± Û9��� �_ù)§Ôù_ùXÌ )±Ôù���)±-����� `s9§ ?~�XÌ� Û ±-� Û ù)±-�_ù� �)±-�`s�P)± � _ù ���)§Ms��XÌ �)±-� Û9� ± � ? � �_ù)§-���XÌ s9±Ôù����)±Ms�� � `s9§-��XÌ?~�)±-����)±-�`s�� Û�Û ± ? � )±-P��� ���)§-P Û Ì Û �)±-���_ù)±-�`s� ��P)§Ms��XÌ Û �)±Ôù Û �)±Ôù�� � `s9§Ms�PXÌ��)±-6?~)±-�6?~P Û s9± ��� ù)± ? Û9� ���)§-P��XÌ Û P)± Û9� �)±- Û ù ��P)§-��PXÌ ��)±Ms����)±Ms � ? `s9§Ms��XÌ
Û9� �)± �1Û P)±Ôù��`s ��P)±-���_ù)±-���P ���)§Ôù � Ì �_ù)±-P�� Û ±-� Û  ��P)§ ?~XÌ _ù)± ?~��P)± � ù�� `s9§-�`sSÌ

q �?«(���n�)±-P)� a u
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�<�����(���<��� °<���í ����¨_�����?� �R�����(�'± Âº�?¤��y� �R�����(�'± Âº�?¤��y�
Û ±-��� Û ���_ù � Û )±-� Û ù ?~�)§ �1Û Ì ?~���)±Ôù�� Û `s9§ � sSÌ�)±-� Û ���_ù�� �)±-�`sy?�±-`s� ? Û §-���XÌ �)± � ?~P)±-�_ù�� `s9§ Û XÌ

Û9� ±-� Û9� ?~P Û ?�±-�_ù_ù)± ��� ù ? � §Ôù � Ì )±Ôù � �)±-P� � `s9§ Û XÌ� Û ±-������6?As P)±-���6?�± ?~� Û ? � §-� Û Ì s9±-P_ù��)± ?�ù6? `s9§ Û �XÌ?~�)± Û�Û ��_ù`s Û s9±-����)±-���_ù ? � §Ôù Û Ì Û �)±-P`s�ù)±-� � ù `s9§Ms � Ì���)±Ôù���_ù��� ���)± ?�?~P)±Ôù��_ù ? � § ? Û Ì ��)±-�`s��)±-� � � ��)§Ôù��XÌ
Û9� ?�±Ôù6?~�_ù6? Û ?~�)±-��P��)±Ms���� ? � §-�`sSÌ _ù)± � P Û ±-P���� `s9§-�6?ÍÌ

¨_°<��� «(°<���|�
Û ±-��� Û ���_ù ?~���)±-P6?~� `s9§ � �XÌ ���)±-��6? �`s9§ ?�?ÍÌ�)±-� Û ���_ù�� �)± � ?~P)± ?As�s `s9§ Û XÌ Û ± ?~P Û ±-�6?~� ���)§-P��XÌ

Û9� ±-� Û9� ?~P Û )±Ôù � �)±Ms Û�Û `s9§ Û XÌ �)±-P��_ù)±Ôù��P ���)§Ôù��XÌ� Û ±-������6?As s9±-P_ù��)±-`s�� `s9§ Û �XÌ �)±Ms Û s9±-��� Û ���)§Ôù��XÌ?~�)± Û�Û ��_ù`s Û �)±-P`s�ù)± ?�ù � `s9§Ms � Ì Û�Û ±-� Û�Û ±-P���� �`s9§-�XÌ���)±Ôù���_ù��� ��)± ?As�P)±-�`s�� `s9§-��PXÌ Û s9± �1Û �)± ?~�`s �`s9§ �1Û Ì
Û9� ?�±Ôù6?~�_ù6? Û _ù)± � P Û ±Ms � s `s9§-�6?ÍÌ ��P)± Û P_ù)±Ôù6? � ���)§-P��XÌ

q �?«(�����)±Ôù)�/= ²��

�<�����(���<��� °<���í ����¨_�����?� �R�����(�'± ÂI�?¤��y� �R�����(�'± ÂI�?¤��y�
Û ± � � Û ±-P�P�� _ù�P)± � ?�ù �P)§Ôù��XÌ  Û s9±Ôù`s��  Û § Û�Û Ì�)± � P�)±-�P_ù �)± ? Û �)± Û �_ù _ù)§-���XÌ Û ±Ôù�P � ±-P���� ��)§-���XÌ

Û�Û ± Û �6?�± Û s Û ?�± ?~�6?�±-��6? _ù)§Ôù_ùXÌ )±-��P��)±-�P_ù �)§ �1Û Ì� Û ±- � �)± � �_ù P)±-�`s�ù)±-���`s ? � §-���XÌ s9± � � � ± Û ��P �)§ � PXÌ?~�)±-���_ù)±-����P Û s9± Û ?~�)± � P_ù ? � § Û ùXÌ Û ?�± Û ��P)± ? Û � �)§ Û�Û Ì���)±Ôù����)±-�`s�ù ���)±-��)± ?�?As ? � §-��XÌ � � ±-P6?~�)±-P � ù �)§ Û9� Ì
Û9� �)±Ms � ù)±-���6? ?~�)±-�_ù`s9±Ms��_ù ? � §-�_ùXÌ ��)± � s�ù)±Ôù6?~� �)§ Û PXÌ

¨_°<��� «(°<���|�
Û ± � � Û ±-P�P��  Û s9±-P����  Û § Û9� Ì ���P)± ��� ù ��)§-�_ùXÌ�)± � P�)±-�P_ù Û ±Ôù�P � ±Ms � � ��)§-���XÌ Û ± ?�ù6?�±Ôù��_ù �6?�§-�`sSÌ

Û�Û ± Û �6?�± Û s Û )±-��P��)±-���_ù �)§ ��� Ì �)±Ms�ù Û ±-��� ���)§ ��� Ì� Û ±- � �)± � �_ù s9± � � � ± ��� P �)§ � PXÌ �)±-��_ù)±-���� ���)§ Û �XÌ?~�)±-���_ù)±-����P Û ?�± Û ��P)±-�_ù�� �)§ Û�Û Ì Û9� ±Ms�`s9±-� � ���)§ Û �XÌ���)±Ôù����)±-�`s�ù � � ±-P6?~�)±-��P_ù �)§ Û9� Ì Û �)±-P���)±-� � � ���)§ Û XÌ
Û9� �)±Ms � ù)±-���6? ��)± � s�ù)±-P���� �)§ Û PXÌ ���)±-�6?�?�±-�`s�� ���)§-� � Ì

q �?«(���n�)± Û9� ��t�S,� �
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�<�����(���<��� °<���í ����¨_�����?� �R�����(�'± ÂI�?¤��y� �R�����(�'± Âº�?¤��y�
Û ± Û P��)±Ôù���P � �1Û ±-���� ?~�)§-��PXÌ ?�?~��_ù_ù `s9§-�6?ÍÌ�)±-P � �)±Ms�s�� �)± ? Û�Û ±Ôù�P Û ? Û §-�6?ÍÌ � Û P�� Û � � `s9§-��PXÌ

Û9� ± ?~�_ù)±-�_ù�� ?�±-� � ± ? � � ? Û §-��XÌ _ù � � � P�� `s9§- � Ì� Û ±-� Û ù)±-�_ù� P)±Ms��6?�±- � � ? Û §-���XÌ s�P�P � ���`s `s9§ Û XÌ?~�)±-����)±-�`s�� Û s9± ?�ù`s9± � ù Û ? Û § Û ?ÍÌ Û ��P� � ��_ù `s9§-���XÌ��)±-6?~)±-�6?~P ���)± � � Û ±-P`s�s ? Û § Û �XÌ ������6?~� Û ? `s9§-�_ùXÌ
Û9� �)± �1Û P)±Ôù��`s ?~)±-� ��� ±Ms�P_ù ? Û § Û XÌ _ù�� Û `s��� `s9§-�XÌ

¨_°<��� «(°<���|�
Û ± Û P��)±Ôù���P ?�?~�)±-��P Û `s9§-��XÌ ���)±Msy?~� ��P)§- � Ì�)±-P � �)±Ms�s�� �)± Û P��)± � ?~� `s9§-��PXÌ Û ±-�_ù��)± Û 6? �`s9§ ?~�XÌ

Û9� ± ?~�_ù)±-�_ù�� )±Ôù � �)±Ôù��6? `s9§- � Ì �)±-P6?As9±-��P`s �`s9§ Û ùXÌ� Û ±-� Û ù)±-�_ù� s9±-P�P � ± ? � ù `s9§ Û XÌ �)±Ms����)±-��`s �`s9§ Û9� Ì?~�)±-����)±-�`s�� Û �)±-P� � ±-��� Û `s9§-���XÌ Û�Û ±-�6?As9±-�� � �`s9§ Û �XÌ��)±-6?~)±-�6?~P ��)±-���6?�± � ù�� `s9§-�_ùXÌ Û s9±-� Û ù)± � ��P �`s9§ Û PXÌ
Û9� �)± �1Û P)±Ôù��`s _ù)±-� Û )±-� Û ? `s9§-�XÌ ��P)±-� �1Û ± ����� �`s9§-��XÌ

q �?«(�����)± Û�Û � a u

q �?� �65�� ² � � = � : � R [ � ����� [ � Ë u�u �
Û _ù)§-6?ÍÌ 6?�§-���XÌ ��)§ ?~�XÌ ���)§-�PXÌ� ��)§Ms��XÌ  � §Ms��XÌ ��)§ ?�?ÍÌ ���)§Ms � Ì

Û9�  Û § Û XÌ �_ù)§Ôù�XÌ ��)§ ?�ùXÌ ���)§Ms�ùXÌ� � �_ù)§Ms��XÌ �_ù)§- � Ì ��)§-� Û Ì ���)§-P � Ì? � ��P)§Ms��XÌ ��P)§-P�XÌ ��)§-���XÌ ���)§-P�PXÌ� � ��P)§-��XÌ ��P)§-�`sSÌ ��)§-� Û Ì ���)§Ôù Û Ì
Û9��� �`s9§Ôù Û Ì ��P)§-�6?ÍÌ ��)§-���XÌ ���)§Ôù � Ì

q �?«(�����)± Û �)�+Âº�?°'�����<�5���<�)�����º��«(¤���(�y�����¯���?�����'�����N¤��?� �65��®�(�P�<���y�<�<��y¡���±

q �?� �65�� �<�����(���<��� °<��� ¨_°<��� «(°<���|�
Û ? Û § � PXÌ ��)§-�`sSÌ ��)§-���XÌ ��P)§Ôù��XÌ� ? � §-P � Ì ��)§Ms��XÌ ��)§-���XÌ ��P)§Ôù6?ÍÌ

Û9� ? � §Ms��XÌ ��)§-P Û Ì ��)§-P Û Ì ���)§-`sSÌ� � ? � §Ms � Ì ��)§Ms�ùXÌ ��)§Ms�ùXÌ ���)§-_ùXÌ? � ? � §Msy?ÍÌ ��)§ �1Û Ì ��)§ �1Û Ì ���)§-�6?ÍÌ� � ? � §-��PXÌ ��)§Ms�PXÌ ��)§-P_ùXÌ ���)§ ?�?ÍÌ
Û9��� ? � §-���XÌ ��)§Ôù Û Ì ��)§Ôù Û Ì ���)§ ?~XÌ

q �?«(�����)± Û )�\ÂI�?°'�����<�5���<�)�����
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��j¤����\Ù Á¹î.Ú�ÚvÁ ¶ à�� Á������ �)�y�������j�(¶2�µ����?�j¤�� � Ì��¯¨_���?���(�µ�<�¯�����<���y�<�<��y¡���± Ù �¼����?�yj�(�y���'�����(§����µ�)��©�����������N�(�I�<�����(���<���y¡��4�<�\�(�¬�(���<��y�µ���<����K5��N�����\���������¤����R������<�<�<���N�)�����<�¤��+����«(����y�_�¯�(�j��(����j¤��_�º�<�����(�������y�(�_�'±
à�� Á������ �<�º���ÈÏª���Tj��� Á Ü ���?��� ¤��?� �65��_�T�(�µ�<���y�<�<��y¡������<�)���?���_�I¶^¨_���?���(�<�'§"�u����®������?�����y�_�¥���<����K5��_�'± Ù ��¤������P�(�«��C�+�����u����?����°	����y¡��Á�����s�?��� ���<����?���y���¤��¹j���P���?¨�� ² � � �?�� �?���ÈÏ��?�Z� Ì��Z�(�¯�(�¹���9�(��y�(± à�� Á������ �<�����y��(°	���µ���(������?�Z� Á Üá�C���?��¤����5�(�Ð? �\� «�¶9¤��<�Z¶�� Û9����� «j¶j¤��<�5���ÈÏ�������� Á Üá��4�(�D�)§-���XÌ¬±
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q �?� �65�� u�u � 7ko ² � � uYu �

Û �6?�§ ?�?ÍÌ �6?�§-P_ùXÌ� ���)§-���XÌ ���)§Ms�PXÌ
Û9� ���)§ Û �XÌ ���)§ Û9� Ì� � � Û §-� Û Ì � Û §-���XÌ? � � Û §-� � Ì � Û § � PXÌ� � � � §Ôù_ùXÌ � � §-P6?ÍÌ

Û9��� � � §-P � Ì � � §-� � Ì

q �?�C«(�y¦�4���¯¢��µ�<�������?�����(� ² � � uYu � ���<���
k = 5

Yó���<���u�<�¤��+�µ��¤����_�5���y��¤��� ���Z�(�º�<�����(���1»���y¡��+�<�����9��y�(�_�'§?�����´�(�+�����(�T���Z�<�������y�(����?��Ì?���y�_�a�<�����(���<�������<�aj���R���T�<�������y�(����?�����I�<��¤������¤��(����Á�������<�¤��_�µ�(�®���^���y��� �Á�^����¢������¼�(� �<�����(���������+¶À�u���N��¤����������(�¼�y�_�N����¬��ôó�������� ¤��y������(���<�����¤��_± Ù �j¤����¹�y�_�µ�(����������_����� ��������(����Ì?� Á Ü ¶ê�<�����(���<�������<���(�¬�(�����u¡_����¤��¼¨2�������?�k� � Ã . ñ·u*�, 
¸
 § �<� ·u§ ���<� ·u§�þ �� ·Æ¯kY1§9¶¬���¤����T�y�_�5���¨_�(���(�_�QÙ Á��!�/� §�Ù Á¹î.ÚYÚ�Á ¶ ���µ½2������y¡��4������������?�(¤��?¤���½_��(� ² � � § à�� Á������ §(�(�<�������¤����<�����?��¤�����y�����y������± Ë ���¥���?°'�����<�º�(�V�<�����(���<���y¡������<�)�����º��«(¤���(��»�����V���?���^�'�����¬¤��?� �65��4�(���<���y�<�<��y¡��Î�?���?���<�<��~��À�����P¤��?«(�����\�)± Û �¬¶Å�)± Û )± Ù ����������µ���N�(���<�(���«������½��?�ój���5�y�_�Ä�<�����(���<�������<�\�(�5�(������¡_����¤��_�ó¨2�������?�"��«(¤��y����� ���?°'�����<�R�(�¥�<�����(���<���y¡��¹�?�(���<Ð)��»� �����?����j¤��T�<������¤��?��¤��<�'§)���������y������Ù Á��!�!� ¤��?�µ«(�y¦�®�����R��«(¤��y����º�(�«(�y�(�N�Vj���¥�(¤�������°	� ��-� þº�<���������¤����¥�(�P�<�����(���<���y¡���± Ë ���5���?°'�����<�¥�(�T�<�����(���<���y¡�����«(¤���(�y�����¥�u���Z¤��9�(�_�5����y�_�'§(�1Ð)�<��(¤���þ �� ·Æ¯�§���µ�����®�<�������¤���¤���½_���\��¹�<��¤��¯�1Ð)������������¤��(� ² � � u�u � ���ÈÏª�����C���V�<�����(���<���y¡��¬��¬�(��s�sSÌ¬± Ù �)»¤����R�y�_�Ä�<�����(���<�������<�Ä�(�Z�(�����u¡_����¤��º¨2�������?��§2�����%���ÈÏª�����<�a���?°'�����<�ó�(�R�<�����(���<���y¡��������%¢��T��«(¤���(�y�(����������(¨��?�+���)�������¹þ �� ·Æ¯�§���R����?�Z�?�(���y�'�4�(�����<�9�)��³��'����y¡��Í�(��¤������ : �1×u� �?�Í�^�(�ê«(�y�9j��� �(�¤��1Ð)¤��4�(���½9���?�����¤��¬¤����?���ª©������ ���(�Á���<�)���?��¤��¬���^¤����?����©������ ����y¡��Â�(���\�(����� G �ª»�=�¢��<��y��'§s¢��<��¢��j���N�u�������¤�����«(¤������P���?°'�����<�C�(�N�<�����(���<���y¡��Î�®�����P��«(¤���(�y�����P�u���T��� ©��?�������¹�(�N�<�����(���<�������<��<��¤����)ôy��¤��y�<�_�Fu�u � §)������«���¤��?�j¤��_§ ² � � uYu � ���ÈÏ������N���+�<�����(���<���y¡�����«(¤���(�y�����u���Cþ �<� ·Æ¯���^�(���PXÌ¬±~us���R��¤����P�����(�P¶N¤��?��¶��<�����V���5�<��������P�(�5�y�_�a��¦¤��9�(�_�ó�(� : �1×�� �?��«��������(�_�Ä�� ���?���?«(�����'§
Á Ü�¶ à�� Á������ ���ÈÏ������?�¹�����ó���?°'�����<�5�(�I�<�����(���<���y¡��4�P���<�)�y���Nj���I�?�(����j¤��N��"¤��?� �65��+�(����¬�<���y�<�<��y¡���������¹���¬�<�����(���<���y¡��ê��«(¤���(�y���¹����� ² � � uYu � �����T���ÈÏª�����¹��À� Ì��P�(��Y��XÌ¬±#u´���x(��¤������(§JÙ Á¹îJÚ�Ú�Á ���+¢��¬���_��¤������(�4�<�����¹���^�?��¤�������?¤���½_�¹� Ì��V�<�������¤���¤���½_�4� ² � � uYu � ���1»���®��«(¤��y����N�(�������?°'¡����(�µ�<�����(���<���y¡��À�?�(���'Ð9��� �����?����j¤����<������¤��?��¤��N¶2§u�<�������<������¤������j¤��_§����
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SCMPPM v.1.1 (k=5)
SCMPPM v.1.2 (k=5)

SCMWBH
MG System

XMill
XMLPPM
compress

zip
gzip

bzip2

�´��¨_�(�����)±-)���R�������?������y¡��¼���¤���� ² � � uYu � ¶¬��¤����_�'±

���ÈÏ������P�����ó���?°'�����<�\�(�º�<�����(���<���y¡��¹�P���<�)�y���Cj���¯�?�(�����¤��µ���¤��?� �65��µ�(���¤��1Ð)¤��µ�P�<�����(���������'±
Ù ��¤��®�<�I�����º�y�¹j���C���?���®���®�<���y�<�<��y¡����(� Û�� «�¶9¤��µ�����I���?°'�����<�P�(�N�<�����(���<���y¡����(�+�?�C«��_�P����������������?���<�\������V���?���P���C�(� Û9����� «j¶j¤��<� ² � � uYu � ���ÈÏ������V�� �(�����XÌ ���C�<�����(���<���y¡��¹��«(¤���(�y��������QÙ Á¹îJÚ�Ú�Á ±² �C¢��?�¼���'�?����°	���(�¹�)��©�������¤��<�T���<�)�y��y�����<�I½_�?�����?���(�¬��´�����(��¼� Ì6Ð)�����

k
�(�µ�y�_�¯���9�(��y�_�T�(��<���j¤��1Ð9¤��®����P�(¤�������°	�®�'������u�u � 7ko ���?���+�(���<�(�<����º�����(����«��?«(�����y�����Á�(�µ�?���?���y��y¡��Á�(�����ô��C«����y�����¨_�(�y��j¤��_±~u´���\�y�V¤��?��¤��(§9�'�����P���(«��<���y�<�<��y¡��®���5¢��C�<�����(�������y�(�µ�<���®�'�����P�(����¤���¤������C���y�¤��¯½2�<�<�<�'§½_�?�����?���(�Î��T�����(���� Ì6Ð9�����~����'�����Î�9�'�����y¡���±Z�R�����Í�����(���� Ì6Ð9�����~���¼¢��?����y�¨_�y�(�Î¤��9�(�_��y�_�C½��?�y�����<�C�u���¤�����<��y��j¤��<�+�?�\����¤����½_�?�y�

k ∈ [3.,9]
± Ù �ê�����V¤��?«(����� a ± Û § a ±-�¹¶ a ±-^�����(���<�(����«������½_�?�¯�����I���?°'�����<�T�(�C�<�����(���<���y¡�����«(¤���(�y�����T�����º�'����� �(����¤���¤������ ¶������(��Á� Ì6Ð)�����

k
���?��������¥�<���y�<�<��y�����<�Q= ²�� §7t�S,� �~¶ a uÂ���<���u�<�¤���½_�?�����¤��_±

a �(��j���P�����1Ð)�y��¤�����)��©�������������¥�C�(¶^� �?���'�������º���¤����N�?�C«����º½2������y�����<�º���T�(���<�(�C��«������½_�?�j���_§6��+¨2�������?��§����?���I½_�?�y�����<�a�(�
k
���<����K5��_�´���º½2������y¡�� Û ±-�I�<�´���ÈÏª���aj���R��� Û ± Û §?������P�¯���<�)�y���j���¥½_�µ�?�(����j¤��?���(�

k
���C�<�����(���<���y¡��¹���ÈÏª�����µ¶��<���µ�)��©�����������C½_�C�)�y�������j�(¶2����(���(�«(�y�(�N�µj����?�µ«u�_�º���V�?�(���<Ð)��� �?�Á��¡����(����<�º�(�V�<����¤��1Ð)¤�� ����y�_�¯j���P���P�(���<�(��4�(���<�(�<����º�(�4¨_���?�4�~x(�������(�R���?���?«(�����ó�<�����(�y�¤����	§_¶µ�<��¤��T�����(���y�'�Tj���5��(���9�(��y�P�(��(¤��1Ð9¤��P���'�I� Ì��a�1Ð����¤��Pj���¥�?�(�(¤�������°	�?�¨_���(���_�5���<����K5��_�¥�(�C�'�?�����¤�����<�Cø��F��=�ù � úc±

Ù �������¯³�¨_�(�����T�)± ?®¶D�)±-�����C�(���<�(�µ��«������½��?�º�����½2��������y¡��À�(�V�����º���?°'�����<�º�(�N�<�����(���<���y¡��À����<�)�y�������� ½��?��ô��^��\½��?�y���N�(�
k
¶À��Ä¤��?� �65��Á�(� �<���y�<�<��y¡��f= ²�� ���?���^�����µ½2������y¡�� Û ± Û ¶ Û ±-����<�����<�¤���½_�?�����¤��_± ò �V�1Ð)�y��¤���®�)��©�������������R����¨_�(��³��'�?¤���½����\���¤����T�?�C«����\½2������y�����<�Ð�!½2��\¤��?«(��� a ± Û Y¶+�����\¨_��Ì6³��'���\���?���C�����R�<���y�<�<��y�����<� a u~¶nt�S,� �������®�C�(¶ �����������?���<�\�����ó�y�µ����¯���µ���5�C���<��¤����?��±



ü ÒM^9Ò^sut Ø����>Ø E/E

0
20

40
60

80
100

WSJ: Tamaño de colección (Mbytes)

3
4

5
6

7
8

9
Contextos (k)

20

22

24

26

28

30

Razón de compresión (%)

�s��¨_�(���n�)± ?�� ² � � uYu � Û ± Û �\Âº�?°'�����<�¥�(�P�<�����(���<���y¡���½_�?�����?���(�
k
±

0
20

40
60

80
100

WSJ: Tamaño de colección (Mbytes)

3
4

5
6

7
8

9
Contextos (k)

20

22

24

26

28

30

Razón de compresión (%)

�s��¨_�(���n�)±-�)� ² � � uYu � Û ±-�)� Âº�?°'�����<�¯�(�P�<�����(���<���y¡���½_�?�����?���(�
k
±





í îðï ñ>ò�óõôWö '

( � ù Ó*) ó ùU� î +-, Ó ö . ý�ù ù Ó ò ý ó ú ò�ó ý î

Ù �À��%�'�?�(ô�¤��(�y�h�¬���N¢��®�(�����(���<��¤��¹�(�����9�(��y�¬�(���<�����(���<���y¡��À¨2���¦���y�<�^������?�(���'½2�<��¢��¹����<��¤������¤��(���¼�(�®�y�_�+�(�j��(����j¤��_�+���?���¼���ÈÏª�����?�N���Á�<�����(���<���y¡���±��R�����Á����¢��¼½j�y��¤��(§s����?���(������?�(���y�'�¹�)�y��¢��¹���j�(��y�¬���?���¹�<�����(���������V�y�_�T�(�9��(�����¤��_�µ����+�<����¤��y����+�����T«������<�P�(�N���?¤��_�T¤��1Ð9»¤����?�y�<�º¶¹�y�_�¯���y��¤��� ���¯�(�V���<��(���������y¡����(�P���)©������ ����y¡������V�(�«�����(¤�������°	�?�º���j�(��y�_�I�<�����<�ô�³��<�_�������������?�(¤��?¤���½2�_�+���?���4���������¤������1©��<�¤����?�N«/x���j���<�����N����«(��� �y�_�N¤��1Ð)¤��_�µ�<�9�)��³��'���(�_�+¶ê���<�<�<�(���(�V©������ �®�?�y�'�?¤��������¬����«(���V�y�_�¯���y�����_�'± a ¢�������«(�y���§"����?���(�¬���V�(�<���'� �<�����(���������P�(�j��(����j¤��_��?��¤��?����j¤��T�<��¤������¤��(�����(�_�k���'�����µ½2�°º� Ì��\�(¤�������°	���(�_�5��®���C�(�����������������]g����(���<���µ��y�<�¤���¡��(�y�'�yw"Y¤��?�µ«(�y¦�~�����(���<�(���(¤�������°	�?�+��ó���9�(��y�Á�(� �<����¤��1Ð)¤��_�N�<��¤������¤��(���?�y�<�N�u����(§s��Î�<��¤�� ¤����u�¼�(� �(�?»��(����j¤��_�'§%�1Ð9�y��¤�� �(���¼���<�)�(�����?������À���(��½2��Z�<��¤������¤��(���?�Zj���®���Á�<��¤�Ì��<���j¤�����(�������À��~�)�y��¢�����9�(��y�(±
Ù ���(���<����j¤��+�'�?�(ô�¤��(�y�®���C�(���<�����¤�� �(��� �(�����(���<��¤�� ����'�?�����������¹� �<�����(���������T�(�V©������ �®�1³(»��y��j¤��5¤��1Ð)¤��_�%�C�(¶+�<��¤������¤��(�����(�_�Q��j���Z¨2�������?�������¤��¥����(���<�����¤��?� ���?¤��_�Ä�<��¤������¤��(�����(�_�'Y1§2�<����������5�ÈÏª����(�y�+�y�_�R©������C�(���?���y�_�º��^�y�_�5����T�(��j¤������(�P�'�����+�'�?���u���?���?���<�<�T�(���+�'���(����+�(�T¤��1Ð)¤�����<j���K5��)± Ë ���V�<���y�<�<��y�����<�N�<�����(���<��¤����V�����V�<��¤���¤������^�(���(�9��(�����¤��_�Öl	©������C�(���?���y�_�+�<���j¤��y������µ����¢��4���<�)�(�����?������4j���µ�����<�T� �?�(���(�(�������4�<�������<�¤��?�����¤��®�����P�y�_�P��¦¤��j�(�_�C�(���<�����(���<���y¡�����Ì����y�<�_�'± a �I���y�����ê¤��y������(§R���¼�(�<���'�êj�������Î�<���y�<�<��y¡����<�����(�������y���~�(���<���ê����®���'½2�¨��?«(�y�_§½9�y�����?����°	�?«(�y�®¶ê���<�<�<����«(�y�¬�(��©������ ���������������)± Ù Ð)�y��¤���~��¦¤��j�(�_�N�(�®�<�����(���<���y¡��Íj����¤��y�����Í�������j¤��¹���¬�<��¤������¤��(���¹������¹����+���¹¤��y����������<�������y�(�������y¡��Î�<��¤����P�'�?������y�����(�<�'���y�_�T¤��1Ð)¤��_�V����(�«���4�(�<���<�����(���������T�?��¤��<�¯�(�µ���<�<�<�(��º������y�_�'±
² ��¢��4�(�<���?�������������(���(�ê��¦¤��9�(���(���<�����(���<���y¡��ê�������(�������(�¼��Î��ó�<��j���� �4�(� �<�����(���<���y¡��Ë ����u���» t"��½������T����Á���Á�<�����?�����?�����(«�Ì?��«����y�<�®������¤��y�(�_�¹«��6Ï��ê�(���Î���1©�����������)± Ù �I��¦¤��9�(����¹¢����(��������������(� Ë t#� ² §ó����¨_�������(���9�<�<�(���¤��<�¬�(��] Ë ��������» t"��½ �R�����(���<�����y���£�?© ² ¤������¤��(����w�§���Î�(���������������y¡��¿�?�(¨_�y�_���6Ï������)± ² � ¢�����«(¤���(�y�(�¼�(���¼�<�����(���<���y¡��Â�1Ð)�<��y��j¤��®j��� ���(������Á�^����<�����(���<���y¡��|�(������������y���������Î�u���®�y�_� ��¦¤��9�(�_�®���Ì����y�<�_�®¶Â�<�������¤���¤���½��Î�<�����y�_� ��¦¤��9�(�_�®j����<�������y�(����?�4�����<��¤������¤��(�����)�(���?�j¤��C����(���9�<�<�����(�V�<�����(���<���y¡���±
a �(�� Ì��R����?��¨2������¤���� Ë t#� ² �<�j�)��³��'�µ���¤��1Ð)¤��C���'�?����°	�?���(�N�(����x(�(�y�'�V�����¸�����C����«(���º��"¤��1Ð)¤�������T�y�¹����N�(���<�(�+�����¤����V��%¤��1Ð9¤��¹�<�����(�������y�(���®���<�)�y���¹j���µ�(���9�<�<���¬��%���y�����¹�����À�<�����(����»�����'± Ù ��¤��®¢����<�Cj��� Ë t#� ² ���'�®���(�<������(� ���?��� �(¤�������°	�?���y�®����«(���C�(�������<�¼�(�µ�<���C�(�(�y�'����y¡��À��������j¤����j�)������5�(���(¨�x(�¹���¤��?���(�+��¹���V¤����?�������y���y¡���± Ë �N���?���y���C�(����?��¨2������¤���� Ë t#� ² ����¨_���I���y����(�N�(�¤��1Ð)¤��^�(���?���(§s�y�4j���+©����������¤�������¤����?�������y���y¡��Î����«(���®�'�?���?�y�<� a ² �vSµSI�<���u�<�ô�³��<�_�	± Ë �4�¸�?���y���4�(���?��¨2������¤���� Ë t#� ² ���¯�(���<�(�P�<�����(���������'§(��¹�(���N���¨_�(�����µ�����������)§9�(¤�������°	�?���(������?�y��(�y��5��¦¤��9�(��(���<�9�)��³��'����y¡��ê������4�<�P�(���1©������«(�y� j�������+�(¤������y�<���(�ê��¦¤��j�(�4�(� �<�j�)��³��'����y¡��~����+� �?�j¤���(¨�������¥�(�����(�y�<�����(�<�º�(�T���'½2�¨��?«(�����y������¶^���<�<�<��� �?�y�'�?¤������y������«(���V���¤��1Ð9¤�� �<�j�)��³��'���(�(±
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Ë t#� ² �<�µ�(���Á�j���½��Á¤�¦<��(�y�'�Á���?���Á�<�����(����������¤��1Ð)¤����<��¤������¤��(�����(��j���¬�u�������¤��¬���<½2�¨��?������¯���®�<��¤������¤��(���®�<�����(�������y���)±#us���T�y��¤��?�j¤��(§ Ë t#� ² ���V�(���<�(�µ����¤��¨_���?�V��¼�(�Á���y��¤��� � �(�µ���1»��(���������y¡����<���4¤��1Ð)¤��_�¥�<��¤�������(�����(�_�I�����^��¦���(��¯�1³���y������������?���(�����P�1©��<�¤Vx��?�¼�����5«/x���j���<������¹����?���(�^���N½9�y�����?����°	�?�À�y�_�T���<���(��¤����(�_�'± Ë �¬�y�(�'�¬�(������������?�Ä���µ«����¸�¹�����Ä�<�����<��(¤��¹���j¤����j�)�����»�(�¼�u����t"��½�¶ Ë ����u���§%�(�¬� �?������Á����®�y�_�+��y������¤��_���<��¤������¤��(���?�y�<��¶À�y�_�µ«(�y�9j���<�N�(�¬¤��1Ð)¤��������¤��y�(�_�V���N���<����(���?°	�?�ê�����P�(���¬���1©�����������4�¬���¬�(����������4�?���?���y��y¡��ê�����a¤��1Ð)¤��¹�(���j�<�<�¸���(�(±

Ù �5���<���(��¤����(���<�+�(�¿¤��1Ð)¤��À�<��¤������¤��(�����(�À½_Ì?���y�(���<���¿�¤��y����¤���� �<���u�<����?�y�<�®���)�y��y�����?�y�<� j���^����(¤�������°	�?�À���?���¬����(���<����j¤��?�V�����T���1©�������������V��À��a¤��1Ð9¤��(± a �(�� Ì��'§��)�y��¢��¹¤��1Ð9¤��^�<��¤������¤��(�����(�^����(���<�(�N¤����?��������¤����'§�� �?�(���(�(���?�V�®½j�y�����?����°	�?�T����(�y�'�?���(�¹�y�_�T���<�'�?�(�y�����_�T¢��?«(��¤����?�y�<�'§�� ���������������T�(���<�(�C�<�����(���������¯�(¤�������°	�?���(� �?��¨�x(�Á�<�����(���<�����¯�<��¤�Ì?�����?�¯�����^�u¦���)�y���)±
Ë �_�¬�(�9��(�����¤��_������½9�y�����?����°	�?���(�¼©������ �Î¢��?«(��¤����?�T¢�����¤��~j���Á�?���?���°'�'�~�(���Î���1©�����������j���_§)�<������¶��+���I¢��+�<�������¤����(�(§"���P���������¤���������(���<�����¤������+���<�)���?�j¤��V�(���+�¤��yj���¤����<�����<����?��±�\���?���(���?���?���<�<�T�(���N���1©�����������+�����ÌN�(���<��y���N����¤����9�)������¥���N���_���y��y¡��4���¤����?����^�(���N�(�������!���?������j�(��º���'�?�������?�V��s�(���j�<�<���®�(��� ½2�°+j���V��� ���1©�����������®���V¢��<¶��®���<�������¤��TY¯¶��®�<����¤����j������y¡���������'�?����°	�I�(���(�<���(���?°	�?���y��j¤��µ�º���I�u�_���y��y¡��N�����)�y�'�����P�u���%���I���1©�����������)± Ë �I���1©�����������T���\���<������½2���Ì�/³����?����°	�?��Ì}Yº����?���(�¹���µ�?�y�'�?���<�N���®�<�������<���������)�y���¤����¤��yj���¤�� j���µ���K5��?�y�µ��s³����?�´�(��%��y������¤���<��¤������¤��(���?�5���R�����u�_���y��y¡��~���1©�����������������<�����y��(°	�¼�<���Í�(���Á�¤��yj���¤��¼j���®�����)�y�'�¼��R���(�y��y���(��(�ê��y�����j¤����<��¤������¤��(���?��± ² ��§������C��ó�<����¤����?���y�(§����¹���1©�����������^���4�<�����y��(°	���<�����(���^�¤��yj���¤���(�¬���(�y��y�(§a���®���<������½2���Ì�����?���(���?���?���°'�'�Á�(�����¤��yj���¤��¼�(�¹���(�y��y�(±��\���?���(�À¤��������������Z¤��1Ð)¤�����1©�������������(�����T�(�«u�T�����'�?�5�(�I���N�(�����µ���µ�u�_���y��y¡��4�(�T������¨2��^�(���½9���µ¶®����(���j�<�<���N�<���j¤��������)± Ù ��?��¨_�(���_�+�'�����_�µ�(���<�(��Í�?���?���<�<�����¤������µ���1©�������������+��Í��ó¤��1Ð)¤������1©�������������(�(§%��~�<��¤�� �'�����¼�������(��¤��º������y�����C�(���j�<�<���(± ² �¥�(���<�(�¯����(�y�'�?�R�(� �(���9�<�<�)�����y���¤��+�����������?�\���?���P«(�����'�?�R�P���<½2�¨��?������5���+�<��¤������¤��(��� �?��«�¡����'���(����(�9��(�����¤��(±uÄ���<��¤��®j���µ�y�_�º�(�9��(�����¤��_�Pj���V¨2������� Ë t#� ² �����¼���<½2�¨��?«(�y�<�'§u�(���®«(��������y�(�'�®�<�I�<���+»�(�����������y�_�Ä����(�y�'�?���(�T�(����¦¤��9�(�P�(�Z�<�����(���<���y¡�� ������������?�(¤��?¤���½2�(§��<�����T�u���a�ÈÏ�����(�y� : �1×�� �?������y��j¤����(�������?���?«(���)±´7I�<���(��¦<�N�(�¬�<��¤����y�_�µ�(�9��(�����¤��_�+���Á�����(���<�(��Í½9�y�����?����°	�?�+�<������¤��1Ð9»¤��Á�<����½2�����y�����?���!�(���<�+�<�µ���<�<�<���?���y���(�<���<�����(�����������y�_�'Yµ��������<����¤����Ax��?�£���y����(�¼���<½2�¨��?«(�y�<�+¶���<�<�<����«(�y�<�¯�(�P� �?��������?�y�'�?¤��������)±
a �<����¤����j������y¡��Á���P�(�<�������«(����ÌN©������ �?�������¤��µ���N¤����?���ª©������ ����y¡�� Ë t#� ² ±

=�mcn�m�n�m >¬}@?´z´w�v(w�x�z��c���¸��qsr
Ú^Û�Ü%�> �¡~ ! "� ¾uÞ!ßf£ 	 ¦�¯ & ¬sÛDÇ´Ûh'Û � 9¯#± ì 0¹þ � Ã ð¾ ,P3�, � ,�ÿ � Ã 
 ,1* í+�¾(����ð¾9� ,1* 
 , �<¾ ,10 ����N.�� ÿ �/.����3�, ��� * �2�<� ,*�, 
���� ï� 0 ¾j. ã * ��� Ã 
µ� Ã�0 
 , �¾)���/� Ã 
Nð¾ ,µ0"Ã � Ã�0 � ,10 ��� , ����ð<¾ , ����
µð¾ , 
 , µ"��� ,10�, ��� 0 ���<� Ã®Ã�Ä0�3�, ¾ 0ê, � , . ,10 � Ã^, 
� * ¾(�<��¾ * �_� Ã®*�,g·"*�, 
 ,10 � ,0 ¾ 0 � *�, ï ,1*�,0 �����ç
Ú^Û�Ü%�> �¡~ ! "� ¾uÞyû £U®z¦!Û�[êÛj��9¯~Û~¿r9«�¬J¡��¬.«6¨e¦+± ì 0¹, � , . ,0 � ÃC, 
� * ¾(�<��¾ * ���)
 ,1* íC�¾(����ð¾j� ,1* 
 , �¾ ,10 ñ���� 3�, ��� * �2�'� ,1*�, 
V� Ã�0 
 , �¾9���!� Ã 
Vð¾ , � Ã .+� ,10 � , � Ã�0 ¾ 0 � , ����ð¾ ,10 � 3�, � 0 ���� Ã+3�,P, � , . ,10 � Ã , 
� * ¾(� ñ��¾ * �_��ä®ð¾ , � ,1* .N� 0u, � Ã�0 ��� , ����ð¾ , ��� 3�,Y�Ä0 �_� 3�,+, � , . ,0 � Ã^, 
1� * ¾)�'��¾ * ���a� Ã�*1*�, 
 ·)Ã�0"3 � ,10 � , ç

q ��(�y����(�+�(���<�����¤��T���µ�(�1³��(�y��y¡����?��¤�����y���'§)�(�^��y�����j¤����<��¤������¤��(���?���(���<�(�T�<����¤������5�(���+�� Ì��¯«(�y�jj���<�¥�(�V¤��1Ð)¤��(§(�(������� Ì��º��y�����j¤��_�º�<��¤������¤��(���?�y�<�º¶el?���(������� Ì��¯���1©�������������	±|u%�?����������(����³��'�?�'§2�y�_�Ä��¤����_�a¤������_�Ä�(�¥�¤��yj���¤����a½�Ì?���y�����\����Z�(���<�(��¬�?���?���<�<��ó����(���(�9��(�����¤��k[ � Ë���<�����������¯�ÈÏ�����(�y���¤��yj���¤����º�(�V�<������j¤��?���y�(§"�¤��yj���¤����º�?�(¤��9�<����¤���(�y�����I¶¹�(�� Ì��'YZ�����Ì?�¼¤����6»¤��������Ä�<�����C�������Z¤����?¤�������¬�(�Z¤��1Ð9¤��V�<���j½2�����y�����?�"¶+��¡��y�T�����Ä�¤��yj���¤����ój���5� �?���'�?� ����(����������(�y�¶¬���³����?���(�T�y�_�¥��y�����j¤��_�º�<��¤������¤��(���?�y�<�I���T�(¤�������°	�?��Ì?�4���?�����y�(���¤���³��'�?�T�)�y��¢��_�¯��y�����j¤��_�'±
Ù �¯¢��?«(��¤����?�%����(���<����j¤��?�I���®�<��¤������¤��(���¬�(�V�y�_�T�(�9��(�����¤��_�T��¼©������ �®�(�NÌ?��«�����± ² �s����<��¤���'�����N���º�(¤�������°	�N�<���µ����(���<�����¤�����y¡���§(�y�_�R«(�y�9����<�Z�(�º¤��1Ð9¤��+���º����(���<����j¤��?��Ì?�4���<�)���?��¤��T�����R¢��?Ï����¶®�y�_�¯��y������¤��_�º�<��¤������¤��(���?�y�<�I���T����(���<�����¤��?��Ì?�¼���<�)���?��¤��µ���(«�Ì?��«u���y�<�	±



A<Ò�ý_ÒCB ���;<>�@ =u;<@ÕA ½�» �&263 t\s _1O~�

Ú^Û�Ü%�> �¡~ ! "� ¾uÞ��¤£�D�¯#Ç>¯#± ì 0À0"Ã'32Ã 
 ,1* í þ � ,10 ¾ 0~þ � Ã ð¾ ,�3�, � ,�ÿ � Ã å þ � ,10 ¾ 0Î, � , . ,10 � Ã¼, 
1� * ¾)� ñ��¾ * ����ç
! ���µ½2�°P�(�1³��(�y�(����u�<�����<��(¤����(�I���9�(�+���¯�(���<�(�P�(�<����5j���T�����«)Ï��¤���½2�N�(������������?���(� Ë t#� ²�<�5������¤���¤��(���¥���(«�Ì?��«����y�<�Z�u���5���1©�������������¯�N���(«�Ì?��«����y�<�¥�<��(��½_�?�y���¤��<�¯����V�?���?���<��y��������<�����?�j¤��1»���y�����y������±

Ú^Û�Ü%�> �¡~ ! "� ¾uÞ�� £�D�¯#Ç>¯|¿�Û & ¬J %§/¨e¦!Ûj��'Û~¿�±Îà , � 0 N1
ä N2

32Ã 
 0"Ã	32Ã 
¼ð¾ , � · � *�, � ,0 ,10 ¾ 0 �� Ã � , ������ 0 ç@EP� *�, . Ã 
¥ð<¾ ,P, � 0"Ã'32Ã N1

, 
 , ð<¾j�!�6��� ,10 � , �_� 0"Ã'32Ã N2

1��äP
��� Ã 
¸� N1

, 
¯� ,�ÿ ��¾(���B. ,10 � ,����¾(���s� N2
ç

Ú^Û�Ü%�> �¡~ ! "� ¾uÞ�Ý £�F�«y¨��J¿#·+¯7«-[ÿ¨/¡~ ! "��GIH ��� ± î��+� * � 0 
/ï Ã�* .������� 0 î�J �sà 
¸¾j
1������¾jä , ��� 3 � 0"Ã	32Ã.�� ÿ �/.���� , ð¾9�/�6�_� ,10 � , � Ã � *�Ã ð¾ , � · � *�, �<���¼� Ã�0 � 0 � ,1* � Ã�* � 3 � 3V·)Ã�* ¾ 0 � *�, ï ,1*�,10 ������¬��� ·"* �/. ,1* �Ã �¾ *1*�,10 ���� 3�, �\.+��
1. Ã�,10|, �R� ,�ÿ � Ã ç ü � *�, 
1� ÃÀ3j,^, � , . ,0 � Ã 
 ·(,* .�� 0u, � , � 0 ����� ,1* � 32Ã ç�Ú Ã�*h� .�� ñÿ �/.�������
 ,À,10 ��� ,10"3�, ð¾ ,�, � 0"Ã'32Ã 
1¾�
���!��¾9� 32ÃÎ0"ÃÂ, 
�¾ 0á3�, 
� ,10"3 � ,10 � ,À3j,�Ã � *ªÃ ð<¾ , · ¾ ,�3 �~
 ,1**�,�, . · �����	� 32Ã ç
! ���¬*�, ï ,1*�,0 ���� ���T����(���<�����¤�����^���+�¸�?���y���+���<�)���?��¤��P�(�����¤��y����¤��+�<�����<����?��§��<��¤��N�¤��yj���¤���<���u�<����?�ó�����<������¤����(¶2�����<�)���?�j¤�� �y�_�µ��ô��C«����y�_�ÿNLK4¶îP����� �����(¤�������°	�?�ê���?���4� �?���'�?�C���<�����<�¤���»½_�?�����¤��¹��Z�(���y����(�y�Á¶ê��\³����?�Z�(�¬���¼�¤��y����¤��Á�(�®���1©�����������)± Ù �R�<���j¤���(�y�(���(�®�<��¤����¤��yj���¤���<��¤��?��Ì¼©������ ���(���������)ô�¨_��¤��_��j���¬�1Ð)�(���<���?�Â�(���À�'�?�j¤��y�����¿���¤�����À�u�_����¤���½_�)§%���Á����?�¥�����)�y�'�Á������_���y��y¡����?«��������(¤��D���½9�y�(���¤������j¤��_§��)�y��¢�� �u�_���y��y¡��¼�����Ì���������I����C�������_���y��y¡��Á���¤����?�/Y¥������j���C�<�����y��(°	�¬��´��y������¤��¬���1©�������������(�(±Iu´���I����<��¤��y�����<�I�(�µ���(¤�������°	����y¡����(�C�<��������y���!¶4�<���)»���<������¤�������¤��_§����?���¬���ÈÏª�����?�P���®���?°'¡����(���<�����(���<���y¡��ÆYP���µ���(¨_�y������1Ð9�(���<���?�V�<��¤��µ�Ax(������4���(���C«������I¨_���?���(�_§9�u���Z�ÈÏ�����(�y�N��¹«������T���C�(¤�������°	�?���(���<�����N�)ô�¨_��¤��_�Z�y�_�Z�'�?�����¤�����<�NMæRTR�O�§LP�RTR�Q¶hêSR�RSR"±
Ù � �?��¨�x(�����������¤��C�(���<�(�5�����<�<�(��ój���Z�(��«(�y�jj���5�(�Z¤��1Ð)¤��T���1©�������������(�V���'�I� Ì��a�u�<j���K5��j���¹�����(�����(���À�¤��yj���¤����(�¹���1©�����������¤���<�������u��� �ÈÏ�����(�y������?���(�Î��5«(�y�jj���4�(�¹¤��1Ð)¤����<��¤�Ì©������ ���(��x(�(�y�'�?�����¤��������T��´�'�?�����¤���ELUTWVXL�Y1±7�5�6Ï��¹�<��¤����T����������¤��?��������'§���%¢��<��¢��¹�(�+������¤���¤��(�����Z«(�y�9����¹�����+���¼���1©�����������������<�+�(���Á«(������À��y�<�<��y¡��Â�(���<� ��R���<���(��¤����(�À�(�¹���¼������¤���¤�����y¡���(���	½2�j�'�®�(�À�?�(�����¤��^�(�µ¤��?� �65��(§jÏÈ����¤��¬��´���<���(��¤����(�¹�<����¤����?���y�^j���µ���µ�(�<���'�¬��«(¤������'±Ius���T�y�¤��?�j¤����������¹������¤���¤��(����Ì?�Â�y�_�+«(�y�9����¹�(�¬¤��1Ð9¤���j���¹���'�?�Í� Ì����u�<j���K5��_��j���®�(�Í���?��Ì?���¤����

l�<���u�<���³��'���(� �u���¥����������?���y�(± Ë ����y�<�<��y¡����(���½_�?�y���¯�(������?��Ì?���¤����
l
���)k��(¶2�µ����«(���P���+���?°'¡��Á�(��<�����(���<���y¡���§(�u�������������«(���P���N½_�?���y�(�°C�(�P���N¤����?���ª©������ ����y¡���±

=�m�n�m/õ%m oA8�}"���\ry�
a �<���j¤�����������y¡������I��������¤����?��Ì����©��(����y�����?���y���¤��¬�(�T���N¤����?���ª©������ ����y¡�� Ë t#� ² ���<�)���?�j¤��V�(��ÈÏ�����(�y�(±Yu%�?���Î�������(����³��'�?�¬���(�u���(¨��?���_�¬��������4�(�<���'�ê�<�����(���������¬�<��� Ë t#� ² �(���ê�<���y�<�<��y¡��©������ �����®�u���I¤����<�T�(�j��(����j¤��_�V�<��¤������¤��(�����(�_�'± Ë � �<��¤������¤��(���¹�(�µ�y�_�T�(�j��(����j¤��_�V�<��¤�Ì ����(���1»�����¤������¹��À��� ³�¨_�(���hs9± Û ¶¼�<��¤�Ì ©������ �����¬�u���P¤����<�P��y�����j¤��_�C�<��¤������¤��(���?�y�<�C�)��©������j¤��<�'±J�Z�����¤������P�(�¥��y�����j¤��µ�<��¤������¤��(���?�"�<��¤�ÌT����(���<����j¤����(�C���<�)���?�j¤��¥�(� �ô�����(�y�(�j�����y������¤��µ�<��¤������¤��(���?��(� ¤����u� Û �<��¤�Ì4����(���<�����¤����(�������C�(�~�ô�����(�y�¼�)��«(��Ï����(�Á�<���ê�(������ô����'���<���j¤����~x��)§%��\��y�����j¤���<��¤������¤��(���?�Ä�(�µ¤��������®�)��«(��Ï����(�^�<�����(���®��ô����'�®�)�y���<����¤��������^¶¼��a�(�N¤����u��¬�)��«(��Ï����(�^�<�����(�����ô����'�µ�(�(�j¤��'�����)± Ë �_�R«(�y�jj���<�5�(�I¤��1Ð9¤��_�Z�<��¤�Ì?�¹����(���<����j¤����(�_�5���<�)���?��¤��C������)�����(�_�Z¶������Z�y�¤������¶¬�~x(������_�I���¤Vx��?���<�������y�_�¥�y�(���¤���³��'���(�����<�I�(�P�y�_�5���9�(�_�'±
u´�?��� ��(«(�����¥¤��j�����¥�����5�u�_����«(�����y�����(�<�'§����(�����(¨��?���_�¥j���T�y�_�5«(�y�jj���<�¥�(�P¤��1Ð)¤��+�y�(���¤���³��'���(�_���®���I³�¨_�(���C���<�)���?��¤�� Û §`?�§�sT¶ ùP�����®�<j�(��½_�?�y���¤��<�'± q �?�C«(�y¦�^�����¬�<��(��½_�?�y���¤��<�\�y�_�\«(�y�jj���<��V¶

Û9� �����s�(���¯���?��¤��R¶V�y�_�´«(�y�jj���<�>�¯¶\P¯�u���%��¤����)±`�R���N�<��¤����´�<j�(��½_�?�y���������a���¤����R«(�y�jj���<�%�(�ó¤��1Ð)¤���y�_�Z�(�9��(�����¤��_�5¤��y�����¹���?��¤��<�Z������¤��y�����k���+�)�y��¢����<���^��¤������Z���?���?«(�����'§9�y�_�Z�(�j��(����j¤��_�5¤��y�����
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(A) (B) (C)
�´��¨_�(���ns9± Û � q ���<�¯�(�9��(�����¤��_�I�(�P�ÈÏª����(�y�(±

���(«�Ì?��«����y�<�¯�<j�(��½_�?�y���¤��<�'Y1± Ë �+³�¨_�(����s9±-���C���<��¤������(�V�(����� �?�������½9�y�����?���<��¤����º�<�������<���������(��)»������I¶4����³�¨_�(����s9±- �µ���<��¤����®���¬�<���y�<�<��y¡��Á¤����?����©������ �����¹�<��� Ë t#� ² §���Á���®j���µ�y�_�º¤�����Ì?�(¨_�(�y�_�����(���<����j¤��?�Á�N�����5���1©�������������'±

XYXYXYXYXYXYXYXXYXYXYXYXYXYXYXXYXYXYXYXYXYXYXXYXYXYXYXYXYXYXXYXYXYXYXYXYXYXXYXYXYXYXYXYXYXXYXYXYXYXYXYXYXXYXYXYXYXYXYXYXXYXYXYXYXYXYXYXXYXYXYXYXYXYXYXXYXYXYXYXYXYXYX
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[Y[Y[Y[Y[Y[Y[[Y[Y[Y[Y[Y[Y[[Y[Y[Y[Y[Y[Y[[Y[Y[Y[Y[Y[Y[[Y[Y[Y[Y[Y[Y[[Y[Y[Y[Y[Y[Y[[Y[Y[Y[Y[Y[Y[[Y[Y[Y[Y[Y[Y[[Y[Y[Y[Y[Y[Y[[Y[Y[Y[Y[Y[Y[[Y[Y[Y[Y[Y[Y[
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]Y]Y]]Y]Y]]Y]Y]]Y]Y]]Y]Y]]Y]Y]

^Y^Y^^Y^Y^^Y^Y^^Y^Y^^Y^Y^^Y^Y^

_Y_Y__Y_Y__Y_Y__Y_Y__Y_Y__Y_Y_
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(C)(B)(A)
��m�¨6nporqns9±-�ts ² n(«�Ìuo�«@vWwyx{z|x<Lnpm�½6quwyx1}�¤Ux{z|~px<wyv6zN~pv�1np��x1}�¤Uv6z'±

7��ªÅ�� �������������������I�XWW�IY��S�<�:���VY��S�I�XW4�
Ë q®©�vWo���q�� ÌWz�zUx1}��1m�w�w�q�~px
m����pwyx1��x1}�¤rquo�w�q¬¤�orqu}�zª©�vWo���qW�1my W} Ë t#� ² x{zT«pn�zU�¡quo��¡qW~�q�}¢n�x½4vx1wyx1��x1}j¤Uv£x{z�¤�o�n��¤�nporquw<x1}¤w�qê¤Uv�¤rquw�my~�qW~%~px1wT¤Ux1Ð9¤Uv"�poUv�{x{zrqW~pv(± : qW�1my¦1}�~pvWwyv£qWz�ô�zUx¥v�«(¤�myx1}�x¦np}quw�¨4vWo�m�¤���v��1n(¶Lq��{vW���pwyxÈÏ§my~�qW~�¤Ux1���@vWorquw�x{z�~px

O(n2)
§u¢n�x�x{z�m�}�qW�{x1�(¤rq?«pwyx_± ² x���v6z�¤�orquo�Ì¨�{vW��vv�«(¤Ux1}�x1oNnp}�q��{vW���pwyxÈÏ�my~�qW~^¤Ux1���©vWorquwª��x{~tm�q�~px

O(n)
x1���pwyx¡qu}�~pv�¤�¦{�1}pmy�¡qWz|~px�«�qWz�«pm�}(¨�±

! }�qI½4x°¬�poUv�{x{zrqW~pv<np}�«pwyv9Ln�x¬~pxZ¤Ux1Ð)¤Uv<zUx¬v�«pmyx1}�xNzUn+³�o���q<~tm�¨6m�¤rquw�§4�©vWo�xÈÏ§x1���pwyv�n(¤�m�w�m�°qu}�~pvx1w�quw�¨4vWo�¤�m���v �¥® �4ø ÂNm�½(ù��6úc± ! }�q�½4x°�v�«(¤Ux1}pmy~�q�w�q�³�o���q�~tm�¨6m�¤rquw�zUx&�{vW���po�n�x«�q�z�m¯x1w�«pwyv9Ln�x�x{zx<¢npm�½Wquwyx1}j¤Ux�q<quw�¨6np}�v<�poUx½myv(§6��quorq�x1w�wyv&zUxI�{vW����quorqu}¨w�qº³�o���q<~tm�¨6m�¤rquw�~px1w(«pwyv9Ln�x¬�{vW}�w�qWza³�o���qWz
~tm�¨6m�¤rquwyx{z|~px&wyv6z5«pwyv9Ln�x{z°qu}�¤Ux1o�myvWoUx{zT¢n�x&zUx<x1}��1n�x1}�¤�orqu}±x1}²np}�q�¤rq?«pw�q�«�qWz�«�§�zUmªx1w�«pwyv9Ln�x<}�v�x{z
x<¢npm�½Wquwyx1}j¤Ux�zUx<�{vW�pm�q�w�m�¤Ux1orquw���x1}�¤Ux�x1}²w�q�zrquw�my~�q�¶�zUn¹³�o���q�zUx&q65�qW~px�quwª�{vW}�Ï�np}j¤Uv��!¤rq?«pw�q�«�qWz�«ÆY
~px¥³�o���qWz�~px¯«pwyvj¢n�x{z�~px¥¤Ux1Ð)¤Uv
]�vWo�m�¨6m�}�quwyx{z3wóÏ�np}j¤Uv��{vW}¨w�q&�©v6z�my�1my W}¨x1}�w�qV¢n�x|qu��quoUx{�{x_§)¢n�x�x{z�w�q
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(A) (B) (C)
��m�¨6nporq�s9±-ts Ë v6zÄ¤�oUx{zº~pv¢�1np��x1}j¤Uv6z�~px�xÈÏ����pwyv&~px{zU�pn�¦{zº~px�qu�pw�my�¡quo�w�qT¤�orqu}�zª©�vWo���qW�1my W} Ë t#� ² ± Ë qWzoUx1©�x1oUx1}��1m�qWz�x{z�¤�Ìu}�oUx1�poUx{zUx1}�¤rqW~�qWz|��x{~tm�qu}�¤Uxµ¤�o�m�Ìu}(¨6npwyv6z'±

�po�m���x1orq�v¢�1npo�oUx1}��1m�q�~px�~tmy�r«�vC«pwyv9¢n�x_±`u¯vWoIx1w��{vW}j¤�orquo�myv(§zUm�zUxNx1}��1n�x1}j¤�orq�np} «pwyvj¢n�x�x<¢npm�½Wquwyx1}j¤Ux��zrx¬x1}��{vW}�¤�oU &np}�q��{vWm�}��1my~px1}��1m�q�x1}�¤�oUx�w�qWz´³�o���qWzº~tm�¨6m�¤rquwyx{z'Y�zrx¬v�«(¤�myx1}�x¬w�q°�@v6zUmy�1my W}�~px¬w�q°�po�m���x1orq
v�1npo�oUx1}��1m�q�~px1w�«pwyv9¢n�xT¶�x1}²w�q�zrquw�my~�q
zUx<x{zU�1o�m�«©x<np}�q
oUx1©�x1oUx1}��1m�q�q�~tmy�r«�q
�@v6zUmy�1my W}�±eu�n�x{z�¤Uv�¢n�x
wyv6z
quw�¨4vWo�m�¤���v6z
~px�³�o���q»~tm�¨6m�¤rquw�}�v»qWzUx¨6nporqu}�w�q²np}pmy�1my~�qW~�~px¨w�q¹³�o���q)§��1n�qu}�~pv¥qu��quoUx{�{x�np}�q
�{vWm�}��1my~px1}��1m�q�wyv6z¥¤Ux1Ð)¤Uv6z�zrx<�{vW����quorqu}»��quorq¨qWzUx¨6nporquo¯¢n�x<}�v�zUx<v�«(¤�myx1}�x1} ï{¼W½µ¾{¼u¾�¿ ÃWÀÂÁ ¿ À�ÃLÄÅÁ ¿ À ¼u¾¶�~px<x{z�¤rq���qu}�x1orq�x½¢m�¤rquo��{vWo�oUvW���©x1oNwyv6zN~�q?¤Uv6z°quwÆoUx¡quw�m�°quo�w�qN¤�orqu}�zª©�vWo���qW�1my W}�±

u¯vWo�v�¤�oUv�w�qW~pv(§���quorq��©v¢~px1o�qu�pw�my�¡quo¯¤�¦{�1}pmy�¡qWz�~px&«�qWz�«pm�}(¨�q
wyv6z°x1wyx1��x1}�¤Uv6z�~px�x{z�¤�o�n��¤�nporq¨zUx
~px«©x�¨4x1}�x1orquo�np}�qn��ÇÉÈ ¼ ÃLÄ¨Á"ÃÃ2Ã»��quorq²�©v¢~px1o
quw���qW�{x1}�quo�w�q Ï�np}j¤UvÊ�{vW}Ëz�nC�©v6z�my�1my W}"~px�m�}pmy�1myvzUm�x1w�}�v¢~pv�x1}C�1n�x{z�¤�my W}Ì}�v�«�q²qu��quoUx{�1my~pv²�{vW}"qu}j¤Ux1o�myvWo�my~�qW~�± a w��{vW}�¤�orquo�myv¼Ln�x�zUn��{x{~px��{vW}±wyv6z«pwyv9¢n�x{zN~pxP¤Ux1Ð)¤Uv(§p}�v�x1Ðtmyz�¤Ux1}»quw�¨4vWo�m�¤���v6z�x{z�¤�Ìu}�~�quo���quorq��1oUx¡quo¯³�o���qWz�~px<}�v~pv+¶��@vWo¬wyv�¤rqu}j¤Uv
zrx�«�q��poUvW�pn�x{z�¤Uv�np}�v(±
=�Í/õ�ÍÏÎ�Í ±�Ð�ÑÅÒÌÓÕÔ¯Ð-@�Ð�Ö�Ó¯×�ÔªØ£ÙªÚ%Ú¯Û�ÔªÛ

Ë q+¨4x1}�x1orqW�1my W}¦~px<w�q+³�o���q�~px�np}²}�v~pv�zUx<oUx¡quw�m�°q�~px�q?«)Ï§v�«�qW�1m�q�quo�o�m�«�qD��þ�Ã6Ü�Ü�ÃWÈ �_¾ · Y1§��©vWowyvN¤rqu}j¤Uv
��quorq
v�«(¤Ux1}�x1o¬w�qV³�o���q
~px°np}�}�v~pv���qW~toUx<zrx1o�Ì��poUx{�1myzrv�v�«(¤Ux1}�x1o¬w�qV³�o���q
~pxI¤Uv~pv6z¬z�n�z
}�v~pv6z¬«pm Ï�v6z'±
Ú^Û�Ü�Ý> �¡~ ÂÞßÝ ¾uÞ�¢¤£�àN �«-[ÿ¨�ÇsÛ¥Ý.¯#Ç>¯#± îª¼ �ºÇÉÈ ¼ ÃLÄ ¾ ÁËÁ"ÃÃ2Ã ¾ Ä
áLÄÅÁ©ÄÅÇ ¼ È�Ä�Ã6À ¼ ÁßÜSÄ ½â¼¦¿ ÃWÁ ¿U¼ ÜSÄ ñÁ ¼4¿ À�ãWÁ�Ã¢Ä ½â¼
¿U¼ Ã¢ÄÅÁ ¼�ð¾ Ä|À�Ã¢ÄÅÁ�Ü�À � ¿U¼�¾¸¾ Ä{Ü�À ð¾ Ä1Ü ¼ Ã¢ÄNÀÂÁ�À ¿ À�Ã�ÃLÄ<Ä ¾ Ü�Ç ¾t¿ Ü ¾ Ç ¼�¿ ÃWÁ ½ Ã ¾ À�Ã¢ÄÅÁ�Ü�À � ¿U¼ Ã2Ã6Ç�Ä ¾Ã¢Ä ½ Ã ¾ Á"Ã¡Ã2Ã ¾T� À æ<Ã ¾<ç©ä�¾ Ü�Ã ¾|¾ ÃWÁ ¶ þÅÀÏÄÅÁ ¾¸¾ ·)Ã ¾ À ¿ À�ãWÁ¦ÃLÄ&ÀåÁ�À ¿ À�Ã¨ÄÅÁÌÄ ½ ÜSÄ�ÿ4Ü�Ã ¾ À�ÁuÃ ¾ ÃWÁÊÇUÄ ï ÄÅÇ�Ä1Á ¿ À ¼u¾ Ãþ1À�ÄÅÁ ½�¼u¾ ·)Ã ¾ À ¿ À�ÃWÁ@Ä ¾Vð<¾ Ä�ÇUÄ ï ÄÅÇ�Ä1Á ¿ À ¼ Á"ÄÅÁ ¿U¼u¾ Ã ¿ ÃWÁ�Ü�Ç ¼ ÇÉÀ�Ã ç

Ù wºwyx1��q�s9±-�²~px1��n�x{z�¤�orq�¢n�x�w�q^³�o���q²~px�np}C}�v~pvÊx1}Cnp}�qÊ�{vWwyx{�{�1my W}�x{z\xp}pmy�¡q)±>�IqW~�q�½4x°¢n�x�zUx��poUv�{x{zrq�np}Cx1wyx1��x1}j¤Uv»x{z�¤�o�n��¤�nporquw�zUx�v�«(¤�myx1}�x¨z�n�³�o���q²~px�}�v~pv¹¶±zUx��{vW���po�n�x«�q4¢n�x
~tmy�r«�qC³�o���q�«�q�qu��quoUx{�1my~pv
�{vW}²qu}�¤Ux1o�myvWo�my~�qW~�± Ù w©}�v~pv�zUx��pn�x{~px�z�n�z�¤�m�¤�npm�o��@vWo�np}�q�oUx1©�x1oUx1}��1m�q�z�mw�qµ³�o���q�~px1wÆ}�v¢~pv�v�«(¤Ux1}pmy~�q��{vWm�}��1my~px��{vW}Êquw�¨6np}�q�³�o���q+¶Lq�v�«(¤Ux1}pmy~�q)§ßx{zN~px{�1m�o'§�x1w�}�v~pv�qW�¤�n�quw
x{z�x<Lnpm�½6quwyx1}�¤Ux&�{vW}¥quw�¨�xp}Êv�¤�oUv��poUx½myv(±
GóÛ�[ÿ¨f¾"Þ�ßëà Ä ¼ Á N1

ä N2

Ã2Ã ¾ Á"Ã¡Ã2Ã ¾¯ð¾ Ä ¼ · ¼ Ç�Ä ¿ ÄÅÁ¥ÄÅÁ ¾ Á ¼�¿ Ã ½ Ä ¿r¿ À�ã6ÁÊÜ�Ç ¼ Á ¾/ï ÃWÇÅÈ ¼ Ã ¼�¿ ÃWÁ î�J �sà�t¼u¾ Ü ¼ N2
ä�¼ ÃLÄÅÈ íu¾ N1

·ßÇUÄ ¿ Ä�ÃLÄ ¼ N2
ç ü Á�Ü�ÃWÁ ¿ Ä ¾ N1

Ä ¾ Ä ð¾ ÀÂæ ¼W½ ÄÅÁ�ÜSÄ ¼ N2
¾ À ä¨¾ ã ½ Ã ¾ À N2

Ä ¾¾ Á ¼ Ç�Ä ï ÄÅÇUÄÅÁ ¿ À ¼�¼ N1

Ã
N1

ä N2
¾ ÃWÁ¥Ç�Ä ï ÄÅÇUÄÅÁ ¿ À ¼u¾ Àâá ¾p¼W½ Ä ¾<ç
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� «�¬sÛT]>¨©è ² x<~px1��v6z�¤�orquo�Ì�w�q
x<Lnpm�½6quwyx1}��1m�q�x1}Êqu�µ«�qWz�~tm�oUx{�{�1myvW}�x{z'±
Û ± ² m N1

x{zºx<¢npm�½6quwyx1}�¤Ux�q
N2

x1}�¤UvW}��{x{zI~px«©xNv�1npo�o�m�o\¢n�x
N2

x{z�np}�q&oUx1©�x1oUx1}��1m�q�q
N1

vV«pmyx1}Ln�x
N1

¶
N2

zUvW}�oUx1©�x1oUx1}��1m�qWz�m�¨6n�quwyx{zº�@vWo�¢n�xIw�qI¤�orqu}�zª©�vWo���qW�1my W} Ë t#� ² z�n�z�¤�m�¤�n(¶4xNx1wp}�v~pv
N2

�©vWo¬np}�q
oUx1©�x1oUx1}��1m�q�q
w�q��po�m���x1orq¨qu��quo�my�1my W}Ê~px1w�}�v~pvps
¼ Y ² m N1

x{z�w�q��po�m���x1orq<v�1npo�oUx1}��1m�q<x1}�¤UvW}��{x{z
N2

zUx¬z�n�z�¤�m�¤�n(¶4x¬�©vWo�np}�q°oUx1©�x1oUx1}��1m�q�q
N1

±
þ�Y Ù }��¡qWzUv��{vW}�¤�orquo�myv(§zUx¡q N0

w�q��po�m���x1orq�v¢�1npo�oUx1}��1m�q�~px
N2

§4x1}�¤UvW}��{x{z
N2

zUxNzUn�z�¤�m�¤�n(¶4x
�@vWo&np}�q�oUx1©�x1oUx1}��1m�q»q

N0

§Æ�@x1oUv4¤rqu�C«pmy¦1}
N1

©�n�¦�z�n�z�¤�m�¤�npmy~pv��@vWo�np}�q�oUx1©�x1oUx1}��1m�q»q
N0

±
�)± ² m N2

x{z¨np}�q±oUx1©�x1oUx1}��1m�qCq
N1

§�v
N2

¶
N1

zUvW}éoUx1©�x1oUx1}��1m�qWz�m�¨6n�quwyx{z'§ºx1}j¤UvW}��{x{z
N1

x{z
x<Lnpm�½6quwyx1}�¤Ux¥q

N2

§��@vWo�¢n�x�z�n��{x{~px4¢n�x¹¤rqu}�¤Uv"x1w��{vW}�¤Ux1}pmy~pv"~px
N1

�{vW��vÌx1w��{vW}�¤Ux1}pmy~pv
~px
N2

zUvW}¿¤Ux1Ð)¤�n�quw���x1}�¤Ux¥m�¨6n�quwyx{z'§�vê«pmyx1}êx1w|�{vW}j¤Ux1}pmy~pv"~px
N1

x{z�¤Ux1Ð)¤�n�quw���x1}�¤Ux»m�¨6n�quw
quwº�{vW}�¤Ux1}pmy~pv¦~px

N0

¶ÌqW~px1� ÌWzµ¤rqu�C«pmy¦1}Ëx1wº�{vW}�¤Ux1}pmy~pv¦~px
N2

x{zC¤Ux1Ð9¤�n�quw���x1}j¤Ux¨m�¨6n�quwIquw
�{vW}�¤Ux1}pmy~pv�~px

N0

±
2

a �{vW}�¤�m�}¢n�qW�1my W}�§ó¶Î¤Ux1}pmyx1}�~pv±�poUx{zUx1}�¤UxÊx1w�oUx{zUnpw�¤rqW~pvÌ~px1w¬wyx1��qªs9± Û §�zUx�~px1��v6z�¤�orquo�ÌÀ¢n�x�w�q³�o���q�~px�np}Ê}�v¢~pv�x{zNxp}pmy�¡q�¶¬¢n�x�w�qN©�vWo���q
~pxP¨4x1}�x1orquo�w�q�x{zN�{vWo�oUx{�¤rq)±
GóÛ�[ª¨f¾uÞ�û î Ã ¾ Á"ÃÃ2Ã ¾ N ä N ′ ¾ ÃWÁ¥Ä ð¾ ÀÂæ ¼W½ ÄÅÁ�ÜSÄ ¾&¾ À ä
¾ ã ½ Ã ¾ À ¾1¾L¾ ��ÇÅÈ ¼u¾ Ã¢Ä<Á"ÃÃ2Ã ¾ ÃWÁ²À�á ¾p¼W½ Ä ¾<ç
� «�¬sÛT]>¨©è ² x��pn�x{~px�v�«�zUx1o�½6quo+¢n�x¨��quorq�Ln�x¨np}Ë}�v¢~pv¦zUx¨oUx1�pm�¤rq¦x{z�}�x{�{x{zrquo�myvÀLn�x®¤Uv~pv6z�z�n�z«pm Ï�v6z5¤rqu�C«pmy¦1}¦zUx<oUx1�pm�¤rqu}�± Ù }j¤UvW}��{x{z'§�np}Ê}�v¢~pv N §p��qW~toUx�~px N1

±<±<±
Nk
§�x{z¥¤Ux1Ð)¤�n�quw���x1}�¤Ux�m�¨6n�quw

quw�}�v~pv²�poUx½myv
N ′
§���qW~toUx�~px

N ′1
±<±<±
N ′k
§¯z�mÄ¶±zUvWwyvÊzUm�wyv6z&my~px1}j¤�m�³��¡qW~pvWoUx{z�~px�w�qWz�x¤�myLn�x¤rqWz�~px

N
¶
N ′

zrvW}Êm�¨6n�quwyx{zº¶
∀i ∈ 1..k,N ′i

x{z|x<¢npm�½6quwyx1}�¤Ux
q
Ni
± Ë q�xpw�¤�m���q���quo�¤Ux�~px1w¯wyx1��q�s9± Û ~tmy�{x¢n�x

N ′i
x{z&np}�qÊoUx1©�x1oUx1}��1m�q¥q

Ni
v¼Ln�x

N ′i
x{z�np}�q²oUx1©�x1oUx1}��1m�q¥qÊquw�¨�xp}

N0

¶�Ln�x�qW~px1� ÌWz
NioUx1©�x1oUx1}��1m�q�q�~tmy�U«�v

N0

± Ù }�¤UvW}��{x{z'§pz�m@zUxNn(¤�m�w�m�°q�w�q�~px1³�}pmy�1my W}Ds9±-�&��quorqC¨4x1}�x1orquoIw�qWzÄ³�o���qWzI~px|wyv6z
}�v~pv6z

N
¶
N ′
§¢w�qWzR³�o���qWzI~px|wyv6z�}�v~pv6zIzUx1o�Ìu}�m�¨6n�quwyx{zZ¶�zU Wwyv�z�mßwyv6z�}�v~pv6z¬zUvW}�x<Lnpm�½6quwyx1}�¤Ux{z'±

2

a �{vW}�¤�m�}¢n�qW�1my W}�zUx��{vW��x1}�¤rquo�Ì¯«poUx½4x1��x1}�¤Ux�x1w¢quw�¨4vWo�m�¤���vºLn�x�m����pwyx1��x1}j¤rq|w�qZ¤�orqu}�zª©�vWo���qW�1my W}
Ë t#� ² ± Ë q®³�o���q�~px�np}±}�v~pv�zUx��¡quwy�1npw�q��1n�qu}�~pv¥qu��quoUx{�{x�w�q�x¤�myLn�x¤rq4Ln�x�zUxK5�quw�q²x1w%³�}�quwº~px1w�{vWo�oUx{z��©vW}�~tmyx1}�¤Ux¦x1wyx1��x1}j¤Uv�x{z�¤�o�n��¤�nporquw�§ºnp}�q�½4x°¥�¡quwy�1npw�qW~�q"zUx4«pn�zr�¡qÌx1}Õx1w|�{vW}�Ï§np}�¤Uv �!¤rq?«pw�q
«�qWz�«ÆY|~pxµ³�o���qWz<~px�}�v¢~pv6z	± Ù w�}�v~pv²qW�¤�n�quw�zUx
z�n�z�¤�m�¤�n(¶4x��©vWo°np}�q¨oUx1©�x1oUx1}��1m�q�z�m�z�n¼³�o���q�x{z�¤�Ì�poUx{zUx1}j¤UxÊx1}êx1w|�{vW}�Ï�np}j¤Uv(± ò vÌv�«�z�¤rqu}j¤UxÊx1}êx{z�¤Ux²�pnp}�¤Uv(§�}�vÌzUx^¤�myx1}�x�w�qC�{x1o�¤Ux°q�¢n�x²x1wN}�v~pvqW�¤�n�quw�zUx¡q¨np}Ìz�n(«�Ìuo�«©vWw�oUx1�@x¤�my~pv�� Ì6Ðtm���v¹¶2§©�©vWo°wyv¬¤rqu}j¤Uv(§Æw�q�z�n�z�¤�m�¤�n��1my W}ÌzU Wwyv�zUx
x1©�x{�¤Vx�q�x1}
��x1��vWo�m�q¼¶Ì}�v¥zUx�x{zU�1o�m�«@x¨}�qW~�q¥x1}"w�q»zrquw�my~�q)± u�vWo
x1wI�{vW}�¤�orquo�myv(§ºz�mºw�q�³�o���q»~px1w�}�v~pv¦qW�¤�n�quw
}�v�x{z�¤�Ì¨�poUx{zUx1}j¤Ux�x1}¦x1w��{vW}�Ï§np}�¤Uv²~pxµ³�o���qWz<x1}j¤UvW}��{x{z�x1w�z�n(«�Ìuo�«©vWw�qW�¤�n�quw�}�v�x{z<x<¢npm�½Wquwyx1}j¤Ux�q
}pm�}(¨�xp}�v�¤�oUv<�poUx½¢myvV¶2§4�{vW}�zUx{�1n�x1}�¤Ux1��x1}j¤Ux_§)¤Uv¢~pv6zºwyv6z�}�v~pv6z�«pm Ï�v6z�}�vP½4vWwy�¡qW~pv6z�x1}�w�q<zrquw�my~�qn���{vW}
x1wp�poUvW�© 6z�m�¤Uv<~pxZ«pn�zU�¡quo�z�n(«�Ìuo�«©vWwyx{z���q6Ðtm���quwyx{z'Y´¶�x1wp}�v¢~pv&qW�¤�n�quw�zrx¬~px«@x1}�x{zU�1o�m�«pm�o�x1}�w�q�zrquw�my~�q¶2§t�©vWoNxpw�¤�m���v�w�qN³�o���q�~px1wª}�v¢~pv�qW�¤�n�quwªzrx&q65�qW~px�quwª�{vW}�Ï§np}�¤Uv�~pxI³�o���qWz|~px�}�v¢~pv6z	±

Ë q+³�¨6nporq�s9± Û ��n�x{z�¤�orq�x1w�quw�¨4vWo�m�¤���v®«�ÌWz�my�{v ¢n�x<oUx¡quw�m�°q�w�q�¤�orqu}�zª©�vWo���qW�1my W} Ë t#� ² ± Ù w¯�{vW})»Ï§np}�¤Uv à ¾ þ í Ç'þ�Ã ½-Ú Ç�Ä1æ¡À�Ãê�{vW}�¤�myx1}�x¦wyv6z�x1wyx1��x1}�¤Uv6z�x{z�¤�o�n��¤�nporquwyx{z^¢n�xÊzrx²«�q"z�n�z�¤�m�¤�npmy~pv"�@vWo�np}�qoUx1©�x1oUx1}��1m�q»�@x1oUvÁLn�x®¤Uv~�q<½9ô�q²}�v¥zUx�x{zU�1o�m�¤Uv¦x1}"w�q»zrquw�my~�q»~px«pmy~pv¦q¼¢n�x¨zUx�x{z�¤�Ì�«pn�zU�¡qu}�~pv¥np}
�©v6z�m�«pwyx�x1wyx1��x1}j¤Uv±x{z�¤�o�n��¤�nporquwI��q6Ðm���quwZ¢n�x�wyv6z
�{vW}�¤Ux1}(¨Lq)§��©vWo�wyv¼¤rqu}�¤Uv(§�z�m�x1}"np}���vW��x1}�¤Uv
~�qW~pv¦zUx�x{z�¤�ÌÊ�poUv¢�{x{zrqu}�~pv¦np}�}�v~pv¥x1w¬�{vW}�Ï§np}�¤Uv à ¾ þ í Ç'þ�Ã ½-Ú ÇUÄÅæ¡À�Ã"�{vW}j¤Ux1}�~to�Ì¥wyv6z�qWzU�{x1}�~tmyx1}�¤Ux{z¶"wyv6z
«�x1o���qu}�v6z�m�°'¢npmyx1oU~pv6z�~px1w¬}�v¢~pv±x1}é�1n�x{z�¤�my W}�±�u¯vWo�zUn£��quo�¤Ux_§ºëVÃ¡ÃLÄ à Àâá à Ä1ÜN¶íì@Ä�ÿ6Ü à Àâá à Ä1Ü�{vW}j¤�myx1}�x1}�wyv6z��{vW}�Ï§np}�¤Uv6z¬~px5³�o���qWzI~px|wyv6zº}�v~pv6z\¶�«pwyvj¢n�x{z�~pxº¤Ux1Ð)¤Uv&oUx{z��©x{�¤�m�½Wqu��x1}j¤UxTLn�x|«�qu}
qu��quoUx{�1my~pv�«�qWz�¤rq�x1wÆ��vW��x1}�¤Uv(±
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ëCÃ¡ÃLÄ à Àâá à Ä1Ü ← ∅ì@Ä�ÿ6Ü à Àâá à Ä1Ü ← ∅à ¾ þ í Ç<þ�Ã ½�Ú ÇUÄÅæ¡À�Ã ← ∅`<a)bdc²e ∃ Á"Ã¡Ã2Ã ¾�fAgÁ"Ã¡Ã2Ã#_ ¼4¿ Ü ¾t¼W½ ← Ãjþ1ÜSÄÅÁ@ÄÅÇ6_�Á"Ã¡Ã2Ã � � m}mCÄ1Á ·(Ã ¾ Ü�ÃWÇ�ÃLÄÅÁbrh (
Á"ÃÃ2Ã#_ ¼4¿ Ü ¾p¼W½ Ä ¾P¾ Áêþ ½ Ã ð¾ Ä6_
ÃLÄ6_�ÜSÄ�ÿ6Ü�Ã )j ake�l ��ÇÅÈ ¼ _ ¼L¿ Ü ¾t¼6½ ← Á�E�ï ( ÁuÃ¡Ã2Ã#_ ¼4¿ Ü ¾p¼W½ )brh (

�ºÇÉÈ ¼ _ ¼4¿ Ü ¾p¼W½ ∈ ì@Ä�ÿ6Ü à Àâá à Ä1Ü )j a)e�l ÇUÄ ï Ä1Ç�ÄÅÁ ¿ À ¼ ← ì@Ä�ÿ6Ü à À�á à Ä{Ü ç ÇUÄ ï ÄÅÇ�Ä1Á ¿ À ¼ (��ÇÅÈ ¼ _ ¼4¿ Ü ¾p¼W½ )à ¾ þ í Ç'þ�Ã ½-Ú ÇUÄÅæ¡À�Ã ç�¼ Ã4Ã ( Ç�Ä ï ÄÅÇUÄÅÁ ¿ À ¼ )e�cpoqe ·)Ã ¾ À ¿ À�ãWÁ|_ ¼L¿ Ü ¾t¼6½ ← Ú Ã ¾ À ¿ À�ãWÁðÉÁ�À ¿ À ¼W½ ( ÁuÃ¡Ã2Ã#_ ¼4¿ Ü ¾p¼W½ )ì@Ä�ÿ6Ü à À�á à Ä1Ü çå¼qµß¼ ÃWÀåÇ (��ÇÅÈ ¼ _ ¼L¿ Ü ¾t¼6½ , ·(Ã ¾ À ¿ À�ãWÁ�_ ¼4¿ Ü ¾p¼W½ )ü È
À�Ü�ÀåÇ à ¾ þ í Ç'þ�Ã ½-Ú ÇUÄÅæ¡À�Ãü È
À�Ü�ÀåÇ<Á"ÃÃ2Ã#_ ¼4¿ Ü ¾p¼W½à ¾ þ í Ç'þ�Ã ½-Ú ÇUÄÅæ¡À�Ã ← ∅{
e�cpoqe ��ÇÅÈ ¼ _ ¼L¿ Ü ¾t¼6½ ← ñ ÀÂÇÉÈ ¼ ÇUëVÃÃ2Ã ( Á"ÃÃ2Ã#_ ¼4¿ Ü ¾p¼W½ )brh (

�ºÇÉÈ ¼ _ ¼4¿ Ü ¾p¼W½ ∈ ëCÃ¡ÃLÄ à Àâá à Ä1Ü )j a)e�l ÇUÄ ï Ä1Ç�ÄÅÁ ¿ À ¼ ← ëCÃ¡ÃLÄ à À�á à Ä{Ü ç ÇUÄ ï ÄÅÇ�Ä1Á ¿ À ¼ (��ÇÅÈ ¼ _ ¼4¿ Ü ¾p¼W½ )à ¾ þ í Ç'þ�Ã ½-Ú ÇUÄÅæ¡À�Ã ç þ�ÃWÇÉÇ ¼ Ç6_ � À æ<Ã ( Á"Ã¡Ã�Ã#_ ¼4¿ Ü ¾p¼W½ )à ¾ þ í Ç'þ�Ã ½-Ú ÇUÄÅæ¡À�Ã ç�¼¾µß¼ ÃWÀÂÇ ( Ç�Ä ï ÄÅÇUÄÅÁ ¿ À ¼ )e�cpoqe ·)Ã ¾ À ¿ À�ãWÁ|_ ¼L¿ Ü ¾t¼6½ ← StartPosition(
ÁuÃ¡Ã2Ã#_ ¼4¿ Ü ¾p¼W½ )ëVÃÃLÄ à À�á à Ä1Ü çå¼qµß¼ ÃWÀåÇ (��ÇÅÈ ¼ _ ¼4¿ Ü ¾p¼W½ , ·)Ã ¾ À ¿ À�ãWÁ�_ ¼4¿ Ü ¾p¼W½ )ü È
À�Ü�ÀåÇ à ¾ þ í Ç'þ�Ã ½-Ú ÇUÄÅæ¡À�Ãü È
À�Ü�ÀåÇ<Á"ÃÃ2Ã#_ ¼4¿ Ü ¾p¼W½à ¾ þ í Ç'þ�Ã ½-Ú ÇUÄÅæ¡À�Ã ← ∅{{g|fü È�À�Ü�ÀÂÇ à ¾ þ í Ç<þ�Ã ½�Ú ÇUÄÅæ¡À�Ã

u¯vWo�x1w¯�{vW}j¤�orquo�myv(§�w�q�~px{zU�{vW���poUx{z�my W}¦x{zN��n(¶»zUx1}��1m�w�w�qts�x1}»w�q�zrquw�my~�q�zUx&x1���pmyx°q¨x{zU�1o�m�«pmyx1}�~pv
x1w�¤Ux1Ð)¤Uv+¶¨�1n�qu}�~pv�zUx°w�wyx¨Lq�q�np}�q�x¤�myLn�x¤rq
~px�oUx1©�x1oUx1}��1m�q�zUx�x{zU�1o�m�«©x<x1w�¤Ux1Ð)¤Uv�Ln�x<zUx�x1}��1n�x1}j¤�orq
x1}�w�q��@v6z�my�1my W}�oUx1©�x1oUx1}��1m�qW~�q)± Ù w�¤Ux1Ð9¤Uv�oUx1©�x1oUx1}��1m�qW~pvµ³�}�quw�m�°quo�Ì
�1n�qu}�~pv
zUx�quwy�¡qu}��{x°np}�q�x¤�my¢n�x¤rq¢n�x¬��quo�¢n�x�x1w(³�}�quw@~pxNnp}�x1wyx1��x1}j¤Uv�x{z�¤�o�n��¤�nporquw�§¢z�mß~tmy�U«�vV¤Ux1Ð)¤Uv��{vW��myx1}(°q��{vW}�w�q<x¤�my¢n�x¤rqV¢n�x
m�}�~tmy�¡q&x1wpm�}pmy�1myv&~px¬x{z�¤�o�n��¤�nporq<�{vWo�oUx{z��©vW}�~tmyx1}�¤Ux_±�u�x1oUv&z�m�x1w(¤Ux1Ð)¤Uv�oUx1©�x1oUx1}��1m�qW~pv�}�v<�{vW��myx1}(°q&�{vW}
np}�q�x¤�my¢n�x¤rq�~px�m�}pmy�1myv�~px�x{z�¤�o�n��¤�nporq�x1}�¤UvW}��{x{z&w�q¨oUx1©�x1oUx1}��1m�q�zUx�oUx{zUvWw�½4x1o�Ì��1n�qu}�~pv�zUx�quwy�¡qu}��{x
w�q��po�m���x1orq�x¤�myLn�x¤rq�~px�m�}pmy�1myv�~px&x{z�¤�o�n��¤�nporq)±
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u�quorq»m�w�n�z�¤�orquo��{vW}"np}£xÈÏ�x1���pwyv»x1w\©�np}��1myvW}�qu��myx1}�¤UvÌ~px1w¬quw�¨4vWo�¤�m���v¦�poUvW�pn�x{z�¤Uv¦zUx¨oUx¤UvW��quo�Ì

w�q±�{vWwyx{�{�1my W}¤~px²~pv�1np��x1}�¤Uv6z�~px1w�xÈÏ§x1���pwyv"~px�Õ�s9± Û ±-�Ìx1}êw�q¦��Ì?¨6m�}�q Û9� )± Ë v6z�~pv�1np��x1}�¤Uv6z�zUx�poUv�{x{zrquo�Ìu}�~px°m�°'Lnpmyx1oU~�q�q�~px1oUx{�U«�q
zrx¨�xp}�x{z�¤�Ìu}�oUx1�poUx{zrx1}�¤rqW~pv6z�x1}�w�qC³�¨6nporq�s9± Û ± Ù }�x1w©�po�m���x1o~pv�1np��x1}�¤Uv�}�v�zrx|oUx¡quw�m�°q�}pm�}(¨6np}�q�z�n�z�¤�m�¤�n��1my W}��©vWo�Ln�x<x1}²~tmy�r«�v�~pv¢�1np��x1}j¤Uv�}�v�x1Ðtmyz�¤Ux°}pm�}(¨�xp}
}�v~pvËx<Lnpm�½6qu}�¤Ux_± Ë qËzrquw�my~�qË�{vW}�¤�myx1}�x±np}�qé�{vW�pm�qËx1ÐpqW�¤rqË~px1w<�po�m���x1o²~pv�1np��x1}�¤Uv��1n�qu}�~pv£zUxx1���pmyx°q²q��poUv�{x{zrquo�x1w�zrx¨6np}�~pv²~pv¢�1np��x1}j¤Uv(± a «�vWorq¬«pmyx1}�§�x1wÄ«pwyv9Ln�x�~px+¤Ux1Ð)¤Uv�?²zUx�zUn�z�¤�m�¤�n(¶4x
�©vWo&np}�q�oUx1©�x1oUx1}��1m�q¥quwÄ«pwyvj¢n�x�~px ¤Ux1Ð9¤Uv Û ¶Lq4¢n�x�zrvW}Cx<Lnpm�½6quwyx1}�¤Ux{z	± Ù }"w�q¹³�¨6nporq<s9± ?�» a x{z�¤rq
oUx1©�x1oUx1}��1m�q�x{z�¤�Ì�oUx1�poUx{zrx1}�¤rqW~�q��©vWo|np}�¤�o�m�Ìu}(¨6npwyv(±���vW��v�x1w�x1wyx1��x1}j¤Uv�x{z�¤�o�n��¤�nporquwaLn�x��{vW}�¤�myx1}�x
x1w�«pwyv9¢n�x�~px¥¤Ux1Ð)¤Uvk?C¤rqu�C«pmy¦1}��{vWm�}��1my~px|�{vW}�x1w�¢n�x��{vW}�¤�myx1}�x°x1w�«pwyv9¢n�x�~px¥¤Ux1Ð)¤Uv Û ��x1}¨x{z�¤Ux|�¡qWzUv¤Ux1}�x1��v6z&~pv6z�}�v~pv6z<x<¢npm�½Wquwyx1}j¤Ux{z'Y1§©w�q�oUx1©�x1oUx1}��1m�q�qu}j¤Ux1o�myvWo�zUxN½n�x1w�½4x�q¨zUn�z�¤�m�¤�npm�o<�@vWo<v�¤�orq¹¢n�x
�{vW}j¤�myx1}�x�quw�x1wyx1��x1}�¤Uv�x{z�¤�o�n��¤�nporquwN�/³�¨6nporq�s9± ?�»+�ÜY1± í �1npo�oUx�wyv¨��myz���v¨�{vW}¥x1ws«pwyvj¢n�x�~pxµ¤Ux1Ð9¤Uv�s�/³�¨6nporqWzTs9± ?�» ��¶�s9± ?�» ® Y1±
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(A) (B) (C) (D)��m�¨6nporqÿs9± ?�sXÂ|x1�poUx{zUx1}�¤rqW�1my W}���qWzUvÌq¦��qWzUv±~px²w�qWz�z�n�z�¤�m�¤�n��1myvW}�x{z®Ln�x²zrx�«�qu}êx1©�x{�¤�n�qW~pvCx1}êx1w
zUx¨6np}�~pv�~pv¢�1np��x1}j¤Uv(±

��m�}�quw���x1}j¤Ux¬zUx�x1���pmyx°q�q��poUv¢�{x{zÉquo�x1w9¤Ux1oU�{x1o�~pv¢�1np��x1}j¤UvT¶2§ôx1}
�po�m���x1o�w�n(¨Lquo'§WzUxºx1©�x{�¤Vx�qu}
w�qWz
z�n�z�¤�m�¤�n��1myvW}�x{zª~px�wyv6z�«pwyv9¢n�x{z�~pxa¤Ux1Ð)¤UvQPZ¶Pù)§qWz�ô4�{vW��vNw�qWzªz�n�z�¤�m�¤�n��1myvW}�x{zª~pxºz�n�z��{vWo�oUx{z��©vW}�~tmyx1}�¤Ux{z
x1wyx1��x1}j¤Uv6z�x{z�¤�o�n��¤�nporquwyx{zF�Â��qWzUv|q���qWzUv|w�qWz�z�n�z�¤�m�¤�n��1myvW}�x{z�zUx���n�x{z�¤�orqu}�x1}�w�qWzs³�¨6nporqWz�s9±-�6» a qTs9±-�6»
® Y1± ! }�qI½4x°¥¢n�x¬zUx�«�q°�poUv�{x{zrqW~pv<x1w�x1wyx1��x1}�¤Uv�x{z�¤�o�n��¤�nporquw ò zrx\½4x1o�m�³��¡qVLn�x¬zUx��pn�x{~pxNzUn�z�¤�m�¤�npm�o�{vW���pwyx¤Ux1��x1}j¤Ux&�©vWoNx1w©x1wyx1��x1}j¤Uv � �©vWo�¢n�x&qu�C«©v6zNzUvW}�x<Lnpm�½6quwyx1}�¤Ux{zs(¤�myx1}�x1}Êx1w©��myz���v
}~xp��x1oUv~px|«pm Ï§v6z\¶�z�n�z�«pm Ï§v6zIzUvW}�x<¢npm�½Wquwyx1}j¤Ux{z�np}�v�q&np}�vµ¶�~px|m�°'¢npmyx1oU~�q�q�~px1oUx{�U«�q��/³�¨6nporq�s9±-�6» Ù Y1±1u�vWoxpw�¤�m���v(§¢zUxNz�n�z�¤�m�¤�n(¶4x|x1w�«pwyv9Ln�x|~px5¤Ux1Ð9¤Uv Û9� �©vWo�np}�q<oUx1©�x1oUx1}��1m�q�quw"«pwyvj¢n�xNx<¢npm�½Wquwyx1}j¤Uxzn�/³�¨6nporqs9±-�6»+�XY1± Ù }¥x{z�¤Ux��¡qWzUv¨}�v¨zrx&�pn�x{~px�z�n�z�¤�m�¤�npm�o�x1w¯x1wyx1��x1}�¤Uv�x{z�¤�o�n��¤�nporquw�õ*�@vWo|np}�q�oUx1©�x1oUx1}��1m�q�quw
Ù �pn�x{z�¤Uv+¢n�x|}�v
zUvW}�x<¢npm�½Wquwyx1}j¤Ux{z��Ânp}���myz���v
�{vW}�¤Ux1}pmy~pv�x{z�¤�Ì�n(«pmy�¡qW~pv�x1}¬¤�m��@v6z¬~px°x1wyx1��x1}�¤Uv6z
x{z�¤�o�n��¤�nporquwyx{z|~tm�©�x1oUx1}j¤Ux{z'Y1±
7��32�� ï^É��|��ö��°÷����<�ùø<�ú���û��üLýI��ö��´ÊYWW�
Ù wÆ��v¢~px1wyv Ë t#� ² zrx�«�q��poUv�«�qW~pv�n(¤�m�w�m�°qu}�~pv�~tm�©�x1oUx1}j¤Ux{z��{vWwyx{�{�1myvW}�x{zN~pxT[T��vWo���z'§tw�qWz��1n�quwyx{z

zUxº�{vWo�oUx{z��@vW}�~px1}��{vW}�~pv¢�1np��x1}j¤Uv6z�oUx¡quwyx{zªn(¤�m�w�m�°qW~pv6z�x1}�w�q¬�©x<Ln�xK5�q¥¶<��x{~tm�qu}�q�x1���poUx{zrq|�U«pm�wyx1}�q)±[T��vWo���zKñ	§Wnp}�~tm�quwyx{�¤Uv&~pxF[ � Ë §6x{z�np}�q°oUx{�{vW��x1}�~�qW�1my W}��¡qu}�~tmy~�q?¤rq<~pxN= `���{vW}�x1w�v�«)Ï�x¤�m�½4v&~px
x{z��©x{�1m�³��¡quo\©�vWo���npw�quo�myv6z G x«�§9Ln�x°zUx1��quorq�~px�np}�q���qu}�x1orq���n(¶��poUx{�1myzrq�x1w©�{vW}�¤Ux1}pmy~pv
zUx1� Ìu}�¤�my�{v~px¬wyv6z�qWz��©x{�¤Uv6z�~px¬�poUx{zrx1}�¤rqW�1my W}�± Ù }¨�{vW}��1oUx¤Uv(§Lw�q<n(¤�m�w�m�°qW�1my W}�~pxF[T��vWo���zºx{z�¤�Ì&z�myx1}�~pv�«�q?«pm�¤�n�quw
x1}�w�q
oUx1�poUx{zrx1}�¤rqW�1my W}»x&m�}�¤Ux1oU�¡qu�C«pmyv�~px�m�})©�vWo���qW�1my W}�¶¬¤�orqu}�zrqW�{�1myvW}�x{z�x1}j¤�oUx�x1���poUx{zrqWz'±
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(A) (B) (C)

(D) (E) (F)
��m�¨6nporqÿs9±-�tsæÂ�x1�poUx{zUx1}j¤rqW�1my W}ê��qWzUvCq¥��qWzrvÌ~px�w�qWz�z�n�z�¤�m�¤�n��1myvW}�x{z ¢n�x�zUx�«�qu}êx1©�x{�¤�n�qW~pvÌx1}êx1w¤Ux1oU�{x1o|~pv¢�1np��x1}j¤Uv(±

u¯vWo&�1n�x{z�¤�myvW}�x{z�~px��po�m�½6qW�1my~�qW~±}�v�zUx�«�qu}±�©v¢~tmy~pv�n(¤�m�w�m�°quoP«�qWzUx{z<~px
~�q?¤Uv6z&~px�[T��vWo���z�qW�1»¤�n�quwyx{z	§��©x1oUv��©v¢~px1��v6z|z�m���npw�quo�w�qWz�~px&np}�q���qu}�x1orq���n(¶��poUx{�1myzrq)± ² x�«�qu}»v�«(¤Ux1}pmy~pv��1m�}��{v ¤�m��©v6z~tm�©�x1oUx1}�¤Ux{zI~px¥©�vWo���npw�quo�myv6zT�Â�©vWoIxÈÏ§x1���pwyvV©�qW�¤�nporqWz'Yó¢n�x¥¤�myx1}�x1}¬½Wquo�myv6z��¡qu���@v6z\¶��¡qW~�q&np}�vµ¤�myx1}�x
np}Î½4v¢�¡q?«pnpw�quo�myv»�{vW}�¤�oUvWw�qW~pv��Â�©vWo�xÈÏ§x1���pwyv»}�vW�C«poUx{z�~px��pmyx°qWz�v¹©�x{�U«�qWz'Y�quw\¢n�x�zUx�«�q¹¤Ux1}pmy~pv
qW�{�{x{zrv(±/u¯vWoNwyv+¤rqu}j¤Uv(§�zUx°«�qN¨4x1}�x1orqW~pv¨x1w��{vW}�¤Ux1}pmy~pv�~px�w�qWzZ«�qWzrx{zN~px<~�q?¤Uv6zN~pxT©�vWo���q�quwyx¡q?¤UvWo�m�q)§
x1w�m�¨6myx1}�~pv¨x1w¯�{vW}j¤Ux1}pmy~pv¨~px&�¡qW~�q��¡qu���@v¨~px&z�n4½4v�¡q?«pnpw�quo�myv��{vW}j¤�oUvWw�qW~pv��{vWo�oUx{z��@vW}�~tmyx1}j¤Ux_± a np})»¢n�x&w�qWzI«�qWzUx{z°~px�~�q?¤Uv6z|v�«(¤Ux1}pmy~�qWz<~px�x{z�¤rq���qu}�x1orq�zUvW}¼½�Ìuw�my~�qWz°��quorq¨x1Ð�©x1o�m���x1}�¤rquo<�{vW}¦x1w�w�qWz'§
x{z�}�x{�{x{zrquo�myv¦~px{z�¤rqW�¡quo+Ln�x¨wyv6z�~�q?¤Uv6z�oUx¡quwyx{z��©v6z�m�«pwyx1��x1}�¤Ux¹¤Ux1}(¨Lqu}�� ÌWz�oUx{~tnp}�~�qu}��1m�q�Ln�x�wyv6z
~�q?¤Uv6z�v�«(¤Ux1}pmy~pv6z�~px�©�vWo���qÊquwyx¡q?¤UvWo�m�q�¶2§��©vWo�wyv4¤rqu}j¤Uv(§ª}�v6z�x1}��{vW}�¤�orqu��v6z�qu}j¤Ux�np}�q�]�z�m�¤�n�qW�1my W}
�©x{z�m���myz�¤rqyw�±

a �{vW}�¤�m�}Ln�qW�1my W}²zrx¬oUx¡quw�m�°q&np}�qC«poUx½4x°~px{zU�1o�m��@�1my W}�~px�wyv6z��1m�}��{vV¤�m��©v6z�~px5©�vWo���npw�quo�myv6z5¢n�x�zUx
«�qu}Ên(¤�m�w�m�°qW~pv(±

[z��vWo�� ~px5¤�m��©v Û s���x1}j¤�orquw�m�°qW�1my W}�~px¬oUx1��np}�x1orqW�1myvW}�x{z'±ÐÂ|x1�poUx{zUx1}�¤rq&w�q<�{vW}�¤rq?«pm�w�m�°qW�1my W}�~px
w�qWz�oUx1��np}�x1orqW�1myvW}�x{z���x1}�z�n�quwyx{z'§ß�@vWo°�¡qu}�¤�my~�qW~px{zT¤Uv�¤rquwyx{zº¶²�{vW}¥~px{z�¨6wyv6zUx�~px�z�n»�{vW���©v6z�m�»
�1my W}�± Ù z¬np}»~pv¢�1np��x1}j¤Uv���n(¶�n�zrqW~pv(±
[z��vWo�� ~pxP¤�m��©v��ts/��qW�¤�nporq�~pxP½4x1}j¤rq)± Ù z�np}²~pv¢�1np��x1}j¤Uv�wyx¨Lquwª�r«pm�wyx1}�v(±
[z��vWo��!~px¼¤�m��©v tsZ��qW�¤�nporqË~px±�{vW���porq)± Ù z�np} ~pv�1np��x1}�¤Uv£wyx¨Lquw&�r«pm�wyx1}�v(§¬z�m���m�w�quoÊquwqu}�¤Ux1o�myvWo'±
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243E� ¹65uç �ý��� ¿Sç �W· ¿ � ç Á
[z��vWo�� ~pxÁ¤�m��©v�?�s í oU~px1}%~pxÁ¤�orq?«�q6Ï§v(± Ù z�x1w<~pv�1np��x1}�¤Uv¿¢n�x»n�zrqu}Õw�qWz�x1���poUx{zrqWz�~px�poUv'¶4x{�¤Uv6zÊ~pxÌm�}�z�¤rquw�qW�1myvW}�x{zÊ~px±�¡quwyx1©ÏqW�{�1my W} ��quorq�oUx¨6myz�¤�orquo»x1w&~px¤rquw�wyxC�{vW}�¤rq?«pwyxC~px±np}¤�orq?«�q6Ï§v��{vW}j¤�orq?¤rqW~pv(±
[z��vWo�� ~pxT¤�m��@v��ts|��n(«pmy�¡qW�1my W}¥~pxT¤�orq?«�q6Ï§v(± Ù zNx1w�~pv¢�1np��x1}j¤Uv ¢n�x�n�zrqu}²x1}²w�qWzNx1���poUx{zÉqWzLn�xN�{vW}�z�¤�o�n(¶4x1}¨wyx¤�oUx1oUv6zR¶�zUxK5�quwyx{z\«�q6Ï§v&~px1��qu}�~�q���quorq�~px¤Ux1o���m�}�quo�w�qWz���quo�¤Ux{zó¶�x1w@�{v6z�¤Uv
~px�np}^¤�orq?«�q6Ï§v�q
~px{zrquo�oUvWw�w�quo'± Ë qWzNx1���poUx{zrqWzN�{vW}�z�¤�o�n��¤UvWorqWzNn�zrqu}�np}²~pv�1np��x1}�¤Uv�zUm���m�w�quo'±

u�quorq�oUx¡quw�m�°quo�wyv6z<x1Ð�©x1o�m���x1}�¤Uv6z<zrx�«�qu}¦n(¤�m�w�m�°qW~pv�w�qWz��{vWwyx{�{�1myvW}�x{z&~px�[z��vWo���z<~pxC¤�m��©v�?®¶���@vWo°zUx1��quorqW~pv ¶�~pxC©�vWo���q�m�}�~tm�½¢myzUm�«pwyx�~px«pmy~pv�q�z�n»�@x<¢n�xK5�v�¤rqu��q65�v��ß�©vWo|v�¤�oUv¨w�qW~pv(§ßzUx�«�qu}
zUx1wyx{�{�1myvW}�qW~pv�~tm�©�x1oUx1}j¤Ux{z¯¤rqu��q65�v6z|~px<�{vWwyx{�{�1myvW}�x{z|~pxT[T��vWo���z�~pxV¤�m��@v Û §e�+¶�)±u�quorq|��xÈÏ§vWorquo�w�q�orq?°¡ W}
~px��{vW���poUx{z�my W}�zUxº«�q|qu�pw�my�¡qW~pv°np}�q|�{v¢~tm�³��¡qW�1my W}�~px : n1×©��qu}µ«�qWzÉqW~�qx1}¤��quw�q?«porqWzÀø : n)©����)§v� ² q = P��?ú<zUv�«poUx¥w�qWz��{vWwyx{�{�1myvW}�x{z¹¤�orqu}�zª©�vWo���qW~�qWz��{vW} Ë t#� ² ± Ù wT¤Ux1Ð)¤Uv¤�orqu}�zª©�vWo���qW~pvÌx{z
np}�q±zrx{�1n�x1}��1m�qÁ³�}pm�¤rqÁ©�vWo���qW~�q¦�@vWo���quw�q?«porqWz	§�zUx1��quorqW~pvWoUx{z�¶�x¤�myLn�x¤rqWz���x1}
~pvW}�~px�np}�q¬��quw�q?«porqNx{zª�1n�quwy¢npmyx1oªzUx{�1n�x1}��1m�qN� Ì6Ðm���q�~px��¡quorqW�¤Ux1oUx{z¯quw�©Ïqu}Lnp��¦1o�my�{v6z	§np}�zrx1��quorqW~pvWo
x{z��1n�quwyLnpmyx1oIzUx{�1n�x1}��1m�q�� Ì6Ðm���q�~px°�¡quorqW�¤Ux1oUx{z�}�v
quw�©Ïqu}Lnp��¦1o�my�{v6zZ¶2§x1}¨x{z�¤Ux°�¡qWzUv(§4np}�q�x¤�my¢n�x¤rq
zUx1o�Ì"np}%�{ ~tm�¨4v~¢n�x¦zUx¥«�q"m�}�zUx1o�¤rqW~pv£x1}%x1wI¤Ux1Ð)¤Uv���quorq�oUx1�poUx{zUx1}�¤rquo²x1w�m�}pmy�1myv£vËx1wI³�}�quw&~px
np}Ëx1wyx1��x1}�¤Uv¦x{z�¤�o�n��¤�nporquw¬v»np}�q²oUx1©�x1oUx1}��1m�q¼¶�Ln�x�zUx�~tm�©�x1oUx1}��1m�q¥~px1w�oUx{z�¤Uv»~px1wR¤Ux1Ð9¤Uv»�©vWoN¢n�x
~tmy�r«�v"�{ ~tm�¨4vCzUxÊoUx1�poUx{zUx1}�¤rq"~px�©�vWo���qÌ«�q?«pm�¤�n�quw°x1}j¤�oUxÊwyv6z�z�ô��C«©vWwyv6zML6N�L�¶OL6P3L�Ln�x¥qW�¤Vx�qu}
�{vW��v±~px1w�m���m�¤rqW~pvWoUx{z'± Ë qWz���quw�q?«porqWz'§�wyv6z�zUx1��quorqW~pvWoUx{z�¶�w�qWz�x¤�my¢n�x¤rqWz�qu}�¤Ux1o�myvWo���x1}j¤Ux»�1m�¤rqW~�qWzzUx1o�Ìu}��{vW}�z�my~px1orqW~�qWz|�{vW��v�z�ô��C«©vWwyv6zN~px1wªquw�©Ïq?«(¤Ux¤Uv�~px�w�qµ©Ân�x1}j¤Ux<x1}�w�q
�{v¢~tm�³��¡qW�1my W}»~px : n1×©��qu}«�qWzrqW~�q
x1}Ê��quw�q?«porqWz¯¢n�x<zUx�n(¤�m�w�m�°q
��quorq��{vW���po�m���m�o°x1w�¤Ux1Ð9¤Uv+¤�orqu}�z�©�vWo���qW~pv(±

Ù }¬¤Uv~pv6zIwyv6z¬x1Ðt�@x1o�m���x1}j¤Uv6z'§�zUx°«�q��poUv�«�qW~pv Ë t#� ² ½6quo�m�qu}�~pv�x1w�½WquwyvWo¬~px1wÆ��quo�Ìu��x¤�oUv
l
�!½4x1oÕ�s9± Û ± Û Yº��quorq��{vW���poUv�«�quo¬w�q�m�}��1my~px1}��1m�q
~px1wu½6quwyvWo¬~px

l
§9Ln�x°m�}�~tmy�¡q��1n�ÌuwÆzUx1o�Ì�x1w"¤rqu��q65�v
��ô�}pm���v

~px�wyv6zZ«pwyv9Ln�x{z�~pxT¤Ux1Ð9¤Uv
��quorq+¢n�xP¦{z�¤Uv6zNzUx¡qu}��¡qu}�~tmy~�q?¤Uv6z°q
zUx1oNz�n�z�¤�m�¤�npmy~pv6z'§pzrv�«poUx�w�q�orq?°¡ W}Ê~px
�{vW���poUx{z�my W}�±��n�qu}�~pv

l = 0
zUxºoUx¡quw�m�°qu}µ¤Uv~�qWz¯w�qWz¯z�n�z�¤�m�¤�n��1myvW}�x{z¯�©v6z�m�«pwyx{z'§�@vWo�x1w�{vW}j¤�orquo�myv(§W�1n�qu}�~pv

l =∞}�v²zrx�z�n�z�¤�m�¤�n(¶4x�}pm�}(¨�xp}ê«pwyv9Ln�x¨~px�¤Ux1Ð)¤Uv�¢n�x�}�vÊx{z�¤�¦�m�}��1w�npmy~pvÊx1}"np}"x1wyx1��x1}j¤Uv¥x{z�¤�o�n��¤�nporquw�§
�©vWo&wyv�¢n�x�zrx��pn�x{~px�~px{�1m�o+¢n�x�x1}"x{z�¤Ux��¡qWzUv»zU Wwyv²zUx¨z�n(¤�m�¤�n(¶4x1}"wyv6z�x1wyx1��x1}�¤Uv6z�x{z�¤�o�n��¤�nporquwyx{z	±
Ù }Ë�{vW}��1w�n�z�my W}�§�zUx�x1©�x{�¤�n�quo�Ìu}Ë� ÌWz
v²��x1}�v6z
z�n�z�¤�m�¤�n��1myvW}�x{z
~px1�©x1}�~tmyx1}�~pv¥~px1wR½6quwyvWoµ¢n�x¨zUx�wyxqWz�m�¨6}�x�quw���quo�Ìu��x¤�oUv

l
¶2§�{vW}�zUx{�1n�x1}j¤Ux1��x1}�¤Ux_§pw�q�x1wyx{�{�1my W}�~px°~tmy�U«�vN½6quwyvWo�m�}! �n(¶4x�zUv�«poUx�w�q&orq?°¡ W}

~px<�{vW���poUx{z�my W}»�@x1oUv
}�v�zUv�«poUx�w�q+½6quw�my~px°&~px<w�qN¤�orqu}�zª©�vWo���qW�1my W}�±
Ë qWzZ¤rq?«pw�qWzQs9± Û §/s9±-�µ¶�s9±-���n�x{z�¤�orqu}�w�qWz�orq?°¡vW}�x{zN~px��{vW���poUx{z�my W}²v�«(¤Ux1}pmy~�qWzI�@vWoIw�qµ¤�orqu}�zª©�vWoª»

��qW�1my W} Ë t#� ² ¶��@vWoºw�q<�{v¢~tm�³��¡qW�1my W}�~px : n1×@��qu} «�qWzrqW~�q&x1}���quw�q?«porqWz�zUv�«poUx¬w�qV¤�orqu}�zª©�vWo���qW�1my W}��quorq¥wyv6z�~tm�©�x1oUx1}�¤Ux{z ¤rqu��q65�v6z�~px�w�qWz��{vWwyx{�{�1myvW}�x{z¨~px�wyv6z�¤�m��@v6z�~px�[z��vWo�� Û §��Á¶�¥oUx{z��©x{�¤�m�»½6qu��x1}�¤Ux_±�u�vWo�v�¤�oUv²w�qW~pv(§Æw�q¹¤rq?«pw�qDs9±-����n�x{z�¤�orq�w�qWz�orq?°¡vW}�x{z�~px��{vW���poUx{z�my W}�v�«(¤Ux1}pmy~�qWz&�©vWo&w�q¤�orqu}�zª©�vWo���qW�1my W} Ë t#� ² ¶��©vWo¬w�q
�{v¢~tm�³��¡qW�1my W}Ê~px : n1×©��qu}^«�qWzrqW~�q�x1}���quw�q?«porqWz�zrv�«poUx�w�qN¤�orqu}�zª»©�vWo���qW�1my W}���quorq°w�qWz��{vWwyx{�{�1myvW}�x{z�~pxZ[T��vWo���z�~pxR¤�m��@vT?T¶X�)± Ù }�w�q��po�m���x1orq<��quo�¤Ux¬~pxIw�qWz%¤rq?«pw�qWz�zUxm�}�~tmy�¡q�w�q&�{vW���poUx{z�my W}¨v�«(¤Ux1}pmy~�q�quw�oUx¡quw�m�°quoYxp}pmy�¡qu��x1}j¤Ux�w�qT¤�orqu}�z�©�vWo���qW�1my W} Ë t#� ² ��myx1}j¤�orqWz\¢n�xx1}¨w�q�zUx¨6np}�~�q���quo�¤Ux�zUxN��n�x{z�¤�orq�w�q��{vW���poUx{zUmy W}�v�«(¤Ux1}pmy~�q�~px{z��pn�¦{zI~px�qu�pw�my�¡quo�np}�q��{v~tm�³��¡qW�1my W}
~px : n1×@��qu}�«�qWzrqW~�q
x1}²��quw�q?«porqWz|quw�¤Ux1Ð9¤Uv+¤�orqu}�zª©�vWo���qW~pv(±a w�q ½myz�¤rq�~px�wyv6z°oUx{z�npw�¤rqW~pv6z<zUx��pn�x{~px
q6³�o���quo�w�qWz°�©x{vWoUx{z|orq?°¡vW}�x{z�~px
�{vW���poUx{z�my W}±zUx�«�qu}
v�«(¤Ux1}pmy~pv���quorq

l =∞
¶�w�q��{vW���poUx{zUmy W}��1n�qu}�~pv

l = 0
«�q°v�«(¤Ux1}pmy~pv�np}�v6z�oUx{z�npw�¤rqW~pv6z�m�}j¤Ux1o���x{~tmyv6z

x1}
w�q°��q<¶4vWo�ô�q&~px�wyv6z��¡qWzrv6z�w�wyx¨�Ìu}�~pv6zUx�q�quwy�¡qu}(°quo���xÈÏ�vWorqWz�~pxIw�q�orq?°¡ W}�~px¬�{vW���poUx{zUmy W}�~pxI«�qWz�¤rq
x1w#?~PXÌ x1}²w�q
�{vWwyx{�{�1my W}Ê� ÌWz5¨6orqu}�~px�~pxT[T��vWo���zN~pxP¤�m��©v Û ± Ë q
x1Ðp�{x1�@�1my W}»zUx<x1}��1n�x1}�¤�orq�x1}�w�qWz�{vWwyx{�{�1myvW}�x{zN~pxz[T��vWo���z¬~pxI¤�m��@vX���q<¶4vWoUx{zN~px ÛT� «�¶9¤Ux°x1}�w�qWz5¢n�x|zrx|m�}j½¢myx1o�¤Ux1}�wyv6z�oUx{z�npw�¤rqW~pv6z��xÈÏ�vWorqu}�~pv
x1w@�¡qWzUv

l = 0
q
l =∞

x1}�np}h��PXÌí��quorq�x1wu¤rqu��q65�v
~px|�{vWwyx{�{�1my W}�� ÌWzR¨6orqu}�~px_± Ù z�¤UvzUx°~px«©x�q�w�qWzI�poUvW�pmyx{~�qW~px{z¬m�}j¤�o�ô�}�zUx{�¡qWzN~px°w�qWz¬�{vWwyx{�{�1my W}4¶�� ÌWz¬�{vW}��1oUx¤rqu��x1}j¤Ux�q�w�q��¡qu}�¤�my~�qW~¹¶¤rqu��q65�v¨~pxV«pwyv9Ln�x{z°~pxV¤Ux1Ð)¤Uv ¢n�x&}�v¨zUx&x1}��1n�x1}�¤�orqu}±~px1}j¤�oUv¨~px�}pm�}(¨�xp}¥x1wyx1��x1}j¤Uv�x{z�¤�o�n��¤�nporquw�±
ò v�v�«�z�¤rqu}j¤Ux_§tx1}�w�q���q<¶4vWo�ô�q�~px|w�qWzIz�m�¤�n�qW�1myvW}�x{zIw�qWzºorq?°¡vW}�x{z¬~px°�{vW���poUx{z�my W}�v�«(¤Ux1}pmy~�qWzI��quorq�wyv6z
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l
l q qu��q65�v Û ± �1Û ù)±-P_ù� ?�±Ms Û s9±Ms��� Û9� ±-����P)±-P`s�� Û ù)±-�`s Û ±-�P� ?~�)± Û ���)± Û �6?

q orqu}�zª©�vWo���qW�1my W} Ë t#� ²
� Û §-�`sy?~PXÌ � §-6? Û �XÌ � § Û �`s��XÌ � § � P Û ùXÌ � § � �P��XÌ? Û §-�6?~�_ùXÌ � §-�6?~�XÌ � § Û �6?~XÌ � § � P � �XÌ � § � `sy?ÍÌ� Û §-�6?~���XÌ � §-�6?~�XÌ � § Û �6?~�XÌ � § � P � �XÌ � § � `sy?ÍÌ� Û §-�6?~�`sSÌ � §-�����XÌ � § Û �6?~�XÌ � § � P � ?ÍÌ � § � `s��XÌs Û §-�6?~�`sSÌ � §-�����XÌ � § Û �6?~�XÌ � § � P � ?ÍÌ � § � `s��XÌP Û §-�6?~�`sSÌ � §-�����XÌ � § Û �6?~�XÌ � § � P � ?ÍÌ � § � `s��XÌ
∞

�)§Ôù_ù6?~�XÌ � §-��� � �XÌ � §- � ?~�XÌ � § Û ��P�XÌ � § � s��PXÌ
q orqu}�zª©�vWo���qW�1my W} Ë t#� ² o =ÌvWoU~9» : n1×©��qu}

� � §Ôù6?~��PXÌ � §-� � ù�XÌ � § � ù�P��XÌ � § � � Û �XÌ � § � �6? � Ì? � §-P_ù��`sSÌ � § Û ù`s��XÌ � § � ù�6?ÍÌ � § � ?�ù � Ì � § � �� Û Ì� � §-P`s��_ùXÌ � § Û ù���XÌ � § � ù � �XÌ � § � ?As��XÌ � § � ���6?ÍÌ� � §-P��6?~�XÌ � § Û ù����XÌ � § � P_ù6?ÍÌ � § � ?As Û Ì � § � ����XÌs � §-P�� Û ùXÌ � § Û P_ù`sSÌ � § � P�P Û Ì � § � ?~���XÌ � § � � Û ùXÌP � §-P����PXÌ � § Û P�P�PXÌ � § � P`s��XÌ � § � ?~���XÌ � § � � Û �XÌ
∞ Û § Û9�1Û sSÌ � §-�6?�? Û Ì � § Û�Û ���XÌ � § � ��P��XÌ � § � �`s�XÌ

q q?«pw�qns9± Û s7��vW���poUx{zrz�myvW}²orq?¤�myv6z5©�vWoN[T��vWo���z¥¤g¶¢�©x Û

l
l q qu��q65�v Û ± �1Û )±-���`s ?�±Ms���)± � _ù Û9� ± �1Û �)±Ms���� � � ± ?�?~P)±-����� ?~P)±-����)±-�_ù�P

q orqu}�zª©�vWo���qW�1my W} Ë t#� ²
� P)§-���6?�?ÍÌ �)§Ôù������XÌ �)§-�6?~��XÌ �)§ ?~�����XÌ �)§-�_ù Û PXÌ? �)§-�`s�ù��XÌ �)§ � �6?~PXÌ ?�§Ms���� � Ì ?�§ ?~P_ù � Ì ?�§- Û  Û Ì� �)§-�`s���XÌ �)§ � � Û ?ÍÌ ?�§Ms������XÌ ?�§ ?~P����XÌ ?�§- Û�Û�Û Ì� �)§-��P6? � Ì �)§ � �_ù��XÌ ?�§Ms��_ù�PXÌ ?�§ ?�ù���XÌ ?�§- Û s � Ìs �)§-��P6?~�XÌ �)§ � �_ù��XÌ ?�§Ms��_ù�PXÌ ?�§ ?�ù��XÌ ?�§- Û s � ÌP �)§-��P6?AsSÌ �)§ � �_ù`sSÌ ?�§Ms��_ù_ùXÌ ?�§ ?�ù��XÌ ?�§- Û s � Ì
∞

ù)§-P ��� �XÌ s9§-P � � Û Ì s9§ ?�ù6?~�XÌ �)§Ôù���6?ÍÌ �)§-� Û ��XÌ
q orqu}�zª©�vWo���qW�1my W} Ë t#� ² o =ÌvWoU~9» : n1×©��qu}

� �)§Ms Û s � Ì Û § ?�ù ��� Ì Û §-�`s � �XÌ Û § Û � Û �XÌ Û § � � � ?ÍÌ? �)§-�6? Û XÌ Û §-�P��6?ÍÌ Û § Û s�s�ùXÌ Û § � ��P6?ÍÌ � §Ôù���� � Ì� �)§-�����`sSÌ Û §-�P Û ?ÍÌ Û § Û s��XÌ Û § � �_ù Û Ì � §Ôù��6?AsSÌ� �)§-��� � �XÌ Û §-�P_ù��XÌ Û § Û s����XÌ Û § �  Û PXÌ � §Ôù���P�XÌs �)§-� Û 6?ÍÌ Û §-�P Û sSÌ Û § Û s�_ùXÌ Û § � �_ù��XÌ � §Ôù����_ùXÌP �)§-� � �_ùXÌ Û §-�P Û9� Ì Û § Û s � �XÌ Û § � ����XÌ � §Ôù����_ùXÌ
∞

)§-�����XÌ �)§-� Û P_ùXÌ �)§ �1Û P`sSÌ Û §-P � �6?ÍÌ Û §-��`s��XÌ
q q?«pw�qns9±-�ts7��vW���poUx{zrz�myvW}²orq?¤�myv6z5©�vWoN[T��vWo���z¥¤g¶¢�©xk�

½6quwyvWoUx{z&~px
l = 0

¶
l = ∞

zUvW}±�©x{vWoUx{zC¢n�x
w�qWz&v�«(¤Ux1}pmy~�qWz��©vWoP½6quwyvWoUx{z&m�}�¤Ux1o���x{~tmyv6z�~px
l
± Ë v6z½6quwyvWoUx{z�m�}�¤Ux1o���x{~tmyv6z|~px

l
�poUvW�@vWoU�1myvW}�qu}�}pm�½4x1wyx{z¬~px��{vW���poUx{z�my W}²z�m���m�w�quoUx{zI�{vW}¹½6quo�m�qW�1myvW}�x{z¬��n(¶

�©x<¢n�xK5�qWz'§p��xÈÏ�vWorqu}�~pv¨�{vW��v���ô�}pm���v�w�q��{vW���poUx{z�my W}»v�«(¤Ux1}pmy~�q¨x1}Ênp} Û PXÌ �{vW}ÊoUx{zU�@x{�¤Uv�q
wyv6z½6quwyvWoUx{zNx1Ð)¤�oUx1��v6z�~px
l
x1}Êx1wÆ�©x1oUv��¡qWzUv
�©v6z�m�«pwyx_±

Ù }»�1n�quwy¢npmyx1o|�¡qWzUv�w�q��{vW���poUx{z�my W}�Ln�x<«�q�v�«(¤Ux1}pmy~pv�w�q+¤�orqu}�z�©�vWo���qW�1my W} Ë t#� ² ~px��@vWo|z�ôªx{zzrvWo��poUx1}�~px1}�¤Ux1��x1}�¤UxZ«pn�x1}�q)§ôzUv�«poUxÄ¤Uv~pvNz�m¢zUxa¤�myx1}�xºx1}��1n�x1}�¤rq¯Ln�xºw�q¬zrquw�my~�qN~px�w�q5¤�orqu}�zª©�vWo���qW�1my W}
zUm�¨6n�xNz�myx1}�~pv<np}�~pv�1np��x1}�¤Uv�~px5¤Ux1Ð)¤Uv(±A��n�qu}�~pv�zUx|qu�pw�my�¡q�np}�q&�{v~tm�³��¡qW�1my W}¨~px : n1×©��qu}�«�qWzrqW~�q
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l
l q qu��q65�v Û ± � � � ±Ms � � �)± �1Û �)±Ms��P Û9� ±Ôù�P��)± ? � s Û ù)±Ôù Û )± � s� ?�?�±-�_ù�P)± Û �6?

q orqu}�z�©�vWo���qW�1my W} Ë t#� ²
� Û9� §Ms��6? � Ì ù)§-���_ù � Ì ù)§-���6?�ùXÌ ù)§-��_ù � Ì ù)§-���6? � Ì? s9§Ms�s��PXÌ �)§-� Û�Û XÌ �)§-�_ù���XÌ �)§ Û P���XÌ �)§ � P�P��XÌ� s9§Ms����`sSÌ �)§-� � P Û Ì �)§-�_ù Û�Û Ì �)§ Û P�6?ÍÌ �)§ � P`s��XÌ� s9§Ms�s�P_ùXÌ �)§-� Û �_ùXÌ �)§-�_ù`sy?ÍÌ �)§ Û P�P��XÌ �)§ � ù Û9� Ìs s9§Ms�s�ù��XÌ �)§-� Û �_ùXÌ �)§-�_ù`sy?ÍÌ �)§ Û P�P��XÌ �)§ � ù Û9� ÌP s9§Ms�s�ù�PXÌ �)§-� Û � Û Ì �)§-�_ù`s��XÌ �)§ Û P�P��XÌ �)§ � ù Û9� Ì
∞ Û9� §Ôù Û9�1Û Ì P)§Ôù���`sSÌ P)§- � ��XÌ s9§-P�� Û�Û Ì s9§-��P � Ì

q orqu}�zª©�vWo���qW�1my W} Ë t#� ² o =ÌvWoU~9» : n1×©��qu}
� �)§ ?�ù ��� Ì Û §-����P_ùXÌ Û § ?~��`sSÌ Û §-_ù_ù � Ì Û §-�P���PXÌ? �)§-���P��XÌ Û § ?�ù�� � Ì Û §-�P � XÌ Û §-6?~�6?ÍÌ Û §-��_ù6?ÍÌ� �)§-��6?~�XÌ Û § ?�ù Û PXÌ Û §-�P � ùXÌ Û §-6?As��XÌ Û §-��_ù�XÌ� �)§-���� Û Ì Û § ?~P�P��XÌ Û §-�P�� � Ì Û §-�� Û ?ÍÌ Û §-�6?�?ÍÌs �)§-�����PXÌ Û § ?~P���PXÌ Û §-�P6?~XÌ Û §-�� � PXÌ Û §-��_ùXÌP �)§- Û�Û ?ÍÌ Û § ?~P��_ùXÌ Û §-�P Û sSÌ Û §-�� ��� Ì Û §-��`sSÌ
∞

)§-���_ù`sSÌ �)§-�6? Û�Û Ì �)§ � ����PXÌ Û §-P_ù�� � Ì Û §Ms�s����XÌ
q q?«pw�q�s9±-ts7��vW���poUx{zUzUmyvW}²orq?¤�myv6z5©�vWoN[z��vWo���z¥¤c¶�©xk

l
l q qu��q65�v q ± ?���s9±-����)± � ù Û Y q ±-�h���)± �1Û s9±-_ù�}Y

q orqu}�z�©�vWo���qW�1my W} Ë t#� ²
� �)§-�P� Û Ì ?�§Ôù`s�ù � Ì? ?�§-P�P���XÌ )§-���6?~�XÌ� ?�§-P�P�� Û Ì )§-���6?~�XÌ� ?�§Ôù Û�Û ùXÌ )§-���6?~�XÌs ?�§Ôù Û � Û Ì )§-���6?~�XÌP ?�§Ôù Û �6?ÍÌ )§-���6?~�XÌ
∞

ù)§-��P_ù Û Ì �)§ � P��_ùXÌ
q orqu}�zª©�vWo���qW�1my W} Ë t#� ² o =ÌvWoU~9» : n1×©��qu}
� � §-P_ù���PXÌ � §Ôù�_ù6?ÍÌ? � §-P_ù�`sSÌ � §-P6?Asy?ÍÌ� � §-P_ù��`sSÌ � §-P6?~��XÌ� � §Ôù � ?~�XÌ � §-P�_ù�XÌs � §-P_ù`s � Ì � §-P�_ù�XÌP � §-P_ù� � Ì � §-P6? Û XÌ
∞ Û §Ôù�����XÌ Û §-�������XÌ

��m�¨6nporqns9±-�ts7��vW���poUx{zUzUmyvW}²orq?¤�myv6z5©�vWoN[z��vWo���z5¤c¶�@x{zQ?�qu}�~D�

x1}���quw�q?«porqWzIzUv�«poUx|x1wu¤Ux1Ð)¤UvC¤�orqu}�zª©�vWo���qW~pv
zUx°v�«(¤�myx1}�x|np}�q��{vW���poUx{z�my W}¹¤Uv~�q<½9ô�q���xÈÏ�vWo�w�wyx¨Lqu}�~pv
q�oUx{~tn��1m�o�x1w�¤Ux1Ð9¤Uv+¤�orqu}�zª©�vWo���qW~pv��©vWo Ë t#� ² ~px&np}D� � Ì q
np}D� � Ì�~px&zUn^¤rqu��q65�v(±

Ù }éw�q¦m����pwyx1��x1}�¤rqW�1my W}Õ�poUvW�pn�x{z�¤rqCzUx��{vW��x1}�¤U ~¢n�x���quorq±��quorq±�{vW���poUv�«�quo�w�q¦x1Ðmyz�¤Ux1}��1m�q�poUx½m�q¦~px1w5«pwyvj¢n�x�~px¹¤Ux1Ð9¤UvÌqW�¤�n�quwNzrx��{vW���poUv�«�q?«�q¦w�q¦x1Ðmyz�¤Ux1}��1m�q¦~px�z�n~³�o���q¦~tm�¨6m�¤rquw�x1}éx1w
�{vW}�Ï§np}�¤Uv�~px5³�o���qWz�~tm�¨6m�¤rquwyx{z�~px¬wyv6zó«pwyvj¢n�x{z�qu}j¤Ux1o�myvWoUx{zR¶
vWo�m�¨6m�quwyx{z	§L}�v&v�«�z�¤rqu}�¤Ux°�1n�qu}�~pv�x1Ðtmyz�¤Ux
np}�q¨�{vWm�}��1my~px1}��1m�q�zUx��{vW���porquorqu}±wyv6zº«pwyv9¢n�x{z°~pxN¤Ux1Ð)¤Uv6z�x<Lnpm�½6quwyx1}�¤Ux{z���quorq�x½m�¤rquo|np}�q¨�©v6z�m�«pwyx
ï{¼W½ ¾1¼�¿ ÃWÀÂÁ ¿ À�ÃLÄÅÁ ¿ À ¼ ¶Lq�¢n�x�wyv6z�quw�¨4vWo�m�¤���v6z�~px¹³�o���qC~tm�¨6m�¤rquw�}�vCqWzUx¨6nporqu}�w�q¦np}pmy�1my~�qW~¤~px�w�q
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³�o���q)± a orqum�°|~pxNx{z�¤Ux¬�{vW��x1}�¤rquo�myv�zUxI�pn�x{~px°qu�pnp}�¤rquo\¢n�xNx1}�¤Uv~pv6z�wyv6z�x1Ðt�©x1o�m���x1}�¤Uv6z�oUx¡quw�m�°qW~pv6z
zUmyx1���poUxÀLn�x±zUx¥«�qËx1}��{vW}j¤�orqW~pvénp}�«pwyv9Ln�x¦x<¢npm�½Wquwyx1}j¤Ux±}Lnp}��¡q£zrx¦«�q��poUv¢~tn��1my~pvËnp}�q~©Ïquwyzrq
�{vWm�}��1my~px1}��1m�q)±

u¯vWoTxpw�¤�m���v(§©zUx��{vW����quorquo�Ì Ë t#� ² �{vW}j¤�orq�v�¤�oUv6z�z�myz�¤Ux1��qWz�~px��{vW���poUx{zUmy W}�¢n�x�}pm¯�©x1o���m�¤Ux1}}�q'½4x¨Lquo�}pmNqW�{�{x{~px1o�~px ©�vWo���q¥quwyx¡q?¤UvWo�m�q¦zUv�«poUx�wyv6z+¤Ux1Ð9¤Uv6z
�{vW���po�m���my~pv6z'± ² x�«�qu}£x1wyx¨6my~pv¦~pv6z¤�m��©v6z�~px�z�myz�¤Ux1��qWz�~px��{vW���poUx{zUmy W}���quorq��{vW����quorquo¡s¢np}�v6z��{vW}�zUmy~px1orqu}¨w�q�x{z�¤�o�n��¤�nporq
q<w�q<«�vWorq�~px
�{vW���po�m���m�o����{vW��v�Ù Á À ½å½ ¶�Ù Á¹î.ÚYÚ�Á ~px{zU�1o�m�¤Uv6zº«poUx½4x1��x1}�¤Ux
x1}ÅÕ Û ± Û Y5¶�wyv6z|v�¤�oUv6z|zrvW}Êx{z�¤�Ìu})»~�quo'± Ë q¨��q'¶4vWo�ô�q�~px�wyv6z°zUmyz�¤Ux1��qWz�x{z�¤�Ìu}�~�quo&x{z�¤�Ìu}�«�qWzrqW~pv6z<x1}¦wyv6z�x{z�Ln�x1��qWz Ë tC�1w�ÌWzUmy�{v6z'± Ë v6zzUmyz�¤Ux1��qWz�x{z�¤�Ìu}�~�quo´¢n�x�zUxº«�qu}�x1wyx¨6my~pv°��quorq�oUx¡quw�m�°quo�w�q°�{vW����quorqW�1my W}��{vW}j¤�orq Ë t#� ² zrvW}
q�¢n�x1w�wyv6z¢n�x�¨4x1}�x1orquw���x1}j¤Ux�zrx�x1}��1n�x1}�¤�orqu}£~tmyz��©vW}pm�«pwyx{zC¢n�x��1n�quwy¢npmyx1o�~tmyz�¤�o�m�«pn��1my W}�~px Ë m�}Ln)Ð�§¯zrvW}Ìwyv6zzUm�¨6npmyx1}�¤Ux{z¡s�� Û Y ¿ Ã6È¯·@Ç�Ä ¾É¾ ~px !ºò S+[+§uLn�x�m����pwyx1��x1}�¤rqÊx1w�quw�¨4vWo�m�¤���v Ë t7="�����}Y � ÀÔ·ê¶���}Y°á � ÀÕ·u§¢n�x�n(¤�m�w�m�°qu}Ìx1w�quw�¨4vWo�m�¤���v Ë t#s�sCÏ�np}j¤Uv�q¨np}�q®½6quo�m�qu}�¤Ux�~px1w�quw�¨4vWo�m�¤���v�~px : n1×©��qu}#����?�YNþ � ÀÕ·Æ¯�§¢n�x�qu�pw�my�¡q²np}�q²�{v~tm�³��¡qW�1my W}�~px : n1×©��qu}"q�np}ê«pwyvj¢n�x�~px�¤Ux1Ð)¤Uv²�poUx½m�qu��x1}�¤Ux®¤�orqu}�zª©�vWo���qW~pv��x{~tm�qu}j¤Ux&w�qN¤�orqu}�zª©�vWo���qW�1my W}»~px���npo�oUv G zª»�=¤«�x{x1wyx1o'±

Ù }�¨4x1}�x1orquw�§�w�q��{vW���poUx{zUmy W}"v�«(¤Ux1}pmy~�q��©vWo¬þ � ÀÔ·A¯Ëx{z��{vW}�z�my~px1orq?«pwyx1��x1}�¤Ux¨��xÈÏ§vWoµLn�x�w�q¹¢n�x
v�«(¤�myx1}�x1}Ëwyv6z��{vW���poUx{zUvWoUx{z
� ÌWz
�{vW}j½4x{�1myvW}�quwyx{z�«�qWzrqW~pv6z
x1} Ë t#s�s�l Ë t#s�PÁ¶Czrx�qu�poUv'Ðm���q±qÊw�qWz
v�«(¤Ux1}pmy~�qWz��@vWo¬w�q+©�qu��m�w�q
~px&�{vW���poUx{zrvWoUx{z�x{z�¤rqW~)ôyz�¤�my�{v6zÐu�u � ±

² xI«�qu}��{vW���po�m���my~pvV¤Uv~�qWz�w�qWz��{vWwyx{�{�1myvW}�x{z��{vW}�wyv6z�z�myz�¤Ux1��qWz�~px{zr�1o�m�¤Uv6z��{vW}¨qu}�¤Ux1o�myvWo�my~�qW~�§Lw�qWz¤rq?«pw�qWz�s9± ?�§�s9±-�®¶<s9±-�¨��n�x{z�¤�orqu}±w�qWz|orq?°¡vW}�x{z<~px
�{vW���poUx{z�my W}Ìv�«(¤Ux1}pmy~�qWz�x1}¥�¡qW~�q��¡qWzUv¨��quorq¨w�qWz
�{vWwyx{�{�1myvW}�x{z�~pxÐ[T��vWo���zN~pxI¤�m��©v Û §1�µ¶��oUx{z��©x{�¤�m�½6qu��x1}�¤UxP¶�zUn�z¬�{vWo�oUx{z��@vW}�~tmyx1}j¤Ux{z¬oUx1�poUx{zUx1}j¤rq6»
�1myvW}�x{zT¨6o�Ì6³��¡qWz<zrx��pn�x{~px1}Ìv�«�zrx1o�½Wquo<x1}¦w�qWzº³�¨6nporqWz�s9±MsÁ§Ms9±-P ¶�s9±Ôù)±�u�vWo&v�¤�oUv�w�qW~pv(§@w�qWz�orq?°¡vW}�x{z
~px��{vW���poUx{z�my W}¦v�«(¤Ux1}pmy~�qWz���quorq�w�qWz��{vWwyx{�{�1myvW}�x{z�~pxk[T��vWo���z°~pxV¤�m��©v6zQ?®¶h��zUx<��n�x{z�¤�orqu}¦x1}Êw�q¤rq?«pw�q�s9± Û9� ± q qu}j¤Uv¨x1}Êw�qWz¥¤rq?«pw�qWz��{vW��v¨x1}²w�qWz¥¨6o�Ì6³��¡qWz Ë t#� ² n(¤�m�w�m�°q�x1w�½6quwyvWo�~px

l
Ln�x�v�«(¤�myx1}�x

w�q���xÈÏ�vWo��{vW���poUx{z�my W}»x1}Ê�¡qW~�q��¡qWzUv(±
� x¤�«�v¢~Dl ² m�°¡x Û ± �1Û ù)±-P_ù� ?�±Ms Û s9±Ms��� Û9� ±-����P)±-P`s�� Û ù)±-�`s Û ±-�P� ?~�)± Û ���)± Û �6?�{vW���poUx{zUz ù)§Ôù��� � Ì s9§-��� � �XÌ s9§-������XÌ s9§-� Û ù��XÌ s9§-�� � XÌ°{m�� Û §-_ù���PXÌ Û §-�� � sSÌ Û §- � P6?ÍÌ Û §-�_ù�P Û Ì Û §-�_ù����XÌ¨_°{m�� Û §-�P � PXÌ Û §- Û P Û Ì Û §- � s��XÌ Û §-�_ù`s��XÌ Û §-�_ù Û ùXÌ«(°{m��|� � §-������PXÌ � § ?~�`sy?ÍÌ � § ?�? � ?ÍÌ � § ?~�����XÌ � § ?~� Û ?ÍÌ[ � m�w�w � §-P�����XÌ � §-���6?~�XÌ � §-� � �6?ÍÌ � §-� � s�ùXÌ � §-� � ?~�XÌ[ � Ë u�u � � §-P6? � �XÌ � §Ms � s � Ì � §-��P`s Û Ì � §-�`s�P�XÌ � §-�`sy? Û Ì=ÌvWoU~ : n1×©��qu} Û9� § Û ��� � Ì ù)§Ms�s�P`sSÌ ù)§Ms��`s � Ì ù)§Ms � ��PXÌ ù)§-�_ù���XÌ
w�°¡�{z��

l = 8
Y � §-P����PXÌ � § Û P�P�PXÌ � § � P`s��XÌ � § � ?~���XÌ � § � � Û �XÌ

q q?«pw�qns9± ?�s7��vW���poUx{zrz�myvW}²orq?¤�myv6z5©�vWoN[T��vWo���z¥¤g¶¢�©x Û

Ù }�¤�oUx�wyv6zN�{vW���poUx{zUvWoUx{z�x{z�¤�Ìu}�~�quo'§ ¿ ÃWÈº·ßÇUÄ ¾r¾ ¶ : n1×@��qu}¥vWo�myx1}�¤rqW~pv�q
��quw�q?«porq�v�«(¤�myx1}�x1}»w�qWz�©x{vWoUx{z�orq?°¡vW}�x{zN~px��{vW���poUx{z�my W}�§tw�qWz¬�1n�quwyx{zI}�v
zUvW}��{vW���@x¤�m�¤�m�½6qWz¬x1}�x{z�¤Ux�x1Ð�©x1o�m���x1}�¤Uv(± a ¦{z�¤Uv6z
wyx{z°z�m�¨6n�x1} � ÀÕ·�¶Êá � ÀÔ·"qu�µ«@v6z°�{vW}»}pm�½4x1wyx{z°~px��{vW���poUx{z�my W}»��n(¶Êz�m���m�w�quoUx{z'± Ù w���xÈÏ§vWo°�{vW���poUx{zUvWo~px1}j¤�oUvÌ~px�w�q¦�¡q?¤Ux¨4vWo�m�q¦~px�wyv6z��{vW���poUx{zUvWoUx{z�x{z�¤�Ìu}�~�quo�x{z	§�z�m�}Ëw�n(¨Lquo�q»~tn�~�qWz	§¯þ � ÀÕ·Æ¯�Ln�x_§�x1}¨4x1}�x1orquw�§pzUm�¨6n�x<z�myx1}�~pv�m�})©�x1o�myvWo�q Ë t#� ² qunp}�¢n�x<x1}²quw�¨6np}�v6zN�¡qWzUv6zI�©vWoInp}��@x<¢n�xK5�v���quo�¨4x1}�± Ù w��v�¤�m�½4v¦~px�x{z�¤Uv6z�oUx{z�npw�¤rqW~pv6zh�ÂoUx1w�q?¤�m�½Wqu��x1}j¤Ux���quwyv6z'Y�~px�wyv6z
�{vW���poUx{zUvWoUx{z�x{z�¤�Ìu}�~�quo�zUx¨~px«@x�q¢n�xNx{z�¤rqWzó¤�¦{�1}pmy�¡qWzº}�vV¤�myx1}�x1}�x1}��{vW}�zUmy~px1orqW�1my W}¨w�q�x{z�¤�o�n��¤�nporq&~px¬wyv6z�~pv�1np��x1}�¤Uv6z�x1}¨x1w��poUv�{x{zUv
~px��{vW���poUx{z�my W}�§�«�x{�U«�v�¢n�x|w�q Ë t#� ² v�«(¤�myx1}�x�np}�qN½4x1}�¤rq6ÏUq
z�m�¨6}pm�³��¡q?¤�m�½Wq)± a ~px1� ÌWz	§px{zI}�x{�{x{zrquo�myvoUx{�{vWoU~�quo\Ln�x Ë t#� ² �©x1o���m�¤Ux¬}�q'½4x¨LquoÄ¶
qW�{�{x{~px1o�~pxI��qu}�x1orq&quwyx¡q?¤UvWo�m�q<zUv�«poUx¬x1w(¤Ux1Ð)¤Uv<�{vW���po�my~pv(§wyv�¢n�x�}�v�x{z¬}�qW~�q�zUx1}��1m�w�wyv��{vW}²wyv6zN�{vW���poUx{zrvWoUx{z�x{z�¤�Ìu}�~�quo'±

Ù }²x1wÆ�¡qWzUv
~px�wyv6zI��¦¤Uv¢~pv6z5¢n�x��{vW}�z�my~px1orqu}²w�q�x{z�¤�o�n��¤�nporq�~px°wyv6z¬~pv�1np��x1}�¤Uv6z|q�w�q�«�vWorq
~px�{vW���po�m���m�o�zUx
�pn�x{~px��{vW��x1}j¤rquoµ¢n�x Ë t#� ² x{z�z�m�¨6}pm�³��¡q?¤�m�½Wqu��x1}j¤Ux���xÈÏ�vWoC¢n�xnÙ Á À ½Â½ x1}À¤Uv~�qWz
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��m�¨6nporqns9±Mss���vW����quo�myzUvW}�«©x¤ G x{x1} Ë t#� ² qu}�~Êv�¤�«�x1oUz'§)©�vWoN[z��vWo���z¯¤c¶�@x Û ±

� x¤�«�v~�l ² m�°¡x Û ± �1Û )±-���`s ?�±Ms���)± � _ù Û9� ± �1Û �)±Ms���� � � ± ?�?~P)±-����� ?~P)±-����)±-�_ù�P
�{vW���poUx{zUz Û9� §-��6? � Ì ù)§Ms Û ��PXÌ ù)§-�_ù����XÌ ù)§-��P��_ùXÌ ù)§ ��� �XÌ°{m�� �)§ Û ù�� � Ì �)§-��P_ù6?ÍÌ �)§-��� Û �XÌ �)§ Û P���XÌ ?�§Ôù Û P � Ì¨_°{m�� �)§ Û P��_ùXÌ �)§-��P���PXÌ �)§-��� � ?ÍÌ �)§ Û P��`sSÌ ?�§Ôù Û s�PXÌ«(°{m��|� Û § ?�?~P��XÌ Û § Û ��6?ÍÌ Û § Û ���6?ÍÌ Û § � P�P��XÌ Û § � s�P6?ÍÌ[ � m�w�w �)§Ôù_ù����XÌ �)§-�� �1Û Ì �)§ Û ù��_ùXÌ �)§-� Û ù Û Ì �)§-�������XÌ[ � Ë u�u � � §Ôù6? Û �XÌ � §-�_ù � �XÌ � §-�6?Asy?ÍÌ � §-� Û�Û �XÌ � §-��P_ù Û Ì=ÌvWoU~ : n1×@��qu} Û )§Ôù � ù Û Ì Û )§ Û ? Û9� Ì Û )§ � ���XÌ Û �)§-P Û9��� Ì Û �)§-�6?~���XÌ
w�°¡�{z\�

l = 4
Y �)§-�6? Û XÌ Û §-�P��6?ÍÌ Û § Û s�s�ùXÌ Û § � ��P6?ÍÌ � §Ôù���� � Ì

q q?«pw�q�s9±-�ts7��vW���poUx{zUzUmyvW}²orq?¤�myv6z5©�vWoN[z��vWo���z¥¤c¶�©xk�

w�q"�{vWwyx{�{�1myvW}�x{z'§Iv�«(¤Ux1}pmyx1}�~pv~¤Ux1Ð9¤Uv6z��{vW���po�m���my~pv6z�np} �XÌ � ÌWz��©x<Ln�xK5�v6z�x1}Õx1w|�©x{vWo��¡qWzUv�¶½4x1m�}j¤�my�1m�}��{vÀ½4x{�{x{z�� ÌWz��©x<Ln�xK5�v6z�x1}éx1w¬��xÈÏ�vWo'±�u�vWo�v�¤�oUv¦w�qW~pv(§�Ù Á¹îJÚ�Ú�Á v�«(¤�myx1}�x�w�q¥��xÈÏ�vWo
�{vW���poUx{z�my W} x1}Õw�q���q'¶4vWo�ô�qË~px¦wyv6z��¡qWzUv6z'§I�{vW}Õw�qC}�v�¤rq?«pwyxCx1Ðt�{x1�©�1my W}%~px¦w�qWz��{vWwyx{�{�1myvW}�x{z»~px[T��vWo���z&~px+¤�m��©v Û x1}±w�qWzV¢n�x Ë t#� ² x{z�¤�Ì�q���n��U«�qÊ~tmyz�¤rqu}��1m�q�~px�zUx1o<z�np�©x1orqW~pv(± Ù wº�po�m�}��1m���quw�poUv�«pwyx1��q¼Ln�x ¤�myx1}�x�Ù Á¹î.Ú�ÚvÁ x{zNLn�x¨x{z�qW~�qu�(¤rq?¤�m�½4vÁ¶2§��©vWo��{vW}�z�m�¨6npmyx1}j¤Ux_§�}�vÊx{z
qW~px{�1n�qW~pv
��quorq�}�q'½4x¨Lquo|v�qW�{�{x{~px1o�~px&��qu}�x1orq�quwyx¡q?¤UvWo�m�q�zUv�«poUx�wyv6z�~pv¢�1np��x1}j¤Uv6z|�{vW���po�m���my~pv6z'±
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��m�¨6nporqns9±-Pts|��vW����quo�myzUvW}�«©x¤ G x{x1} Ë t#� ² qu}�~²v�¤�«�x1oUz'§)©�vWoN[z��vWo���z¥¤c¶�©xk�)±

� x¤�«�v¢~Dl ² m�°¡x Û ± � � � ±Ms � � �)± �1Û �)±Ms��P Û9� ±Ôù�P��)± ? � s Û ù)±Ôù Û )± � s� ?�?�±-�_ù�P)± Û �6?�{vW���poUx{zUz ù)§-�`s Û sSÌ P)§-�_ù��XÌ P)§ Û ��P�XÌ s9§-P��� Û Ì s9§ ? � s�XÌ°{m�� ?�§ ?�ù���PXÌ �)§ � ?~�_ùXÌ ?�§-P�P�� � Ì ?�§-�������XÌ ?�§ � �_ù Û Ì¨_°{m�� ?�§ ?~P�`sSÌ �)§ � ? � ?ÍÌ ?�§-P�P6?�ùXÌ ?�§-��� Û ùXÌ ?�§ � ��P�PXÌ«(°{m��|� Û §-��� Û XÌ Û § � ��_ùXÌ Û § � ��_ùXÌ Û § � sy?~�XÌ Û § � s��_ùXÌ[ � m�w�w Û §Msy?~�6?ÍÌ Û § Û s�s��XÌ Û §-����� � Ì Û §-`s�ù��XÌ Û §-����P��XÌ[ � Ë u�u � � §-P�P6? Û Ì � §Ms Û�Û XÌ � §-��P�P��XÌ � §-�`s�ù��XÌ � §-�`s����XÌ=ÌvWoU~ : n1×©��qu} Û �)§Ms�� Û XÌ Û �)§ � P����XÌ Û�Û §-P_ù6?AsSÌ Û�Û §Msy?�?~PXÌ Û�Û §-��� ��� Ì
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O q�oUx{�1np�©x1orqW�1my W}�~px�m�}!P�vWo���qW�1my W}Ë~px�Q©x�oUx1�poUx{zUx1}%Rrquo�S�quw���qW�{x1}�quo�S�vWoUTLqu}pmWVquoYX±qW�{�{x{~px1o�wyv6zx1wyx1��x1}%RUv6z�~px
m�}!P�vWo���qW�1my W}#Z O q�oUx1�poUx{zUx1}[RrqW�1my W}\X¥vWoUTLqu}pmWVqW�1my W}�~px�Q@x1oU]�qu}"zUx1o&z�n!^��1myx1}[RUx{z���quorq�©x1o���mWR�m�oNquw©n�z�n�quo�myv�qW�{�{x{~px1o6P`_W�1m�w���x1}%RUx&q�w�q�m�}!P�vWo���qW�1my W}baLn�x°x{zURUx°�poUx{�1myzUxcS�©x1oUv�w�q�x{z��©x{�1md^��¡q�e
�1my W}»~px<w�qWz¬}�x{�{x{z�my~�qW~px{z°~px<m�}!P�vWo���qW�1my W}»~px<wyv6z�n�z�n�quo�myv6z¬}�v�x{z�np}²�poUvfQpwyx1��qgR�o�mWhm�quwiZkj�w�qu}%RUx¡quo
np}�q�}�x{�{x{z�my~�qW~Ê~px|m�}!P�vWo���qW�1my W}Ê~px°��qu}�x1orqga¢n�x�x1w©zUmyzURUx1��q
~px°oUx{�1np�@x1orqW�1my W}²�pn�x{~�q
�¡qu��Rrquola¢nkm
}�x{�{x{zUmWRrq�x1w©n�z�n�quo�myv�}�v
x{z�np}�qnRrquoUx¡q
zUx1}��1m�w�w�q!Zko�x1}�x1orquw���x1}[RUxcSpwyv6z¬zUmyzURUx1��qWzI~px|oUx{�1np�©x1orqW�1my W}²~px
m�}!P�vWo���qW�1my W}��¡qu��R�nporqu}�w�q|}�x{�{x{z�my~�qW~�~px1wpn�z�n�quo�myv&qpR�orqh�m{zº~pxInp}�q��{vW}�zUnpwWRrq!ScaLn�x¬x{zURrquo�_qP�vWo���qW~�q
�©vWo¬np}Ê�{vW}fr§np}[RUv�~pxsR�m1o���m�}�v6z�~pxtQ�u�z�a¢n�x{~�q!Z

O qIoUx{�1np�©x1orqW�1my W}�~px�~�qvRUv6zªm����pw�my�¡qN~px�RUx1o���m�}�quowaLnkmºx1wyx1��x1}[RUv6z�~px�m�}!P�vWo���qW�1my W}
�{vW}[R�myx1}�x1}�wyv6zR�m1o���m�}�v6z�~pxxQ�u�z�a¢n�x{~�q¬�pw�qu}%RUx¡qW~pv6z��@vWo�x1w4n�z�n�quo�myv�x1}�z�n��{vW}�z�npwWRrq�x1}[R�oUxºnp}��{vW}fr§np}[RUv�~pxº��quoUR�my~�q!y
x1}Cnp}C�{vW}[RUx�z!RUvÊ~px�oUx{�1np�©x1orqW�1my W}Ë~px�m�}!P�vWo���qW�1my W}�x{zURUv�}�v²x{z�z�n!^��1myx1}[RUx¨�pn�x{z�x1w�n�zUn�quo�myv²x{zUR�_
m�}%RUx1oUx{zrqW~pv�x1}¨vfQ�RUx1}�x1o¬qfaLn�x1w�wyv6z�x1wyx1��x1}[RUv6z6a¢n�x{R�orqvRrqu}�qW�{x1oU�¡q�~px¬np}|RUx1��q!S¢x{z�~px{�1m�o�S¢x1wyx1��x1}%RUv6z
~px�m�}!P�vWo���qW�1my W}ÌoUx1w�qW�1myvW}�qW~pv6z��{vW}±np}Ì~px�RUx1o���m�}�qW~pvÊ�{vW}��{x1��RUv�Z O q��po�m�}��1m���quwº~tmdP�x1oUx1}��1m�q�orqW~tmy�¡qx1}}aLn�x¥x1}êw�qCoUx{�1np�©x1orqW�1my W}Õ~px»~�qvRUv6z�x1w|n�z�n�quo�myv�x{z��©x{�1md^��¡qÌ~px~P�vWo���qC�poUx{�1myzrqCnp}�qÌzUx1o�myx¥~px
�¡quorqW��RUx1oU]yz�R�my�¡qWzna¢n�x�zUx�~px�Q©x1}C�1np���pw�m�o�S���myx1}%R�orqWz�aLn�x�x1}Ìw�q�oUx{�1np�@x1orqW�1my W}Ë~px�m�}!P�vWo���qW�1my W}C}�v
x�ztmyzURUx�x{zrq»�poUx{�1myz�my W}�X��{vW��v±�{vW}�zUx{�1n�x1}��1m�q±zUx��pn�x{~px1}£oUx{�1np�©x1orquo�x1wyx1��x1}[RUv6z�a¢n�x��pn�x{~px1}£}�v
x{z�Rrquo�oUx1w�qW�1myvW}�qW~pv6z¬�{vW}�wyv�a¢n�x|zrx�~px{zUx¡q�Qpn�zU�¡quo��Âwyv��1n�quw©zUx1oU]�q�np}�x1o�oUvWoI�1oU]WR�my�{v
x1}¨oUx{�1np�©x1orqW�1my W}
~px�~�qvRUv6z���Zv��w��vfR�mWh4v°~px�x{zURrq{�S�@x1o���myzUmWQpm�w�my~�qW~���x1}�wyvpa¢n�x�oUx{z��©x{��Rrq°qNw�q�m�}!P�vWo���qW�1my W}
oUx{�1np�©x1orqW~�q
orqW~tmy�¡q�x1}DaLn�x|wyv6zIz�myzURUx1��qWzI~px|oUx{�1np�@x1orqW�1my W}²~px|m�}!P�vWo���qW�1my W}²zrvW}#SL«�qvQpmWR�n�quw���x1}%RUxcS�z�myzURUx1��qWzI~px
m�}!P�vWo���qW�1my W}�RUx�z!R�n�quwiS4x1}�wyv6z,a¢n�xIw�q�x{zUR�o�n���R�nporq�}�v�x{zUR�_�z�myx1���poUx{Qpmyx1}�~px�^�}pmy~�qsX�w�q<qu�nQpmWTc��x{~�qW~
x{zNnp}�«�qvQpmWR�n�quw¯�{vW����qv��x1oUv�~pxthm�q�r�xcS�z�myx1���poUx<np}pmy~�q�quwÆwyx1}�T6n�q�r�x<}�qvR�nporquwiZ

O v6z�z�myzURUx1��qWz�~px»oUx{�1np�@x1orqW�1my W} ~px¥~�qvRUv6z��1n�QpoUx1}Õw�qWz�}�x{�{x{z�my~�qW~px{z�~px1w�n�z�n�quo�myv�«�qW�1myx1}�~pvn�zrv�~px�np}�q�Q�qWzUx
~px
~�qvRUv6z�S©�©x1oUv���quorq�oUx¡quw�mWVquo�w�q¨~px1}�vW��m�}�qW~�q�oUx{�1np�@x1orqW�1my W}C~px�m�}!P�vWo���qW�1my W}
zrx1o�_u}Ê}�x{�{x{zrquo�myv6z�z�myzURUx1��qWz�a¢n�x�«�qvTLqu}¥np}�q�m�}%RUx1o��poUx�RrqW�1my W}C~px1w¯�{vW}%RUx1}pmy~pv�~px&wyv6z°x1wyx1��x1}[RUv6z<~px
m�}!P�vWo���qW�1my W}���~pv�1np��x1}[RUv6z�Squ��quoURrqW~pv6z�S¢x�RU�cZ���zUvfQpoUxNwyv6z�a¢n�x¬oUx¡quw�mWVquoºw�q��{vW}�z�npwWRrq!S¢qWz�m���myzU��v&zUx1o�_
�poUx{�1myzrv²oUx¡quw�mWVquo�np}�q�m�}[RUx1o��poUx�RrqW�1my W}£~px1wI�{vW}[RUx1}pmy~pv¥~px�w�qÊ�{vW}�z�npwWRrq��pw�qu}%RUx¡qW~�qÊ�©vWo�x1w�n�z�n�quo�myv
��quorq²x{zURrqvQpwyx{�{x1o�a¢nkm�x1wyx1��x1}[RUv6z�zrvW}éÇ�Ä ½ ÄÅæ ¼ Á�ÜSÄ ¾ q�~tmy�r«�q²�{vW}�z�npwWRrq!Z���w��{vW}��{x1��RUvÊ~px
oUx1wyx�h6qu}��1m�qx{z{PÂnp}�~�qu��x1}%Rrquw¯x1}Êx1wÆ��np}�~pv�~px�w�q
oUx{�1np�©x1orqW�1my W}»~px�m�}!P�vWo���qW�1my W}#Z

��}²wyv6zNz�myz�RUx1��qWzN~px<oUx{�1np�©x1orqW�1my W}Ê~px<m�}!P�vWo���qW�1my W}»x�ztmyzURUx1}²~pv6zNx�Rrqu��qWz��1w�_uorqu��x1}%RUx�~tmdP�x1oUx1}!e
�1m�qW~�qWz�X�}�x{�{x{zrquo�m�qWz°��quorq¨w�wyx�h6quo�q��¡qvQ@v��{vW}�m�ztmWRUv�x1w¯�poUv�{x{zUv�~px�oUx{�1np�©x1orqW�1my W}�s@w�q�m�}�~px�z�qW�1my W}
X�w�q
�{vW}�z�npwWRrq!Z

O q�m�}�~px�z�qW�1my W}C�poUv�{x{zrq�wyv6z&~pv�1np��x1}[RUv6z���quorq�vfQ�RUx1}�x1o�np}�]�}�~tmy�{x�a¢n�x��{vW}�z�my~px1oUx�w�q|P�oUx�e
�c���
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�1n�x1}��1m�q�~pxIqu��quo�my�1my W}�~px�wyv6z¤R�m1o���m�}�v6z�~px�m�}�~px�z�qW�1my W}#Z O q|m�}�~px�zpqW�1my W}�zUx�oUx¡quw�mWVqq��vv¥�¦Lw�m�}�x���S�@vWo�wyvnaLn�x�x1wkRrqu��qv��v�~px1w�]�}�~tmy�{x��{vW}�zUR�o�npmy~pv�X
w�q<oUx1�poUx{zUx1}%RrqvR�mWh¢my~�qW~�~px1w���myz���v���x1w���v~pv
x1}§a¢n�x�oUx1�poUx{zUx1}[Rrq�wyv6z<~pv¢�1np��x1}%RUv6z&vWo�mWT6m�}�quwyx{z��°zUx
z�n�x1wyx1}Ì�{vW}�z�my~px1orquo&�{vW��v���quo�_u��x�R�oUv6z
~px<�¡quw�my~�qW~©¨«ª¬t®p¯�°c°�S�±³²�ª6°c°�´¢Z
O q��{vW}�z�npwWRrqµ�¶T4x1}�x1orquw���x1}[RUx�np}²�poUv�{x{zUv���vW}�¦Lw�m�}�x��·�¬oUx{�1np�@x1orq�np}»�{vW}fr§np}[RUv�~px&~pv�1np��x1}!eRUv6z�vWoU~px1}�qW~pvC�©vWo�oUx1wyx�h6qu}��1m�q¸�Âm����©vWoURrqW�1m�qCqWz�mWT6}�qW~�qÌ�@vWo�x1w�zUmyzURUx1��q���q¦��quoUR�m�o�~px�np}�q
}�x{�{x{z�my~�qW~»~px�m�}!P�vWo���qW�1my W}±x�zt�poUx{zrqW~�q�qgR�orqh�m{z°np}»m�}[RUx1o�PÏqvV
~px��{vW}�z�npwWRrq¨x1}Ênp}¦~px�RUx1o���mde
}�qW~pv<wyx1}�T6n�q�r§xcZ[¹�}%RUx{zº~px�qu�pw�my�¡quo�w�q&�{vW}�z�npwWRrq&quw�]�}�~tmy�{x�zrx¬~px�Q@x6R�orqu}�z�P�vWo���quoº~px¬w�q<��myz���q
��qu}�x1orq
x1}�w�qna¢n�x�zUx�R�orqu}�z�P�vWo���quoUvW}�wyv6z¬~pv¢�1np��x1}%RUv6z�~tnporqu}[RUx�x1w@�poUv�{x{zUv
~px�m�}�~px�z�qW�1my W}
��quorq&��qu}%RUx1}�x1o¬w�q&«�vW��vfT4x1}�x1my~�qW~�x1}�x1wß�poUv�{x{zUv�Z�º�vW��v�oUx{z�npwWRrqW~pv�zrx|vfQ�RUx1}�~to�_u}�np}��{vW}!e
r�np}%RUv�~px�~pv�1np��x1}[RUv6z�oUx{�1np�@x1orqW~pv6z�aLn�x�wyx
zUx1o�_u}±�poUx{zUx1}%RrqW~pv6z�quw�n�z�n�quo�myv�~px
w�q¨��qu}�x1orq
�»_Wz°qW~px{�1n�qW~�q��©v6z�mWQpwyxcZ
��w��poUv�{x{zUv��pn�x{~px
qW�¡qvQ�quo<qfa¢n�]iSß~px���v¢~pv�a¢n�x�x1w¯n�z�n�quo�myv�zUx1wyx{��e
�1myvW}�q�~px<wyv6z|~pv¢�1np��x1}%RUv6z|oUx{�1np�©x1orqW~pv6z�qfaLn�x1w�wyv6zpaLn�x<wyx&oUx{z�npwWRrqu}Êm�}%RUx1oUx{zrqu}[RUx{z�S@v�Qpmyx1}»zUx
oUx�^�}�q<w�q&�{vW}�zUnpwWRrq��{vW}¨w�q<m�}!P�vWo���qW�1my W}�a¢n�x�qu�©vWoURrq&x1w�n�zUn�quo�myv�zUvfQpoUxNw�q<�©x1oUR�m�}�x1}��1m�q�~px�wyv6z
oUx{z�npwWRrqW~pv6z�Z

��w¯n�zUv¨~px�zUmyzURUx1��qWz|~px�oUx{�1np�@x1orqW�1my W}±~px�m�}!P�vWo���qW�1my W}§X¼QpmWQpw�myvfRUx{�¡qWz�~tmWT6mWRrquwyx{z�x{zUR�_�qunp��x1}!e
Rrqu}�~pv°~!]�q|q�~!]�q!S�X&�¡qW~�qqh4x�VIzUvW}��»_Wz¯wyv6z�z�myzURUx1��qWz¤aLn�x�~px�Q@x1}���qu}�x·rUquo�~pv�1np��x1}[RUv6z�zUx1��myx{z�R�o�n���e
R�nporqW~pv6z�~px�Qpmy~pv�q�w�q<qu���pw�m�q�qW�{x1��RrqW�1my W}�aLn�xN«�qu}�RUx1}pmy~pv<wyv6z�wyx1}�T6n�q�r�x{zº~px¬��quoU�¡qW~pv�S¢zUvfQpoUx{RUv~pv
x1w�x{z�R�_u}�~�quo½t² O Z O qWz�~pv6z�x�Rrqu��qWzIqu}[RUx1o�myvWo���x1}%RUx���x1}��1myvW}�qW~�qWz�~px�Q©x1o�_u}¨�{vW}�zUmy~px1orquo�w�q<x{z�R�o�n���eR�nporq�~px&wyv6z°~pv¢�1np��x1}%RUv6z°~px�P�vWo���q�qW~px{�1n�qW~�q���quorq»a¢n�x�~px�x{zURrq���qu}�x1orq¨zUx&�pn�x{~�qu}¥oUx{�1np�©x1orquo
wyv6zN~pv�1np��x1}[RUv6z|v�w�qWz¬��quoURUx{z|~px�wyv6z¬��myz���v6zN�»_WzNoUx1wyx�hWqu}%RUx{z|q
w�qWzN�{vW}�zUnpwWRrqWz¬�pw�qu}[RUx¡qW~�qWz�Z

¾ ��¿°� À ��üL�I÷�÷��Sý<�°���&ø<ý ��� �wÁ�Â4ütö�÷6Âö�ü6�
®|x{�{vWoU~px1��v6zna¢n�x�np}\]�}�~tmy�{x�m�}%h4x1oUR�my~pv»zrx��{vW���©vW}�x�~px�np}Nh4x{��RUvWona¢n�x��{vW}%R�myx1}�x�RUv¢~�qWz�w�qWz

��quw�qvQporqWz�~tmyz�R�m�}[RrqWzºzUn�zU�{x1��R�mWQpwyx{zº~px¬zUx1oxQpn�zr�¡qW~�qWzºx1}�w�q��{vWwyx{�{�1my W}¨x1}�vWoU~px1}�wyx�zmy�{vfT6o�_�^��{v���q�x{zURUx
h4x{��RUvWoNzUx°wyx�~px1}�vW��m�}�q�æ�Ã ¿U¼[Ä�Å½â¼ ÇÉÀ`Ã|X�q��¡qW~�q���quw�qvQporqga¢n�x|wyv��{vW���©vW}�x<zUx�~px1}�vW��m�}�q�Ü¢ÆÅÇÅÈ
ÀåÁIÃ%�X�S¯��quorq¥�¡qW~�q�R�m1o���m�}�v¥~px1w6h4v�¡qvQpnpw�quo�myv�S�zUx�quw���qW�{x1}�q¥np}�q»w�myzURrqÊx1}Ëw�q�a¢n�x�^kT6nporqu}�RUv~�qWz�w�qWz
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x{z�R�o�n���R�nporq!ZIo�x1}�x1orquw���x1}%RUx�x{zURUx<�poUv�{x{zUv�zrx�w�wyx�hWquo�_�q��¡qvQ@v�x1}²np}~R�myx1���@v

O(n)
S�w�m�}�x¡quw�oUx{z��©x{��e

RUv¦quwI}[up��x1oUv�RUvfRrquw¬~px�oUx�T6myzUR�oUv6z�quw���qW�{x1}�qW~pv6z�x1}Ëw�qbRrqvQpw�q¥~px��{vW}[R�oUvWwNz�myx1���poUx�XC�1n�qu}�~pv¥w�q
m�}!P�vWo���qW�1my W}�quw���qW�{x1}�qW~�q»x1}C~tmy�r«�v6z&oUx�T6myzUR�oUv6z�zUx¡q�z�n!^��1myx1}%RUx���quorq�oUx{zrvWwWh4x1o&w�q��{vW}�z�npwWRrq!ZË��zURrq
m�}!P�vWo���qW�1my W}��pn�x{~pxqhWquo�m�quo�~px¬np}�q�m����pwyx1��x1}[RrqW�1my W}²q<vfR�orqsX�~px1�©x1}�~px1o�_&~pxNw�qWzxP�np}��1myvW}�quw�my~�qW~px{z
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Elementos estructurales
(entidades atomicas)

Consultas por contenido
y estructura

Tabla de Control de Estructura

Consultas de estructura

Indice Invertido

Ú mWT6nporqYÛ!Z � s%��z�aLn�x1��q�~px|�{vW}�zUnpwWRrq��©vWo��{vW}%RUx1}pmy~pv�X�x{zUR�o�n���R�nporq�n�zrqu}�~pv�x1w@x{z�a¢n�x1��q�~pxNm�}�~px�z�q�e�1my W}��poUvW�pn�x{zURUv�Z

a¢n�xIx1wtzUmyzURUx1��q°~pxIoUx{�1np�@x1orqW�1my W}��poUvW�©vWoU�1myvW}�xNzUvfQpoUx�w�q°zUx1�»_u}[R�my�¡q&~px�w�q�x{z�R�o�n���R�nporq!Zc��}�w�qq^kT6nporq
Û!Z � zUx���n�x{zUR�orq|T6o�_�^��¡qu��x1}[RUx
w�qgP�vWo���q¨~px�oUx{zrvWwWh4x1o|w�qWz��{vW}�z�npwWRrqWz°�©vWo|�{vW}[RUx1}pmy~pvDX²x{z�R�o�n���R�nporqn�R�m�w�mWVqu}�~pv�x1w¯x{z�aLn�x1��q
~px&m�}�~px�zpqW�1my W}²�poUvW�pn�x{z�RUv�Z

Ü ÍSÎ�ÍÏÎ�Í Ý�Ø%Þ%ßpÑÉÐ ó{ßpÐÉà¯Ú�Ô¯Ø�×Êá�Ú�Ô¯ÐâßtØ
ãtä Q�åWRUæ ävçWè�é�ê R é æ ê
änëìfçÉéëë åÉí ê¼î�épî�ì�ë æ è�é�ê R ìcï{ï�é�è å éï RUðUæ ë RUæ�ð äfî�ìcïléï R ä ð�_sP ì ð è»äfîkä�ñ2ì ðh ä eðUå ìcïtä ð ë�ò åWh ìcï X ë�äfîkä æ êkì�î�é�çÉìcïtë æ ävçÉéïtëìfê R é�êkî ð�_ ävç¤è�é�êkìcï æ ê§î�ì%ë æ è�é�ê R ì|ç ífTcå ëì Z2j ì ð ì RUð ì

ç�äfî�ì S éï�ò
ä Q�åWRUæ ävç a%æ é R ì�î�ìcïçÉìcïÊî�ì�ë æ è�é�ê R ìcï{ï�é�è å éï RUðUæ ë RUæ�ð äfî�ìcï a[æ é P ì ð è»ävê æ ê
änëìfçÉéëë åÉí ê¼ï�é
ä r�æ ï R é�ê|ä æ ê
äsì h ä ðUå äfï�ó È ónô X é�ç�ê u è�é ð ìYî�éqé RUåÉa%æ é R äfïéï RUðUæ ë RUæ�ð ävçÉéï a%æ é{çÉì�ëìfègñ2ìfêké�êDï æ é�çÉé
ï�é ðæ êDê u è�é ð ì ^ ê åWR ì X�S%T é�êké ð ävçWè�é�ê R é S ñIé a%æ é � ì Z!¹ î�é�è _ ï S ñ
ä ð ä�ëìfêkì�ëé ð{a[ækm é�çÉé�è�é�ê R ìcïqéï R�_ ê
ëìfê R é�ê å î�ìcïqî�é�ê RUð ì»î�é�ì RUð ì Q äfï R ä�ëìfêbï�ä Q é ð{a[ækmtð é TcåÉí ê~î�é�ç R é z!R ìgë æ�Q�ð é�ë�äfîkä æ êkì X ñ
ä ð ägé�çWçÉìQ äfï R ä�ëìfêµï�ä Q é ð é�ê a%æ é�ñ2ìcï å ë å ìfêkéïlëìfè å é�ê V ä X»^ ê
ävç åWV ägë�äfîkä�é�çÉé�è�é�ê R ì»éï RUðUæ ë RUæ�ð ävç Z

õ!öø÷¢ùvú·ûiü ý
þ�ÿ`û���÷·ÿ���û�� �!ü�þ`ö�÷·ö����
	���ö�÷·ö�ü �!ü�þ`öø÷�ö����sõ!ö�����
Ú åWTcæ�ð ä Û!Z�����® é Tcå ï RUð ì»é�çÉé�è�é�ê R ävçËî�étç�ä R ä Q ç�ägî�ésëìfê RUð ìfçËî�éséï RUðUæ ë RUæ�ð ä

� ê�ç�ä ^kTcæ�ð ä Û!Z�� ï�éqè æ éï RUð äYç�äYì ðUT ävê åWV äfë åÉí ê Q
_ ï å ë�äYî�é æ ê ð é Tcå ï RUð ìgé�çÉé�è�é�ê R ävç#ë�ävêkî å îkä R ì�äP ì ð è»ä ð ç�ä R ä Q ç�ägî�ésëìfê RUð ìfçËî�éséï RUðUæ ë RUæ�ð ä Zk� ê~ë�äfîkägë�ävègñ2ì�î�ésî å ë�òkì ð é Tcå ï RUð ì»ï�é ð é�ñ ð éï�é�ê R ä ð�_
ñ
ä ð ä~ë�äfîkä~é�çÉé�è�é�ê R ìÓî�é»éï RUðUæ ë RUæ�ð ä a%æ é P ì ð è»äbç�ä~ëìfçÉéëë åÉí ê.é�ç ^ ë�òké ð ì§é�ê.é�ç a%æ é|ävñ
ä ð éëé S é�çRUå ñ2ìgî�é�é�çÉé�è�é�ê R ì X ç�äfïqñIìcï å ë å ìfêkéïqé�êbç�äfï a%æ é�ëìfè å é�ê V ä X»R é ð è å ê
ä»î å ë�òkì ^ ë�òké ð ì Z¯ ì§ì Q ï R ävê R é S é�ç ð é Tcå ï RUð ì§ñ ð éï�é�ê R äfî�ì�é�ê.ç�ä ^kTcæ�ð ä Û!Z�� éï æ ê
ä§î�é|ç�äfï h é ð ï å ìfêkéï�è _ ï�é�çÉé e
è�é�ê R ävçÉéï�î�é�ç,è å ïUè�ì X î�é�ñ2é�êkî å é�êkî�ì~î�égç�äfïsêkéëéï å îkäfî�éïnî�é ð éë æ ñ2é ð äfë åÉí ê SËR ävç X ëìfè�ìµï�é�ò
ä
ëìfè�é�ê R äfî�ìgëìfê¼ävê R é ðUå ì ðUå îkäfî S änéï R é ð é Tcå ï RUð ì�ï�épçÉépñ æ éî�é�ê~ä � äfî åWð è _ ï{ë�ävègñ2ìcï a[æ épñ2é ð è åWR ävê
è�é r ì ð ä ð çÉìcï RUå é�ègñIìcï�î�é ð éïUñ æ éï R ä�î�é�çËï å ï R é�è»ä�î�é ð éë æ ñIé ð äfë åÉí ê S ëìfè�ì�ñ2ì ð é r é�ègñ�çÉì S
æ ê
ä|ä æ!eR ì ðUð é P é ð é�êkë å ä a[æ étävñ æ ê R é�ävç2é�çÉé�è�é�ê R ì�éï RUðUæ ë RUæ�ð ävç2ñ
äfî ð étî�é�ç2äfë RUæ ävçÇìnävç2é�çÉé�è�é�ê R ìgéï RUðUæ ë RUæ�ð ävça%æ é ð é�ñ ð éï�é�ê R ä|ävç#î�ì%ë æ è�é�ê R ì a%æ é�ëìfê RUå é�êké�ävç�äfë RUæ ävç Z

ãtäfï R ä�ävòkì ð ä�ï�é�ò
ä|ï æ ñ æ éï R ì a%æ é R ì�î�ìcï�çÉìcïtî�ì%ë æ è�é�ê R ìcï a[æ éYëìfêkï RUåWRUæ�X é�ê§ç�ä�ëìfçÉéëë åÉí êÓï�é
ä r�æ ï R ävê�äpç�äqè å ï�è»äpó È ó S êkìtì Q ï R ävê R é6êkìté z!å ï R éÊê å ê Tcu ê å êkëìfê h é�ê å é�ê R é å êkî�é z ä ðwæ ê
ätëìfçÉéëë åÉí ê

��� ú����vöø÷�ö����
��ú��2ö��cü���ú � ü÷����{ú��ÿiü
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é�ê�ç�äfï a[æ éYé z!å ï R ävê�î�ì�ë æ è�é�ê R ìcï�ëìfêÓó È ó&%«ïpî ådP é ð é�ê R éï ZÇ� ê�éï R énë�äfï�ì S éï�êkéëéï�ä ðUå ì ð é�è»ä ð ë�ä ða%æ é�é�ç%òkéë�òkì�î�é a%æ é�é�êYéï R äfïËëìfçÉéëë å ìfêkéïwî�éî�ì%ë æ è�é�ê R ìcïwñ æ éî�é,ò
ä Q é ð é�çÉé�è�é�ê R ìcï¤éï RUðUæ ë RUæ�ð ävçÉéï
î å ï RUå ê R ìcï � ëìfê�î ådP é ð é�ê R épêkìfè Q�ð é � ñ2é ð ìnï�é�è _ ê RUå ë�ävè�é�ê R é ð é�ñ ð éï�é�ê R ävê¼é�ç�è å ï�è�ì�ëìfêkëé�ñ R ì S éï R é
òkéë�òkì§ëìfêkï RUåWRUæ�X é æ ê h é ð îkäfî�é ð ì�ñ ð ì Q çÉé�è»äµñ
ä ð ä~é�ç6ï å ï R é�è»äµî�é ð éë æ ñ2é ð äfë åÉí ê X�S ñ2ì ð é�çWçÉì SËæ ê
äfî�éë æ äfî�ì�ï�é Tcæ�å è å é�ê R ì X è»ävê R é�ê å è å é�ê R ì�î�épëìfê r�æ ê R ìcï{î�é�é�çÉé�è�é�ê R ìcï{éï RUðUæ ë RUæ�ð ävçÉéï{ï å ê í ê å è�ìcï
è�é r ì ð ä ð�_ ç�äYñ ð éë å ï åÉí ê X ç�ägé P éë RUåWh�å îkäfîbî�é�ç�ï å ï R é�è»ä Z

Ü('�)*',+-' .0/21436587:9<;=1?>A@(;B1DCFE ß > à @
j ä ð ä å ç æ ï RUð ä ð ç�ä R�m ë�ê å ë�ä�î�é å êkî�é z äfë åÉí êgè�éî å ävê R é æ êYé r é�ègñ�çÉì�ï æ ñ í ê T äfï�é a[æ é æ ê
ä�ëìfçÉéëë åÉí ê

î�é§î�ì�ë æ è�é�ê R ìcïbéï R�_ÓP ì ð è»äfîkäNñIì ð çÉìcï ^ ë�òké ð ìcï a%æ é§ï�éµè æ éï RUð ävê é�ê³ç�ä ^kTcæ�ð ä Û!Z�G!Z ó å ë�òkìcï
î�ì�ë æ è�é�ê R ìcïnï�é�ä r�æ ï R ävê©ä æ ê
äDó È ó a%æ égï åWðUh é�ñ
ä ð ä ð é�ñ ð éï�é�ê R ä ð ç åWQ�ð ìcï�è æ�X ï�é�êkë å çWçÉìcï S é�êÓç�ä
ë æ ävç R ì�îkäYç�ä å ê P ì ð è»äfë åÉí ê a%æ é�ëìfê RUå é�êké æ êbç åWQ�ð ìgéï R�_ î�é�ç å è åWR äfîkä�é�ê RUð ésç�äfïlé RUåÉa[æ é R äfïIH�J�K2L0M X
H0N�JOKDL0M S2æ êÓç åWQ�ð ì R é�êkî ð�_Dæ ê RU]WRUæ çÉì X�æ êkì¼ì h ä ðUå ìcïnä æ�R ì ð éï � î�é�ç å è åWR äfî�ìcïné�ê RUð égç�äfïsé RUåÉa%æ é R äfï
HQPSR�PDTVU�K2M ZZZ H2N�P4RWP2TVUVK0M X H�XDTVP�KQY�M ZZZ H0N�X2T0P�KQY�M ð é�ñ2éë RUåWh ävè�é�ê R é �qX äfî�é�è _ ï�éï R ä ð�_�P ì ð è»äfî�ì
ñ2ì ð ï�éëë å ìfêkéï � é RUåÉa%æ é R äfïZH2[D\0L0M ZZZ H2N0[Q\0LVMqç�äfïËë æ ävçÉéï¤ñ æ éî�é�êgëìfê R é�êké ð ï æ�Q ï�éëë å ìfêkéï � é RUåÉa%æ é R äfï
H0[TV]�[Q\VL0M ZZZ H2N2[�T0]O[Q\0LVM ��Z
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FICHERO 1 FICHERO 2

Ú åWTcæ�ð ä Û!Z�G�� Ú å ë�òké ð ìcïpî�ésé r é�ègñ�çÉì

¹ é P éë R ìcï�ñ ð�_ ë RUå ëìcï X ëìfè�ì æ ê
ä»è»ävêké ð ä|î�é�î å ïUè å ê æ�åWð é�ç¤éïUñ
äfë å ì a%æ énì�ë æ ñ
ä»ç�ä R ä Q ç�ä�î�é
ëìfê RUð ìfçxî�éYéï RUðUæ ë RUæ�ð ä|ï�é�ñ æ éî�é�ê ð é�ñ ð éï�é�ê R ä ð è�éî å ävê R é æ ê å î�é�ê RUåd^ ë�äfî�ì ð ê æ è m�ðUå ëì R ävê R ì�çÉìcï^ ë�òké ð ìcï a%æ é P ì ð è»ävêbç�äYëìfçÉéëë åÉí ê�ëìfè�ìgé�ç RUå ñIìgî�é�é�çÉé�è�é�ê R ì�éï RUðUæ ë RUæ�ð ävç�é�êbî å ë�ò
ä R ä Q ç�ä Z4^%å ï�éävñ�ç å ë�ävê§ç�äfï�é a%æ�åWh ävçÉé�êkë å äfï�é�ê RUð é�çÉìcï�êkìfè Q�ð éï a%æ é�ï�é�è æ éï RUð ävê�é�ê§ç�ä ^kTcæ�ð ä Û!Z _ ï�éYì Q�RUå é�êké�ç�äR ä Q ç�ä�î�é�ëìfê RUð ìfçËî�é�éï RUðUæ ë RUæ�ð ä a%æ é�ï�é å ç æ ï RUð ägé�êbç�ä ^kTcæ�ð ä Û!Z�`!Z

º ìfè�ì X ä�ï�é{ò
äsëìfè�é�ê R äfî�ì S é�ê�ç�äfïxç å ï R äfïî�élì%ë æ�ðUð é�êkë å äfïî�é�ç ] êkî å ëélï�éqävçWè»äfëé�ê
äsé�çkê u è�é ð ì
î�é ð é Tcå ï RUð ì�î�é6ç�ä R ä Q ç�ätî�é{ëìfê RUð ìfç a[æ é6ï�é6ëì ðUð éïUñ2ìfêkî�élävç�ç æ�T ä ð é�êgé�ç a[æ é{ävñ
ä ð éëé{ç�ä�ì�ë æ�ðUð é�êkë å ä
î�é�ç R�m�ð è å êkì S ì�çÉì a[æ éqéï,çÉìsè å ï�è�ì S ï�éqävçWè»äfëé�ê
äsç�ä å î�é�ê RUåd^ ë�äfë åÉí êDî�é æ ê
ä�î�é R é ð è å ê
äfîkäYéï RUðUæ ë eRUæ�ð äné�ê æ ê ^ ë�òké ð ì�é�êDëìfêkë ð é R ì Z�acæ ê R ì�ävç�ê u è�é ð ì�î�é ð é Tcå ï RUð ì R ävè Q�åÉm êbï�éqñ æ éî�é�ävçWè»äfëé�ê
ä ð é�ç
ê u è�é ð ìgî�é h éëéï a%æ étävñ
ä ð éëé�î å ë�òkì R�m�ð è å êkì�î�é�ê RUð ìgî�é�éï�épé�çÉé�è�é�ê R ìgéï RUðUæ ë RUæ�ð ävç S éï R ìnñ æ éî�é
ï�é ð�u�RUå ç,ñ
ä ð ä T é�êké ð ä ðsæ ê ð ävêOb å ê T î�é�çÉìcï�î�ì�ë æ è�é�ê R ìcï ð éë æ ñIé ð äfî�ìcïnì¼çÉìcïsè�é r ì ð éï�ñ æ ê R ìcïYî�é
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ýkþ�ÿ`û��v÷·ÿ���û�� 	f�2g�Zj�k h�l	f�lm-n j io m(� j(p q
r ý k s

r m-t r ý k u
Ú åWTcæ�ð ä Û!Z _v�k�,a%æ�åWh ävçÉé�êkë å äfïlñ
ä ð ägé�ç#é r é�ègñ�çÉì

õ!öø÷¢ùvú·ûiü ý
þ�ÿ`û���÷·ÿ���û�� 	,�vöø÷�öøü õ!ö��p ú�wWg�h h h �
0

�
9p ú�wWg i h i �

1
�

2p ú�wWg q h q �
3

�
4p ú�wWg s h s �

5
�

6p ú�wWg u h s �
7

�
8p ú�wWg x h h �

10
�

17p ú�wWg y h i �
11

�
12p ú�wWg z h q �

13
�

14p ú�wWg { h s �
15

�
16p ú�w�g�h�| i h �*}

0
�*}

15p ú�w�g�h�h i i �*}
1

�*}
2p ú�w�g�h~i i q �*}

3
�*}

4p ú�w�g�h q i q �*}
5

�*}
6p ú�w�g�h s i s �*}

7
�*}

12p ú�w�g�h u i u �*}
8

�*}
9p ú�w�g�h�x i u �*}

10
�*}

11p ú�w�g�h~y i s �*}
13

�*}
14Ú åWTcæ�ð ä Û!Z�`��kÈqºÊ� ñ
ä ð ägé�ç#é r é�ègñ�çÉì

é�ê RUð äfîkä���ä æ ê~î�ì�ë æ è�é�ê R ì»ëìfè�ì ð éïUñ æ éï R ä�ä æ ê
ägëìfêkï æ ç R ägî�é æ ï æ ä ðUå ì Z
º ìfêkï å î�é ð ävêkî�ìµé�çÊé r é�ègñ�çÉì§ävê R é ðUå ì ðYX ï æ ñ2ìfê å é�êkî�ì a%æ é æ ê R�m�ð è å êkì

τ
ë æ ävç a%æ�å é ð äµävñ
ä ð éëéæ ê
ä h é V é�ê¸é�ç RU]WRUæ çÉì�î�é�çpñ ðUå è�é ð î�ì�ë æ è�é�ê R ìNî�é�çlñ ðUå è�é ð�^ ë�òké ð ì S�RUð éï h éëéï»é�ê ç�äÓï�é Tcæ êkîkä

ï�éëë åÉí êµî�é�éï�é�è å ïUè�ì�î�ì�ë æ è�é�ê R ì X ë æ ä RUð ì h éëéïqé�êbç�äYñ ðUå è�é ð ä»ï æ�Q ï�éëë åÉí ê~î�é�ç#ñ ðUå è�é ðqR é�è»ä
î�é�ç¤î�ì%ë æ è�é�ê R ì a%æ é�ï�éné�êkë æ é�ê RUð äDävçWè»äfëé�ê
äfî�ìDé�êµé�ç¤ï�é Tcæ êkî�ì ^ ë�òké ð ì S ç�ä�ç å ï R ä�î�énì%ë æ�ðUð é�êkë å äfï
ñ
ä ð ä�éï�é R�m�ð è å êkì�ï�étñ æ éî�ésé z ñ ð éï�ä ð ëìfè�ì

τ → [(2, 1), (5, 3), (15, 4)]

ºæ ävêkî�ìDï�énî�éï�é�ä Q�æ ï�ë�ä ðpæ ê
ä|ñ
ävç�ä Q�ð ä|é�ê æ ê§é�çÉé�è�é�ê R ì¼î�éYéï RUðUæ ë RUæ�ð ä S ï�é ð éëì ðUð énï�éë æ é�ê e
ë å ävçWè�é�ê R é�ç�ä»ç å ï R ä�î�énì%ë æ�ðUð é�êkë å äfï�î�énç�ägñ
ävç�ä Q�ð ä ZIj ä ð ä|ë�äfîkä»é�çÉé�è�é�ê R ì|î�énç�ägç å ï R ä�ï�ésëìfêkï æ ç R ä
é�ç ð é Tcå ï RUð ìYî�éqç�ä ÈqºÊ�Nå êkî å ë�äfî�ì X ï�é�ëìfègñ
ä ð äné�ç2ë�ävègñ2ìYî�é�éï RUðUæ ë RUæ�ð äYëìfêDé�ç å î�é�ê RUåd^ ë�äfî�ì ð î�é
ç�ä�éï RUðUæ ë RUæ�ð ä a[æ é a%æ é ð é�è�ìcï Q�æ ï�ë�ä ð�Z

OËä ÈqºÊ�\R ävè Q�åÉm êDè»ävê RUå é�êké å ê P ì ð è»äfë åÉí ê å ègñ�ç ] ë åWR änï�ì Q�ð élç�ä r é ð ä ð�a%æ�] äsî�éqç�äséï RUðUæ ë RUæ�ð ä ZO^ é
ñ æ éî�é�ï�ä Q é ð�a%ækm é�çÉé�è�é�ê R ìcïYëìfê RUå é�êké�ê.äbì RUð ìcï�ëìfègñ
ä ð ävêkî�ìµç�äfïsñ2ìcï å ë å ìfêkéïnî�é å ê å ë å ì Xµ^ ê
ävç
î�é�ë�äfîkäbéï RUðUæ ë RUæ�ð ä~ävçWè»äfëé�ê
äfîkäfï�é�ê�ç�ä R ä Q ç�ä ZË� ï R ì¼ñ2é ð è åWR é ð éï�ìfç h é ð ëìfêkï æ ç R äfï�êkìbï í çÉì¼ñ2ì ð
ëìfê R é�ê å î�ì©ï å êkì R ävè Q�åÉm ê}ï�ì Q�ð é¼ç�äÓéï RUðUæ ë RUæ�ð ä S ñIì ð é r é�ègñ�çÉìÓñ2é ð è åWR é ð éï�ìfç h é ð ñ ð é Tcæ ê R äfïDî�é�çRUå ñ2ì ��Ö�a%ækm î�ì�ë æ è�é�ê R ìcï RUå é�êké�ê RU]WRUæ çÉì ×���Z

��� ú��¶ü�ûF���ÿiü(��ú2ú��ÿ`û�������:t2ýS�����,�cú�þ�ÿ
ú��ÿ`û����cü�ö��ÿ�����������w���ûF��ú����ü÷���{ú��ÿiü(����ú2þ`ú#÷�ü���þ`ö���ú·û����$�vúI÷�ü��{öøú����~���������û`ÿiúwûiú��øú������ÿiú���ú��2�{öøþ��{ü���úZ��÷���ú·û���ü!�����Ê÷�ü���þ���«ÿ��ûiú~���øö��������g
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Ü('�)*',�-' ��9B365-��1 Þ > à @�;B1S7 á @(;B> ß 1
O�ä R�m ë�ê å ë�ä»î�é å êkî�é z äfë åÉí êµëìfè�é�ê R äfîkä�ëìfêµävê R é ðUå ì ðUå îkäfî�ñIé ð è åWR é ð éë æ ñIé ð ä ð çÉìcïqé�çÉé�è�é�ê R ìcï

éï RUðUæ ë RUæ�ð ävçÉéï a%æ é ð éïUñ2ìfêkîkävê�ä æ ê
äsëìfêkï æ ç R ä�î�é æ ï æ ä ðUå ìnî�élè»ävêké ð äné ^ ë å é�ê R é Z!¯ ìsì Q ï R ävê R é S é�ç
òkéë�òkìtî�éÊî å ï�ñIìfêké ð î�é�ç ] êkî å ëéñ
ä ð ä ð éï�ìfç h é ð ç�äfïwëìfêkï æ ç R äfï å ègñ�ç å ë�ä æ êYëìcï R éÊî�é6ävçWè»äfëé�ê
ävè å é�ê R ì
äfî å ë å ìfê
ävç XÓm ï R é�ñ æ éî�é�ëìfê h é ðURUåWð ï�é|é�ê æ ê å êkëìfê h é�ê å é�ê R é¼é�êNävç Tcæ ê
äfïYï åWRUæ äfë å ìfêkéï S ëìfè�ìbñ2ì ð
é r é�ègñ�çÉì�é�êbï å ï R é�è»äfïlî�é ð éë æ ñ2é ð äfë åÉí êµî�é å ê P ì ð è»äfë åÉí ê ð éï å î�é�ê R éïqé�ê º ó e¢®���²\Zj ä ð ä�î å ïUè å ê æ�åWð é�ç¤éïUñ
äfë å ì�ì�ë æ ñ
äfî�ì|ñ2ì ð é�ç ] êkî å ëéYï�énñ æ éî�é�êÓävñ�ç å ë�ä ð ç�äfï R�m ë�ê å ë�äfïtëìfè�é�ê eR äfîkäfï{é�ê�� _kZ�G!S êkì�ì Q ï R ävê R é�ï�é ð�_ ñ ð éë å ï�ì�ëì�î åd^ ë�ä ð�S é�ègñ�çÉé�ävêkî�ì�ävç Tcæ ê
ä R�m ë�ê å ë�änî�étëì�î åd^ ë�äfë åÉí ê
î�é�ê u è�é ð ìcï�é�ê R é ð ìcï SÇR ävê R ìbç�ä�ç å ï R äDî�égì%ë æ�ðUð é�êkë å äfïnëìfè�ìDç�ä R ä Q ç�ä¼î�égëìfê RUð ìfçî�égéï RUðUæ ë RUæ�ð ä Z
OËäbëìfègñ ð éï åÉí êNî�é�ç ] êkî å ëé»ï�é ð é�ävç åWV äbî�é»ç�ä¼è å ïUè»ä P ì ð è»ä a%æ é�ë æ ävç a%æ�å é ð ì RUð ì RUå ñIìµî�é ] êkî å ëéå ê h é ðURUå î�ì S ñ
ä ð ä~é�çWçÉìbï�égï�é�ñ
ä ð ä¼é�ç h ì%ë�ä Q�æ ç�ä ðUå ì SËa[æ é T é�êké ð ävçWè�é�ê R é»êkìbï�égï æ é�çÉé�ëì�î åd^ ë�ä ð ñ
ä ð äP äfë å ç åWR ä ð é�çËäfëëéï�ì»ä�çÉìcï R�m�ð è å êkìcï S î�é�ç�äfïlç å ï R äfïlî�ésì�ë æ�ðUð é�êkë å äfï Xnr·æ ê R ì�ëìfêµë�äfîkä R�m�ð è å êkì»î�é�çh ì�ë�ä Q�æ ç�ä ðUå ì�ävñ
ä ð éëé æ ê»ävñ æ ê R äfî�ì ð�a%æ é{ï�é � ävç�ä�ç�ä�ñIìcï å ë åÉí ê�é�êgç�ä a[æ é6ëìfè å é�ê V ä�ç�äpç å ï R ätî�é{ì�ë æ!eðUð é�êkë å äfïpëì ðUð éïUñ2ìfêkî å é�ê R é ZIj ì ð ì RUð ìgç�äfî�ì S ç�äfïlç å ï R äfïlî�ésì�ë æ�ðUð é�êkë å äfïpï�é�ëì�î åd^ ë�ävê X ï�é�éï�ë ðUåWQ é�ê
ï�éë æ é�êkë å ävçWè�é�ê R é Q�å é�ê~ägëìfê RUå ê æ äfë åÉí ê�î�é�ç h ì�ë�ä Q�æ ç�ä ðUå ì�ì Q�å é�êbé�ê æ ê ^ ë�òké ð ì|ävñ
ä ðUR é ZF^ é Tcu êµï�é
ò
äDëìfè�é�ê R äfî�ìbëìfê©ävê R é ðUå ì ðUå îkäfî S ë�äfîkä¼é�çÉé�è�é�ê R ì a[æ égëìfègñ2ìfêké�ç�äfïtç å ï R äfïsî�égì�ë æ�ðUð é�êkë å äfïsî�é�ç] êkî å ëé�éï R�_nP ì ð è»äfî�ì�ñ2ì ð ñ
ä ð é r äfïlî�étê u è�é ð ìcï�é�ê R é ð ìcï �kæ êkì å êkî å ë�ägé�çÉé�è�é�ê R ì|éï RUðUæ ë RUæ�ð ävç�é�êbé�ça%æ é»ävñ
ä ð éëé�é�ç R�m�ð è å êkìµè�éî å ävê R é æ ê
ä ð é P é ð é�êkë å äµäbç�ä R ä Q ç�ä~î�é»ëìfê RUð ìfç6î�é»éï RUðUæ ë æ�RUð ä S�X é�ç
ì RUð ì å êkî å ë�ägë æ
_ ê R äfï h éëéïpävñ
ä ð éëé Zº ìfè�ì~ç�äfïnç å ï R äfïYî�é»ì�ë æ�ðUð é�êkë å äfïYï�é»é�êkë æ é�ê RUð ävê�ì ð î�é�ê
äfîkäfïgî�é�äfë æ é ð î�ìµëìfêNç�ä ð é P é ð é�êkë å ä
ä~ç�ä R ä Q ç�ä�î�é|ëìfê RUð ìfçlï�é|ï æ�Tcå é ð éDävñ�ç å ë�ä ð�æ ê
ä�ëì�î åd^ ë�äfë åÉí ê�ñIì ð î ådP é ð é�êkë å äfï��|ï�é Tcæ�å îkä�î�é æ ê
ä
ëì�î åd^ ë�äfë åÉí ê � ç å äfï ¦

δ � a[æ é�ì Q�RUå é�êké Q�æ é�êkìcï ð éï æ ç R äfî�ìcïbävçtëì%î åd^ ë�ä ð è»ä T ê åWRUæ î�éïbî�é R ävè»ä � ìè�éî å ì X¼Tcð ävêkî�é Z2j ì ð ì RUð ì|ç�äfî�ì S ä æ ê a%æ éYé�ç�ê u è�é ð ìDî�éYì%ë æ�ðUð é�êkë å äfïtî�é�ç R�m�ð è å êkì�êkì|ï æ é�çÉénï�é ð
î�é æ ê
äqè»ä T ê åWRUæ înè æ�XsTcð ävêkî�é R ävè Q�åÉm êgï�éÊëì%î åd^ ë�ä ð�_pæ ï�ävêkî�ì � ç å äfï ¦

δ
ñIé ð ìpêkì æ ê
äpëì�î åd^ ë�äfë åÉí ê

ñ2ì ð î ådP é ð é�êkë å äfïqîkäfî�ì a%æ étêkì�éï R�_ êbì ð î�é�ê
äfî�ìcï Z
ó�épç�änè å ïUè»änè»ävêké ð ä S ï�éqñ2ì�î ðU] ä�ëìfègñ ðUå è åWð ç�ä R ä Q ç�äYî�étëìfê RUð ìfç#î�é�éï RUðUæ ë RUæ�ð ä�é�ègñ�çÉé�ävêkî�ìR�m ë�ê å ë�äfïÊî�élëì�î åd^ ë�äfë åÉí ê�î�éqé�ê R é ð ìcï Z�� ê»î å ë�ò
ä R ä Q ç�änävñ
ä ð éëé�ê»è»ä T ê åWRUæ î�éï6î�é R ì�î�ì RUå ñIì X ñ2ì ð

éï�ìsï�élï æ�Tcå é ð éqëì%î åd^ ë�ä ð ç�äné�ègñ�çÉé�ävêkî�ì � ç å äfï ¦
δ
î�élê æ é h ì Z�¹ òkì ð ä Q�å é�ê S çÉìcï ð é Tcå ï RUð ìcï a%æ é P ì ð è»ävê

ç�ä R ä Q ç�ä¼êkìbï�ìfê©äfëëéï åWQ çÉéïsî�é P ì ð è»ä¼ävçÉé�ä R ì ðUå ä æ ê
ä h é V�a[æ égï�é�ò
ä ð é�ävç åWV äfî�ì¼ç�ä¼ëì�î åd^ ë�äfë åÉí ê y
êkìDì Q ï R ävê R égç�ä å ê P ì ð è»äfë åÉí ê\ëìfê R é�ê å îkä¼é�êÓç�ä R ä Q ç�äDî�égëìfê RUð ìfçî�éYéï RUðUæ ë RUæ�ð äDëìfègñ ðUå è å îkäbéï
äfëëéï åWQ çÉé�ä � äfî å é�êkî�ì æ ê
ä|ñIé a%æ é � äDï�ì Q�ð éë�ä ðUT ä¼ävçxéï a%æ é�è»ä Z=^ énñ�ç�ävê R é�ävê©î�ìcïtñ2ìcï åWQ�å ç å îkäfî�éï�ä
ç�äYòkì ð ä�î�é�ò
äfëé ð äfëëéï åWQ çÉésî å ë�ò
ä å ê P ì ð è»äfë åÉí ê �
� Z ã�äfëé ðwa%æ é�ç�äfï ð é P é ð é�êkë å äfïwé�êYç�äfï¤ç å ï R äfïËî�éÊì�ë æ�ðUð é�êkë å äfï¤ëìfê R é�ê T ävêgç�älñ2ìcï å ë åÉí ê � é�ênê u è�é ð ì

î�é Q�åWR ï � é�êµç�ä a%æ ésëìfè å é�ê V ä�é�ç ð é Tcå ï RUð ì a%æ é�è»ävê RUå é�êkénç�ä å ê P ì ð è»äfë åÉí ê�î�é�ç�ä�éï RUðUæ ë RUæ�ð ä
ëì ðUð éïUñ2ìfêkî å é�ê R é�é�ê~ç æ�T ä ð î�é�ç#ê u è�é ð ì|î�é ð é Tcå ï RUð ì�é�ê~ë æ éï RUåÉí ê Z

�!ZH² ävê R é�êké ð ç�äfï ð é P é ð é�êkë å äfï�î�éDç�äfïgç å ï R äfïgî�éDì�ë æ�ðUð é�êkë å äfï R ävç X ëìfè�ìÓï�é|ò
ävê î�é ^ ê å î�ì X
ï�égäfëëéî�é»ä|ç�ä å ê P ì ð è»äfë åÉí ê\î�é�ç,é�çÉé�è�é�ê R ìbéï RUðUæ ë RUæ�ð ävç�è�éî å ävê R é�é�çxê u è�é ð ìbî�é ð é Tcå ï RUð ì
ñIé ð ì§ñ ð é h�å ävè�é�ê R éµï�éDî�é Q ébäfëëéî�é ð ä æ ê h éë R ì ð�S�a[æ é R é�êkî ð�_§R ävê R ìcï�é�çÉé�è�é�ê R ìcï�ëìfè�ì
é�ê RUð äfîkäfï �¶ð é Tcå ï RUð ìcï � é�ê�ç�ä R ä Q ç�änî�épëìfê RUð ìfç X ë�äfîkäné�çÉé�è�é�ê R ì�î�é�î å ë�òkì h éë R ì ð ëìfê R é�êkî ð�_
ç�äbñ2ìcï å ë åÉí ê � é�ê\ê u è�é ð ì�î�é Q�åWR ï � é�ê©ç�ä a[æ é|ï�é�é�êkë æ é�ê RUð äµç�ä~é�ê RUð äfîkä ð éïUñIéë RUåWh äbé�êNç�äR ä Q ç�ä�î�énëìfê RUð ìfç Xbæ ê
ä h é V ì Q�R é�ê å îkäDî å ë�ò
ä»ñ2ìcï å ë åÉí êÓï�éYäfëëéî�é�ä�ç�ä å ê P ì ð è»äfë åÉí ê�é�ê�ç�äR ä Q ç�ägî�ésëìfê RUð ìfç�î�éséï RUðUæ ë RUæ�ð ägëìfègñ ðUå è å îkä Z

j ä ð ä|ëìfègñ ðUå è åWð ç�ä R ä Q ç�ä»î�énëìfê RUð ìfçwî�é�éï RUðUæ ë RUæ�ð ä|ï�énï æ�Tcå é ð ésç�ä»ï�é Tcæ êkîkä�ìfñ2ë åÉí êµñ æ éï�éï
ñ ð é h�å ï åWQ çÉé a%æ égëìfê�çWçÉé h é æ ê
äDè�é�êkì ð ï�ì Q�ð éë�ä ðUT ä¼î�é Q�å î�ìµä a%æ égé�ê�é�çxñ ðUå è�é ð ë�äfï�ìDç�äfïsî ådP é ð é�ê e
ë å äfïqé�ê RUð ésî�ìcïlé�çÉé�è�é�ê R ìcïpëìfêkï�éë æ�RUåWh ìcï R é�êkî ð�_ ê~è»ä T ê åWRUæ î�éïqè»ä X ì ð éï X ëìfêkï�éë æ é�ê R é�è�é�ê R éYç�ä

 ¢¡ s g q g�hú��I���!��£�w�ö���� u z¤ ¡ s g q g q ú��I���!��£�w�ö���� u {
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Vocabulario Apuntadores Listas de ocurrencias

Ú åWTcæ�ð ä Û!Z�¦��k� ï a%æ é�è»ägî�é�ëìfègñ ð éï åÉí ê�î�é�ç�ä R ä Q ç�ägî�ésëìfê RUð ìfç Z

ëì�î åd^ ë�äfë åÉí ê ð éï æ ç R ävê R égì�ë æ ñ
ä ð�_ è _ ï�éï�ñ
äfë å ì a%æ éYé�ê�é�çxï�é Tcæ êkî�ìDë�äfï�ì S�X ä a%æ énç�ä|ï�ì Q�ð éë�ä ðUT äå ê RUð ì%î æ ë å îkä�éïxñ ð ìfñIì ð ë å ìfê
ävçIävçkê u è�é ð ì R ì R ävç
î�é R�m�ð è å êkìcï,è å é�ê RUð äfï a%æ é{é�ê»é�çkï�é Tcæ êkî�ìsë�äfï�ì�éï
ñ ð ìfñ2ì ð ë å ìfê
ävç�ävç�ê u è�é ð ì R ì R ävç
î�é{é�çÉé�è�é�ê R ìcïéï RUðUæ ë RUæ�ð ävçÉéï�î�é6ç�ätëìfçÉéëë åÉí ê Z%� çkéï a%æ é�è»äté�çÉé Tcå î�ì
éï R�_Yð é�ñ ð éï�é�ê R äfî�ì Tcð�_�^ ë�ävè�é�ê R éné�ê~ç�ä ^kTcæ�ð ä Û!Z�¦!Z

¾¨§�©ª§ «¬¯®±°�²�³Q´¶µ·°¸³0°*®±¹�º
»
° Á½¼ ´�³Q´¾µ
ºÀ¿�ÁÃÂÄ°�» Â º Á ¿ZºÃ»Å° Á�Â ³�ÁÃ¿ Â ÁI³Q´
� ê|çÉìcï{ävñ
ä ðUR äfî�ìcïlävê R é ðUå ì ð éïqï�élò
äYî�éï�ë ðUåWR ì æ ê
ä R�m ë�ê å ë�änî�é å êkî�é z äfë åÉí êDï�ì Q�ð é�î�ì�ë æ è�é�ê R ìcï

ï�é�è å éï RUðUæ ë RUæ�ð äfî�ìcï a%æ éñ2é ð è åWR é ð éï�ìfç h é ð ëìfêkï æ ç R äfïxñIì ð ëìfê R é�ê å î�ì X éï RUðUæ ë RUæ�ð ä Z�� ç ] êkî å ëé{ñ2é ð�e
è åWR é ð éë æ ñ2é ð ä ð ç�ä�ç å ï R äsî�é{é�çÉé�è�é�ê R ìcïÊéï RUðUæ ë RUæ�ð ävçÉéï a%æ élëìfê R é�ê T ävê æ ê R�m�ð è å êkìsî�é{ç�ätëìfêkï æ ç R ä ZÈ ävè Q�åÉm êbñ ð ìfñ2ì ð ë å ìfê
ä å ê P ì ð è»äfë åÉí êµäfëé ð ë�ä�î�étç�äYçÉì�ë�ävç åWV äfë åÉí ê~î�é�ë�äfîkä�é�çÉé�è�é�ê R ì�é�êbï æ ëì ðUð éï e
ñ2ìfêkî å é�ê R étî�ì�ë æ è�é�ê R ì S�a%æ é�é�ê�ç�ä h é ð ï åÉí ê¼î�éï�ë ðUåWR äYëìfêDävê R é ðUå ì ðUå îkäfîbï�épçWçÉé h äYäYë�ä Q ìnè�éî å ävê R é
çÉìcïë�ävègñIìcï a%æ éqëìfê RUå é�êké�êDç�äfïñIìcï å ë å ìfêkéïî�é å ê å ë å ì X�^ ê�î�é�çIé�çÉé�è�é�ê R ìYéï RUðUæ ë RUæ�ð ävç Z%� ï R ä å ê P ì ð�e
è»äfë åÉí ê�éïqï æ!^ ë å é�ê R é�ñ
ä ð ä ð éï�ìfç h é ð ç�äfïpëìfêkï æ ç R äfïlè _ ï�ï�é�êkë å çWç�äfï S ñ2é ð ì»ï�é�è æ éï RUð ä å êkï æ!^ ë å é�ê R é
ä�ç�äDòkì ð ä~î�é ð éï�ìfç h é ð ëìfêkï æ ç R äfïsè _ ï�é�ç�ä Q ì ð äfîkäfï ZËj ä ð ä~é�çWçÉìbï�égò
ä¼î�é ^ ê å î�ì æ ê _ ç T é Q�ð ä�Æ a%æ é
ñ2é ð è åWR é�è»ävê å ñ æ ç�ä ð é�çÉé�è�é�ê R ìcïpéï RUðUæ ë RUæ�ð ävçÉéï�é�êbé�ç�î�ìfè å ê å ì�î�ésçÉìcï{è å ïUè�ìcï Z� ê�ç�ä R ä Q ç�ä�î�é�ëìfê RUð ìfç,î�é�éï RUðUæ ë RUæ�ð ä�ï�é�é�êkë æ é�ê RUð ävê ð é�ñ ð éï�é�ê R äfî�ìcï R ì�î�ìcï�çÉìcïtêkì%î�ìcï a%æ éð é�ñ ð éï�é�ê R ävê�ç�äqéï RUðUæ ë RUæ�ð äpî�éçÉìcïËî�ì�ë æ è�é�ê R ìcï Xsa%æ é�ï�ìfê�ë�ävêkî å îkä R ìcïxäqï�é ð�ð éë æ ñ2é ð äfî�ìcï,ä RUð ä h�m ï
î�é æ ê
äYëìfêkï æ ç R äYî�é æ ï æ ä ðUå ì Z�¹ î�é�è _ ï S ç�ä R ä Q ç�ä�î�é�ëìfê RUð ìfç#î�étéï RUðUæ ë RUæ�ð ä ð é�ñ ð éï�é�ê R ä�î�é P ì ð è»äå ègñ�ç ] ë åWR äbç�äbéï RUðUæ ë RUæ�ð äµä ðUQIífð é�ä a[æ é�ï å è Q ìfç åWV äbç�ä r é ð ä ð�a%æ�] äbî�é�ë�äfîkä~î�ì%ë æ è�é�ê R ì a%æ é P ì ð è»ä
ç�ä~ëìfçÉéëë åÉí ê Z¤Õ ê
ä¼ñ ð ìfñ å éîkäfî.ëìfç�ä R é ð ävç a%æ é»éï R�_ ñ ð éï�é�ê R é�é�ê.î å ë�ò
ä R ä Q ç�ä~éï a%æ é»ë æ ävêkî�ì�ï�é
é P éë RUu ä æ ê ð éëì ðUðUå î�ì¼ï�éë æ é�êkë å ävç,é�ê�ì ð î�é�ê�ë ð éë å é�ê R é�î�é�çÉìcï�é�çÉé�è�é�ê R ìcï ð é�ñ ð éï�é�ê R äfî�ìcï�é�ê§é�çWç�ä S
ï�é ð é�ävç åWV ä æ ê ð éëì ðUðUå î�ìgñ ðUå è�é ð ìgé�êDñ ð ì P¶æ êkî å îkäfî¼î�é�ç _vðUQ ìfçÇî�é�éï RUðUæ ë RUæ�ð ä�î�étë�äfîkänî�ì�ë æ è�é�ê R ì
ï�é Tcu êbï æ ì ð î�é�ê~î�é å êkî�é z äfë åÉí ê Z

Ç mB�È£���w�ú���û���ú�þ����d����ûi÷·üÉ��ú�ÿ`û������~��ü&Ê ü�û������(��ú�þ�ÿiö������ü&���#ÿ`û���ÿ����{öøú��ÿiüÉ��úÃ����ö���Êdü�û�����÷�ö����È����þ�����üYú��ü��cú·û�����ü�ûiú�þË�I�����øü�ûiú·þB��ú���ü��{ö��vöøü�g
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O�äfïtìfñIé ð äfë å ìfêkéïsî�é ^ ê å îkäfï�é�êÓé�ç _ ç T é Q�ð ä�éï R�_ êÓé�êkë�ävè å ê
äfîkäfï�ä ð éï�ìfç h é ð çÉìcï ð é a%æ�å ï åWR ìcïtî�éå ê P ì ð è»äfë åÉí ê a%æ éYêkéëéï åWR ä æ ê�ï å ï R é�è»äDî�é ð éë æ ñ2é ð äfë åÉí ê©î�é å ê P ì ð è»äfë åÉí ê a[æ éYè»ävê å ñ æ çÉé�î�ì�ë æ!e
è�é�ê R ìcïëìfê�éï RUðUæ ë RUæ�ð ä S%ð é a[æ�å ï åWR ìcï ð é�ç�äfë å ìfê
äfî�ìcï6ëìfê»ç�ä ð é�ç�äfë åÉí ê r é ð�_vð�a%æ�å ë�äsî�é æ ê|é�çÉé�è�é�ê R ìYé�ê
ëìfêkë ð é R ì ð éïUñIéë R ìbä|çÉìcïsî�é�è _ ï Z O�ä�ñ ð ìfñ æ éï R ä RUå é�êké�é�ê�ë æ é�ê R äDç�ä�éï RUðUæ ë RUæ�ð ä¼î�é�ç�ä R ä Q ç�äDî�é
ëìfê RUð ìfç¤î�é ^ ê å îkä�é�êÓ� Û!Z � ñ2é ð ì S é�ê�éï R é�ë�äfï�ì X ñIì ð ë æ éï RUå ìfêkéï�î�énï å ègñ�ç å ë å îkäfî S ï�énëìfêkï å î�é ð ä ð�_a%æ é R ì�î�ìcï�çÉìcï�î�ì�ë æ è�é�ê R ìcïnï�égé�êkë æ é�ê RUð ävê.é�ê æ êÓè å ïUè�ì ^ ë�òké ð ì P�] ï å ëìQÔ ZÇ� ê�ñ ðUå è�é ð ç æ�T ä ð ï�é
î�é ^ ê åWð�_ î�é P ì ð è»ävçWè�é�ê R é æ ê¼é�çÉé�è�é�ê R ìgéï RUðUæ ë RUæ�ð ävç X ç�änè»ävêké ð änî�é å î�é�ê RUåd^ ë�ä ð çÉì X äYëìfê RUå ê æ ä e
ë åÉí ê\ï�é�î�é R ävçWç�ä ð�_ ê©ç�äfï ð é�ç�äfë å ìfêkéï X ìfñ2é ð äfë å ìfêkéï�é�ê RUð é�é�çWçÉìcï ZB^ é�ä

S
æ ê\é�çÉé�è�é�ê R ì~éï RUðUæ ë RUæ�ð ävç

î�é RUå ñ2ì
s
ñ ð éï�é�ê R é�é�ê æ êbî�ì%ë æ è�é�ê R ì|ävçWè»äfëé�ê
äfî�ì»é�ê RUð ésç�äfï{ñ2ìcï å ë å ìfêkéï

ΛS
X

ΩS
î�é�ç ^ ë�òké ð ì Z

^ épî�é ^ êké T ëìfè�ì�é�çÇëìfê r·æ ê R ìYî�é R ì�î�ìcïÊçÉìcïÊé�çÉé�è�é�ê R ìcïléï RUðUæ ë RUæ�ð ävçÉéï å êkë�ç æ�å î�ìcïlé�ê�ç�ä R ä Q ç�äî�éDëìfê RUð ìfç X é�ç6ê u è�é ð ì R ì R ävçlî�é¼é�çÉé�è�é�ê R ìcï»î�éDî å ë�ò
ä R ä Q ç�ä h%å é�êkéDîkäfî�ì§ñ2ì ð |T | Zxj ä ð ä§î�ìcïé�çÉé�è�é�ê R ìcï�éï RUðUæ ë RUæ�ð ävçÉéïsë æ ävçÉéï a%æ�å é ð ä S
S ∈ T

X
S′ ∈ T

S é�ê�ê å ê Tcu êÓë�äfï�ì�ñ æ éî�éYï æ ëéî�é ð�a%æ é
ï æ ïYëì ðUð éï�ñIìfêkî å é�ê R éïgñIìcï å ë å ìfêkéïYî�é å ê å ë å ì§ì ^ ê
ävç6ï�é�ävê åWTcæ ävçÉéï SËX äfî�é�è _ ïgï å é�ègñ ð éDï�é|î�é Q é
ë æ ègñ�ç åWðpa[æ é

ΩS > ΛS ∀ S ∈ T
Z

Õ×Ö2Ø-Ù(Ú�Û2Ú�Ü4ÙÞÝ*ßfàâá�ã�äBÖVÙFåWÚ,Ø(ÛDæOÛ0Ú,ÜFÙçÚfÙBÖ2è*é(ê,ë4ìËÛDæ6ä(ÖÎÖ0í�ÖVîïÖ0ÙFå�ì4ð�ñóò=ôÃõ�ö2÷�øSùfõ ú8û¢ôDû$õfü�øýõ,øF÷¢þ Å0ÿ�� Ã �û�ôÀö0÷��l÷��:÷��ý÷�øSù Ã
S
÷�ø�� ô&û Ã �¯÷~û�û�õfüQø ö2÷Iö Ã û Å �ý÷�øSù Ã��	� ÷�
 Å ÷~ö2÷�¢÷~ô�� õ���ô����±÷¢ö�õfôQøSù�÷ � Å ùfõ�
 Ã s � ø Ã � �Ä �~÷Àö2÷��-÷��¯÷��±÷�øSù Ã ÷ � ù�� Å û$ù Å �~ô�� ��� � Å � 
 Ã�� õ�û�õ Ã øF÷ � õ,øSõfû�õ�ô�����ú�ø4ô���� ΛS

�
ΩS

��÷�øÓ÷��2ú8û���÷�� Ã��
S = {s,ΛS ,ΩS}

�`Û!Z � �
º äfîkäÓé�çÉé�è�é�ê R ìNî�ébéï RUðUæ ë RUæ�ð ä©ï æ ï�ëé�ñ RUåWQ çÉébî�ébï�é ð è»ävêké r äfî�ì©ï�é å êkë�ç æ�åWð�_ é�ê¸ç�ä R ä Q ç�äÓî�é

ëìfê RUð ìfçËî�énéï RUðUæ ë RUæ�ð ä X ï�é�çÉé�äfï åWT ê
ä ð�_gæ ê å î�é�ê RUåd^ ë�äfî�ì ð�u ê å ëì S�Ô
S

S
a[æ ésï�ésëì ðUð éïUñ2ìfêkî�é ð�_ ëìfê
ç�äpñ2ìcï å ë åÉí ê �â^ ç�ä �¤a[æ éÊì%ë æ ñ
ä�î�é�ê RUð ì�î�éç�ä R ä Q ç�ä�î�é6ëìfê RUð ìfç S ëìfè�é�ê V ävêkî�ìtç�ä�é�ê æ è�é ð äfë åÉí ê»î�éï�î�é
ëé ð ì Z
Õ×Ö2Ø-Ù(Ú�Û2Ú�Ü4ÙÞÝ*ß��Þá! dÖ0í�æOÛ2Ú�ì4ÙBÖ2ð±ä(Ö�ÚfÙBÛ2ífé=ð�Ú,ÜFÙ Ö0ÙFå#"Ö Ö0í�Ö0îÓÖ0ÙFå�ìSðQñ%$l÷~ô

S ∈ T �
S′ ∈ T ÷��:÷ ��ý÷�ø4ù Ã&� ÷ � ù�� Å û$ù Å �~ô��¯÷ �(' S ÷ � ù�ô��*)�û Ã øSù�÷�øvõ�ö Ã ÷�ø

S′
�
S C S′

� � õ+� � ü�� Ã�� õ,�¯ô-
 Ã�� õ�û�õfüQøâö2÷±õ,øSõfû�õ Ã
ö0÷
S
÷ � 
 Ã&� ù�÷���õ Ã �Àô.�¯ô ö0÷

S′
�.�¯ô/
 Ã&� õ�û�õ�ü�ø&úZø4ô��=ö2÷

S
÷ � ô�øSù�÷���õ Ã �ªô.�¯ôÈö2÷

S′
�

S C S′ ⇐⇒ ΛS > ΛS′ ∧ ΩS < ΩS′
�`Û!Z����

0 ø1)�� Ã32 ô��ý÷�øSù�÷4�
S
û Ã ø4ùfõ�÷�øl÷ªô

S′
�5� � ÷Àö2÷�ø Ã ù�ô6�!)7�ý÷~ö�õ�ô�øSù�÷

S B S′ � � õ�� � ü6� Ã.� õ��¯ô/
 Ã&� õ�û�õ�ü�øïö2÷õ�øvõ�û�õ Ã ö2÷
S
÷ � ô�øSù�÷���õ Ã �ªô.�¯ôdö2÷

S′
�.�¯ô8
 Ã&� õ�û�õ�ü�ø&úZø4ô��*ö2÷

S
÷ � 
 Ã&� ù�÷���õ Ã �ªô7�¯ô ö0÷

S′
�

S B S′ ⇐⇒ ΛS < ΛS′ ∧ ΩS > ΩS′
�`Û!Z�G��

Õ ê
äDñ ð ìfñ å éîkäfî.äfî å ë å ìfê
ävç ð é�ç�äfë å ìfê
äfîkä~ëìfê\ç�äbî�é ^ ê å ë åÉí ê�ävê R é ðUå ì ð éï a%æ é�ï å,R é�êké�è�ìcïYî�ìcï
é�çÉé�è�é�ê R ìcï

S, S′ ∈ T
X ï�étë æ ègñ�çÉé a[æ é

S C S′
S é�ê R ìfêkëéïlï�é�î�éî æ ëé�î�épè»ävêké ð ä å ê�è�éî å ä R ä a%æ é

S′ B S
X�h�å ëé h é ð ï�ä Z

Õ×Ö2Ø-Ù(Ú�Û2Ú�Ü4ÙÞÝ*ß�9 á4:¨ì4Ù<;$é(ÙFå�ìSðÉä(Ö�ÚfÙBÛ2ífé=ð�Ú,ÜFÙ�ñ=$l÷¢ô
S ∈ T Å ø6÷��:÷��ý÷�øSù Ã ÷ � ù�� Å û$ù Å �~ô�� ' ES ÷ � ÷��

û Ã ø#> Å øSù Ã ö2÷¨ù Ã ö Ã�� � Ã&� ÷��¯÷��ý÷�ø4ù Ã&� ÷ � ù�� Å û$ù Å �~ô��:÷ � û Ã øSù�÷�øvõ�ö Ã&� ÷�ø S �d÷ � ù?)Èö2÷fúZøvõ�ö Ã û Ã � Ã��
ES = {S′ ∈ T • S′ C S}

�`Û!Z _%�

PS
÷ � ÷��Ëû Ã ø#> Å øSù Ã ö2÷·ù Ã ö Ã&� � Ã&� ÷��:÷��ý÷�øSù Ã�� ÷ � ù�� Å û$ù Å ��ô6�¯÷ � þ Å ÷¨û Ã øSùfõ�÷�øF÷�ø6ô S � � ÷·ö2÷�úZøF÷¨û Ã � Ã��

PS = {S′ ∈ T • S′ B S}
�`Û!Z�`��

@ nV�,úBA�ÿ`û����cü�����÷�ö����I��ú=����þË��ú�����ö�÷·ö�ü��vú�þI÷���������ü,þ`ú(��öøþ��cü���ú-��ú=����ûiöøü�þF�v÷ ù�ú·ûiü�þSÊDCøþ`öø÷�ü�þ#ú�þIþ`ö�� ���øúËú�ö���{ú~��ö ��ÿ��Wg
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¹ çÉìcïxëìfê r·æ ê R ìcï ES X PS R ävè Q�åÉm ê»ï�éçÉéïxî�é�êkìfè å ê
ä ð�_ û Ã ø#> Å øSù Ã ö0÷�ö2÷ � û�÷�øFö�õ�÷�øSù�÷ �lX û Ã ø#> Å ø �ù Ã ö2÷·ô � û�÷�ø4ö�õ�÷�øSù�÷ � î�é
S
ð éïUñIéë RUåWh ävè�é�ê R é Z ó�äfîkä�ç�ä ð é�ç�äfë åÉí êDî�é å êkë�ç æ ï åÉí ê R ì�î�ìcï�çÉìcïé�çÉé�è�é�ê R ìcï

ëìfê R é�ê å î�ìcïxé�ê�é�ç!ëìfê r�æ ê R ì ES ï�é ð é�ç�äfë å ìfê
ävêgëìfê S ä RUð ä h�m ï�î�é�ç�ë å é ðUð é RUð ävêkï åWRUåWh ì�î�éç�ä ð é�ç�äfë åÉí êHGî�é å êkë�ç æ ï åÉí ê C Z2¹ ê _ çÉì T ävè�é�ê R é SÇR ì�î�ìcï�çÉìcï�é�çÉé�è�é�ê R ìcï�ëìfê R é�ê å î�ìcïné�ê�é�çxëìfê r·æ ê R ì PS ï�é ð é�ç�ä eë å ìfê
ävêbëìfê
S
ä RUð ä h�m ïpî�é�ç#ë å é ðUð é RUð ävêkï åWRUåWh ì�î�étç�ä ð é�ç�äfë åÉí ê~î�é å êkë�ç æ ï åÉí ê B Zkº ìfè�ì�ëìfè�é�ê R ä ðUå ì^ ê
ävç#ï�é�ñ æ éî�é�é�ê æ êkë å ä ðpa%æ étäfï ] ëìfè�ì�ç�äfï ð é�ç�äfë å ìfêkéï C X B ï�ìfêDï å è m�RUðUå ë�äfï{ç�ä æ ê
ä ð éïUñ2éë R ì�äç�ä�ì RUð ä S ï æ ï ð éïUñ2éë RUåWh ìcïlë å é ðUð éï RUð ävêkï åWRUåWh ìcïqêkì�ï�ìfêbï å è m�RUðUå ëìcïpé�ç æ êkì ð éïUñ2éë R ì�ävç�ì RUð ì Z

Õ×Ö2Ø-Ù(Ú�Û2Ú�Ü4ÙÞÝ*ßDIçá!JIí�Ö0îÓÖ0ÙFå�ìâìF"�Ú�KSÖ0Ù äBÖ�äBìËÛ0éBîÓÖ0ÙFå�ìËñML,�8÷��¯÷��±÷�øSù Ã ÷ � ù�� Å û�ù Å �~ô�� S � ÷��*) Å ø÷��:÷��ý÷�øSù Ã�Ã ��õ 2 ÷�ø×ö2÷Iö Ã û Å �ý÷�øSù Ã � Ã ö Ã û Å �ý÷�øSù Ã � � õlø Ã ÷ � ù?)&û Ã ø4ù�÷�øvõ�ö Ã ÷�ø øSõ,ø 26N ø Ã ù�� Ã ÷��:÷��ý÷�øSù Ã÷ � ù�� Å û$ù Å ��ô6��� S C ∅ � Ã � Ã þ Å ÷Ó÷ � � Ã �&õ � � Ã � � õO� � ü�� ÃP� õO�¯ô � 
 Ã&� õ�û�õ Ã øF÷ � õ,øvõ�û�õ�ô��Q�dúZø4ô6�Iö2÷
S
��Ã ø Ã ô�� Ä ô � �±ô�� Ã �~÷ ��Ã ô�� Ä ô � �ý÷�ø Ã �~÷ � þ Å ÷R� ô � �~÷ � 
O÷~û$ùfõ � ô � ö2÷Èû Å ô��¯þ Å õ�÷�� Ã ù�� Ã ÷��:÷��ý÷�øSù Ã
O÷���ù�÷�øl÷~û�õ�÷�øSù�÷Éô��=û Ã ø#> Å øSù Ã T − ES − {S} �

S C ∅ ⇐⇒ ∀S′ ∈ T −ES−{S} • (ΛS > ΛS′ ∧ΩS > ΩS′)∨ (ΛS < ΛS′ ∧ΩS < ΩS′)
�`Û!Z�¦��

ò�� ô��±ô�� Ã&� D ô��=û Ã øS> Å øSù Ã ö2÷ªù Ã ö Ã&� � Ã&� ÷��:÷��ý÷�øSù Ã&�nÃ ��õ 2 ÷�øïö2÷Àö Ã û Å �ý÷�øSù Ã �!ö2÷�ú�øvõfö Ã û Ã � ÃT�
D = {S ∈ T • S C ∅}

�`Û!Z � �
� ç#ëìfê r·æ ê R ì D éï æ êbï æ�Q ëìfê r·æ ê R ìgî�é T S D ⊂ T S�X ä a%æ é T ëìfê RUå é�êké R ì%î�ìcï6çÉìcï{é�çÉé�è�é�ê R ìcï

éï RUðUæ ë RUæ�ð ävçÉéï Z
Õ×Ö2Ø-Ù(Ú�Û2Ú�Ü4ÙÞÝ*ß�UÞá!JIí�Ö0îÓÖ0ÙFå�ìPVBæOäW"ÖOñ%$l÷¢ô�ø

S ∈ T �
S′ ∈ T ÷��¯÷��±÷�øSù Ã&� ÷ � ù�� Å û$ù Å ��ô6�¯÷ � 
H�¢÷ �� ÷�øSù�÷ � ÷�ø��¯ôªû Ã �¯÷¢û¢û�õ�ü�ø û Ã ø

S ∈ PS′
'
S
÷ � ÷���
OôDö��¢÷ � Ã ô � û�÷�ø4ö�õ�÷�øSù�÷ õ�øX�ý÷~ö�õ�ôQù Ã �ªö2÷ S′ �(ö0÷�ø Ã ù�ôDö Ãû Ã � Ã

SNS′ � � õ5� � ü�� Ã�� õ S ÷ � ÷���÷��:÷��ý÷�øSù Ã ÷ � ù�� Å û$ù Å ��ô��Zþ Å ÷ Ã û Å 
�ô��¯ôY
 Ã&� õfû$õfü�øïô�ø4ù�÷���õ Ã �·õ�øX�ý÷ �ö�õ�ôQù�ôdô
S′

÷�øM� ô�>�÷���ô6��þ ÅVÿ ô �
SNS′ ⇐⇒ S′ /∈ D | ∀ S′′ ∈ (PS′ − {S}) • ΛS > ΛS′′

�`Û!ZøÛ��
j ä ð ä�ë æ ävç a[æ�å é ð é�çÉé�è�é�ê R ì¼éï RUðUæ ë RUæ�ð ävç

S ∈ T − D é z!å ï RUåWð�_�æ ê X ï í çÉì æ ê§é�çÉé�è�é�ê R ìDñ
äfî ð é ZO#ìcï u ê å ëìcïpé�çÉé�è�é�ê R ìcïpéï RUðUæ ë RUæ�ð ävçÉéï a%æ étêkì RUå é�êké�êµé�çÉé�è�é�ê R ì»ñ
äfî ð ésï�ìfêbçÉìcï{ñ2é ðUR é�êkéë å é�ê R éï�ävç
ëìfê r�æ ê R ì D �

∅NS ⇐⇒ S ∈ D
�`Û!Zø°��

Õ×Ö2Ø-Ù(Ú�Û2Ú�Ü4ÙÞÝ*ß[Z á!JIí�Ö0îÓÖ0ÙFå�ì]\BÚ^;$ìËñ_$l÷~ôQø
S ∈ T �

S′ ∈ T ö Ã&� ÷��:÷��ý÷�øSù Ã&� ÷ � ù�� Å û$ù Å ��ô��:÷ �#'
S
÷ � Å ø`�2õ > Ã � Ã ö2÷ � û�÷�ø4ö�õ�÷�øSù�÷ õ,øF�±÷¢ö�õfôDù Ã � ö2÷ S′ �Ãö2÷�ø Ã ù�ôDö Ã �±÷¢ö�õfôQøSù�÷ SHS′ � � õ�� � ü�� ÃM� õ S
O÷���ù�÷�øl÷~û�÷Àô��Ëû Ã ø#> Å ø4ù Ã ES′ �±ôDö2÷��.) � � ô � 
 Ã&� õfû$õ Ã øl÷ � õ�øvõ�û�õ�ô��F�!úZø4ô6�Fö2÷ S �Ã ø Ã ô6� Ä ô � �±ô�� Ã �¢÷ �Ã ô6� Ä ô � �ý÷�ø Ã �~÷ � þ Å ÷a�¯ô � �~÷ � 
O÷~û$ùfõ � ô � ö0÷±û Å ô��¯þ Å õ�÷�� Ã ù�� Ã ÷��¯÷��ý÷�ø4ù Ã 
O÷���ù�÷�øF÷¢û�õ�÷�øSù�÷dô��Zû Ã ø#> Å ø4ù Ã

ES′ − ES − {S}
�
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_ ê R ìcï R�m�ð è å êkìcï�î�é�ç�äDëìfêkï æ ç R äDéï R�_ ê§ñ ð éï�é�ê R éïné�ê æ êÓêkì%î�ì S é�çwê u è�é ð ì
î�é h éëéï a[æ ésävñ
ä ð é V ë�ävê S çÉìgï åWT ê åd^ ë�ä RUåWh ì a%æ é�ï�é�ävê X é�ç R ävè»ä � ì�î�ésî å ë�òkìgêkì%î�ì Z
���&���X�X�M�X���D���a�X�1�X���.�F�!���

j ä ð ä ð é�ävç åWV ä ð é�ç,ñ2éï�äfî�ìbî�é æ ê�êkì%î�ì
S ∈ L ï�égñ
ä ðUR é»î�é�çê u è�é ð ì�î�é h éëéï a%æ é»ävñ
ä ð éëéë�äfîkä R�m�ð è å êkì|î�étç�ägëìfêkï æ ç R ä Q = {τ1, τ2, . . . , τn}

é�ê
S
Z
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Õ×Ö2Ø-Ù(Ú�Û2Ú�Ü4ÙÞÝ*ßfàx� á4��"é�VZì4ðÀÖ��*Û2ífé��FÖ0ÙFå�Ö0ð�ñk$l÷¢ô =S,Q = {τ1, . . . , τ1, τ2, . . . , τ2, . . . , τn, . . . , τn}÷��Bû Ã ø#> Å øSù Ã û Ã ø=�~÷�
O÷�ùfõ�û�õfüQøÓö2÷�� Ã�� n ù Æ �4�&õ�ø Ã&� ö2÷��¯ô û Ã ø � Å � ù�ô Q þ Å ÷&ô4
�ô��¢÷~û�÷�øâ÷�øÓ÷��(÷��:÷��ý÷�øSù Ã÷ � ù�� Å û$ù Å �~ô�� S ' L+�=û Ã ø#> Å øSù Ã =S,Q � ÷,
 Å ÷¢ö2÷&ö�õ � õföQõd�ª÷�ø k � Å�Ä û Ã ø#> Å øSù Ã��8� õ�ø��¢÷|
O÷�ùfõ�û�õ�ü�ø Ã�2 � Å 
 Ã&�÷��Dû�� Å �2÷�øSù�÷ � Gi û Ã ø 0 ≤ i < k
��ö2÷��±ô�øl÷���ô×þ Å ÷Éû Ã øSù�÷�ø 2 ôÎ÷��m�±ô�� Ã �ªø N �±÷�� Ã 
 Ã�� õ Ä �¯÷±ö2÷Àù Æ ���Àõ �ø Ã&� ö�õ f ÷��¢÷�øSù�÷ � ö2÷ Q ÷*�Dù���ô ÿ ö Ã&� ö2÷��Fû Ã ø#> Å øSù Ã {=S,Q−∪i−1

j=0Gj}
� Å øFô � ÷�� fÃ ���Éô2ö Ã&� � Ã�� k 2 � Å 
 Ã&�÷��Dû�� Å �2÷�øSù�÷ �O� ÷Àö2÷ Ä ÷&û Å ��
H� õ��ªþ Å ÷

=S,Q = ∪k−1
i=0 Gi

�`Û!Z � `��
� Ã � N � ùfõ�� Ã � G ÷ � ÷�� û Ã ø#> Å øSù Ã ö2÷~� Ã�� k 2 � Å 
 Ã&�Of�Ã �4�±ôDö Ã�� ô�
�ô���ùfõ���ö2÷ =S,Q ö0÷�úZøvõ�ö Ã û Ã � Ã
G = {Gi, 0 ≤ i < k}
Õ×Ö2Ø-Ù(Ú�Û2Ú�Ü4ÙÞÝ*ßfàSàâá4��"é�VZìóÛDìFî%V-í�ÖDå�ìËñk$l÷~ô Gi Å ø 2 � Å 
 Ã ÷*�Dû�� Å �2÷�ø4ù�÷ fÃ ���±ôDö Ã ôM
Oô���ùfõ��óö2÷
=S,Q

' $l÷
ö�õ��*)±þ Å ÷ Gi ÷ � Å ø 2 � Å 
 Ã û Ã ��
H�:÷�ù Ãa� õm� � ü�� Ã-� õ Gi û Ã øSùfõ�÷�øF÷Ãù Ã ö Ã&� � Ã&� ù Æ �4�&õ�ø Ã&� ö2÷ Q �÷ � ö0÷~û�õ��3� � õ Gi = Q
'

Õ ê
ä h é VtP ì ð è»äfî�ìcï6çÉìcï
k
TcðUæ ñ2ìcï{é z ë�ç æ�X é�ê R éïlò
ä X|a%æ é h é ð ë æ
_ ê R ìcï TcðUæ ñ2ìcï{ëìfègñ�çÉé R ìcï{ò
ä X�S

ë æ
_ ê R ìcïgäbçÉìcï a[æ é|çÉéï P ävç R ä æ ê R�m�ð è å êkì � |Q| − |Gi| = 1
��S ë æ
_ ê R ìcï�äbçÉìcï a[æ é»çÉéï P ävç R ävêNî�ìcïR�m�ð è å êkìcï � |Q|−|Gi| = 2

�ËX äfï ] ï æ ëéï åWh ävè�é�ê R é Z[j ì ð é r é�ègñ�çÉì S ï å ç�ätëìfêkï æ ç R ä P�æ é ð ä Q = {a, b, c}XYæ ê|é�çÉé�è�é�ê R ì�òkì r ä�ëìfê RUå é�êképë æ ä RUð ì h éëéïé�ç R�m�ð è å êkì
a
ScRUð éïé�ç R�m�ð è å êkì

b
XYæ ê
äsé�ç

c
é�ê R ìfêkëéï

é�çIé�çÉé�è�é�ê R ì�éï RUðUæ ë RUæ�ð ävç2ëìfê RUå é�êké æ ê TcðUæ ñ2ìYëìfègñ�çÉé R ì
(a, b, c)

S î�ìcï h éëéïÊé�ç TcðUæ ñ2ì
(a, b)

Xgæ ê
äh é V é�ç TcðUæ ñIì
(a)
Z

Õ×Ö2Ø-Ù(Ú�Û2Ú�Ü4ÙÞÝ*ßfà��Þá�ã$îkVZìF"�å�ævÙ=Û0Ú,æ6ä(Ö�é(Ù å#�T"î Ú�ÙBìËñ_$Ë÷~ô |Q| ÷���ø N �ý÷�� Ã ö2÷dù Æ ���Àõ�ø Ã&� ö2÷7� ôû Ã ø � Å � ù�ôR� Ni
÷��*ø N �ý÷�� Ã ö2÷ � ÷~û�÷ � þ Å ÷É÷��Bù Æ �4�&õ�ø Ã i ô4
Oô��~÷¢û�÷ý÷�ø=�¯ôÈû Ã �:÷~û¢û�õ�ü�ø ' ò*ô õ��Q
 Ã ��ù�ôQø4û�õ�ôö0÷��=ù Æ ���&õ,ø Ã

x ∈ Q � Υx
� � ÷ªû�ô�� û Å �¯ô×ö2÷Y� ô � õ 2 Å õ�÷�øSù�÷Y�±ô�øF÷��~ô

Υx =

{
1

� õ |Q| = 1P
y∈Q,y 6=xNy

(|Q|−1)
P
y∈QNy

� õ |Q| > 1

�`Û!Z � ¦��

Õ×Ö2Ø-Ù(Ú�Û2Ú�Ü4ÙÞÝ*ßfàx9 á�ã$îkVZìF"�å�ævÙ=Û0Ú,æ6ä(Ö�é(Ù`KH"é�VZìËñ�ò=ôïõ���
 Ã ��ù�ô�ø4û�õ�ô ö0÷�� 2 � Å 
 Ã Gi � ÷�û¢ô��¯û Å � ô�ý÷~öQõfô�ø4ù�÷O�¯ôÈ÷*�4
H�¢÷ � õ�ü�ø
IGi = 1−

∑

x∈{Q−Gi}
Υx

�`Û!Z ��� �

Õ×Ö2Ø-Ù(Ú�Û2Ú�Ü4ÙÞÝ*ßfàTIçá!�IÖ2ðWæOäBì äBÖ í,ì4ð±Ù=ìËä(ìSð.\BìX;�æFñ%$l÷¢ô
T
÷���ø N �ý÷�� Ã ö2÷�ù Æ ���Àõ�ø Ã&� ù Ã ù�ô��:÷ � 
H�¢÷ �� ÷�øSù�÷ � ÷�øâ÷��-ù�÷*�Qù Ã ö2÷��-ø Ã ö Ã

S
�
fGi

÷��-ø N �ý÷�� Ã ö2÷Éù Æ ���&õ,ø Ã&� ö2÷�� ô û Ã ø � Å � ù�ô Q þ Å ÷ f ô6� ù�ô�ø ÷�ø÷�� 2 � Å 
 Ã Gi � ÷ Ã Ä ùfõ�÷�øF÷a�ý÷~öQõfô�ø4ù�÷a�¯ô f Å ø4û�õ�ü�ø f(Q,Gi) = |{Q − Gi}|
L+�H
O÷ ��Ã ö2÷��-ø Ã ö Ã

S ∈ L�¢÷ � 
O÷~û$ù Ã ô��¯ôdû Ã ø � Å � ù�ô Q � ω′(S,Q)
� � ÷ªû¢ô��¯û Å �¯ô��ý÷~ö�õ�ô�øSù�÷

ω′(S,Q) =
|Q|
T

∑

∀Gi∈G

IGi
|Q|f(Q,Gi)

�`Û!Z � Û��

�S�S�� .¡��D���X����¡��D¢D£u�<£6¢D¤<�
^%æ ñ í ê T äfï�é a%æ éÓï�é§î�éï�é�ä ð é�ävç åWV ä ð ç�ä.ëìfêkï æ ç R ä Q = {a, b, c}

X a%æ éÓï�éÓî å ïUñ2ìfêké§î�é§çÉìcï
î�ì�ë æ è�é�ê R ìcï ð é�ñ ð éï�é�ê R äfî�ìcï�é�êbç�ä ^kTcæ�ð ä Û!Z � Z�j ä ð ä»ï å ègñ�ç åd^ ë�ä ðqR ävè Q�åÉm êµï�é�ï æ ñ2ìfêkî ð�_�a%æ é �
� Z O#ìcïlêkì�î�ìcï{òkì r ä�ï�ìfê¼çÉìcï u ê å ëìcï a[æ é�ëìfê RUå é�êké�ê R é z!R ì Z
�!ZHÈ ì�î�ìcï6çÉìcï6êkì%î�ìcï6òkì r äYëìfê RUå é�êké�ê~é�ç2è å ïUè�ìYê u è�é ð ìgî�é R�m�ð è å êkìcï � é�êDéï R é�ë�äfï�ì

T = 10
��Z

G!ZH� ê R ì�î�ìcï{çÉìcï{êkì�î�ìcïqävñ
ä ð éëé�ê R�m�ð è å êkìcï ð é�çÉé h ävê R éïpä�ç�ä�ëìfêkï æ ç R ä Z
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aabccc abb abc bbbbb aa ab c

1 3

1.1 1.2 2.1

2

2.32.2 3.1 3.2

Ú åWTcæ�ð ä Û!Z � �Iº ìfê r·æ ê R ì � î�ésî�ì�ë æ è�é�ê R ìcïpî�ésé r é�ègñ�çÉì

¯ ì�î�ì
ω′(Sx,Q)

® ävêOb å ê T
S1,1

b S�GcÛQ`Q¦ �
S1,2

b S b���b _ G
S2,1

b S�G b6b6b �
S2,2

b S b _2`_ `
S2,3

b S b �Q� � ¦
S3,1

b S b ¦ � G _
S3,2

b S b!� �cÛ �
È ä Q ç�ä Û!Z����

¹ ï ] ñ æ éï S�R é�êké�è�ìcï a[æ é
Na = 7

S
Nb = 10

X
Nc = 5

ëìfê |Q| = 3
ZÊº ìfê³éï R ìcï|îkä R ìcï S ç�äð é�çÉé h ävêkë å ägî�é�ç#êkì�î�ì

S1,1
ï åWTcæ�å é�êkî�ì»é�çÇè�ì�î�é�çÉìgñ ð ìfñ æ éï R ì»ï�é�ë�ävçÉë æ ç�ä�î�étç�ägï åWTcæ�å é�ê R é�è»ävêké ð ä �

G =

G0︷ ︸︸ ︷
{a, b, c} ∪

G1︷ ︸︸ ︷
{a, c} ∪

G2︷︸︸︷
{c}

Υa = Nb+Nc
2×(Na+Nb+Nc)

= 15
44

Υb = Na+Nc
2×(Na+Nb+Nc)

= 12
44 = 3

11

IG0 = 1
IG1 = 1−Υb = 8

11
IG2 = 1−Υa −Υb = 17

44

ω(S1,1,Q) = |Q|
T ×

(
IG0

|Q|f(Q,G0) +
IG1

|Q|f(Q,G1) +
IG2

|Q|f(Q,G2)

)

= 3
10 ×

(
1
30 +

8
11
31 +

17
44
32

)
= 509

1320 ≈ 0, 3856

� ç�ë _ çÉë æ çÉìbî�égç�ä ð é�çÉé h ävêkë å äDñ
ä ð ä~é�ç ð éï R ìbî�égçÉìcï�êkì�î�ìcï�ï�é ð é�ävç åWV ä ðU] äbî�égè»ävêké ð ä¼ï å è å ç�ä ð�Z� ê~ç�ä R ä Q ç�ä Û!Z�� ï�étè æ éï RUð ävê~ç�äfï ð é�çÉé h ävêkë å äfïpävñ ð ì z�å è»äfîkäfï�ì Q�R é�ê å îkäfïpñ
ä ð ä�ç�ä�ëìfêkï æ ç R ä Q ñ2ì ð
ë�äfîkäYêkì�î�ìgòkì r äYñ ð éï�é�ê R éné�ê¼çÉìcïqî�ì�ë æ è�é�ê R ìcïqî�é�é r é�ègñ�çÉì�ë åWR äfî�ìcïpëìfê~ävê R é ðUå ì ðUå îkäfî Z¹ ç�ä h%å ï R äbî�é�çÉìcï ð éï æ ç R äfî�ìcï S çÉìcïYé�çÉé�è�é�ê R ìcïgëìfêNè _ ï�ñ2éï�ì~ï�ìfê\é�ç

S1,1

X é�ç
S2,1

X ä a%æ é
ï�ìfêÓçÉìcï u ê å ëìcï a%æ é�ëìfê RUå é�êké�ê R ì�î�ìcï�çÉìcï R�m�ð è å êkìcïYî�égç�ä~ëìfêkï æ ç R ä Z#¹ î�é�è _ ïYé�ç�é�çÉé�è�é�ê R ì

S1,1ëìfê RUå é�êké»è _ ï R�m�ð è å êkìcï�î�é Q ñ ð éï�é�ê R éïné�ê TcðUæ ñIìcï å êkëìfègñ�çÉé R ìcï�ñIì ð çÉì a%æ é»éïYé�ç RUå é�êké»è _ ïð é�çÉé h ävêkë å ä Zkj ì ð ì RUð ìgç�äfî�ì S çÉìcïlé�çÉé�è�é�ê R ìcï
S1,2

X
S3,1

ï í çÉì�çÉéï P ävç R ä æ ê R�m�ð è å êkì»î�étç�ä�ëìfêkï æ ç R ä
ñ2ì ð çÉì a%æ ébï åWTcæ é�ê³ä§çÉìcïDävê R é ðUå ì ð éïDé�ê é�ç ð ävêOb å ê TkZ ^ é¼ñ æ éî�éµëìfè�é�ê R ä ð ävç ð éïUñ2éë R ì a[æ éµé�ç
é�çÉé�è�é�ê R ì

S1,2
éï�è _ ï ð é h é�ç�ävê R é a[æ éµé�ç

S3,1
ñ2ì ð�a[æ éµëìfê RUå é�êké æ ê R�m�ð è å êkìNî�é Q è _ ï Zj ì ðu ç RUå è�ìgï�étï åWRUu ävê¼çÉìcïqé�çÉé�è�é�ê R ìcïqé�êDçÉìcï a%æ étï í çÉì�ävñ
ä ð éëé æ ê R�m�ð è å êkì�î�étç�äYëìfêkï æ ç R ä X ävç åWTcæ ävça%æ é�é�êbé�ç�ë�äfï�ì�ävê R é ðUå ì ð�S çÉìcïlêkì�î�ìcï a%æ é RUå é�êké�ê æ êbè»ä X ì ð ê u è�é ð ì»î�é R�m�ð è å êkìcïqî�é�ç�ä�ëìfêkï æ ç R ä

ï�ìfê¼è _ ï ð é�çÉé h ävê R éï Z
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���u���X�X�=�X���D���a�X�1�X�����X���X¢�¥S�¦�D�u�O�u§¦¡W�¦¨!¢D��¨!�u�
j ä ð ä ð é�ävç åWV ä ð é�çËñIéï�äfî�ì»î�ésçÉìcïpêkì�î�ìcïqî�ésê åWh é�çÉéïtï æ ñ2é ðUå ì ð éïqï�é å ê R é�ê R ä ð�_ ñ ðUå è»ä ð ä a%æ é�çWçÉìcï

é�çÉé�è�é�ê R ìcïgéï RUðUæ ë RUæ�ð ävçÉéï a%æ é|ëìfê R é�ê T ävêNêkì�î�ìcï a[æ é ð éïUñ2ìfêkîkävê.ä~ç�äµëìfêkï æ ç R ä~é�êNçÉìcïYê åWh é�çÉéï
è _ ï Q ä r ìcï P�ð é�ê R é�ä a[æ é�çWçÉìcï a[æ é�çÉì�ò
ä T ävê�é�ê~ê åWh é�çÉéïtï æ ñ2é ðUå ì ð éï SkX ä a[æ é�çÉìcïlñ ðUå è�é ð ìcï R é�êkî ð�_ ê
çÉìcï R�m�ð è å êkìcï�î�é�ç�äDëìfêkï æ ç R ä�è _ ï�ñ ð�íz!å è�ìcï a%æ é�çÉìcï�ï�é Tcæ êkî�ìcï ZÇ� ê�é�ç,ë _ çÉë æ çÉì¼î�é�çxñ2éï�ìDî�é æ ê
êkì�î�ì

S /∈ L ï�é R é�êkî ð�_ êµé�êbë æ é�ê R ä R ì�î�ìcï{çÉìcï{êkì�î�ìcï S′ ∈ ES Zj ä ð ä�ë�ävçÉë æ ç�ä ð é�çkñ2éï�ì�î�é æ ê�êkì�î�ì
S
ë æ ävç a%æ�å é ð ä�ñ ð éï�é�ê R éqé�ê æ ê
ä�ëìfçÉéëë åÉí ê|î�élî�ì�ë æ è�é�ê R ìcïð é�ñ2éë R ìpälç�äqëìfêkï æ ç R ä Q S ω(S,Q)

S ï�é�ñ ð ìfñIìfêké æ ênè m�R ì�î�ì a%æ é�ëìfêkï å ï R é�é�êYñIéï�ä ð çÉìcï�êkì�î�ìcïËòkì r ä
î�éï�ëé�êkî å é�ê R éïsî�é�ç¤è å ïUè�ì X è æ ç RUå ñ�ç å ë�ä ð é�ç h ävçÉì ð è _�z!å è�ìDì Q�R é�ê å î�ì|ñ2ì ð

1/2
ZÇ¹ ëìfê RUå ê æ äfë åÉí ê

ï�épçÉétï æ è»äYé�ç ð éï æ ç R äfî�ìgî�é�è æ ç RUå ñ�ç å ë�ä ð
1/4

ñIì ð é�çÇñ2éï�ìYè _�z�å è�ì�ì Q�R é�ê å î�ìgñ2éï�ävêkî�ìYçÉìcï6êkì%î�ìcï
î�é�ç�ê åWh é�çÊävê R é ðUå ì ð ëìfè�ì~ï å ï�é RUð ä R äfï�é�ê\î�é�êkì%î�ìcï�òkì r ä Z#� ç,ñ ð ì%ëéï�ìbëìfê RUå ê u ä~ò
äfï R äbävçÉë�ävê V ä ð
é�ç�ê åWh é�çé�ê©é�ç a[æ é�ï�é�é�êkë æ é�ê RUð äµé�ç,êkì�î�ì

S
S è æ ç RUå ñ�ç å ë�ävêkî�ì�ï å é�ègñ ð é�ñ2ì ð

1/2n+1 é�ç h ävçÉì ð î�é�çñ2éï�ìtè _�z!å è�ì�ì Q�R é�ê å î�ì�ñIì ð çÉìcï,êkì%î�ìcïî�é{ê åWh é�ç
n
� ëìfè�é�ê V ävêkî�ì�ätëìfê R ä ð î�éï�î�é{çÉìcïxêkì�î�ìcï,òkì r ä

ò
äfë ] ä�ï æ ïqäfï�ëé�êkî�é�ê R éï ��Z
© í�KSìH"Ú,åWîïì ÝËßfà á!�IÖ2ð�æOä(ì ä(Ö�é(Ù ÙBìËä(ì

S
Û2é=æví�è*é(Ú�Ö�"æFñ

ω(S,Q)← 0
n← 0ª�«

(ES = ∅)¬!�®�¯
X ← {S}®�°d±&®
X ← L ∩ ES²

³  ª °�® (X 6= {S}) ´Hµ�Éô6� Ã �!¶	
O÷ �Ã ← máx (ω′(S′,Q) ∀S′ ∈ X )
ω(S,Q)← ω(S,Q) + 1

2n+1 ×
�Éô6� Ã �!¶	
O÷ �Ã

n← n+ 1
X ← {Sp | ∃S′ ∈ X • SpNS′}µx´ª�«

(n = 0)¬!�®�¯
n← −1²

ω(S,Q)← ω(S,Q) + 1
2n+1 × ω′(S,Q)

� çävç T ì ðUåWR è�ì Û!Z � î�é R ävçWç�äDç�äDè»ävêké ð äbî�égë�ävçÉë æ ç�ä ð ç�ä ð é�çÉé h ävêkë å ä¼î�é æ ê�êkì�î�ì
S
ë æ ävç a%æ�å é ð ä

ñ ð éï�é�ê R éYé�ê~ç�ä�ëìfçÉéëë åÉí ê ZI² éî å ävê R é
ω(S,Q)

ï�ésî�é�êkì R ä|é�çËë _ çÉë æ çÉì�î�é�ç�ñ2éï�ì»î�é�çËêkì%î�ì
S
ëìfè�ìï å ï�é RUð ä R ä ð äbî�é æ ê�êkì%î�ì~òkì r ä R ävç X ëìfè�ìµï�égò
ä¼î�é R ävçWç�äfî�ìµëìfêNävê R é ðUå ì ðUå îkäfî Z O�ä~ëìfêkî å ë åÉí êa%æ é�ävñ
ä ð éëéYävç ^ ê
ävç#ò
ä Q�å ç åWR ä�ävçËävç T ì ðUåWR è�ì|ñ
ä ð ägì Q�R é�êké ð é�ç�ñIéï�ì»î�é�çÉìcïlêkì�î�ìcïlòkì r ägî�é P ì ð è»ä

ëì ðUð éë R ä X äfï ] ñ2ì�î�é ð ë�ävçÉë æ ç�ä ð é�çÇñ2éï�ìgî�ésë æ ävç a%æ�å é ð êkì%î�ì»î�étç�ägëìfçÉéëë åÉí ê Z
�S�S�� .¡��D���X����¡��D¢D£u�<£6¢D¤<�

�,ìfç h ävè�ìcïqävçÇé r é�ègñ�çÉì�ävê R é ðUå ì ð ñ
ä ð äYë�ävçÉë æ ç�ä ð é�ç2ñ2éï�ì�î�é�çÉìcï6êkì%î�ìcï
S1

S
S2

X
S3
ëì ðUð éïUñ2ìfê e

î å é�ê R éïsävçËé r é�ègñ�çÉì å ç æ ï RUð äfî�ì|é�ê�ç�ä ^kTcæ�ð ä Û!Z � Z2¹ ç åWTcæ ävç a[æ éYé�ê�é�çwë�äfï�ì�ävê R é ðUå ì ð�S ï�é�è�ìcï RUð ä ð�_ç�ä P ì ð è»äDî�é�ë�ävçÉë æ ç�ä ð é�çwñIéï�ìDî�é æ ê§êkì�î�ì � é�ç
S1

éï R ä h é V���S é�ç ð éï R ìDî�é�çÉìcïtêkì�î�ìcï�ï�é�ì Q�RUå é�êké
î�é P ì ð è»äDï å è å ç�ä ð�ZÇj ä ð ä¼ë�ävçÉë æ ç�ä ð é�çxñIéï�ì�î�é�çwêkì�î�ì

S1
ëìfè�ì æ êÓêkì%î�ì�òkì r äDï�é�î�é Q é R é�êké ð é�ê
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² ì�î�é�çÉì → ² ì�î�é�çÉì�î�é�î�é�êkï å îkäfî ² ì�î�é�çÉì h éë R ì ðUå ävç¯ ì�î�ì ↓ ω(Sx,Q)
® ävêOb å ê T ï å è

(Sx,Q)
® ävêOb å ê T

S1
b S�G b ` � � S b6b6b �

S2
b S � Û � � b SøÛ � Û G

S3
b S b ¦cÛ G � S b6b6b �

È ä Q ç�ä Û!Z�G��

ë æ é�ê R ä a%æ ésçÉìcï R�m�ð è å êkìcï�î�é�ç�ä»ëìfêkï æ ç R ä a%æ ésëìfê RUå é�êkéYéï R�_ ê å êkë�ç æ�å î�ìcïpé�ê~ï æ ïlò å r ìcï X�S é�ê�éï R é
ë�äfï�ì S é�ç�ê u è�é ð ì�î�é R�m�ð è å êkìcï�ñ ð éï�é�ê R éïé�êgçÉìcï R é z!R ìcï a[æ élçÉì�ëìfègñIìfêké�ê»éï,ç�ätï æ è»ä�î�é�ç�ê u è�é ð ì
î�é R�m�ð è å êkìcï{î�é�çÉìcï6ò å r ìcï �

T = 20
é�ê¼éï R étë�äfï�ì ��Zkº ìfê¼éï R ä å ê P ì ð è»äfë åÉí ê S ñ ðUå è�é ð ìgï�épî�é R ävçWç�äYç�äð é�çÉé h ävêkë å ä�î�é�ç�êkì%î�ì

S1
ëìfè�ìYï åkP�æ é ð ä æ ê|êkì%î�ìnòkì r ä S

ω(S1,Q)
S%X äsëìfê RUå ê æ äfë åÉí êbï�épë�ävçÉë æ ç�ä�é�ç

ñ2éï�ì»î�é�çwêkì�î�ì|ëìfêkï å î�é ð ävêkî�ì¼ï æ ïtî�éï�ëé�êkî å é�ê R éï S
ω(S1,Q)

S2R é�ê å é�êkî�ìDé�ê§ë æ é�ê R ä a[æ énñ2éï�ì|î�é�ç
êkì�î�ì

S1,1
ò
ägï å î�ìgé�ç#è»ä X ì ð é�ê RUð énï æ ï6ò å r ìcï Z

G =

G0︷ ︸︸ ︷
{a, b, c} ∪

G1︷ ︸︸ ︷
{a, b, c} ∪

G2︷ ︸︸ ︷
{a, b, c}

IG0 = 1
IG1 = 1
IG2 = 1

ω(S1,Q) = |Q|
T ×

(
IG0

|Q|f(Q,G0) +
IG1

|Q|f(Q,G1) +
IG2

|Q|f(Q,G2)

)

= 3
20 ×

(
1
30 + 1

30 + 1
30

)
= 9

20
ω(S1,Q) = 1

2 × ω(S1,1,Q) + 1
4 × ω(S1,Q)

= 1
2 × 509

1320 + 1
4 × 9

20 = 403
1320 ≈ 0, 305� ê\ç�ä R ä Q ç�ä Û!Z�G ï�é»ñ æ éî�é�ê.ì Q ï�é ðUh ä ð çÉìcï�ñ2éï�ìcïYì Q�R é�ê å î�ìcï�ñ
ä ð äbçÉìcïYêkì�î�ìcïnì ðUåWT é�ê�î�é�î�ì e

ë æ è�é�ê R ì S
Sx ∈ D

S ñ ð éï�é�ê R ävêkî�ìcï�é�ê.ç�ä ^kTcæ�ð ä Û!Z � ZwÈ ävè Q�åÉm ê¸é�ê.ç�äµè å ïUè»ä R ä Q ç�ä�ï�é»ñ æ éî�é�êì Q ï�é ðUh ä ð çÉìcï h ävçÉì ð éï a[æ énï�étò
ävêµì Q�R é�ê å î�ì|ñ
ä ð ägç�ä P�æ êkë åÉí êµî�é�ï å è å ç åWRUæ î~î�é�çËè�ì%î�é�çÉì h éë R ì ðUå ävçQ
_ ï å ëì�î�éï�ë ðUåWR ì�é�êÓ� `!Z��!Z�� ñ
ä ð ä»ç�ä»ëìfêkï æ ç R ä Q = {a, b, c}
X ï æ ñ2ìfê å é�êkî�ì a[æ énç�ä P�ð éë æ é�êkë å ä�î�é

ävñ
ä ðUå ë åÉí ê�é�ê.çÉìcï�î�ì%ë æ è�é�ê R ìcïgî�é»çÉìcï R�m�ð è å êkìcï a%æ é|êkì�ï�é�é�êkë æ é�ê RUð ävê�ñ ð éï�é�ê R éïgé�ê Q éï � Z¹ î�é�è _ ï SËR ävè Q�åÉm ê.ï�é|ï æ ñIìfêké a%æ é»é�ç�ê u è�é ð ì R ì R ävçÊî�é|î�ì%ë æ è�é�ê R ìcï S
N
S éï åWTcæ ävç{ävç R ì R ävç6î�é

î�ì�ë æ è�é�ê R ìcïÊî�élé r é�ègñ�çÉì�î�é{ç�ä�ëìfçÉéëë åÉí ê�è _ ï æ êkì�î�é Q�å î�ìnä a%æ élé�ê�çÉìcïî�ì%ë æ è�é�ê R ìcï�è�ìcï RUð äfî�ìcï
é�êµç�ä ^kTcæ�ð ä Û!Z � ävñ
ä ð éëé�ê R ì�î�ìcïpçÉìcï R�m�ð è å êkìcïtî�é�ç�ä»ëìfêkï æ ç R ä Z2� ç�è�ì�î�é�çÉì h éë R ì ðUå ävçwëìfêkï å î�é ð äåWðUð é�çÉé h ävê R é æ ê\î�ì%ë æ è�é�ê R ì~î�é�ç�ä¼ëìfçÉéëë åÉí ê a%æ égëìfê R é�ê T ä R ì%î�ìcïsçÉìcï R�m�ð è å êkìcï�î�égç�äDëìfêkï æ ç R ä� ç�ä P¶æ êkë åÉí êÓî�éYï å è å ç åWRUæ î§î�énéï�énî�ì�ë æ è�é�ê R ì ð éïUñ2éë R ìDä�ç�ä|ëìfêkï æ ç R ä�î�é h ìfç h é ð�_ é�ç h ävçÉì ð ëé ð ì ��y
ñ2ì ð ì RUð ìnç�äfî�ì S é�çÇè�ì�î�é�çÉì�î�é�î�é�êkï å îkäfîDñ ð ìfñ æ éï R ìgëìfêkï å î�é ð ä ð é�çÉé h ävê R éï R ì%î�ìcï6çÉìcï{î�ì�ë æ è�é�ê R ìcïa%æ ésëìfê R é�ê T ävêÓävç#è�é�êkìcï æ ê R�m�ð è å êkì»î�ésç�ä�ëìfêkï æ ç R ä X é�ê~é�ç¤ë�äfï�ì a%æ é�ävñ
ä ð é V ë�ävê R ì�î�ìcï m ï R ìcï
ï�é�ì ð î�é�ê
ä ð�_ ê§î�é�ñ2é�êkî å é�êkî�ì|î�é�ç�ägñ ð ì z!å è å îkäfîµî�é�çÉìcï R�m�ð è å êkìcï X é�ç¤ëìfê R é z!R ì»é�ê~é�ç a[æ ésï�ésé�ê e
ë æ é�ê RUð é�ê Z�º ìfêkï�éë æ é�ê R é�è�é�ê R é S é�ê»éï R ätï åWRUæ äfë åÉí ê�êkì�ï�é6ñ æ éî�élé P éë RUæ ä ð�æ ê
ä�ëìfègñ
ä ð äfë åÉí ê|é�ê RUð éävè Q ìcïÊè�ì�î�é�çÉìcïñ2é ð ìYï å ï�étä � äfî�é æ ê�î�ì�ë æ è�é�ê R ìgäfî å ë å ìfê
ävç �¢h äfë ] ì � ì a%æ épêkìnëìfê R é�ê T äYê å ê Tcu êR�m�ð è å êkìDê å î�é�ç�ä�ëìfêkï æ ç R ä�ê å,a%æ égävñ
ä ð é V ë�ä¼é�êÓçÉìcï�î�ì%ë æ è�é�ê R ìcïnävê R é ðUå ì ð éï�é�ê R ìfêkëéï�ç�ä�ëìfè e
ñ
ä ð äfë åÉí ê¼éïÊñIìcï åWQ çÉé Z�¹ çÇä � äfî åWð é�çÇî�ì�ë æ è�é�ê R ì �¢h äfë ] ì � çÉìcï ð éï æ ç R äfî�ìcï{ì Q�R é�ê å î�ìcï{ñ2ì ð é�çIè�ì�î�é�çÉì
î�ésî�é�êkï å îkäfî¼êkì�ï�é h é�ê�ä P éë R äfî�ìcïpè å é�ê RUð äfï a[æ ésç�ä P¶æ êkë åÉí êµî�ésï å è å ç åWRUæ î~î�é�ç�è�ì%î�é�çÉì h éë R ì ðUå ävç
î�é h�æ é�ç h ésé�ç h ävçÉì ð � äYçÉìcïlî�ì�ë æ è�é�ê R ìcï a[æ é�ëìfê RUå é�êké�ê R ì�î�ìcï{çÉìcï R�m�ð è å êkìcïpî�é�ç�ä�ëìfêkï æ ç R ä Zj ä ð ä ^ ê
ävç åWV ä ð ï�é h é ð�_Næ ê é r é�ègñ�çÉì.è _ ï¼ñ
ä ð äNñ2ìfêké ð î�é�è»ävê åd^ éï R ì�ç�ä å ègñ2ì ðUR ävêkë å ä�î�é
ç�ä§ñ ð ì z�å è å îkäfî Z�^ é�ä§ç�ä©ëìfçÉéëë åÉí ê P ì ð è»äfîkäÓñ2ì ð çÉìcï|î�ì%ë æ è�é�ê R ìcï ð é�ñ ð éï�é�ê R äfî�ìcïDé�ê¸ç�ä ^kTcæ�ð äÛ!ZøÛ!S ñ
ä ð äDï å ègñ�ç åd^ ë�ä ð ç�äfï�ìfñIé ð äfë å ìfêkéïnï�é�ï æ ñIìfêkî ð�_ba[æ é�é�çxê u è�é ð ì~î�é R�m�ð è å êkìcï�î�é R ì�î�ìcïtçÉìcï
î�ì�ë æ è�é�ê R ìcï�éï

T = 12
X çÉìcï�é�çÉé�è�é�ê R ìcï»ò å r ìcï�î�éDë�äfîkä�êkì�î�ì�ï�é ð é�ñ
ä ðUR é�ê�çÉìcï R�m�ð è å êkìcï�î�é�ç

ñ
äfî ð é�î�é P ì ð è»ä�é a[æ�åWR ä RUåWh ä Zk¹ ç åWTcæ ävç a[æ é�é�êbé�ç#ë�äfï�ì�ävê R é ðUå ì ð ç�ä�ëìfêkï æ ç R ä�ï�é ð�_ Q = {a, b, c}
X
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2

2.22.1

bcc

1

1.1 1.2

ab a

4.1

4

4.34.2

a b c

5

5.1 5.2

ab c

6

6.1 6.2

abc

a b c

3.1.1 3.1.2

3.1 3.2

3

Ú åWTcæ�ð ä Û!ZøÛ���º ìfê r·æ ê R ì � î�ésî�ì�ë æ è�é�ê R ìcïpî�ésé r é�ègñ�çÉì

² ì%î�é�çÉì → ² ì%î�é�çÉìgî�ésî�é�êkï å îkäfî ² ì%î�é�çÉì h éë R ì ðUå ävç¯ ì�î�ì ↓ ω(Sx,Q)
® ävêOb å ê T ï å è

(Sx,Q)
® ävêOb å ê T

S1
b S b ¦ b!� ` b S��_[° `

S2
b S b ¦_[Û _ b S��_[° `

S3
b S b `c° b ¦ � S b6b6b �

S4
b S b ° b � G � S b6b6b �

S5
b S �c� Û b � � S b6b6b �

S6
b S�G � �Q` � � S b6b6b �

È ä Q ç�ä Û!Z _v�

é�ê|ç�ä ^kTcæ�ð änï�é{ñ æ éî�é�ì Q ï�é ðUh ä ða%æ élçÉìcï RUð éï R�m�ð è å êkìcï6ï�ìfê åWTcæ ävçWè�é�ê R étï åWT ê åd^ ë�ä RUåWh ìcï � ävñ
ä ð éëé�ê
é�çxè å ï�è�ìDê u è�é ð ìbî�é h éëéï�é�êÓç�äDëìfçÉéëë åÉí ê ��Z OËä ð é�çÉé h ävêkë å ä¼ì Q�R é�ê å îkä¼ñ
ä ð äDë�äfîkä¼î�ì%ë æ è�é�ê R ì
ï�étñ æ éî�ésì Q ï�é ðUh ä ð é�êbç�ä R ä Q ç�ä Û!Z _kZ

¹ çÉìcïpî�ì%ë æ è�é�ê R ìcï
S1

X
S2
çÉéï P ävç R ä æ ê R�m�ð è å êkì|î�é�ç�ägëìfêkï æ ç R ä S ï å ê~é�è Q ä ðUT ì|ëìfè�ì�é�ç

S2çÉìcï RUå é�êké�è _ ï6ñ ð�íz!å è�ìcï �¶R ì�î�ìcï{î�é�ê RUð ìgî�é æ êDè å ïUè�ì�é�çÉé�è�é�ê R ìgéï RUðUæ ë RUæ�ð ävç �Êa%æ éîkäYî�é�ç�ävê R é�é�ê
é�ç ð ävêOb å ê TkZ�j ì ð ì RUð ì�ç�äfî�ì S é�çÇî�ì�ë æ è�é�ê R ì

S3

RUå é�êké R ì�î�ìcï6çÉìcï R�m�ð è å êkìcïlî�étç�äYëìfêkï æ ç R ä æ ê
ä h é V
ë�äfîkä æ êkìsñ2é ð ìnè æ�X î å ïUñ2é ð ï�ìcï X é�ê�î ådP é ð é�ê R éïÊê åWh é�çÉéï S ëìfêkï�éë æ é�ê R é�è�é�ê R ésï�éqò
ä�ë�ç�äfï åd^ ë�äfî�ìYé�êu ç RUå è�ì�ç æ�T ä ð î�ésäfë æ é ð î�ì|ägçÉìcï{ñ ðUå êkë å ñ å ìcïpî�é�ëìfêkëé�ê RUð äfë åÉí ê X ëìfêkë å ï åÉí ê a[æ é�ï�é�ñIé ð ï åWTcæ é�ê Zk� ç
òkéë�òkì»î�ésé�êkëìfê RUð ä ðtR�m�ð è å êkìcïqî�ésç�ä�ëìfêkï æ ç R ä�é�ê~î ådP é ð é�ê R éïpñ
ä ðUR éï � ê åWh é�çÉéïpéï RUðUæ ë RUæ�ð ävçÉéï � î�é�ç
î�ì�ë æ è�é�ê R ì å êkî æ ëéDäDñIé�êkï�ä ðna%æ é�î å ë�òkìcï R�m�ð è å êkìcïYï�é�é�êkë æ é�ê RUð ävê�é�êNî ådP é ð é�ê R éïYëìfê R é z�R ìcïYì
é�ê R ì ð êkìcïqç å ê Tc��] ï RUå ëìcï X�S ñ2ìcï åWQ çÉé�è�é�ê R é S é�ç�î�ì�ë æ è�é�ê R ì ð éïUñIìfêkî�é�é�ê~ï æ ëìfê r�æ ê R ì|ägç�ä�ëìfêkï æ ç R äh ä T ävè�é�ê R é Z(^%åWTcæ�å é�êkî�ìbé�çwè å ïUè�ì ð ä V ìfê
ävè å é�ê R ì a[æ é�é�êÓé�ç,ë�äfï�ì¼ävê R é ðUå ì ð�S ï�énñ æ éî�égî�éë åWðsa%æ é
çÉìcï�î�ì�ë æ è�é�ê R ìcï

S1

X
S2

ð éïUñ2ìfêkî�é�ê�é�ê�ï æ ëìfê r�æ ê R ì~ä�ç�ä�ëìfêkï æ ç R ä¼è�é r ì ðsa%æ égé�ç,î�ì%ë æ è�é�ê R ì
S3

Z
j ì ð,u ç RUå è�ì S çÉìcï,î�ì%ë æ è�é�ê R ìcï

S4

S
S5

X
S6

R ävè Q�åÉm ê|ëìfê RUå é�êké�ê R ì�î�ìcïxçÉìcï R�m�ð è å êkìcïî�é6ç�ä�ëìfê e
ï æ ç R ä æ ê
ä�ï í ç�ä h é V ñ2é ð ì�è _ ïwñ ð�íz!å è�ìcï a[æ é6é�êgé�ç�î�ì%ë æ è�é�ê R ì

S3

X ñ2ì ð éï�ì�é�ç!è�ì�î�é�çÉìtçÉéï,äfï åWT ê
äæ ê©ñIéï�ì R é�ê å é�êkî�ìµé�êNë æ é�ê R ä¼ç�ä~ëìfêkëé�ê RUð äfë åÉí ê�î�é�çÉìcï R�m�ð è å êkìcï � çÉìcï RUð éïnï�é�ë�ç�äfï åd^ ë�ävê©è�é r ì ð
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a%æ é�çÉìcïYî�ì%ë æ è�é�ê R ìcï�ävê R é ðUå ì ð è�é�ê R é¼ë åWR äfî�ìcïnñ æ éï RUå é�êké�ê R ì%î�ìcïnçÉìcï R�m�ð è å êkìcïYî�é|ç�äbëìfêkï æ ç R äð é�ç�ä RUåWh ävè�é�ê R é�ëé ð ë�ävêkìcï Z�� ç2î�ì�ë æ è�é�ê R ì
S6
éï6é�ç a%æ é RUå é�êké�è»ä X ì ð ñIéï�ì � è�é r ì ð ë�ç�äfï åd^ ë�äfî�ì �X äa%æ é R ì%î�ìcïqçÉìcï R�m�ð è å êkìcï�î�é�ç�ägëìfêkï æ ç R ä�ävñ
ä ð éëé�ê§é�ê æ êbè å ï�è�ì�é�çÉé�è�é�ê R ì X çÉé�ï åWTcæ é�ê

S5

X
S4ä r�æ ï R�_ êkî�ìcï�ésä�çÉìcïqë ðUåWR é ðUå ìcïqé z ñ æ éï R ìcïqävê R é ðUå ì ð è�é�ê R é Z

O�ìcï ð ävêOb å ê T ï6ì Q�R é�ê å î�ìcï{ëìfê|éï R ìcï6é r é�ègñ�çÉìcï�ò
ävêDï å î�ìYëìfègñ
ä ð äfî�ìcï{ëìfê|çÉìcïÊì Q�R é�ê å î�ìcï{ävñ�ç åde
ë�ävêkî�ì|é�ç�è�ì�î�é�çÉì h éë R ì ðUå ävçwì Q�R é�ê å é�êkî�ì ð éï æ ç R äfî�ìcïqè æ�X ï å è å ç�ä ð éï � ävè Q ìcïpëì å êkë å î�é�ê R ävê R ì�é�ê
ç�äfï¤ñ ðUå è�é ð äfïwñ2ì%ë å ìfêkéïxëìfè�ìté�ê�ç�äfï u ç RUå è»äfï S é z�å ï RUå é�êkî�ìpñ2é a%æ é � äfï¤î ådP é ð é�êkë å äfï,é�ê�ç�äfï¤ñIìcï å ë å ìfêkéïå ê R é ð è�éî å äfï Z�� ï R äfï{î ådP é ð é�êkë å äfïlï�étî�é Q é�ê P�æ êkîkävè�é�ê R ävçWè�é�ê R énänç�äYî ådP é ð é�ê R é P ì ð è»änî�é�ñ2éï�ä ð çÉì
ï åWT ê åd^ ë�ä RUåWh ì a%æ étï�ìfê æ êkìcï R�m�ð è å êkìcï P�ð é�ê R ésäYì RUð ìcï S!X ï�é r�æ ï RUåd^ ë�ävê¼ëìfê¼çÉìcï{ì Q!r é RUåWh ìcï å ê å ë å ävçÉéïa%æ é�ï�étò
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� ê¼é�ç�è»ä ð ëì�î�étéï R é RUð ä Q ä r ì�ï�épò
äYëìfêkï å î�é ð äfî�ìgé�ç2äfï�ñIéë R ì�ï�é�è _ ê RUå ëìYî�é�ç�äYéï RUðUæ ë RUæ�ð äYé�ê
çÉìcïwñ ð ì�ëéï�ìcïxî�é{ëìfègñ ð éï åÉí ê Sfå êkî�é z äfë åÉí ê Xnð éë æ ñIé ð äfë åÉí ê»ï�ì Q�ð é R é z!R ìcï,ëìfêgéï RUðUæ ë RUæ�ð ä Z�Õ êkìcïxî�é
çÉìcïwñ ðUå êkë å ñ
ävçÉéï�ì Q!r é RUåWh ìcïwò
ätï å î�ìtéï RUæ î å ä ðxX ï�äfë�ä ð ñ
ä ðURUå î�ì�î�éÊç�äpéï RUðUæ ë RUæ�ð ä�î�éÊçÉìcïxî�ì%ë æ è�é�ê R ìcï
é�ê�çÉìcïtñ ð ì�ëéï�ìcïtëìfè�é�ê R äfî�ìcïsëìfê�ävê R é ðUå ì ðUå îkäfî Z�Õ êÓï å ï R é�è»ä|î�é ð éë æ ñIé ð äfë åÉí ê�î�é å ê P ì ð è»äfë åÉí êa%æ éDè»ävêké r ébî�ì%ë æ è�é�ê R ìcï|ëìfê éï RUðUæ ë RUæ�ð äÓëìfègñ ðUå è å î�ìcï|ñ æ éî�éµävñ ð ì h éë�ò
ä ð ç�ä§éï RUðUæ ë RUæ�ð ä�î�é
çÉìcï»è å ïUè�ìcï�ñ
ä ð ä�è�é r ì ð ä ð ç�äfï ð ä V ìfêkéï�î�ébëìfègñ ð éï åÉí ê}ñ
ä ð ä a%æ é~äÓç�ä h é V ñIé ð è åWR ä ð éï�ìfç h é ð
é ^ ë å é�ê R é�è�é�ê R éµëìfêkï æ ç R äfï�ñIì ð ëìfê R é�ê å î�ì X éï RUðUæ ë RUæ�ð ä X è�ìcï RUð ä ð çÉìcï ð éï æ ç R äfî�ìcï�î�é�è»ävêké ð ä
äfî�éë æ äfîkä Zº ìfê¸é�ç{ñ ð ìfñ í ï åWR ìÓî�é¼è�é r ì ð ä ð ç�äfï ð ä V ìfêkéï»î�é¼ëìfègñ ð éï åÉí ê S ï�éDò
ä�ñ ð ìfñ æ éï R ì æ ê è�ì�î�é�çÉìT é�ê m�ðUå ëì a%æ éDñ2é ð è åWR é¼ëìfègñ ðUå è åWð î�ì%ë æ è�é�ê R ìcï»ï�é�è å éï RUðUæ ë RUæ�ð äfî�ìcï Q äfï _ êkî�ìcï�é¼é�ê é�çläfïUñ2éë R ì
ï�é�è _ ê RUå ëì»î�étç�ä�éï RUðUæ ë RUæ�ð ä Z O�ä�ñ ðUå êkë å ñ
ävç å î�é�ägéï{ç�ä�î�ésëìfêkï å î�é ð ä ðqa[æ ésç�äfï P¶ð éë æ é�êkë å äfïpî�étç�äfï
ñ
ävç�ä Q�ð äfïtî�é�ç R é z�R ì a[æ énï�ésé�êkë æ é�ê RUð ävê�î�é�ê RUð ì�î�é æ êµè å ïUè�ì RUå ñ2ì»î�éné�çÉé�è�é�ê R ìDéï RUðUæ ë RUæ�ð ävçxï�é
î�é Q é�ê|ä r�æ ï R ä ð ä æ ê
ätè å ï�è»ä�î å ï RUðUåWQ�æ ë åÉí ê Z[� çkè�ì%î�é�çÉìnï�é6ò
ä�î�é�êkìfè å ê
äfî�ì�è�ì%î�é�çÉìsî�éqëìfê R é z!R ìcï
éï RUðUæ ë RUæ�ð ävçÉéï ��^�ºÊ²§�,X ëì�î åd^ ë�ä�ëìfê æ ê�è å ïUè�ì�è�ì�î�é�çÉìYçÉìcï R é z�R ìcï a%æ épï�épé�êkë æ é�ê RUð ävêbé�ê¼ë�äfîkäRUå ñ2ìtî�é{é�çÉé�è�é�ê R ìséï RUðUæ ë RUæ�ð ävç Z�� êgï ægh é ð ï åÉí êgï�é�è å äfîkävñ RUåWRUåWh ä�ï�éÊò
ävê æ�RUå ç åWV äfî�ìsëì�î åd^ ë�äfî�ì ð éï,î�é
ã æ!¥ è»ävê Q äfï�äfî�ìcï6é�ê»ñ
ävç�ä Q�ð äfïÊñ
ä ð ä R ävç�ëìfè�é RUå î�ì S î�é�êkìfè å ê _ êkî�ìcï�é ^�ºÊ²µ±}ª ã Z[¹ î�é�è _ ï S éï R äå î�é�äµï�é»ò
äbé�ê ðUåÉa%æ éë å î�ìµè�éî å ävê R é æ ê
äbòké æ�ðU] ï RUå ë�ä a%æ é�ñ2é ð è åWR é�ä TcðUæ ñ
ä ð î�é P ì ð è»ä�äfî�éë æ äfîkä
î ådP é ð é�ê R éï RUå ñIìcïlî�été�çÉé�è�é�ê R ìcïqéï RUðUæ ë RUæ�ð ävçÉéï S î�étè»ävêké ð ä a[æ é�ë�äfîkä TcðUæ ñ2ìgï�étëì%î åd^
a%æ é�ëìfê æ ê
è�ì�î�é�çÉìbéïUñ2éë ]d^ ëì å êkî�é�ñ2é�êkî å é�ê R é Z¤j ì ð ì RUð ì¼ç�äfî�ì S é�ç å ègñ
äfë R ìµî�é�ç,è�ì�î�é�çÉìbé�ê©é�ç ð é�êkî å è å é�ê R ìî�é�ç�ñ ð ì�ëéï�ì.î�é ð éë æ ñ2é ð äfë åÉí ê<éï å êkï åWT ê åd^ ë�ävê R é S î�é�òkéë�òkì éï¼ï å è å ç�ä ð ävç ð é�êkî å è å é�ê R ì î�é§ç�äð éë æ ñ2é ð äfë åÉí êµï�ì Q�ð é�î�ì%ë æ è�é�ê R ìcïpëìfègñ ðUå è å î�ìcï Z

^ é�ò
ä»è�ìcï RUð äfî�ì a[æ é S äfë RUæ ävçWè�é�ê R é S éï R ä å î�é�ä»è�é r ì ð ä»ç�äfï ð ä V ìfêkéïtî�énëìfègñ ð éï åÉí êÓé�ê�è _ ï
î�é æ ê �#b5» ð éïUñ2éë R ì§ä¼ç�ä R�m ë�ê å ë�ä Q
_ ï å ë�ä � è�ì�î�é�çÉìµî�éDävç P ä Q é R ìcïYï�é�ñ
ä ð äfî�ìcï ��Zwj ì ð ì RUð ì�ç�äfî�ì S
é�ç�ñ ð ì R ì RUå ñIìbï�é�ò
ä¼ëìfègñ
ä ð äfî�ìµëìfê©çÉìcïsï å ï R é�è»äfïnî�égëìfègñ ð éï åÉí ê ð é P é ð é�êkë å äfî�ìcïné�ê\é�ç � éï R äfî�ì
î�é�çlä ðUR é �DX ï�é�ò
ä§ëìfègñ ð ì Q äfî�ì a%æ éDî å ë�òkìÓñ ð ì R ì RUå ñ2ìÓì Q�RUå é�êké¼ç�äµè�é r ì ðgR äfï�ä�î�é¼ëìfègñ ð éï åÉí ê
ñ
ä ð ä R ävè»ä � ìcïtî�énëìfçÉéëë åÉí ê§è�éî å ìcï X¼Tcð ävêkî�éï ��a[æ é S ñ2ì ð ë å é ðUR ì S ï�ìfê�çÉìcïqè _ ï å ê R é ð éï�ävê R éï�é�ê
é�ç _ è Q�åWR ì§î�é|ç�äfï Q äfï�éï�î�é|îkä R ìcï R é z!RUæ ävçÉéï �=_ b è�é T ä Q%X%R éïgìµè _ ï �sð éïUñIéë R ì§ä R�m ë�ê å ë�äfï a%æ éñ2é ð è åWR é�ê³é�çtäfëëéï�ìNî åWð éë R ì.ï�ì Q�ð é�é�ç R é z!R ì\ëìfègñ ðUå è å î�ì S éï�é�êkë å ävç�ñ
ä ð ä©ç�äfï Q äfï�éï|î�é�îkä R ìcï
ëìfègñ ðUå è å îkäfï Z[� ê»ëìfçÉéëë å ìfêkéïÊî�é Tcð ävê R ävè»ä � ì S ç�ä�î ådP é ð é�êkë å äsî�é�çkñ ð ì R ì RUå ñIì�ëìfê»é�ç
ï å ï R é�è»ä a%æ é
ì Q�RUå é�êkésè�é r ì ð ëìfègñ ð éï åÉí ê~êkì�çWçÉé T ä�ävç � S�� » S ñIé ð ìgî å ë�òkì»ï å ï R é�è»ä S ä�î ådP é ð é�êkë å ägî�é�ç�ñ ð ìfñ æ éï R ìä a%æ�]iS êkìgñ2é ð è åWR ésé�ç�äfëëéï�ì�î åWð éë R ì»ï�ì Q�ð é�çÉìcï R é z!R ìcïlëìfègñ ðUå è å î�ìcï ZÈ ävè Q�åÉm ê¼ï�éqò
ä�ñ ð ìfñ æ éï R ì æ ê
ä h é ð ï åÉí êDäfîkävñ R ä RUåWh ä S î�é�êkìfè å ê
äfîkä ^�ºÊ²�j,j,²NS%a%æ élëìfè Q�å ê
ä
ç�ä R�m ë�ê å ë�ä T é�ê m�ðUå ë�ä ^�ºÊ²Hr�æ ê R ì~ëìfê æ êÓè�ì%î�é�ç�äfî�ì j�j,² óOØ S ëìfêÓç�ä ^ ê
ävç å îkäfî\î�é�ävçWè»äfëé�ê
ä ðX\RUð ävêkïUè åWRUåWð î�ì�ë æ è�é�ê R ìcï�ï�é�è å éï RUðUæ ë RUæ�ð äfî�ìcï Z�^ é¼ò
ä�è�ìcï RUð äfî�ì a%æ é¼éï R ä h é ð ï åÉí ê è�é r ì ð ä�ç�ä
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ëìfègñ ð éï åÉí êÓé�ê§è _ ï�î�é æ ê �m» ð éï�ñIéë R ì¼ä»ç�ä|ëìfègñ ð éï åÉí ê�ëìfê æ ê u ê å ëìDè�ì�î�é�çÉì j,j,² ó8Ø SIX
é�ê æ ê �Q` » ð éïUñIéë R ì�äYçÉìcïpëìfègñ ð éï�ì ð éïqë åWR äfî�ìcïpé�êbé�ç � éï R äfî�ì�î�é�ç�ä ðUR é ��Zj ì ð ì RUð ì~ç�äfî�ì S�R ävè Q�åÉm ê�ï�é�ò
äbñ ð éï�é�ê R äfî�ì æ ê\è m�R ì%î�ì�î�é�êkìfè å ê
äfî�ì§O�Ü º ^IS�æ ê.éï a%æ é�è»ä
î�énëìfègñ ð éï åÉí ê å êkïUñ åWð äfî�ì|é�ê�é�ç¤éï a[æ é�è»ä»O#é�ègñIé�ç e Ü åWh2S ñIé�êkï�äfî�ì|ñ
ä ð ä|ëìfègñ ðUå è åWð î�ì�ë æ è�é�ê R ìcï
éï RUðUæ ë RUæ�ð äfî�ìcï Z OËä å î�é�ä~ñ ðUå êkë å ñ
ävç{î�é|O�Ü º ^ éïYï æ ï RUåWRUæ�åWð ï æ�Q éï RUðUæ ë RUæ�ð äfï�ëìfègñ�çÉé R äfï�ñIì ðYæ ê
äð é P é ð é�êkë å ä»ä æ ê
ä�ì�ë æ�ðUð é�êkë å ägñ ð é h�å ä�î�ésç�ä�è å ïUè»ä S î�ésè»ävêké ð ä a%æ é�ï�é�ë�ävñ RUæ�ð ésç�ä ð éî æ êkîkävêkë å äa%æ é å ê RUð ì�î æ ëépç�äséï RUðUæ ë RUæ�ð ä�é�ê æ ê
äsëìfçÉéëë åÉí êDî�éqî�ì�ë æ è�é�ê R ìcï Z%� ê T é�êké ð ävç S ç�ä RUð ävêkï P ì ð è»äfë åÉí ê
O�Ü º ^DRUå é�êké�ç�äfïlï åWTcæ�å é�ê R éï h é�ê R ä r äfï �
} Zl® ä V ìfêkéïpî�éYëìfègñ ð éï åÉí ê§è æ�XµQ�æ é�ê
äfï S�a%æ énè�é r ì ð ävê�ç�äfïtì Q�R é�ê å îkäfïpñ2ì ð çÉìcïpè m�R ì�î�ìcïtë�ç _�eï å ëìcï X ç�ä�è»ä X ì ðU] ä�î�ésç�äfï�ì Q�R é�ê å îkäfïpñ2ì ð çÉìcïqè m�R ì�î�ìcïpî�éYëìfègñ ð éï åÉí ê a[æ énëìfêkï å î�é ð ävê§ç�ä
éï RUðUæ ë RUæ�ð ä Z
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äfë å ç å îkäfî~é�ê¼ç�ä�ê
ä h é T äfë åÉí ê Skh�å ï æ ävç åWV äfë åÉí ê X äfëëéï�ì�ävçÉé�ä R ì ðUå ì�ï�ì Q�ð étç�äfï{ëìfçÉéëë å ìfêkéïpëìfè eñ ðUå è å îkäfï Z
}|}?} Zpº ìfègñ ð éï åÉí ê X î�éï�ëìfègñ ð éï åÉí êµé�ê æ ê
ägï í ç�ä�é R ävñ
ä X|ð ävñ å î�é V î�é�çÇñ ð ì%ëéï�ì Z
� ê~ç�ä�é z ñ2é ðUå è�é�ê R äfë åÉí ê ð é�ävç åWV äfîkä S ï í çÉì ½t² O j,j,² ëìfègñ ðUå è�énè�é r ì ðta%æ ésO�Ü º ^ ñIé ð ì S ëì e

è�ì X äbï�é�ò
äbëìfè�é�ê R äfî�ìµëìfê\ävê R é ðUå ì ðUå îkäfî S ëìfê ½�² O j,j�² éï å ègñIìcï åWQ çÉé ð é�ävç åWV ä ð�æ ê.äfëëéï�ì
ävçÉé�ä R ì ðUå ì~ä æ ê�î�ì%ë æ è�é�ê R ìµé�ê�ëìfêkë ð é R ì~ñ æ éï R ì a%æ égéï�äfîkävñ R ä RUåWh ì X êkéëéï åWR ä¼î�éï�ëìfègñ ðUå è åWðR ì�î�ìcï�çÉìcïsî�ì�ë æ è�é�ê R ìcï a%æ é�ñ ð éëéî�é�êNävç�î�éï�é�äfî�ì Zwº ìfê R ì�î�ìDçÉìbî å ë�òkì S ï�égñ æ éî�é�î�éï�ë�ä ðUR ä ð é�çæ ï�ìgî�é ½t² O j,j,² é�ê~é�ç#éï�ëé�ê
ä ðUå ì»î�é�ç�äfï Q äfï�éïlî�é�îkä R ìcï R é z�RUæ ävçÉéïpëìfègñ ðUå è å îkäfï ZÝ æ�åWV�_Óæ êkìÓî�éDçÉìcïgñ ð ì Q çÉé�è»äfï a%æ é¼ï�éDçÉéDñ æ éî�é�ê äfë�ò
äfë�ä ð ä§O�Ü º ^ éïgç�ä§é ^ ë å é�êkë å ä©é�ê�ç�ä
é R ävñ
äÓî�é¼ëìfègñ ð éï åÉí ê S�a%æ é RUå é�êkébëìfègñ�çÉé r�å îkäfî¸ë æ äfî ð�_vRUå ë�ä�ï å ï�é¼é�ègñ�çÉé�äÓç�ä§î�é ^ ê å ë åÉí ê}îkäfîkä Zj ä ð äNï�ìfç æ ë å ìfê
ä ð çÉì�ï�é�ñ æ éî�é§î å ï�é � ä ðDæ ê ävç T ì ðUåWR è�ì�î�é§ëìfègñ ð éï åÉí ê ëìfê ëìfègñ�çÉé r�å îkäfî³ç å êké�ävç
é�ègñ�çÉé�ävêkî�ì æ êbéï a[æ é�è»ä�î�étò
äfïUò å ê TkZ� ê»è æ ë�òkìcï6éï�ëé�ê
ä ðUå ìcïï�é{ñ æ éî�é�êDä � äfî åWð î�ì%ë æ è�é�ê R ìcï{ätç�äsëìfçÉéëë åÉí ê S ñIé ð ìné�ê�ê å ê Tcu êDë�äfï�ìï�éé�ç å è å ê
ä ð�_ êgìqè�ì�î åd^ ë�ä ð�_ ê Z O�Ü º ^ ï�é�ñ æ éî�é6äfîkävñ R ä ð ëìfê P äfë å ç å îkäfînñ
ä ð äpñIé ð è åWRUåWð ç�ä å êkï�é ð ë åÉí ê
î�éDê æ é h ìcï»î�ì�ë æ è�é�ê R ìcï S ñIé ð ìÓï�éDêkéëéï åWR ä§è _ ï RUð ä Q ä r ìÓñ
ä ð ä§ñ2é ð è åWRUåWð ç�ä�è�ì%î åd^ ë�äfë åÉí ê}ìÓé�çQ ì ðUð äfî�ì»î�énî�ì%ë æ è�é�ê R ìcï Z�¹ ï å è å ïUè�ì S ñ æ éî�é�ï�é ðpå ê R é ð éï�ävê R é�î å ï�é � ä ð éï a%æ é�è»äfï�î�é å êkî�é z äfë åÉí êa%æ é�ñIé ð è åWR ävê ð é�ävç åWV ä ð�Q�æ ï�ë�ä ð ëìfê ð ävñ å î�é V î�ì�ë æ è�é�ê R ìcï a%æ é�ëìfê R é�ê T ävê�ävç Tcæ êkìcï R�m�ð è å êkìcïYì
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äfë ] ä�çÉìcïlè�ì�î�é ð êkìcïpî�ì�ë æ è�é�ê R ìcï
é�çÉéë RUð�í ê å ëìcï Z�� êbéï R étëìfê R é z!R ì S ç�ä ð éë æ ñIé ð äfë åÉí ê~î�étî�ì�ë æ è�é�ê R ìcïléï RUðUæ ë RUæ�ð äfî�ìcïqï�é ð é ^ é ð ésänç�äå êkî�é z äfë åÉí ê X©ð éë æ ñIé ð äfë åÉí ê�î�é|ç�ä å ê P ì ð è»äfë åÉí ê�ï�é Tcu ê æ ê
äµéï RUðUæ ë RUæ�ð ä�îkäfîkä�î�é|î�ì�ë æ è�é�ê R ìcï Z� ï R ì¼ï åWT ê åd^ ë�ä a%æ é�çÉìcïsî�ì�ë æ è�é�ê R ìcï X äDêkìbï�égëìfêkï å î�é ð ävêNëìfè�ìbé�ê RUå îkäfî�éïnè ] ê å è»äfï S ï å êkìbëì e
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ëìfêkï æ ç R ätî�é ð éë æ ñIé ð äfë åÉí ê S ï�é6ñ æ éî�é ð éë æ ñIé ð ä ð é�çkëìfê r·æ ê R ìsî�é{ëìfègñIìfêké�ê R éïî�é æ ê�î�ì�ë æ è�é�ê R ìa%æ é�ï�é�ävê¼è _ ï{ñ2é ðURUå êké�ê R éïpñ
ä ð ägéï�ä�ëìfêkï æ ç R ä Z

OËä ð éë æ ñ2é ð äfë åÉí ê�î�é å ê P ì ð è»äfë åÉí ê.ñ
ä ð ä~î�ì�ë æ è�é�ê R ìcï ½t² O}éï æ êNë�ävègñ2ìµî�é RUð ä Q ä r ì a%æ é
äfî a%æ�å é ð éDë�äfîkä h é V è _ ïgä æ�T é Z O�ä æ�RUå ç åWV äfë åÉí ê.î�é�ç�äµéï RUðUæ ë RUæ�ð ä�î�éDéï R ìcï�î�ì%ë æ è�é�ê R ìcï S�r·æ ê R ì
ëìfê ï æ ëìfê R é�ê å î�ì S ñ
ä ð ä\î å ë�ò
ä ð éë æ ñ2é ð äfë åÉí ê éï æ ê
ä\ëìfêkï R ävê R é�é�ê R ì�î�ìcïDçÉìcï RUð ä Q ä r ìcï a%æ é
ï�éµéï R�_ ê³î�éï�ä ðUð ìfçWç�ävêkî�ì.ï�ì Q�ð éµé�ç R é�è»ä ZÊ� ê éï R é~ï�é�ê RUå î�ì S ï�ébò
ä©ñ ð ìfñ æ éï R ì æ ê}éï a[æ é�è»ä\î�éå êkî�é z äfë åÉí êNë�ävñ
ä V î�é ð éë æ ñ2é ð ä ð é�çÉé�è�é�ê R ìcïgéï RUðUæ ë RUæ�ð ävçÉéï�î�é�êkìfè å ê
äfî�ì �¢] êkî å ëé å ê h é ðURUå î�ì§ëìfê
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î åWð éëë å ìfê
ävè å é�ê R ì�äDé�çÉé�è�é�ê R ìcï�î�égéï RUðUæ ë RUæ�ð ä � ë æ�X äfï�ñ ð éï R äfë å ìfêkéï�ï�é�ï åWRUu ävê�é�ê RUð é æ ê ] êkî å ëéå ê h é ðURUå î�ì»ëìfê~î åWð éëë å ìfê
ävè å é�ê R ì�ägñ
ävç�ä Q�ð ä X|æ êkì»ëìfêbî åWð éëë å ìfê
ävè å é�ê R ì¼ä�î�ì%ë æ è�é�ê R ì Z
¹ î�é�è _ ï R ävè Q�åÉm ê}ï�ébò
ä�î�éï�ä ðUð ìfçWç�äfî�ì æ ê è�ì%î�é�çÉìNî�é ð éë æ ñ2é ð äfë åÉí ê î�é å ê P ì ð è»äfë åÉí ê a%æ éR ìfè»äYëìfè�ì Q äfï�é �¶X ëìfêkï å î�é ð ä � î�ìcï å î�é�äfï a%æ épò
ävêDî�é�è�ìcï RUð äfî�ìgï�é ð6hf_ ç å îkäfï6î æ�ð ävê R é�é�ç2ñ2éï�äfî�ì

î�épçÉìcï6é�çÉé�è�é�ê R ìcï{éï RUðUæ ë RUæ�ð ävçÉéï � ç�ä�î�é�êkï å îkäfîDî�épçÉìcï R�m�ð è å êkìcï{î�éqç�änëìfêkï æ ç R ä X ï æ ñ ð ì z!å è å îkäfî Z� ç�è�ì�î�é�çÉìtñ ð ìfñ æ éï R ì RUå é�êké6é�ê�ë æ é�ê R ä�ävè Q äfï å î�é�äfï S ï å êgé�è Q ä ðUT ì S�ð éïUñIéë R ì�äpç�äpñ ð ì z!å è å îkäfî�î�é
çÉìcï R�m�ð è å êkìcïî�élç�ä�ñ ð é Tcæ ê R änï í çÉì�ñ2ìfêkî�é ð äsï å
m ï R ìcïävñ
ä ð éëé�êDì�êkìsé�ê|çÉìcï,è å ïUè�ìcïé�çÉé�è�é�ê R ìcï6î�é
éï RUðUæ ë RUæ�ð ä X ë í è�ì�éï R�_ ê�ñ ð�íz!å è�ìcï�î å ë�òkìcï R�m�ð è å êkìcïtî�é�ê RUð ìDî�énçÉìcïté�çÉé�è�é�ê R ìcï�î�éYéï RUðUæ ë RUæ�ð ä Zº ìfê}éï R ä�ävñ ð ì z�å è»äfë åÉí ê ï�ébì Q�RUå é�êké æ ê
ä�ë�ç�äfï åd^ ë�äfë åÉí ê}î�é~çÉìcï�êkì�î�ìcï a%æ é¼êkì©ï�é~ä r·æ ï R ä ð�_ î�éæ ê
äbè»ävêké ð ä�é z ñ�ç ] ë åWR ä~ê å ä æ êNé�ê P ì a%æ é�ñ æ�ð ävè�é�ê R é Q ì�ìfçÉé�ävêkì~ê åh éë R ì ðUå ävç6ñ æ éï S é�ê�ävç Tcæ ê
äfï
ï åWRUæ äfë å ìfêkéï S ï�é�ñ æ éî�é�ê¸é�êkëìfê RUð ä ð êkì�î�ìcï»ä�çÉìcï a%æ éDçÉéï P ävç R äÓävç Tcu ê R�m�ð è å êkì©î�éDç�ä§ëìfêkï æ ç R ä
è�é r ì ð ë�ç�äfï åd^ ë�äfî�ìcï a[æ éYì RUð ìcï a%æ énëìfê RUå é�êké�ê R ì%î�ìcï�çÉìcï R�m�ð è å êkìcï�î�é�ç�ä�ëìfêkï æ ç R ä�î�é�ñ2é�êkî å é�êkî�ì
î�éÊç�ä�ë�ävê RUå îkäfî X ñ ð ìfñIì ð ë åÉí ê�î�é R�m�ð è å êkìcï,î�éÊç�ä�ëìfêkï æ ç R äpñ ð éï�é�ê R éï,î�é6î å ë�òkìtêkì�î�ì Z O�ä å î�é�ä a%æ é
ï�étò
äYñIé ð ï�é Tcæ�å î�ì»éïlç�ä�î�é ð éë æ ñ2é ð ä ð ä a%æ é�çWçÉìcïqé�çÉé�è�é�ê R ìcï a[æ ésñ æ éîkävê~ï�é ð è _ ï å ê R é ð éï�ävê R éïtävçæ ï æ ä ðUå ìnî�éï�î�é�é�çIñ æ ê R ì�î�é h�å ï R änî�éqç�ä � ëìfêkëé�ê RUð äfë åÉí ê � î�éqç�ä å ê P ì ð è»äfë åÉí ê S éïÊî�éë åWð�S ï�éqï æ ñ2ìfêkéa%æ é�ä æ ê æ ï æ ä ðUå ì�çÉé å ê R é ð éï�ä ð�_»ð éë æ ñIé ð ä ð ä a[æ é�çWçÉìcï�î�ì�ë æ è�é�ê R ìcï � ìgñ
ä ðUR éï�î�é�çÉìcïlè å ïUè�ìcï � é�ê
çÉìcï a%æ éYç�ä å ê P ì ð è»äfë åÉí ê�ï�ìfç å ë åWR äfîkä � ì�ñ
ä ðUR é�î�é�é�çWç�ä � ä RUð ä h�m ï�î�éYç�ä|ëìfêkï æ ç R äDï�éné�êkë æ é�ê RUð é�î�éP ì ð è»äYè _ ïqëìfêkë å ï�ä%ô Z
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º ìfè�ì ð éï æ ç R äfî�ì.î�é�ç RUð ä Q ä r ì ð é�ävç åWV äfî�ì.é�ê}éï R ä R éï å ï�ï�é~ò
ävê å î�é�ê RUåd^ ë�äfî�ì æ ê
ä©ï�é ðUå é�î�é

ë æ éï RUå ìfêkéï X©R é�è»äfïgé�ê�çÉìcï a%æ éDñ
ä ð éëé å ê R é ð éï�ävê R é¼ñ ð ì P�æ êkî åWV ä ð é�ê é�ç P¶æ�RUæ�ð ì Zxj ì ð�æ ê�ç�äfî�ì S^�ºÊ²µ±³ª ã<éï æ êDñ ð ìfñ R ì RUå ñ2ìgëìfê æ ê
ä å ègñ�çÉé�è�é�ê R äfë åÉí ê Q
_ ï å ë�ä X ï�éqñ æ éî�é�ê ð é�ävç åWV ä ð{æ ê
äYï�é ðUå é
î�éYè�é r ì ð äfï a[æ éYçÉì�ò
ä T ävê§è _ ï�ëìfègñIé RUåWRUåWh ì ZÇj ì ð é r é�ègñ�çÉì S ï�éYñ æ éî�égä ^ ê
ä ð ç�ä R�m ë�ê å ë�ä a[æ é�ï�é
é�ègñ�çÉé�ä»ñ
ä ð ä P¶æ ï å ìfê
ä ð çÉìcïpè�ì%î�é�çÉìcï�ñ æ éï�ï�ésò
ä|ëìfègñ ð ì Q äfî�ì a[æ é S é�ê T é�êké ð ävç S ç�ä»ñ ð éî å ëë å ìfêkéïð é�ävç åWV äfîkäfï�ï�ìfê©ävñ ð ì z!å è»äfîkävè�é�ê R é æ ê °cÛ�e °c° » î�é�ç R ävè»ä � ì ð é�ävç S ñIì ð çÉì a%æ égï�éYñ æ éî�é�ä � äfî åWðæ ê h ävçÉì ð è�éî å ì�äsë�äfîkä�ñ ð éî å ëë åÉí ê a%æ élñ2é ð è åWR äYävñ ð ì z!å è»ä ð ï�épëìfê�è»ä X ì ð é z äfë RUåWRUæ î�ävç R ävè»ä � ìð é�ävç Z� êµçÉì ð é P é ð é�ê R égä»ç�ä|ävñ�ç å ë�äfë åÉí ê�î�é�ç¤è�ì%î�é�çÉì r�æ ê R ì�ëìfê Q çÉì a%æ éïpî�é R é z!R ì»êkì|ò
ä ð éï æ ç R äfî�ì
è æ�X ñ ð ìfè�é R éî�ì ð ä S êkì¼ì Q ï R ävê R é�ï æ é P éë R ì¼ï�éYñ æ éî�égñ ð ì Q ä ð ëìfê�ì RUð ì RUå ñ2ì¼î�é�ëìfçÉéëë å ìfêkéï�é�ê
ç�äfï a%æ é�ç�äbî å ï RUðUåWQ�æ ë åÉí êNî�é»ç�äfï�ñ
ävç�ä Q�ð äfï�é�ê\é�ç R é z�R ì�î�é»ë�äfîkäµé�çÉé�è�é�ê R ì§éï RUðUæ ë RUæ�ð ävç h ä ðU] é»é�ê
î ådP é ð é�ê R éï�ñ
ä ðUR éï�î�é�ç�äfï�è å ïUè»äfï ZË¬ é�ê ð é�ç�äfë åÉí ê ëìfê é�ç{éï RUæ î å ìÓî�é�ç6è m�R ì�î�ìÓé�ê.ï ]iS ï�é�î�é Q é
éï RUæ î å ä ð è _ ï�é�ê|ñ ð ì P¶æ êkî å îkäfî»ç�ä ð é�ç�äfë åÉí ê a%æ élé z!å ï R élé�ê RUð épé�ç RUå ñ2ì X î�é�êkï å îkäfî»î�é{ç�äséï RUðUæ ë RUæ�ð äX ç�äfï»è�é r ì ð äfï|ì Q�R é�ê å îkäfï|ëìfê}é�çqè m�R ì�î�ì S,X ä a%æ ébï æ¸m�z!åWR ì©éï R�_§Q äfï�äfî�ì©é�ê æ ê
ä�ï æ ñ2ìcï å ë åÉí ê
ï�é�è _ ê RUå ë�ä X ñ2ì%î ðU] äpï�é ðwå ê R é ð éï�ävê R é{ëìfègñ ð ì Q ä ð ë í è�ì P¶æ êkë å ìfê
ä�ëìfêgì RUð äfïwëìfçÉéëë å ìfêkéïxî�é R é z!R ì Z® éïUñ2éë R ì�ä�ç�ä h é ð ï åÉí êDäfîkävñ R ä RUåWh äsî�é ^�ºÊ²\S äfë RUæ ävçWè�é�ê R étï�éléï R�_�RUð ä Q ä r ävêkî�ìné�ê�ç�ä æ�RUå ç åWV ä e
ë åÉí êbî�étñ
ävç�ä Q�ð äfï X ï�é�ñ
ä ð äfî�ì ð éïlëìfè�ì Q äfï�é�î�é�ç�ävç P ä Q é R ì P¶æ é�ê R é�î�ésï ] è Q ìfçÉìcïlî�é�é�ê RUð äfîkägñ
ä ð ä
é�çËè�ì%î�é�çÉì j,j,²NS ñ æ éïqç�äfïpñ
ävç�ä Q�ð äfï�è�ì%î�é�ç�ävê�ç�ä�é�ê RUð ìfñ ] ä|î�é�ç R é z�R ì|è�é r ì ðpa%æ ésçÉìcï�ë�ä ð äfë R é ð éï¨«ªlº± ° b ´¢Z�j ì ð é r é�ègñ�çÉì Scæ ê»ëì�î åd^ ë�äfî�ì ð ï�é�è å äfîkävñ R ä RUåWh ì RUå ñIì�ã æ!¥ è»ävê a[æ élëìfêkï å î�é ð élë�ä ð äfë R é eð éïëìfè�ìnï ] è Q ìfçÉìcïî�é�ç2ävç P ä Q é R ì P�æ é�ê R épì Q�R é�êkî ð�_!S ñ2ì ð�R�m�ð è å êkìnè�éî å ì S�æ ê ^ ë�òké ð ìYëìfègñ ðUå è å î�ì
ë æ�X ì R ävè»ä � ì�éï{ävñ ð ì z!å è»äfîkävè�é�ê R éné�ç ¦ b5» î�é�ç R ävè»ä � ì�î�é�ç ^ ë�òké ð ìgì ðUåWTcå ê
ävçÇë æ ävêkî�ìgï�éqñ ð ì�ëé e
ï�ävê R é z!R ìcï�éï�ë ðUåWR ìcï�é�ê§çÉé�ê Tcæ ä r é�ê
ä RUæ�ð ävç ZÇÕ êÓëì�î åd^ ë�äfî�ì ð ï�é�è å äfîkävñ R ä RUåWh ì RUå ñ2ì�ã æ!¥ è»ävê a%æ é
ëìfêkï å î�é ð é�ñ
ävç�ä Q�ð äfï�ëìfè�ì�ï ] è Q ìfçÉìcïtî�é�çwävç P ä Q é R ì P�æ é�ê R é�ì Q�R é�êkî ð�_!SIR ävè Q�åÉm ê§ñ2ì ðpR�m�ð è å êkì�è�é e
î å ì S%æ ê ^ ë�òké ð ìgëìfègñ ðUå è å î�ìgë æ�X ì R ävè»ä � ì ð ìfêkîkä ð�_ é�ç �Q` » î�é�ç R ävè»ä � ìgì ðUåWTcå ê
ävç ¨ Ü ²�¯�ª�¬ b6b ´¢Z�pRUð ì»é r é�ègñ�çÉì�éïqé�ç�ävç T ì ðUåWR è�ì ± O�Ü ± � Ü åWh%e O#é�ègñ2é�çËï�ì Q�ð ésñ
ävç�ä Q�ð äfï �t¨«ª�^�È6±³ÛQ¦kS ó j�^!°c°v´¢Z
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^ é�ñ æ éî�é�î�éï R äfë�ä ð�a[æ é ^�ºÊ²µj�j,² éïqé a%æ�åWh ävçÉé�ê R é�ä R é�êké ðqæ ê�ëìfê R é z!R ì|é z!RUð ä�ëìfêkï RUåWRUæ�å î�ì
ñ2ì ð é�ç u ç RUå è�ì\é�çÉé�è�é�ê R ì�î�éµéï RUðUæ ë RUæ�ð ä�ñ ð ì�ëéï�äfî�ì S é�ç�ë æ ävç�ñ ð éëéî�é§ävçpñ ðUå è�é ð ë�ä ð äfë R é ð î�é�ç
ëìfê R é z�R ì äfë RUæ ävç Zlª ä r ì.éï R é�ñ æ ê R ì î�é h�å ï R äNï�é�ñ æ éî�é�ê ð é�ävç åWV ä ð î åWh é ð ï�äfï T é�êké ð ävç åWV äfë å ìfêkéï S
ëìfè�ì æ�RUå ç åWV ä ð è _ ï�î�é æ ê�ëìfê R é z!R ìbéï RUðUæ ë RUæ�ð ävç � ñ2ì ð é r é�ègñ�çÉì S çÉìcï�î�ìcï u ç RUå è�ìcï�é�çÉé�è�é�ê R ìcïnî�é
éï RUðUæ ë RUæ�ð ä a%æ é�ëìfê R é�ê T ävê é�ç R é z!R ìÓäfë RUæ ävç � é å ê R é ð ë�ävç�ä ð é�ç{ëìfê R é z!R ìÓéï RUðUæ ë RUæ�ð ävçlëìfê é�ç{î�é�ç
ë�ä ð�_ ë R é ð é�êÓì ð î�é�ê�î ådP é ð é�ê R é»ävç,äfë RUæ ävç � ñ ðUå è�é ð ìbé�çxëìfê R é z!R ì¼éï RUðUæ ë RUæ�ð ävç X ç æ é T ìDé�ç,ëìfê R é z!R ì
î�é�ç#ë�ä ð�_ ë R é ð���Zj ì ð ì RUð ìgç�äfî�ì S é�ç RUð ä Q ä r ì»ëìfêbéï a[æ é�è»äfïpî�é�ëìfègñ ð éï åÉí êµî�é RUå ñIìgO�Ü§ò
ä�ñ�ç�ävê R é�äfî�ì»ç�ä å î�é�ä
î�é¼éï RUæ î å ä ð ç�ä�ñIìcï åWQ�å ç å îkäfî¸î�ébï æ.æ�RUå ç åWV äfë åÉí ê ëìfê r�æ ê R ävè�é�ê R éµëìfê R�m ë�ê å ë�äfï|î�é Q�u ï a%æ éîkäÓî�é
ñ
ä RUð ìfêkéï�ñ2é ð è åWRUå é�êkî�ìÓé ðUð ì ð éï Z O�ä å î�é�äµñ ðUå êkë å ñ
ävçléï æ�RUå ç åWV ä ðgæ ê�éï a%æ é�è»ä�O�Ü �c� î�é�è»ävêké ð äa%æ égävç Q�æ ï�ë�ä ð ç�äDë�äfî�é�ê
äDé�ê§ç�ä h é�ê R ävê
äbï�éYñIé ð è åWR ä a%æ é�éï R ä R é�ê T ä æ ê
ä|ì h ä ðUå äfï�î ådP é ð é�êkë å äfïð éïUñ2éë R ìYëìfê�ç�äYî�épç�änñIìcï å ë åÉí êbäfë RUæ ävç S î�é�è»ävêké ð ä a[æ étï�é ð é�ävç åWV ä æ ê
änï æ ï RUåWRUæ ë åÉí ê¼è _ ï Tcð ävêkî�é
ñ2é ð ìsï�é ð�_ êkéëéï�ä ðUå ì�ëì�î åd^ ë�ä ð é�ê a%ækm ñ2ìcï å ë å ìfêkéï�ï�élò
ävê�ñ ð ì%î æ ë å î�ìnî å ë�òkìcïÊé ðUð ì ð éï X ë æ
_ çÉéïï�ìfê
ñ
ä ð ä ð éë æ ñIé ð ä ð ç�älë�äfî�é�ê
äpì ðUåWTcå ê
ävç�é�êYé�ç[ñ ð ì�ëéï�ìqî�éî�éï�ëì�î åd^ ë�äfë åÉí ê Z�^ é ð�_ êkéëéï�ä ðUå ìqëìfègñ ð ì Q ä ða%æ é�éï R ä å î�é�äbì Q�RUå é�êké|è�é r ì ð äfï ð éïUñ2éë R ìµävçéï a[æ é�è»ä Q
_ ï å ëì S äfî�é�è _ ïYï�é»î�é Q é ð�_ ê\éï R ä Q çÉéëé ð
òké æ�ðU] ï RUå ë�äfï a[æ étñ2é ð è åWR ävê~ï�é�çÉéëë å ìfê
ä ðpX ëì�î åd^ ë�ä ð ç�äfïlî ådP é ð é�êkë å äfïqé�ê RUð é�ç�äfïlë�äfî�é�ê
äfï Z

Ú å ê
ävçWè�é�ê R é S é�ê§çÉì ð é P é ð é�ê R é�ä|ç�ä å êkî�é z äfë åÉí ê Xbð éë æ ñIé ð äfë åÉí ê S é�ç æ ï�ì|î�é�ç ] êkî å ëé å ê h é ðURUå î�ì
ëìfê»î åWð éëë å ìfê
ävè å é�ê R ìgäté�çÉé�è�é�ê R ìcï6éï RUðUæ ë RUæ�ð ävçÉéï�ï æ�Tcå é ð élç�ätñ2ìcï åWQ�å ç å îkäfî�î�é ð é�ävç åWV ä ðQ�u ï a%æ éîkäfï
ñ2ì ð ñ ð ì z�å è å îkäfî R é�ê å é�êkî�ìgé�êDë æ é�ê R ä�é�çÇäfïUñ2éë R ìnï�é�è _ ê RUå ëìgî�éqçÉìcï R é z!R ìcï Z�® éïUñ2éë R ìYävçIè�ì�î�é�çÉì
ñ ð ìfñ æ éï R ì S ï�é�î�é Q é ð é�ävç åWV ä ð�æ ê�ävê _ ç å ï å ïtè _ ïtñ ð ì P�æ êkî�ì X é P éë RUæ ä ð ävç T ì|è _ ï a%æ é æ ê
äfïtñIì�ë�äfï� ëìfêkï æ ç R äfï¤é z ñIé ðUå è�é�ê R ävçÉéï � ëìfê�ëìfçÉéëë å ìfêkéï¤î�é�ñ ðUæ é Q älè _ ï Tcð ävêkî�éï X éï R�_ êkîkä ð�S ëìfè�ì Ô·¯p�x½ � Zj,æ éî�é�ï�é ð�å ê R é ð éï�ävê R é\äfîkävñ R ä ð é�çpè�ì�î�é�çÉì.ñ
ä ð äNì Q�R é�êké ð¼æ ê
ä ð é�ç�äfë åÉí ê î�é�çÉìcï � è�é r ì ð éï
ñ æ ê R ìcïî�épé�ê RUð äfîkä � î�éqçÉìcïî�ì�ë æ è�é�ê R ìcï6é�ê�ç æ�T ä ð î�éqï æ ë�ç�äfï åd^ ë�äfë åÉí ê T é�êké ð ävç Z�� ï R äsñIìcï åWQ�å ç å îkäfî
ò
ä�ï æ�ðUTcå î�ì�ä ð ä ]WV î�é�çkéï RUæ î å ì�î�é6çÉìcï P äfë R ì ð éï a%æ é{é�ç!è�ì%î�é�çÉìsëìfêkï å î�é ð ä�ä�ç�äqòkì ð äsî�éÊì Q�R é�êké ð çÉìcï
ñ2éï�ìcï6î�é�çÉìcïêkì�î�ìcï6ñ2ì ðÊæ êDç�äfî�ì X î�é�çÉìcï ð éï æ ç R äfî�ìcïlì Q�R é�ê å î�ìcïlñIì ð ì RUð ì Z�® éëì ð î�é�è�ìcï a%æ é�çÉìcï� è�é r ì ð éïlñ æ ê R ìcïpî�ésé�ê RUð äfîkä � ï�ìfêµä a%æ é�çWç�äfïlñ
ä ðUR éï�ìgç æ�T ä ð éïpî�é�çËî�ì�ë æ è�é�ê R ì S î�é h%æ é�ç R äfïpëìfè�ìð éïUñ æ éï R ä¼ä æ ê
ä¼ëìfêkï æ ç R ä S é�ê©ç�äfïsï�égï æ�Tcå é ð é a%æ é æ ê æ ï æ ä ðUå ì~ëìfè å é�êkëé|äDçÉéé ð é�ç,î�ì�ë æ è�é�ê R ìX é�çqòkéë�òkì a%æ ébé�çqè�ì�î�é�çÉìÓñ ðUå è�ébç�äfï»ñ
ä ðUR éï|î�é�çpî�ì%ë æ è�é�ê R ì\é�ê ç�äfï a%æ ébé z�å ï R é æ ê
äÓè»ä X ì ð
ëìfêkëé�ê RUð äfë åÉí ê î�é»çÉìcï R�m�ð è å êkìcï�î�é»ç�äµëìfêkï æ ç R ä å êkî æ ëéDäbñIé�êkï�ä ðYa%æ é�ç�ä�ävñ�ç å ë�äfë åÉí ê�î�é|î å ë�òkì
è�ì�î�é�çÉì�ñ
ä ð ä R ävç�ëìfè�é RUå î�ì|ì Q�R é�ê T ä ð éï æ ç R äfî�ìcïqï�ä RUå ï P äfë R ì ðUå ìcï Z

� �,	���ö«ÿiö ��ÿiö���ú(Êdü�ûËÿiù�úxýv���������ÿiöøü���ü�ÊXè � n p ú ÿ`ûiö�ú����������#é#ê�ê4ëFì�í�í4î�ï�ð3ñXòdóSô�õxòdî�ï#öS÷�ò�ø#ôxò[ö�ùuí(ú�û�ü(ý



þ Å ÿ Ï � ?Ç=�� þ

� Ä�� Ì Ï�� L Ì Ñ È�� Ï
	 � Ä L Å Ì C � Ã � �

 Ä C 	HÄ Ï � Ì Ê1Ä � Ì Ï L È�ÄÒÏ È��
k

� § ¿ § �����

^�ºÊ² � Z � ^�ºÊ² � Z��
�pðUåWTcå ê
ävç º ìfègñ ð�Z ® ä V�í ê º ìfègñ ð�Z ® ä V�í ê

k = 3� Z��Q� � Z�¦Q`c° GQ`cÛ!ZøÛ � ° �c°!S�G ��» GQ`_kZ��Q�Q� �c°!S b6b5»`!Z�` � ¦!Z�`c°Q� � Z�` ��� Z�� � ` �cÛ!S _[Û » � Z�`_Q_kZ _ b _ �cÛ!S b6b5»
�#b Z�` �#b Z _[Û � �!Zø° � �!Zø°Q` b �cÛ!S��c° » �!Zø° � Û!Z _ � ¦ � � S �c��»� � Z��QGQ`!Z�`_ � `!Zø°cÛcÛ!Z�` b Û �cÛ!S�� b5» `!ZøÛ � G!Z��QG � � � S�¦Q¦ »_2�!Z �c� G!Z�¦c° � � �!Z b!�c� Z _2�cÛ �cÛ!S�`Q� » �c� Z �c� G!Z�¦ b ° � � Sø°Q¦ »¦Q�!Zø°Q¦QG!Zø°Q¦QG ��� Z�`Q¦ � Z � GQ` � � Sø° b5» ��� Z�� � G!Zø°QG b � � S�G_ »
�#b _kZø°_2�!Zø°_ � �c°!Z _2GcÛ!Z�G_ b �cÛ!S b ` » �cÛ!ZøÛ � ¦!Z � ° � � � S _2¦ »

k = 4� Z��Q� � Z�¦Q`c° G � ¦!Z�`cÛ � �Q`!Sø° �m» G � `!Z�� � ¦ �Q`!SøÛ �m»`!Z�` � ¦!Z�`c°Q� � Z�GQGc°!Z��Q`Q` �_kS��cÛ » � Z�GQ�Q`!Z�`_2� �_kS b G »
�#b Z�` �#b Z _[Û � �!Z�` b _kZ�¦ � _ �QG!SøÛQG » �!Z _ � G!Z _ � � �QG!S�`QG »� � Z��QGQ`!Z�`_ � _kZø°c°Q¦!Z�� b Û �QG!S�`QG » _kZø°Q�QG!Zø°Q�Q¦ �QG!S � ° »_2�!Z �c� G!Z�¦c° � °!Zø°Q` b Zø°Q` b �QG!S�¦QG » °!Z � ° � ZøÛcÛQ¦ �QG!S��Q` »¦Q�!Zø°Q¦QG!Zø°Q¦QG � _kZ�` � _kZ b GQ` �QG!S b ` » � _kZ��Q¦c°!Z��_2¦ �Q�!S�¦Q¦ »
�#b _kZø°_2�!Zø°_ � �_kZ�� �c� Z �c� ` �QG!S b���» �QG!Z � `cÛ!Zø° �c� �Q�!S�¦_ »

k = 5� Z��Q� � Z�¦Q`c° G ��� Z _ � Û �Q`!Sø°cÛ » G � Û!Z b _2` �Q¦!S b G »`!Z�` � ¦!Z�`c°Q� � Z��c° � Zø°Q�QG �QG!S _ �m» � Z��cÛQ¦!Z � _2� �QG!S�GQ� »�#b Z�` �#b Z _[Û � �!Z�G � ¦!Z � `Q` �Q�!S�¦ �m» �!Z�GQ¦ b Z�`cÛ � �Q�!S _2¦ »� � Z��QGQ`!Z�`_ � _kZ�¦Q¦_kZ�G � � � � Sø°Q¦ » _kZ�¦ b °!Z�`Q¦c° � � S � � »_2�!Z �c� G!Z�¦c° � °!Z b _Q_kZ��c° � � � S _[Û » Û!Zø°QGQ¦!ZøÛ b � � � S��Q� »¦Q�!Zø°Q¦QG!Zø°Q¦QG � G!Z�GcÛ_kZø°cÛ � � � S��Q¦ » � G!Z�� b _kZ b � b � b Sø° ��»
�#b _kZø°_2�!Zø°_ � � � Zø°_2`!ZøÛc° b � b Sø° �m» � � Z�`cÛQ`!Z ���c� � b S�`Q¦ »

k = 6� Z��Q� � Z�¦Q`c° G b�� Zø°c°QG �Q`!S�� �m» G �#b Z�G � � �Q`!S _ b5»`!Z�` � ¦!Z�`c°Q� � Z��Q`Q�!Zø°c°Q¦ �Q�!S ���m» � Z��Q`Q`!Z�¦ � ` �Q�!S � ¦ »º ìfê RUå ê u ä
↪→

� _ �



�0¥�Ø j����   ����£   Ð%¡i��2 ��c�£ eI  "���Ù�������� Â���"� ø�f���  |Ñ �ª#   ��£�¡`�f�%¡¢�
k

←↩
º ìfê RUå ê u ä

^�ºÊ² � Z � ^�ºÊ² � Z��
�pðUåWTcå ê
ävç º ìfègñ ð�Z ® ä V�í ê º ìfègñ ð�Z ® ä V�í ê

�#b Z�` �#b Z _[Û � �!Z��c°c°!Z��Q¦ b � � SøÛ ��» �!Z��c°cÛ!Z�` b6b � � SøÛQ¦ »� � Z��QGQ`!Z�`_ � _kZ _[° � Z b6b�� � � S ����» _kZ _[ÛQ�!Z b6b � � � S �#b5»_2�!Z �c� G!Z�¦c° � Û!Z � °Q�!Z��c°Q¦ � b SøÛ ��» Û!Z � GcÛ!ZøÛ ��� � b S � ` »¦Q�!Zø°Q¦QG!Zø°Q¦QG � �!ZøÛ ��� Zø°_2` � b S�GQ` » � �!Z ��� ¦!Z�¦_ � � b S � ° »
�#b _kZø°_2�!Zø°_ � � b Zø°QGQ�!Z _2`_ � °!Sø°_ » � b Z�¦c°c°!Z � � b � °!S � � »

k = 7� Z��Q� � Z�¦Q`c° G �c� Z � °cÛ �Q`!S _ ��» G � _kZ _2¦QG �Q`!S � _ »`!Z�` � ¦!Z�`c°Q� � Z��Q`cÛ!Zø°cÛQ` �Q�!SøÛQ� » � Z��Q¦ � Z � °_ �Q�!Sø°cÛ »
�#b Z�` �#b Z _[Û � �!Z�G b6b Z�`Q` � � � SøÛcÛ » �!Z�G � �!Z�G � ` �Q�!S b6b5»� � Z��QGQ`!Z�`_ � _kZ _ � _kZ b �Q� � � S b ¦ » _kZ _[Û_kZøÛQ`cÛ � � S � ° »_2�!Z �c� G!Z�¦c° � Û!Z�¦c° b Z _Q_2G � b S�¦QG » Û!Z�¦cÛcÛ!Z�G � ` � b S�¦QG »¦Q�!Zø°Q¦QG!Zø°Q¦QG � �!Z�¦Q� b Z � °Q` � b S b _ » � �!Z�`c°QG!Z b °cÛ � b S b6b5»
�#b _kZø°_2�!Zø°_ � � b Z _[°Q¦!Zø° �#b � °!S�`QG » � b Z�G � °!Z�� � _ � °!S _ �m»

k = 8� Z��Q� � Z�¦Q`c° G � _kZ��cÛQ� �Q`!S � � » G � Û!Z�Gc° � �Q¦!S b ¦ »`!Z�` � ¦!Z�`c°Q� � Z�� ��� Z _ � ` �QG!S b _ » � Z��cÛQ`!Zø°Q¦c° �QG!S�G �m»
�#b Z�` �#b Z _[Û � �!Z�G � °!Z � ` � �Q�!S b ¦ » �!Z�G_2G!Z�` ��� �Q�!S��c° »� � Z��QGQ`!Z�`_ � _kZ _[°Q`!Zø° � � � � S ����» _kZ�`QG_kZø°Q�Q� � � S�GQ` »_2�!Z �c� G!Z�¦c° � Û!Z�¦c°_kZøÛc° � � b S�¦_ » Û!Z � `Q�!Z�¦Q�_ � b S � Û »¦Q�!Zø°Q¦QG!Zø°Q¦QG � �!Z�`c° � Z ��b _ � °!Sø°c° » � �!Z�¦Q`QG!Z _[ÛQ¦ � b S b ° »
�#b _kZø°_2�!Zø°_ � � b Z�GQ`cÛ!ZøÛQ`Q� � °!S�Gc° » � b Z�Gc°Q�!Zø°Q¦Q` � °!S _2G »

k = 9� Z��Q� � Z�¦Q`c° G ��� Z��Q` � �Q`!Sø°Q¦ » GQ� � Z � °QG �Q¦!S�G_ »`!Z�` � ¦!Z�`c°Q� � Z��cÛQ¦!Z � _2� �QG!S�GQ� » � Z�G b _kZ�¦Q¦QG �QG!S�¦_ »
�#b Z�` �#b Z _[Û � �!Z�G_ � Z�� � ` �Q�!S�GQG » �!Z�G � °!Z�` b�� �Q�!S�¦QG »� � Z��QGQ`!Z�`_ � _kZ�`_2¦!Z�`_ � � � S _ �m» _kZ�¦ b _kZ�G �#b � � S�¦cÛ »_2�!Z �c� G!Z�¦c° � Û!Z �c� `!Z�G ��� � b SøÛQG » Û!ZøÛ � ¦!Z b6b!� � � S b���»¦Q�!Zø°Q¦QG!Zø°Q¦QG � �!Z�¦cÛ � Zø° � G � b S � ` » � �!ZøÛ � ¦!Z�G � ° � b S�GQ` »
�#b _kZø°_2�!Zø°_ � � b Z _2¦ b Z�` � Û � °!S _[° » � b Z�¦ b °!Z�¦Q¦_ � °!S�¦QG »È ä Q ç�ä ¹nZ � �S^%åWV éï�ävêkî¼ëìfègñ ð éï�ï å ìfê ð ä RUå ìcï P ì ð{±½^Va ëìfçWçÉéë RUå ìfêkï

� §�©À§  "!$#�#

^�ºÊ² � Z � ^�ºÊ² � Z��
�pðUåWTcå ê
ävç º ìfègñ ð�Z ® ä V�í ê º ìfègñ ð�Z ® ä V�í ê

k = 3� Z b � � ZøÛcÛQ� � � _kZø°QG � �Q¦!Sø° b5» �Q¦Q`!Z��Q�_ �Q`!Sø°Q` »¦!Z b ÛQG!Z�GcÛc° � Z�¦cÛQG!Z b G b � � S�¦ ��» � Z�¦Q�Q`!Z��Q` � �Q¦!S � � »
�c� Z � ¦_kZ ����� G!Z �#b�� Zø°QGQ` � � SøÛ_ » G!Z b6b!� Z _2¦cÛ �Q¦!SøÛcÛ »� � Z�G b ¦!Z b `c° `!Zø°Q�c°!Z _ � _ � � SøÛQG » `!Z � �QG!Z�¦Q�cÛ �Q¦!SøÛQ¦ »_2�!Z�¦Q`c°!Z�`Q`cÛ �c� ZøÛ_2G!Z�` � ¦ � � S � ¦ » �c� Z _2�Q`!Z b!� G �Q¦!S � Û »º ìfê RUå ê u ä

↪→



% Í�Ì!Í'&¤�)(*( �0¥V�

←↩
º ìfê RUå ê u ä

^�ºÊ² � Z � ^�ºÊ² � Z��
�pðUåWTcå ê
ävç º ìfègñ ð�Z ® ä V�í ê º ìfègñ ð�Z ® ä V�í ê

¦Q�!Zø°Q¦Q¦!Z�� � ° ��� Z _Q_[Û!Z�` �c� � � S ���m» � ¦!ZøÛQ�Q`!Z��c°Q¦ �Q¦!S � � »
�#b `!Z ��b °!Z��Q¦_ �c°!Z�GQ`_kZ �c� G � � S �c��» �cÛ!Z�G b `!Zø°cÛcÛ �Q¦!S � Û »

k = 4� Z b � � ZøÛcÛQ� �_2�!Z b `_ �QG!S�¦c° » �QG_kZ�` ��� �Q�!Sø°Q` »¦!Z b ÛQG!Z�GcÛc° � Z _Q_Q_kZ�� b6b �QG!S � _ » � Z�Gc°Q¦!Z�`QGQG �Q�!Sø°Q¦ »
�c� Z � ¦_kZ ����� �!Z�¦Q`Q�!ZøÛ_ � �QG!S � ¦ » �!Z�`Q¦QG!Z � �Q� �Q�!Sø°Q¦ »� � Z�G b ¦!Z b `c° `!Z b Gc°!Z � G b �QG!S�¦Q` » _kZøÛQ¦ b Z _ � G �Q�!SøÛ �m»_2�!Z�¦Q`c°!Z�`Q`cÛ �#b Z b6b ¦!Z �c� Û �QG!S _2¦ » °!Z�¦QG_kZ ���c� �Q�!S�`cÛ »¦Q�!Zø°Q¦Q¦!Z�� � ° � _kZ�¦c°_kZ�¦c° � �QG!S�G_ » � _kZ � G � Z _2GcÛ �Q�!S _Q_ »�#b `!Z ��b °!Z��Q¦_ �_kZ�¦cÛQ�!Z �c� � �QG!S�GQ` » �QG!Z � �Q�!Z � ° � �Q�!S _Q_ »

k = 5� Z b � � ZøÛcÛQ� �QGcÛ!Z �#b ` �QG!S�G b5» �QG � Z�¦cÛc° �Q�!S�¦ ��»¦!Z b ÛQG!Z�GcÛc° � Z�G ��b Z��Q¦c° �Q�!S�`Q� » � Z�GQ�c°!Z�¦Q` � � � SøÛQ` »
�c� Z � ¦_kZ ����� �!Z _[Û � Z ��b _ �Q�!S��c° » �!Z�GcÛc°!Zø° � Û � � S _ �m»� � Z�G b ¦!Z b `c° _kZ�¦cÛ b Z � �QG � � Sø° ��» _kZ�`Q�QG!ZøÛQGcÛ � � S��QG »_2�!Z�¦Q`c°!Z�`Q`cÛ °!Z � Û_kZ b ` � � � S�`Q� » Û!ZøÛ_[°!Z _[°Q` � b S � _ »¦Q�!Zø°Q¦Q¦!Z�� � ° � G!Z�Gc°cÛ!Z _[° � � � S�� ��» � �!ZøÛcÛ_kZøÛ ��b � b S _2¦ »
�#b `!Z ��b °!Z��Q¦_ �Q�!Z�G � G!Z _Q_2G � � S � ¦ » � � Z _[ÛQ`!Zø° b6b � b S�GQ� »

k = 6� Z b � � ZøÛcÛQ� �QG � ZøÛQGQ� �Q�!S�¦cÛ » �Q�Q¦!Z _[° � �Q�!S � ¦ »¦!Z b ÛQG!Z�GcÛc° � Z�G_ b Z _2`QG �Q�!S b G » � Z�G b ¦!Z�` � ` � � S _ ��»
�c� Z � ¦_kZ ����� �!Z _2GQG!Z�G �c� � � S � ° » �!Z�GQ¦cÛ!Z � ÛcÛ � � S�� �m»� � Z�G b ¦!Z b `c° _kZ�`Q¦ � Z _2`_ � � S _2G » _kZ _2GQG!Zø°c°_ � b SøÛ �m»_2�!Z�¦Q`c°!Z�`Q`cÛ Û!Zø°QG � ZøÛ b ° � b Sø°QG » Û!Z�¦_2G!Zø°QG � � b S��Q¦ »¦Q�!Zø°Q¦Q¦!Z�� � ° � G!Z b6b _kZ b�� G � b S�¦Q` » � �!Z�`Q` � ZøÛQ¦ � � °!Sø°_ »
�#b `!Z ��b °!Z��Q¦_ � � Z�¦Q`cÛ!Z�`QG � � b S _[Û » � b ZøÛ �c� Z�GQ�c° � °!S � _ »

k = 7� Z b � � ZøÛcÛQ� �QGQ�!Z�`QGQ� �Q�!S � ` » �Q�cÛ!Z b!�c� �Q�!S�G �m»¦!Z b ÛQG!Z�GcÛc° � Z�GQGc°!Z � °_ �Q�!S b � » � Z�G � �!Z�¦Q� b � � S�` ��»
�c� Z � ¦_kZ ����� �!Z _2�_kZ�`QGQG � � S ���m» �!Z�G � �!Z ��b _ � � S��Q` »� � Z�G b ¦!Z b `c° _kZ�`QG b Zø°c° � � � S��Q¦ » _kZ _2�Q�!Z � � � � b S � ` »_2�!Z�¦Q`c°!Z�`Q`cÛ Û!ZøÛ b Û!Z�¦QG � � b S�¦_ » Û!Z�` � �!Z�¦QGcÛ � b S b ° »¦Q�!Zø°Q¦Q¦!Z�� � ° � �!Z �c�c� Z _ ��� � b S��c° » � �!Z _ b�� Z��Q¦cÛ � °!S ��b5»
�#b `!Z ��b °!Z��Q¦_ � � Z � Ûc°!Z��Q¦ b � b S b _ » � b Z�`QGQG!Z�GQ¦Q� � °!S _2� »

k = 8� Z b � � ZøÛcÛQ� �QGQG!Z�`Q¦c° �Q�!SøÛQ` » �QG b Z b Ûc° �Q�!S�` �m»¦!Z b ÛQG!Z�GcÛc° � Z�G_[Û!ZøÛ_2` �Q�!S ����» � Z�GQ�cÛ!Z b G � � � SøÛQG »
�c� Z � ¦_kZ ����� �!Z _2G � Zø°Q�Q¦ � � SøÛQG » �!Z�Gc°cÛ!Z�GQ¦Q� � � S _[Û »� � Z�G b ¦!Z b `c° _kZ�`_2G!Zø° � ° � � S�GQ� » _kZ _2¦ b Z _2G � � b Sø°QG »_2�!Z�¦Q`c°!Z�`Q`cÛ Û!Z � °Q¦!Z � ` b � b S�¦Q� » Û!Z�¦ � _kZ � `_ � b S � ° »¦Q�!Zø°Q¦Q¦!Z�� � ° � �!Z � �QG!Zø° b G � b S�� b5» � �!Z _2GQ`!Z�`_Q_ � °!S � _ »
�#b `!Z ��b °!Z��Q¦_ � � Z b � b Z ���#b � °!SøÛcÛ » � b Z�` b _kZ _2`cÛ � °!S�Gc° »

k = 9� Z b � � ZøÛcÛQ� �QG_kZø°Q`Q¦ �Q�!Sø°c° » �QGQ�!Z b `Q` �Q�!S ��b5»¦!Z b ÛQG!Z�GcÛc° � Z�GQ¦ � Z �c� Û �Q�!S�GcÛ » � Z�G_2`!Z b `c° �Q�!S �c�m»º ìfê RUå ê u ä
↪→



�0¥O¥ j����   ����£   Ð%¡i��2 ��c�£ eI  "���Ù�������� Â���"� ø�f���  |Ñ �ª#   ��£�¡`�f�%¡¢�
k

←↩
º ìfê RUå ê u ä

^�ºÊ² � Z � ^�ºÊ² � Z��
�pðUåWTcå ê
ävç º ìfègñ ð�Z ® ä V�í ê º ìfègñ ð�Z ® ä V�í ê

�c� Z � ¦_kZ ����� �!Z _2¦ � Z � `QG �Q�!S b _ » �!Z _2�c°!Z�` b Û � � S � ¦ »� � Z�G b ¦!Z b `c° _kZ�`cÛQG!Z�¦c° � � � S�` �m» _kZ�` � ¦!Z � _2` � � S � ° »_2�!Z�¦Q`c°!Z�`Q`cÛ Û!ZøÛQ`Q`!Z � � � � b S � ` » Û!Z ��b Û!Z � °Q` � b S _ �m»¦Q�!Zø°Q¦Q¦!Z�� � ° � �!Z � ÛQ¦!Z �c� Û � b S�G b5» � �!Z�`Q`QG!ZøÛ � Û � °!Sø°QG »
�#b `!Z ��b °!Z��Q¦_ � � Z b�� �!Z�`QG b � °!Sø°QG » � b Z�¦Q` � ZøÛc° � � °!S�`QG »È ä Q ç�ä ¹YZ����S^%åWV éïqävêkîbëìfègñ ð éï�ï å ìfê ð ä RUå ìcï P ì ð Ü Ô ÚwÚ.ëìfçWçÉéë RUå ìfêkï

� §ByÀ§ �,+

^�ºÊ² � Z � ^�ºÊ² � Z��
�pðUåWTcå ê
ävç º ìfègñ ð�Z ® ä V�í ê º ìfègñ ð�Z ® ä V�í ê

k = 3� Z � ÛQ`!Zø°Q¦cÛ GQ`c°!Z b � b G b S�� ��» GQ`_kZøÛc°Q` �c°!Sø°Q� »`!ZøÛ b `!Z �c� ¦ � Z�¦c°cÛ!Zø°Q` � �c°!S��Q¦ » � Z�¦ � G!Z�¦ � Û �cÛ!SøÛQG »
�#b Z _2¦c°!Z�`c°Q� G!Z b _ � Z�¦Q¦QG �c°!S b ` » �!Zø°c°QG!Z��Q`QG �cÛ!S�`c° »� � Z�� � °!Z�¦c°QG ¦!Z � �c°!Zø°_ b �cÛ!SøÛc° » ¦!Z b �Q¦!Z b ¦_ �cÛ!S _ b5»_2�!Z�`Q�QG!Z�` � � � �!Z�� � �!Z b ¦ b �cÛ!SøÛQ¦ » � �!Z b ` � Zø°Q¦ � �cÛ!S�GQ¦ »¦QG!Z�G_2G!Z�¦_[Û � Û!Z��Q¦_kZ�G ��b �cÛ!SøÛQG » ��� Zø°_ b Z�` � ` �cÛ!S�GQ� »
�#b `!Z b!� Û!Zø°Q� � G b Z�G � ¦!Z�`_ b �cÛ!SøÛ ��» �c°!Z � ¦c°!ZøÛc° b �cÛ!S�GQ` »

k = 4� Z � ÛQ`!Zø°Q¦cÛ G � °!Z � GcÛ �Q¦!Sø° �m» G � ¦!Z�¦Q¦Q� �Q¦!S ��b5»`!ZøÛ b `!Z �c� ¦ � Z _2`Q`!Z�� �c� �Q`!S b ¦ » � Z _2GQ¦!Z _[ÛQ` �_kS � _ »
�#b Z _2¦c°!Z�`c°Q� �!Z�` �c� Z � �Q` �_kS�¦Q� » �!Z�`QGc°!Z�`Q�cÛ �_kS��Q¦ »� � Z�� � °!Z�¦c°QG `!Z � _Q_kZ _Q_ b �_kS��_ » `!Z b ` � Z��Q¦ � �QG!SøÛQG »_2�!Z�`Q�QG!Z�` � � �#b Z��QGQ¦!Z��QG � �_kS b���» �#b Z b _ � ZøÛ � ` �QG!S�¦QG »¦QG!Z�G_2G!Z�¦_[Û � `!Z�� b!� Z�G ��b �_kS b6b5» � _kZø° �#b Z b ÛQG �QG!S�`_ »
�#b `!Z b!� Û!Zø°Q� � �Q`!Z � Ûc°!Z�G � Û �QG!Sø°c° » �_kZ�¦cÛ_kZ _ b!� �QG!S�` b5»

k = 5� Z � ÛQ`!Zø°Q¦cÛ G b °!Z �c�c� �Q¦!S b ¦ » G b�� Zø°Q`QG �Q`!Sø° ��»`!ZøÛ b `!Z �c� ¦ � Z�GQ`cÛ!Z _2�Q� �QG!S _ b5» � Z�G_2¦!Z�¦cÛc° �QG!S � ° »
�#b Z _2¦c°!Z�`c°Q� �!Z�G � `!Z�¦Q�Q¦ �Q�!S � ¦ » �!Z�G_[°!Z��QGQ¦ �Q�!S _Q_ »� � Z�� � °!Z�¦c°QG _kZ�¦ � `!Z�¦Q�Q¦ �Q�!S b G » _kZ�¦ b °!Z�`Q¦c° � � S � � »_2�!Z�`Q�QG!Z�` � � °!Z�� b G!Z�¦Q`_ � � S�¦_ » °!Z b `QG!Z�GQ` b � � S��c° »¦QG!Z�G_2G!Z�¦_[Û � G!Z�`c°c°!Z b�� ° � � S _2¦ » � G!Z�GQ¦ b Z �c�c� � � S b ° »
�#b `!Z b!� Û!Zø°Q� � �Q�!Z�Gc° � ZøÛQ` � � � S�GQ� » � � Zø° ��b Z�`Q�Q� � b Sø°Q� »

k = 6� Z � ÛQ`!Zø°Q¦cÛ G b Û!Z�¦QG_ �Q¦!S b � » G b Û!Z�¦ � _ �Q¦!S b � »`!ZøÛ b `!Z �c� ¦ � Z�G_2`!Z � _2� �QG!S � ¦ » � Z�G_ b Z b `Q` �QG!S b Û »
�#b Z _2¦c°!Z�`c°Q� �!Z�G_2�!Z�`QG_ �Q�!S�G ��» �!Z�GQ� � Z ��� ` �Q�!S��Q� »� � Z�� � °!Z�¦c°QG _kZ�`cÛQ�!Z��QG � � � S�`c° » _kZ�`QG � Z b�� _ � � S�GcÛ »_2�!Z�`Q�QG!Z�` � � Û!Zø°Q¦QG!Z�GQ¦c° � � S b���» Û!ZøÛQ` � Z��cÛQ` � b SøÛ �m»º ìfê RUå ê u ä

↪→



% Íih[Í % � �0¥VÒ

←↩
º ìfê RUå ê u ä

^�ºÊ² � Z � ^�ºÊ² � Z��
�pðUåWTcå ê
ävç º ìfègñ ð�Z ® ä V�í ê º ìfègñ ð�Z ® ä V�í ê

¦QG!Z�G_2G!Z�¦_[Û � G!Z � °cÛ!Zø°Q�QG � b SøÛQG » � G!Z b!� G!Zø°Q`QG � b S�`_ »
�#b `!Z b!� Û!Zø°Q� � � � Z�¦Q` � Zø° ��� � b S�¦ �m» � � Z�G b `!Z��Q`Q` � b S��cÛ »

k = 7� Z � ÛQ`!Zø°Q¦cÛ G �c� Z � _ � �Q¦!S��QG » G � �!Z _2¦ b �Q¦!S�G_ »`!ZøÛ b `!Z �c� ¦ � Z�G_Q_kZ�¦ ��b �QG!S � ¦ » � Z�G_ � Z�¦ � ° �QG!S�� �m»
�#b Z _2¦c°!Z�`c°Q� �!Z�GQG � ZøÛQ�Q¦ �Q�!S�� ��» �!Z�GQG � Z�Gc° � �Q�!S��Q¦ »� � Z�� � °!Z�¦c°QG _kZ�`QGQ�!Z�¦Q¦ � � � S�GQ¦ » _kZ�` ��� Z _2Gc° � � S��cÛ »_2�!Z�`Q�QG!Z�` � � Û!ZøÛ b�� Z _[Û � � b S ���m» Û!Z � `_kZ _2`Q` � b S�`cÛ »¦QG!Z�G_2G!Z�¦_[Û � �!Zø° � Û!Z�`Q� b � b S�Gc° » � �!ZøÛ � °!Z � ¦Q` � b S��QG »�#b `!Z b!� Û!Zø°Q� � � � Z b Ûc°!Zø° ��� � b S b Û » � b ZøÛcÛ � ZøÛQ¦ b � °!SøÛcÛ »

k = 8� Z � ÛQ`!Zø°Q¦cÛ G � G!Z �c�c� �Q¦!S _2` » G � `!Zø°cÛcÛ �Q¦!S�¦_ »`!ZøÛ b `!Z �c� ¦ � Z�GQ`Q�!Z��Q¦Q� �QG!S��c° » � Z�GQ¦ � Zø°Q�Q¦ �QG!S _2` »
�#b Z _2¦c°!Z�`c°Q� �!Z�G_ b Z b � b �Q�!S�GQ` » �!Z�GQ`Q�!ZøÛQ¦ � �Q�!S _ ��»� � Z�� � °!Z�¦c°QG _kZ�`QG � Z �#b G � � S�GQ` » _kZ�`_2G!ZøÛQ� b � � S _ �m»_2�!Z�`Q�QG!Z�` � � Û!Z � ¦QG!ZøÛ �c� � b S�¦ b5» Û!Z � ¦cÛ!Z � ¦Q¦ � b S�¦ �m»¦QG!Z�G_2G!Z�¦_[Û � �!ZøÛ � Û!Z�`_[Û � b S��QG » � �!ZøÛ b _kZ _2G b � b S�� �m»
�#b `!Z b!� Û!Zø°Q� � � b ZøÛ_ � Z b `Q¦ � °!SøÛQ` » � b Z �c�c� Z�¦Q`cÛ � °!S � Û »

k = 9� Z � ÛQ`!Zø°Q¦cÛ G � ¦!Z�� � ` �Q¦!S�¦Q¦ » G � °!Z �#b ° �Q¦!Sø° b5»`!ZøÛ b `!Z �c� ¦ � Z�GQ¦QG!ZøÛc° � �QG!S _[° » � Z�G � Û!Z _2¦Q` �QG!S � _ »
�#b Z _2¦c°!Z�`c°Q� �!Z�GQ`cÛ!ZøÛ � ` �Q�!S�`QG » �!Z�GcÛ � Z�`Q� b �Q�!S � _ »� � Z�� � °!Z�¦c°QG _kZ�`Q`c°!ZøÛQ`c° � � S _[Û » _kZ�`c°_kZ�`c°Q` � � S�¦Q` »_2�!Z�`Q�QG!Z�` � � Û!Z � ° � Z�¦_2` � b S�¦cÛ » Û!ZøÛ_[°!Z�¦_ � � b SøÛ �m»¦QG!Z�G_2G!Z�¦_[Û � �!ZøÛ_Q_kZ�¦QGQ` � b S�� ��» � �!Zø° b G!Zø° � � � b S�G ��»
�#b `!Z b!� Û!Zø°Q� � � b ZøÛQGQG!Zø°c°c° � °!SøÛQG » � b ZøÛcÛcÛ!Z�` �c� � °!SøÛc° »È ä Q ç�ä ¹YZ�G��S^%åWV éïpävêkîbëìfègñ ð éï�ï å ìfê ð ä RUå ìcï P ì ðl¹pj ëìfçWçÉéë RUå ìfêkï





- 	�Ñ×Ê�	1Ì/. C Ä Ö8Ç1Ä

¨«¹pQ�ð�¦QG�´ ¯YZk¹qQ�ð ävè�ï�ìfê Z10 ø f�Ã �4�±ôQùfõ Ã ø32m�O÷ Ã ���dô�ø4ö54 Ã ö�õ�ø 2cZx² ë o�ð ä76 e ã å çWç S � °Q¦QG!Z
¨«¹ Ú ¯ b _f´ akZË¹ î å é T ì SËj¤Z î�é�ç�äbÚ æ é�ê R é S ävêkî o�Z#¯ ä h ä ðUð ì Z¼² é ðUTcå ê T ñ ð éî å ë RUå ìfê Q%X ñ
ä ðURUå ävç

è»ä R ë�ò å ê T 6 åWR ò§ï RUðUæ ë RUæ�ð ävçwëìfê R é z�R ïsè�ì%î�é�ç Z�Ô ê98ªôQù�ô:4 Ã �Q
1�~÷ �4� õ Ã ø;4 Ã ø f ÷��¢÷�ø4û�÷
� 8<4=4?> @BA��S�,$Sø ÃDC Ä õ���ö&��E(ù�ô&�¦�FEm$ 0 S ñ
ä T é `Q�Q�!Z#Ô·�,�,� º ìfègñ æ�R é ð&^ ì�ë å é R¢XÓÈqº{º�S² ä ð ë�ò � b6b _kZ

¨«¹ ÚW� + b ��´ akZÇ¹ î å é T ì SÇj¤Z î�éYç�ä|Ú æ é�ê R é S*akZ �,é T äfï S2²NZ � å çWç�ä ðUð ì�é�ç S ävêkî ¹nZIj éî ð é ð ì ZYªÊåWQ ç å ì eR éë�äfïsî åWTcåWR ävçÉéïnëìfê�î�ì%ë æ è�é�ê R ìcï�ëìfègñ ðUå è å î�ìcï ��æ ê
ä¼ä ð�a[æ�åWR éë RUæ�ð ä ZgÔ êG24÷��~û�÷��~ô �
H Ã ��ø4ô2öDô � ö2÷1I�õ Ä � õ Ã ù�÷~û¢ô � 8
õ 2 õfù�ô��¯÷ � � HJI 0 8 0LK @M@ K �u�XL+��L � û Ã ��õfô6���ON ôDö6��õ�ö&�FL � 
�ôQP4ô Sñ
ä T éï � GQG�¦ � _2�!S�¯ ì h%å é�è Q�ð é � b6b �!Z

¨«¹ ÚW��� b � ä ´ akZx¹ î å é T ì Sxj¤Z î�é|ç�ä�Ú æ é�ê R é SZakZ �,é T äfï S ävêkî ²\Z � å çWç�ä ðUð ì%é�ç Z©Õ ê
ä R�m ë�ê å ë�ä�ñ
ä ð ä
ëìfègñ ð éï åÉí ê X äfëëéï�ìYî�é�î�ì%ë æ è�é�ê R ìcï{éï RUðUæ ë RUæ�ð äfî�ìcï Z�R�Ã � )Qùfõ�û¢ô&� R8N �ý÷�� Ã � Ã ø Ã �2 �*)�ú8û ÃT�TS ÷~û Å 
O÷��~ôDû�õ�ü�ø6ö0÷ õ,ø fÃ ���±ôDû�õ�ü�ø����¯ôVU&÷ Ä S � ` � ��G_v¦2_ b S�² ä X ìXW acæ ê å ì � b6b �!Z

¨«¹ ÚW��� b �vQ!´ akZI¹ î å é T ì S2jËZ î�ésç�ä|Ú æ é�ê R é SFa
Z �,é T äfï S ävêkî ²\ZI¹nZ � å çWç�ä ðUð ì�é�ç Z
^%X ï R é�è P ì ð ëìfè e
ñ ð éï�ï å ê T ävêkî ð é RUðUå é h�å ê T ï RUðUæ ë RUæ�ð éîµî�ì%ë æ è�é�ê R ï Z E<
 2 ��ô2ö2÷ � 2m��÷/L Å � Ã 
O÷~ô�øZY�ø �� õ,øF÷[N ô 2 ôu��õ�øF÷ fÃ �Éù���÷ 0 2 �+� Ã!f ÷ �3� õ Ã øFô�� � 0 ø fÃ ���ÉôDùfõ Ã ø S ÷�ù���õ�÷ � ô6��ô�ø4ö×ù���÷:U&÷ Ä SÔ�Ô�Ô���G�����¦Q��¦V¦c°!SOacæ êké � b6b �!Z

¨«¹ ç Q
°Q`�´ ^IZÇ¹ ç Q é ð ï Z�Ô ègñ ð ì h éî ð ävêkî�ìfè åWV éî�ìfê e ç å êké�ävç T ì ðUåWR ò�è�ï P ì ðtR òkénç å ï R�æ ñ2îkä R é�ñ ð ì eQ çÉé�è ZtÔ ê_�+� Ã û�÷¢÷~öQõ,ø 2���Ã!f ù��O÷�\�ù�� 0 øvø Å ô��m$F����
 Ã&� õ Å � Ã ø]8·õ � û��¢÷�ù�÷ 0 � 2�Ã ��õfù���� ��Sñ
ä T éï _ � ��¦2_ � °!S�¯ éB6 ¬ ì ð b Sk¯q¬�S!Õ
^�¹nSOa ävê æ ä ðUX � °c°Q`!Zk¹qºÊ²)jxð éï�ï Z
¨«¹�²§°Q¦�´ ^IZ[¹ ç Q é ð ïävêkî ²NZ[²µåWRUV é�ê�è»äfë�òké ð�Z�¹�h é ð ä T épë�äfï�épävê
ävç X ï�éï�ì P ç å ï R,æ ñIîkä R é�ävç T ì ðUåWR�e

ò�è�ï S 6 åWR ò�ävñ�ñ�ç å ë�ä RUå ìfêkï R ìqîkä R ä{ëìfègñ ð éï�ï å ìfê ZcÔ ê�Ú ðUå éî!òké�çWè ² é X é ð ä æ!P î�é ð ã�é å î�é
ävêkî ªÊæ�ð b%ò
ä ð î ² ìfê å é�ê S éî åWR ì ð ï S 0 Å ù Ã �±ôQù�ô��vò=ô�ø 2 Å ô 2 ÷ � ôQø4ö��+� Ã�2 �~ô��a�&õ,ø 2 � KX^ �~ö0 øSù�÷���ø4ôQùfõ Ã ø4ô6�T4 Ã ��� Ã þ Å õ Å � S�h ìfç æ è�é �#b °c° ì P ò=÷¢û$ù Å �¢÷ RsÃ ù�÷ � õ,ø'4 Ã �Q
 Å ù�÷���$Fû�õ�÷�ø4û�÷ Sñ
ä T éï ` � _v¦V`Q�Q`!S�j äfî�é ðUQ ì ð ê SIo é ð è»ävê X�S�Û�¦ � �±acæ ç X � °c°Q¦!Zl^ ñ ðUå ê T é ð�e �,é ð ç�ä TkZ

¨«¹�¯ Ú b G ä ´ akZÊ¹ î å é T ì S6ogZ,¯ ä h ä ðUð ì S ävêkî j¤Z î�ébç�ä�Ú æ é�ê R é Z"º ìfègñ ð éï�ï å ê T ï�é�è å ï RUðUæ ë RUæ�ð éîR é z!R îkä R ä Q äfï�éï ZgÔ ê K`_ ù��eL Å � Ã 
v÷~ô�øG4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø 0 ø fÃ ���ÉôDùfõ Ã ø S ÷�ù���õ�÷ � ô�� S ÷ �� ÷¢ô���û�� � La4 0bS > @ ^ �u����õ � ô&� 0 ù�ô�� õfô S ñ
ä T éï � `QG�¦ � ¦ � Z�^ ñ ðUå ê Tfe �,é ð ç�ä TkS O ¯�º ^ �Q¦QGQG!S¹ ñ ðUå ç � b6b G!Z
¨«¹�¯ Ú b GvQ!´ akZ#¹ î å é T ì S¤o�Z2¯ ä h ä ðUð ì S ävêkî j¤Z î�é�ç�ä�Ú æ é�ê R é Z ^�ºÊ² �=^%RUðUæ ë RUæ�ð ävçëìfê R é z!R ïsè�ì e

î�é�ç P ì ð�å ègñ ð ì h�å ê T ëìfègñ ð éï�ï å ìfê å ê�ï�é�è å ï RUðUæ ë RUæ�ð éî R é z!R�ZqÔ ê3cX@�ù�� 0 øSù�÷���ø4ôQùfõ Ã ø4ô6�$F����
 Ã&� õ Å � Ã øP$4ù���õ�ø 2 �+� Ã û�÷ �3� õ,ø 2 ô�ø4ö 0 ø fÃ ���ÉôDùfõ Ã ø S ÷�ù���õ�÷ � ô�� � $�� 0bS L K @X@ ^ �S�N ô�øFô Å � ��Iç�~ôS�$õd� S ñ
ä T éï � `QG�¦ � ¦ � Zl^ ñ ðUå ê Tfe �,é ð ç�ä TkS O ¯�º ^×�cÛQ` � S4� ë R ì Q é ð � b6b G!Z
� _ �



�0¥k� d- Ð Ñ   �Ï "`� Û à��

¨«¹�¯ Ú b _f´ akZ[¹ î å é T ì S�o�Z%¯ ä h ä ðUð ì S ävêkî j¤Z î�éqç�äsÚ æ é�ê R é Z O#é�ègñ2é�ç eiVåWh ëìfègñ ð éï�ï å ìfê�ì P ï RUðUæ ë eRUæ�ð éî R é z�R�Z Ô êG8¨ôDù�ôe4 Ã ��
H�¢÷ �3� õ Ã øf4 Ã ø f ÷��~÷�øFû�÷ � 8F4=4?> @BA��u�O$Sø ÃDC Ä õd�~ö&�]E(ù�ô&�¦�E�$ 0 S ñ
ä T éï �c� ��¦ � � � ZkÔ·�,�,� º ìfègñ æ�R é ðÃ^ ì�ë å é R¢XDÈqº{º�S
² ä ð ë�ò � b6b _kZ
¨«¹Ë± o

+
´ ²\Z�¹ î!çÉé ð�S�®�Z�± ävçÉéï S�akZ e O Z�o ä å çWç X�ShggZ�ÕYZ® ìfègè�é�ç S ävêkî Ô�Z�² ävêkî ðUå ë�òké�êOb�ì Z Ú æ é�ê R éï

î�é Ô ê P ì Vå ñ�Ü å ñ �!Z z W Õ ê Vå ñ `!Z z2Z
¨«ªlºÊª{°Q��´ ªtZkÈ�Z�ª ä ðUR é�çWç SIo�Z!± Z
º ì RURUð é�çWç S ävêkî ®nZiggZkª é�çÉéB6 Z O�ä R é�ê R ï�é�è»ävê RUå ë å êkî�é z�å ê T»å ï

ävêYìfñ RUå è»ävç�ïUñ2éë å ävç%ë�äfï�éì P è æ ç RUå î å è�é�êkï å ìfê
ävç
ï�ë�ävç å ê TkZ�Ô ê��+� Ã û�÷¢÷~öQõ,ø 2���Ã!f ù���÷jc _ ù��
ô�øvø Å ô��Ëõ�øSù�÷���ø4ôQùfõ Ã ø4ô�� 0 4�N $ 0Jk10bS 4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø S ÷ � ÷~ô��~û�� ô�øFöl8À÷ � ÷�� Ã 
H�ý÷�øSùõ,ø 0 ø fÃ ���ÉôDùfõ Ã ø S ÷�ù���õ�÷ � ô�� S ñ
ä T éï � ¦ � ¦ � ¦ � Z�¹qºÊ²Kjxð éï�ï S � °c°Q�!Z

¨«ªlº± ° b ´ È�Z
º�Z!ª é�çWç SOa
Z�ogZ�º çÉé�ä ðUX�S ävêkî Ô�Z ã Z�±}åWRUR é�ê Z 24÷*�Dùm4 Ã ��
H�¢÷ �3� õ Ã ø ZËj,ð é�ê RUå ëésãtävçWç S� ê T çÉéB6ì�ì�î º ç åd¥ ï S�¯nZ a
ZWS � °c° b Z
¨«ª é ð�´ ó Z=akZËª é ð êkï R é å ê ZD¬ ä Q�Q ä S ñ
ä a%æ é R é|ëìfêNë í î åWT ì P�æ é�ê R é X î�ì%ë æ è�é�ê R äfë åÉí ê�ï�ì Q�ð é

n ¬ ëì�î å ê T n Z
¨«ªog b6b ´ ªtZ�ª ävç¯b�é�ê�òkìfçkävêkî ^IZpgtæ�ðURUV�Z%Õ ê åWh é ð ï�ävç!îkä R äqëìfègñ ð éï�ï å ìfê Q äfï�éîYìfê R òké Q�æ�ðUð ì76lï e

6{òkéé�çÉé ð�RUð ävêkï P ì ð è»ä RUå ìfê ��È òkéì ðUX ävêkî§ñ ð äfë RUå ëé Zq0 L5L5Lr2<�~ô�ø � ôDû$ùfõ Ã ø �»Ã øs4 Ã � �
 Å ù�÷�� ��SO_[°�� �#b ��� �#b _2G�¦ �#b `QG!SË� b6b6b Z
¨«ªog¨^!°c°�´ ªtZ#ª ävç¯b�é�ê�òkìfç S(^IZtgtæ�ðURUV�S ävêkî ¬�Z�²\Z=^ ò R ä ð b�ì h2Z�² ì�î åd^ ë�ä RUå ìfêkï�ì P{R òké Q�æ�ðUð ì76lïävêkî'6{òkéé�çÉé ð îkä R ä|ëìfègñ ð éï�ï å ìfêÓävç T ì ðUåWR ò�è ZpÔ êV8ªôQù�ô:4 Ã �Q
1�~÷ �4� õ Ã øZ4 Ã ø f ÷��¢÷�ø4û�÷ ZÔ ���,�³º ìfègñ æ�R é ðÃ^ ì%ë å é R XDÈqº{º�S � °c°c°!Z
¨«ª6² �c� ´ ®�ZD^IZcª ì X é ð ävêkî akZ2^IZc² ì�ì ð é Z�¹ P äfï R ï RUðUå ê T ï�é�ä ð ë�ò�ävç T ì ðUåWR ò�è Z 4 Ã �a� Å øSõfû¢ôDùfõ Ã ø �Ã!f ù���÷ 0 4�N SO� b � �#b ��� � �Q¦�¦ �c� �!S � ° �c� Z
¨«ª6¯�ª

+
°Q`�´ �lZkª ä ðUQ ìcï�ä S�o�Zk¯ ä h ä ðUð ì Sk®nZ�ª äfé V ä e`¬ ä R éï SIº�Zkj é�çÉé Q é ðUTkS ävêkî ¯YZ Ü åWh%å ävê åiZ!� ñ RUåde

è åWV éî Q�å ê
ä ðUX ï�é�ä ð ë�òÓävêkî R é z!Rqð é RUðUå é h ävç Z{Ô êM�,� Ã û '�Ã!f L Å � Ã 
O÷¢ô�ø%$F����
 Ã&� õ Å � Ã ø0 � 2[Ã ��õfù���� ��S O ¯tº ^¼° � °!S ñ
ä T éï G �c� ¦VGQ�Q¦!Z4^ ñ ðUå ê T é ð·¦ �,é�ç�ä ðUTkS � °c°Q`!Z
¨«ª ìcï ´ akZ ª ìcï�äb Z È òké ï�ò
äb�éïUñIé�ä ð é ñ�ç�ä X ï è»ä ð b�éî æ ñ å ê z ègç Z

ò RUR ñ � WQWp6=6=6 Z åWQ�åWQ ç å ì Z ì ðUT W Q ìcï�äbuW Z
¨«ª6j8^�² b6b ´ È�Z.ªð ä X�S akZ.j äfìfç åiS ävêkî º�Z.²NZÞ^ ñIé ðUQ é ðUTfe¢² ë Ý æ éé�ê Z L��Qù�÷�ø � õ Ä �¯÷�N6ô�� �v Å 
 ò*ô�ø 2 Å ô 2 ÷ �xw N×ò1�yc ' @ Z ±�G�º º ìfêkï�ì ðURUåWæ è S ï�éëìfêkîGéî åWRUå ìfê SÞ� b6b6b Zò RUR ñ � WQWp6=6=6 Z 6 G!Z ì ðUT W È{® W ®q�º�e`z ègç Z
¨«ªÊð ä b6b ´ ¯nZ�ªÊð äfî!çÉé X�Z 2m��÷ w NÈòz4 Ã ��
�ô�øvõ Ã ø Zw¹ î�î å ï�ìfê ¦[± éï�çÉé X�S ï�éëìfêkîbéî åWRUå ìfê S4� b6b6b Z¨«ª�^!° � ´ akZ O Z�ª é�ê R çÉé X ävêkî ®�ZB^ éî T éB6 å ë�b Z Ú�äfï R ävç T ì ðUåWR ò�è�ï P ì ð ï�ì ðURUå ê T ävêkî©ï�é�ä ð ë�ò å ê T

ï RUðUå ê T ï Z Ô ê �+� Ã û�÷¢÷¢ö�õ,ø 2&�NÃ!f ù���÷ML�õ 2 �0ù�� 0 øSø Å ô6� 0 4�N � $ 0 0 N $F����
 Ã&� õ Å � Ã ø
8
õ � û(�~÷�ù�÷ 0 � 2�Ã ��õfù���� ��S ñ
ä T éï GQ¦ b ¦VGQ¦c°!SÊ¯ éB6 �pð çÉé�ävêkï S O#ì æ�å ï å ävê
ä S8`�¦ � a ävê æ ä ðUX
� °c° � Z

¨«ª�^�È6± ÛQ¦�´ akZ
ª é�ê R çÉé X�S ó Z4^ çÉé�ä R ì ð�S
®nZ�È ä ð�r ävê S ävêkîe� Z!± é åiZÊ¹ çÉì%ë�ävçWç X äfîkävñ RUåWh é�îkä R ä�ëìfè e
ñ ð éï�ï å ìfê~ï�ë�òké�è�é Z 4 Ã �a� Å øvõfû�ôQùfõ Ã ø ��Ã!f ù���÷ 0 4�N SO�c°���GQ� b ¦VGQG b S � °cÛQ¦!Z

¨«ªÊæ ê ° � ´ ^IZxªÊæ ê R ìfê Z ^ é�è»ävê RUå ë�ävçWç X è�ì RUåWh ä R éî å ègñ ð ì h é�è�é�ê R ï P ì ðgj,j�²8h ä ðUå ävê R ï Z 2m�O÷
4 Ã ��
 Å ù�÷��{H Ã Å ��ø4ô�� SO_ b ��� W G���� � ¦�¦�°_kS � °c° � Z

¨«ªÊæ�ð�°Q� ä ´ Ú Z
ªÊæ�ð b�ì76lï~b åiZl¹ ê�ävç T é Q�ð ä P ì ð ò å é ð ä ð ë�ò å ë�ävçWç X ì ðUT ävê åWV éî R é z!R�e î�ìfè å ê
ä R éî§îkä R ä eQ äfï�éï Z10 ø fÃ ���±ôQùfõ Ã ø��+� Ã û�÷ �4� õ�ø 2'| N6ô�ø4ô 2 ÷��±÷�øSù SS�cÛ���G�����GQGQG�¦VG_[Û!S � °c°Q�!Z



d- Ð Ñ   �Ï "`� Û à�� �0¥
Ò

¨«ªÊæ�ð�°Q�vQ!´ Ú Z�ªÊæ�ð b�ìh6lï~b åiZp® é RUðUå é h ävçwäfë RUåWh�åWRUå éï å ê§ä»îkä R ä Q äfï�é�ëìfêkï å ï RUå ê T ì P òké R é ð ì T é�êkéì æ ï
ëìfçWçÉéë RUå ìfêkï�ì P ï RUðUæ ë RUæ�ð éî R é z�R�Z Ô ê �+� Ã û '�Ã*f ù��O÷"c _ ù�� 0 øvø Å ô�� 0 øSù�÷���ø4ôQùfõ Ã ø4ô6�0 4�N~}F$ 0Jk10bS 4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø S ÷ � ÷~ô��~û��âô�øFö�8À÷ � ÷�� Ã 
H�ý÷�ø4ù�õ�ø 0 ø f�Ã ���±ôQùfõ Ã ø S ÷ �ù���õ�÷ � ô�� S ñ
ä T éï �c� ��¦ � �Q`!S � °c°Q�!Z

¨«ª � ¯ Ú °cÛ�´ ®�Z[ª äfé V ä e`¬ ä R éï S0akZ �,é T äfï S�ogZ�¯ ä h ä ðUð ì S ävêkî j¤Z î�éqç�äsÚ æ é�ê R é ZÇ¹ è�ì�î�é�ç�ì PÇh�å ï æ ävça%æ é ðUX ç�ävê Tcæ ä T é P ì ð ï RUðUæ ë RUæ�ð éî R é z�R�Z¤Ô ê��+� Ã û�÷�÷~ö�õ�ø 2&��Ã*f $<� 0bS L�> �M� S ñ
ä T éï � ¦ � G!ZÔ·�,�,� º ìfègñ æ�R é ðÃ^ ì�ë å é R¢X�S4^ é�ñ � °c°cÛ!Z
¨«ªÊ± °_f´ ²NZ¤ªÊæ�ðUð ìh6lï�ävêkîNó Z(akZ¤± òkéé�çÉé ð�ZÓ¹JQ çÉì%ë�b e ï�ì ðURUå ê T çÉìcï�ïUçÉéï�ïYîkä R äµëìfègñ ð éï�ï å ìfê

ävç T ì ðUåWR ò�è Z�È éë�ò�ê å ë�ävç ® é�ñ2ì ðUR � �_kS ó åWTcåWR ävç �,a%æ�å ñ�è�é�ê Rqº ì ð ñ2ì ð ä RUå ìfê S%j ävçÉì ¹ ç R ì Sº ävç ådP ì ð ê å ä S � °c°_kZ
¨«ªÊ± º6Ûc°�´ È�ZËº�ZÇª é�çWç S#Ô�Z ã ZI±}åWRUR é�ê S ävêkî akZ¤o�Z�º çÉé�ä ðUX�Zg² ì�î�é�ç å ê T¼P ì ð�R é z�R ëìfègñ ð éï�ï å ìfê Z0 4�N�4 Ã ��
 Å ùfõ�ø 2 $ Å � � ÷�� ��SO_
��� � ����`Q` � ¦V`c° � S � °cÛc°!Z
¨«ª¬�ª Ü °Q¦�´ ® ª äfé V ä e`¬ ä R éï S!�lZ Ú Z[ª ä ðUQ ìcï�ä S ävêkî ¯YZ Ü åWh�å ävê åiZ ã å é ð ä ð ë�ò å éï{ì P�å êkî å ëéï P ì ðR é z!R

ï�é�ä ð ë�ò å ê TkZL0 ø fÃ ���ÉôDùfõ Ã øe$F� � ù�÷�� ��Sv� � ��¦���� _[° � ¦V` � _kS � °c°Q¦!Z
¨«ª¬�o�°Q��´ ®�Z!ª äfé V ä e`¬ ä R éïqävêkî o�Zko ìfê�êké R�Zw¹ êkéB6 ävñ�ñ ð ì�äfë�ò R ì R é z!R ï�é�ä ð ë�ò å ê TkZ 4 Ã �-� Å �øvõ�û¢ôQùfõ Ã ø ��Ã!f ù���÷ 0 4�N SvGQ`�� �#b ��� � _v¦�ÛQ�!Sl� ë R ì Q é ð � °c°Q�!Z
¨«ª¬�¯�°Q¦�´ ®�Z2ª äfé V ä e`¬ ä R éïnävêkî ogZI¯ ä h ä ðUð ì Z�Ô ê R é Tcð ä RUå ê T ëìfê R é�ê R ïnävêkîÓï RUðUæ ë RUæ�ð é å ê R é z!Rð é RUðUå é h ävç Z 0 4�N $ 0Jk N�Y18 S ÷~û Ã �~ö SF�Q`�� � ����¦ � ¦ � °!S�² ä ð ë�ò � °c°Q¦!Z
¨«ª¬�®q¯t°c°�´ ®�Zª äfé V ä e`¬ ä R éïwävêkî ªtZ®låWQ é åWð ì e¢¯ é R ì Z N Ã ö2÷���ø 0 ø fÃ �4�±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô�� Zc¹ î�î å ï�ìfê e± éïUçÉé X%e O#ìfê T è»ävê S è»ä X � °c°c°!Z
¨�º ävç °_f´ akZ2j¤Z�º ävçWç�ävê Z�j äfï�ï�ä T é e O#é h é�ç �,h%å î�é�êkëé å êÓótì%ë æ è�é�ê R�® é RUðUå é h ävç Z�Ô ê ±"Z2ªÊðUæ ëé Zºð ì P�R ävêkî º�Z akZ�h ävê ®qå r ï Q é ðUT é�ê S éî åWR ì ð ï S �,� Ã û�÷¢÷~ö�õ�ø 2&�~Ã!f ù��O÷�$l÷ � ÷�ø4ù�÷¢÷�øSù�� 0 ø �ø Å ô�� 0 ø4ù�÷���øFôQùfõ Ã ø4ô�� 0 4�N $ 0Jk10bS 4 Ã ø f ÷��~÷�øFû�÷ Ã ø S ÷ � ÷~ô��~û���ô�øFöV8À÷ � ÷�� Ã 
1�±÷�øSùõ�ø 0 ø fÃ ���±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô�� S ñ
ä T éï G b ��¦VG �#b S ó æ�Q ç å ê SkÔ ð é�ç�ävêkî Svacæ ç X � °c°_kZS^ ñ ðUå ê Tfe�,é ð ç�ä TkZ
¨�º ã Û_f´ o�Z � Z2º ì ð è»äfë¢b§ävêkî ®nZ
¯YZ ã�ì ð ïUñIì�ìfç Zl¹ ç T ì ðUåWR è�ï P ì ð äfîkävñ RUåWh éYò æ!¥ è»ävê�ëì�î�éï Z0 ø fÃ ���ÉôDùfõ Ã ø��+� Ã û�÷ �4� õ�ø 2 ò=÷$ù�ù�÷�� ��S � Û���G���� � `c°�¦ � ¦Q`!S � °cÛ_kZ
¨�º òké b!� ´ akZ%º òké�êké X�Z#º ìfègñ ð éï�ï å ê Ts½�² O�6 åWR ò»è æ ç RUå ñ�çÉé z éî�ò å é ð ä ð ë�ò å ë�ävç j,j,² è�ì�î�é�çÉï ZIÔ ê�+� Ã û ' 8¨ôQù�ôV4 Ã ��
H�¢÷ �4� õ Ã ø�4 Ã ø f ÷��¢÷�ø4û�÷ � 8<4=4 K @M@Mc�� S ñ
ä T éï � ¦QG�¦�SS� b6b!� Z¨�º ò å b!� ´ ¬gZ�º ò å ä ð ävè�é�çWç�ä Z6Ô ê P ì ð è»ä RUå ìfê ð é RUðUå é h ävç¤ävêkîbï RUðUæ ë RUæ�ð éîµî�ì%ë æ è�é�ê R ï Z 2m�2õd�~ö�L Å �� Ã 
O÷~ô�øR$ Å �a�ý÷�� � $Fû�� Ã�Ã ���1L+$X$ 0bS�K @X@M@u�j�Oô��¢÷�øvø4ô&� 0 ù�ô��i�&�H$Ë÷|
Fù�÷�� Ä ÷���cMc � c _ � K @M@M@ '�S� °cÛ b ���cÛQ¦�¦VG b °!SFa ävê æ ä ðUXÎ� b6b!� Z
¨�º O h�®lº6° � ´ Ú Z2ºð éï R ävê åiSI²NZ O�ävçWè»äfï S#º�Z4a
Z�h ävê ®lå r ï Q é ðUT é�ê S ävêkî§O Z2º ävègñ Q é�çWç Z�Ô ï R ò å ïtî�ì e

ë æ è�é�ê Rqð é�çÉé h ävê R�×�ZWZWZ ñ ð ì Q ä Q ç X�Z ä�ï æ�ðUh é X ì P ñ ð ì Q ä Q�å ç å ï RUå ëtè�ì%î�é�çÉï å ê å ê P ì ð è»ä RUå ìfêð é RUðUå é h ävç Z 0 4�N�4 Ã �Q
 Å ùfõ�ø 2 $ Å � � ÷�� ��SSG b ��_%����`Q�cÛ�¦V`Q`Q�!S � °c° � Z
¨�ºÊ²�²

+ b G�´ ó Z�º ä ð è�é�ç S[¬�ZV^IZ[² äcä ð é�b S%²\Z%² ävêkî�é�ç Q�ð ì�î Sc¬gZ[² äfï�ï S ävêkî ¹nZV^ ì ¥ é ð�Z=^ é�ä ð ë�ò å ê Tz ègçkî�ì%ë æ è�é�ê R ï h�å ä z ègç P�ð ä T è�é�ê R ï ZIÔ ê.�,� Ã û�÷¢÷~ö�õ�ø 2&�sÃ!f ù���÷ K \�ù��ýô�øSø Å ô6�Oõ,øSù�÷���ø4ô �ùfõ Ã ø4ô�� 0 4�N $ 0Jk10bS û Ã ø f ÷��~÷�ø4û�÷ Ã ø S ÷ � ÷~ô��~û��óôQø4ö×ö2÷ � ÷�� Ã 
1� ÷�øSù�õ,øóõ�ø fÃ �4�±ô�õ Ã ø�¢÷�ù���õ�÷ � ô6� S ñ
ä T éï � ` � ¦ � `cÛ!Z
¹qºÊ²Fjxð éï�ï SS� b6b G!Z
¨�º ìfê � G�´ akZfªtZ�º ìfê�êké�çWç Z�¹ ò æ!¥ è»ävê ¦ ïUò
ävê�êkìfê ¦�P ävêkìsëì%î�é Z �+� Ã û�÷�÷~ö�õ�ø 2&�=0 LoL5L S � ��¦ � ��� �#b _2¦�¦

�#b _ � SSa�æ ç X � ° � G!Z



�DÒIÙ d- Ð Ñ   �Ï "`� Û à��

¨�ºÊÈl° � ´ È�Z[º ì h é ð ävêkî akZcÈ òkìfè»äfï Z L,�¯÷��ý÷�ø4ù �pÃ!f�0 ø fÃ �4�±ôQùfõ Ã ø92m��÷ Ã ��� Z�± å çÉé X�Sc¯ éB6 e`¬ ì ð b S
� °c° � Z

¨�ºÊÈl° � ´ akZ#o�ZÇº çÉé�ä ð ç X ävêkî ±"ZFakZIÈ é�ävò
ävê ZsÕ ê Q ì æ êkî�éî�çÉé�ê TcR ò§ëìfê R é z�R ï P ì ð ñ�ñ�è Z 2m�O÷
4 Ã ��
 Å ù�÷��{H Ã Å ��ø4ô�� SO_ b ��� W G�����¦ � ¦ � `!S � °c° � Z

¨�ºÊÈ6± °Q`�´ akZ#o�ZÇº çÉé�ä ð ç X�S2±"ZFakZ2È é�ävò
ävê S ävêkî Ô�Z ã Z
±}åWRUR é�ê Z�Õ ê Q ì æ êkî�éî§çÉé�ê TcR ò§ëìfê R é z�R ïP ì ð ñ�ñ�è Z.Ô ê;8¨ôDù�ôZ4 Ã ��
H�¢÷ �3� õ Ã øz4 Ã ø f ÷��¢÷�ø4û�÷ S ñ
ä T éï `Q��¦V¦ � Z,Ô·�,�,�Mº ìfègñ æ�R é ð^ ì%ë å é R X¼Èqº{º�S � °c°Q`!Z
¨�º± Û_ ä ´ akZÊogZÊº çÉé�ä ð ç X ävêkî Ô�Z ã Zx±}åWRUR é�ê Z ó�ä R ä�ëìfègñ ð éï�ï å ìfê æ ï å ê T äfîkävñ RUåWh éµëì�î å ê T

ävêkî�ñ
ä ðURUå ävç2ï RUðUå ê T è»ä R ë�ò å ê TkZ�0 L5L5Lf2X�~ô�ø � ô2û$ùfõ Ã ø �tÃ ø�4 Ã �a� Å øvõ�û¢ôQùfõ Ã ø ��S!º ��²~eGQ����_%����Gc°Q¦�¦2_ b �!S�¹ ñ ðUå ç � °cÛ_kZ
¨�º± Û_cQ!´ akZlo�Zlº çÉé�ä ðUX ävêkî Ô�Z ã ZÊ± åWRUR é�ê Z ó�ä R äNëìfègñ ð éï�ï å ìfê æ ï å ê T äfîkävñ RUåWh éÓëì�î å ê T

ävêkî�ñ
ä ðURUå ävç2ï RUðUå ê T è»ä R ë�ò å ê TkZ�0 L5L5Lf2X�~ô�ø � ô2û$ùfõ Ã ø �tÃ ø�4 Ã �a� Å øvõ�û¢ôQùfõ Ã ø ��S!º ��²~eGQ����_%����Gc°Q¦�¦2_ b �!S�¹ ñ ðUå ç � °cÛ_kZ
¨�º± º b G�´ ã Z2ºæ�åiSSakZ e¢®nZk± é�ê S ävêkî akZ e¢®nZIº ò æ ä Z ã å é ð ä ð ë�ò å ë�ävç Ô êkî�é z!å ê T ävêkîµÚËçÉé z!åWQ çÉé � çÉé e

è�é�ê Rs® é RUðUå é h ävç P ì ð·^%RUðUæ ë RUæ�ð éî§ótì%ë æ è�é�ê R�Z�Ô ê%�+� Ã û ' L Å � Ã 
v÷~ô�øs4 Ã ø f ÷��~÷�ø4û�÷ Ã ø0 ø fÃ �4�±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô�� � La4 0bS > @ ^ � S O ¯�º ^×�Q¦QGQG!S ñ
ä T éï � G�¦�Û � ZF^ ñ ðUå ê T é ð�SS� b6b G!Z¨ ó j8^!°c°�´ akZ ó h ì ð ï~b�� S�akZxj ì�b�ì ð ê�� S ävêkî]� Z�^ ê _ ï�é�ç ZN± ì ð î eiQ äfï�éî ëìfègñ ð éï�ï å ìfê è�é R òkì�î�ï
ävêkî å êkî�é z!å ê T�P ì ðnR é z�RYð é RUðUå é h ävçÊï X ï R é�è�ï Z~Ô ê 0 ö � ô�ø4û�÷ � õ�ø:8ªôQù�ô Ä ô � ÷ � ô�ø4ö 0 ø �f�Ã �4�±ôQùfõ Ã ø $F� � ù�÷�� � �<2m�2õ��~öML ô � ù8L Å � Ã 
O÷¢ô�øf4 Ã ø f ÷��¢÷�ø4û�÷4� 0 8�I 0 $=> �M�6�aN ô���õ Ä Ã �3�$F� Ã � ÷�øvõ�ô&�5$Ë÷|
Fù�÷�� Ä ÷���c ^ � cM\u��cD�M�M�����+� Ã û�÷¢÷~ö�õ�ø 2&��SIh ìfç æ è�é � ¦c° � ì P òB÷~û$ù Å �~÷ RsÃ ù�÷ �õ,ø�4 Ã ��
 Å ù�÷��8$Fû$õ�÷�øFû�÷ S ñ
ä T éï � `�¦�Û_kZ4^ ñ ðUå ê T é ð�S � °c°c°!Z

¨ ó ð ì b ��´ ¹nZ ó ð ì V î�é�b Z L+�:÷��ý÷�øSù �lÃ!f 8ªôQù�ôF4 Ã ��
H�¢÷ �4� õ Ã ø Z�È òkìfè�ï�ìfêgO#é�ä ð ê å ê TkSv^kð ï R éî åWRUå ìfê S� b6b �!Z
¨«� ç å � `�´ jËZI� ç å äfï Z{Õ ê åWh é ð ï�ävçwëì%î�éB6Êì ð îµï�é R ïpävêkî ð é�ñ ð éï�é�ê R ä RUå ìfêkï�ì P,R òké å ê R é T é ð ï Zm0 L5LoL

2<�~ô�ø � ôDû$ùfõ Ã ø ��Ã ø 0 ø fÃ �4�±ôQùfõ Ã ø�2m��÷ Ã ��� SkÔ ÈÊe�� � ������� � °_v¦V� b G!S � ° � `!Z
¨ Ú
ävç � G�´ ¯nZ Ú�ävçWçÉé ð�Zg¹ ê�äfîkävñ RUåWh é�ï X ï R é�è P ì ð îkä R ä¼ëìfègñ ð éï�ï å ìfê Z�Ô êG4 Ã ø f ÷��~÷�ø4û�÷ S ÷~û Ã ��öÃ!f ù���÷q��ù�� 0 LoL5L 0 � õ�� Ã �±ô��q4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø;4(õ���û Å õfù � �+$F� � ù�÷�� � ô�øFö:4 Ã ��
 Å ù�÷�� ��Sñ
ä T éï `c°QG�¦V`c° � S4^ ävêµÚ ð ävêkë å ï�ëì S � ° � G!Z
Ô �,���¸jxð éï�ï Z
¨ Ú
ävê _[°�´ ®�Z«²NZ Ú
ävêkì ZwÈ òké RUð ävêkïUè å ï�ï å ìfê¼ì PËå ê P ì ð è»ä RUå ìfê ZxÈ éë�ò�ê å ë�ävç ® é�ñ2ì ðUR�¦Q`!S!® éï�é�ä ð ë�ò

O�ä Q ì ð ä R ì ðUX ì Pw� çÉéë RUð ìfê å ëï Sk²µÔ·È�S
º ävè Q�ðUå î T é SI²�¹nS � °_[°!Z
¨ Ú º6Û � ´ º�Z Ú
ävçÉì æ�R ï�ìcï�ävêkî ^IZ�º ò ðUå ï R ì�î�ì æ ç�äb å ï Z ótéï�ë ðUå ñ RUå ìfê»ävêkî�ñ2é ð�P ì ð è»ävêkëélävê
ävç X ï å ïxì P

ï åWT ê
ä RUæ�ð é ^ çÉé�è�é R òkì�î�ï Z 0 4�Ny2X��ôQø � ôDû�ùfõ Ã ø �6Ã ø 0 ø fÃ ���±ôQùfõ Ã ø�$H� � ù�÷�� ��S`���G������QG � ¦�Q` � S � °cÛ � Z
¨ Ú º6ÛcÛ�´ º�Z Ú
ävçÉì æ�R ï�ìcïwävêkî ®�Z�º ò
ävê Z%È é z!R äfëëéï�ïËè�é R òkì�î�ï P ì ð ìfñ RUå ë�ävç�ävêkîsç�ä ðUT éè»ä T êké RUå ë

î å ï~b!ï � î�éï åWT ê|ävêkî»ñIé ð�P ì ð è»ävêkëéqëìfègñ
ä ðUå ï å ìfê ZIÔ ê;�Fò�8�I<> �M� S ñ
ä T éï �cÛ b ¦V�c°QG!S O�ìcï¹ ê T é�çÉéï S�ºÊ¹nS�Õ
^�¹YS � °cÛcÛ!Z
¨ Úwótó +

ÛcÛ�´ o�Z¤±"Z Ú æ�ð ê
äfï S�^IZ ótéé ð 6éï R é ð�S�^IZ¤È�Z ó æ è»ä å ï SxÈ�Z�ggZ OËävêkîkä æ é ð�S,®�Z¤¹nZ ãtä ð ï e
ò�è»ävê S O Zw¹nZZ^%RUð éé R é ð�S ävêkî ggZw�lZ O#ì�ë�ò Q ä æ è Z\Ô ê P ì ð è»ä RUå ìfê ð é RUðUå é h ävç æ ï å ê T ä
ï å ê Tcæ ç�ä ð�h ävç æ énî�éëìfègñIìcï åWRUå ìfê§è�ì�î�é�çËì P ç�ä R é�ê R ï�é�è»ävê RUå ëYï RUðUæ ë RUæ�ð é ZqÔ ê=�+� Ã û�÷�÷ �ö�õ�ø 2&�YÃ!f ù���÷~cMc�ù���ôQøvø Å ô��=õ�øSù�÷���ø4ôQùfõ Ã ø4ô�� 0 4�N $ 0Jk10bS 4 Ã ø f ÷��~÷�øFû�÷ Ã ø S ÷ � ÷~ô��~û��
ô�ø4ö�8ª÷ � ÷�� Ã 
H�ý÷�øSù(õ�ø 0 ø fÃ ���±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô�� S ñ
ä T éï _2¦Q`�¦2_[Û b Z�¹qºÊ² jxð éï�ï S � °cÛcÛ!Z



d- Ð Ñ   �Ï "`� Û à�� �DÒ2�

¨ Ú
é�ê °Q¦�´ j¤Z Úké�ê`6 å ë¢b Z�ª çÉì%ë�b e ï�ì ðURUå ê T�R é z�R ëìfègñ ð éï�ï å ìfêq� ^ ê
ävç ð é�ñ2ì ðUR�S � °c°Q¦!Z
¨ Ú o�Ûc°�´ �lZ Ú å ävç�äDävêkîµó ZÇo�ð éé�êké Z ó�ä R ä»ëìfègñ ð éï�ï å ìfê56 åWR ò ^ ê åWR é�6 å êkî�ì76lï Z 4 Ã �a� Å øvõ �û¢ôQùfõ Ã ø �nÃ*f ù���÷ 0 4�N SOGQ����_%��� _[° b ¦V` b `!S�¹ ñ ð � °cÛc°!Z
¨�o ävç � Û�´ ®�Zwo�ZËo ävçWç�ä T é ð�Z ��ä ðUå ä RUå ìfêkïYìfêNä R òké�è�é»ì P ò æ!¥ è»ävê Z]0 L5LoLr2X�~ô�ø � ô2û$ùfõ Ã ø �|Ã ø0 ø fÃ ���ÉôDùfõ Ã ø�2m��÷ Ã ��� SkÔ·ÈÊe��_
��¦�����¦Q¦cÛ�¦V¦ � _kS � ° � Û!Z
¨�o�ª�¬¨^!°Q��´ o�Z2o ìfê�êké R�S�®nZkª äfé V ä e`¬ ä R éï S ävêkî È�Zl^ ê å î�é ð�Zl¯ éB6 å êkî å ëéï P ì ðpR é z�R���j�¹xÈ RUð ééï

ävêkî jI¹xÈ ä ðUð ä X ï Z Ô ê ªtZ Ú ð äb�éï�ävêkî ®�Z{ª äfé V ä e`¬ ä R éï S éî åWR ì ð ï Sm0 ø fÃ �4�±ôQùfõ Ã øS ÷�ù���õ�÷ � ô���8¨ôQù�ô�$4ù�� Å û$ù Å �¢÷ �[| 0 � 2�Ã ��õfù���� ��Z�jxð é�ê RUå ëé e ã�ävçWç S � °c°Q�!Z
¨�o�Ô�^!°Q¦�´ ó ZËo ò
ä V�P ävê S#²NZÇÔ êkî ð ä76Êävê S ävêkî ª�Z=^%ðUå ê åWh äfï�ävê Z�È ì766ä ð î©è�é�ävê å ê TfP�æ ç Q ä X éï å ävê

êké R 6Êì ð b�ï P ì ðså ê P ì ð è»ä RUå ìfê ð é RUðUå é h ävç6ï X ï R é�è�ï Z|Ô êP�+� Ã û�÷�÷~ö�õ�ø 2&�~Ã!f ù���÷ 0 �LNZE�> �`\
4 Ã ø f ÷��¢÷�ø4û�÷ S ñ
ä T éï Û_ � ¦�Û_2¦!S � °c°Q¦!Z

¨�o ìfç ¦Q¦�´ ^IZË±"Zwo ìfçÉìfè Q#Zb®qæ ê e çÉé�ê T ò R é�êkëì�î å ê T ï Z]0 L5L5L�2X��ôQø � ôDû�ùfõ Ã ø ��Ã ø 0 ø fÃ �4�±ôQùfõ Ã ø
2m��÷ Ã �4� SkÔ·ÈÊe � ����G�����Gc°c°�¦2_ b!� S � °Q¦Q¦!Z

¨�o ìfê Û � ´ o�Z2o ìfê�êké R�Z{�wz ävègñ�çÉéï�ì P ñ
ä R ävñ�ñ�ç å éî R ì R òké�ì z�P ì ð î~é�ê T ç å ïUò�î å ë RUå ìfê
ä ðUX�ZlÈ éë�ò e
ê å ë�ävç ® é�ñ2ì ðURÃ��� ó e Û � e b �!SÇÕp± º é�ê RUð é P ì ðpR òké ¯ éB6 ��� ó ävêkî È é z�R�® éï�é�ä ð ë�ò ZÕ ê åWh é ð ï åWR¢X ì Pw± ä R é ð çÉì%ì S � °cÛ � Z

¨�o¨^ b � ä ´ È�Z¤otð ä Q ïYävêkî\ã Z*a
Z(^ ë�òké�b Z¼�xR ò V��ðUå ë�ò�ä R�å êké zË� Ú¤çÉé z�åWQ çÉé å ê P ì ð è»ä RUå ìfê ð é RUðUå é eh ävç P¶ð ìfè z ègç=6 åWR ò ñIìh6é ðUQ î e`z ègç Z Ô ê �,� Ã û�÷¢÷~ö�õ�ø 2&�ÓÃ!f ù���÷q�Zõ�� � ù�U Ã � v � � Ã 
 Ã*f
ù���÷ 0bR õfùfõfôDùfõ � ÷ f�Ã �&ù��O÷�L � ô�� Å ôQùfõ Ã ø Ã!f w NÈò S ÷�ù���õ�÷ � ô�� � 0bR L w � S ñ
ä T éï � _ � ¦ � _[°!Sótéëé�è Q é ðI� b6b �!Z

¨�o¨^ b �vQ!´ È�Z�o�ð ä Q ï,ävêkî�ã ZakZD^ ë�òké�b Z
o é�êké ð ä RUå ê T�h éë R ì ð ïUñ
äfëéïwìfê eiR òké e s XnP ì ð s
é z!åWQ çÉé z ègçð é RUðUå é h ävç Z�Ô ê w NÈòïôQø4ö 0 ø fÃ ���ÉôDùfõ Ã ø S ÷�ù���õ�÷ � ô6��U Ã � v � � Ã 
 '*K`_ ù�� 0 øSø Å ô6� 0 øSù�÷���ø4ô �ùfõ Ã ø4ô�� 0 4�N $ 0Jk10bS 4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø S ÷ � ÷~ô6��û��×ô�ø4öa8À÷ � ÷�� Ã 
H�ý÷�øSù-õ�ø 0 ø fÃ �4�±ôQùfõ Ã øS ÷�ù���õ�÷ � ô����a24ô���
O÷��¢÷4����õ�øX� ôQø4ö&� 0 Å 2 Å � ù SS� b6b �!Z
¨�otæ ä Û b ´ ²NZfo�æ ä æ�VV ì Z�¹�T é�êké ð ävç�è å è å ê æ è eið éî æ êkîkävêkë X ï�ì æ�ð ëé e ëì�î å ê T ävç T ì ðUåWR ò�è Z�0 LoL5L

2X��ô�ø � ôDû$ùfõ Ã ø ��Ã ø 0 ø fÃ ���ÉôDùfõ Ã ø�2m��÷ Ã ��� SkÔ·ÈÊe��Q¦�� � ��� � `�¦V�Q`!SSa ävê æ ä ðUX � °cÛ b Z
¨ ãtä ð�°Q`�´ ó Z ãtä ð è»ävê Z��ph é ðUh�å éB6 ì P�R òké È ò åWð î È é z�R»®p�xRUðUå é h ävç º ìfê P é ð é�êkëé Z Ô ê �+� Ã û '

2m�2õ���ö]24÷*�Dù S L!ù���õ�÷ � ô���4 Ã ø f ÷��~÷�øFû�÷ � 2 S La4 � ^ � S ñ
ä T éï � ¦ � °!S � °c°Q`!Z#¯pÔ~^�È<^ ñ2éë å ävçjxæ�Q ç å ë�ä RUå ìfê ` b6b e�� b�� Z
¨ ã�é�ä � Û�´ ã ZV^IZ ã�é�ävñkï Zt0 ø fÃ �4�±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô�� � 4 Ã ��
 Å ù�ôQùfõ Ã ø4ô��4ôQø4ö�2m��÷ Ã �¢÷�ùfõ�û¢ô�� 0 � 
O÷~û$ù ��Z¹ ë�äfî�é�è å ë j,ð éï�ï S � ° � Û!Z
¨ ã�é�ç °Q¦�´ o�Z ã�é�çÉî Z 8ªôQù�ôÈô�ø4ö 0 �Éô 2 ÷�4 Ã ��
H�~÷ �3� õ Ã ø Zw±}å çWçÉé X�S � °c°Q¦!Z
¨ ã�O ° b ´ ó Z�^IZ ã åWð ï�ë�ò Q é ðUT ävêkî|ó Z[¹YZ O�é�çÉéB6é ð�Z���� ë å é�ê R î�éëì%î å ê T ì P ñ ð é ^�z ëì�î�éï Z 4 Ã � �� Å øSõfû¢ôDùfõ Ã ø �nÃ!f ù���÷ 0 4�N S�_
��GQG���� _Q_[°�¦2_2`c°!S � °c° b Z
¨ ã ² Ý ^!°Q¦�´ o�Z ã�ä å î�é ð�Skº�Z!² ä T ê æ ï�ï�ìfê e�^�rb�fQ é ðUTkS�ogZ Ý æ�åWð ë�ò�è»ä X�ð�S ävêkî�� ZO^ é Q ävçÉî ZËÈ òkétëìfè e

ñ
ä ð ä RUåWh é{ñ
ä ðUR ì PIR òké{ëì ð ñ æ ïxçÉé Tcå ïxñ ð ì r éë Rwe2æ ï å ê Tª^�ot² O P ì ðwå ê R é�çWç åWT é�ê R�å ê P ì ð è»ä eRUå ìfê ð é RUðUå é h ävçÊì P çÉé T ävç6î�ì�ë æ è�é�ê R ï Z¼Ô ê]L w �5L S $L��$ � �`\u� 0 ��ùfõ ú8û$õfô�� 0 øSù�÷���� õ 2 ÷�ø4û�÷0 
�
H� õ�û¢ôQùfõ Ã ø ��S ñ
ä T éï � Û � ¦ � ÛQ¦!S � °c°Q¦!Z
¨ ã�ì ð�Û b ´ ®�Z¤¯YZ ã�ì ð ïUñIì�ìfç Z�jxð äfë RUå ë�ävç P äfï R ï�é�ä ð ë�ò å ê T�å ê.ï RUðUå ê T ï Z $ Ã!f ù C ô��¢÷.�+�~ôDû$ùfõ�û�÷ ôQø4öL��4
v÷���õ�÷�ø4û�÷ S �#b ��` b!� ¦V` b ¦!S � °cÛ b Z



�DÒ
Ø d- Ð Ñ   �Ï "`� Û à��

¨ ã æ!P�`Q��´ ó Z{¹nZ ã æ!¥ è»ävê Z ¹ è�é R òkì�î P ì ðDR òkéÓëìfêkï RUðUæ ë RUå ìfê ì P è å ê å è æ è eið éî æ êkîkävêkë X
ëì%î�éï Z �+� Ã û '�0 ø � ù 'OS ôDö�õ Ã L�ø 2 õ�øF÷¢÷�� ��Sv_ b �`°���� �#b °cÛ�¦ �c�#b!� S � °Q`Q�!Z

¨ ã�� °Q��´ jËZ�ogZ ã�ì766ä ð î�ävêkî a
Zl^IZ � åWRUR é ð�Z�jxð äfë RUå ë�ävç å ègñ�çÉé�è�é�ê R ä RUå ìfêkïnì P ä ðUåWR ò�è�é RUå ëgëì e
î å ê TkZ©Ô ê a
Zx¹nZ�^%R ì ð é ð�S éî åWR ì ð�S10 �±ô 2 ÷ ôQø4öZ2F÷*�Qù�4 Ã ��
H�¢÷ �3� õ Ã ø S ñ
ä T éï ÛQ`�¦ �c� �!Zg ç æ 6Êé ð�¹ ë�äfî�é�è å ë Sk¯ ì ð 6é�çWç S�² äfï�ï�äfë�ò æ ï�é RUR ï S � °c°Q�!Z

¨ ã�� °_f´ jËZlo�Z ã�ì76Êä ð î ävêkî akZ ^IZ � åWRUR é ð�Z"¹qðUåWR ò�è�é RUå ë§ëì�î å ê T\P ì ð îkä R äNëìfègñ ð éï�ï å ìfê ZÈ éë�ò�ê å ë�ävç ® é�ñIì ðUR ó Õ�g��¤¦%È{®6¦ � °c°_v¦ b °!S ó æ b�é Õ ê åWh é ð ï åWR X�S � °c°_kZ
¨«Ô~^O�tÛQ¦�´ Ô�^O� ÛcÛ � °�� � °cÛQ¦!Z�^%R ävêkîkä ð î o é�êké ð ävç åWV éî ² ä ð b æ ñ~O�ävê Tcæ ä T é ��^�ot² O ��Z�0 ø fÃ ���Éô �ùfõ Ã ø��+� Ã û�÷ �3� õ�ø 2 � 2F÷*�Qù!ô�ø4ö'YO� û�÷O$F� � ù�÷�� SS� ë R � °cÛQ¦!Z
¨ a äb ÛQ`�´ ²\ZËa äb�ì Q ï�ï�ìfê Z�º ìfègñ ð éï�ï å ìfê©ì P ë�ò
ä ð äfë R é ð ï RUðUå ê T ï Q[X ävê\äfîkävñ RUåWh é�î å ë RUå ìfê
ä ðUX�Z

2Bõfö � v ��õ f ù fÃ � 0 ø fÃ ���±ôQùfõ Ã ø � II÷4�Vô�øFö2÷�� õ,ø 2 ��8À÷�øX�±ô�� v SS�Q`���_%��S � °cÛQ`!Z
¨ a�¯tÛ_f´ ¯nZOa ä X ävê R ävêkî j¤Z�� ìfçWç Z 8
õ 2 õfù�ô��14 Ã ö�õ�ø 2DÃ!f U&ô � ÷ fÃ ��� ��Z,jxð é�ê RUå ëé ¦ ã�ävçWç S � °cÛ_kZ
¨�g ä ð�¦ � ´ akZtg ä ðUæ ïUò Z�¹ ï å ègñ�çÉé�ñ ð ì�ì P ì P ävê å êké a[æ ävç åWR X ì P è�ë�è å çWç�ävê ZF0 ø � ùfõ�ù Å ù�÷ Ã*f?S ôDö�õ ÃL�ø 2 õ�øF÷¢÷�� � 2X�~ô�ø � ô2û$ùfõ Ã ø ��Ã ø 0 ø f�Ã ���±ôQùfõ Ã ø�2m��÷ Ã �4� SkÔ·ÈÊe � ������� �c� Û!S
¹ ñ ðUå ç � °Q¦ � Z
¨�g O ® b ��´ o�Zug ä V ä åiS�²\Z O�ävçWè»äfï S ävêkî È�Zk®m� çWçÉé�b�é Z Úkì�ë æ ï�ï�éî~ï RUðUæ ë RUæ�ð éî~î�ì�ë æ è�é�ê Rpð é RUðUå é eh ävç Z�Ô ê��Dù�� 0 øSù�÷���ø4ôQùfõ Ã ø4ô���$F����
 Ã&� õ Å � Ã ø $4ù���õ,ø 2 �,� Ã û�÷ �3� õ,ø 2 ôQø4ö 0 ø f�Ã �4�±ôQùfõ Ã øS ÷�ù���õ�÷ � ô�� � $�� 0bS L K @M@ K �S�(ò�õ � Ä Ã ø<�W� Ã ��ù Å 2 ô�� S ñ
ä T éï �_ � ¦V�_ � Sl^ é�ñ R é�è Q é ð � b6b �!Z¨�g�²�j �c� ´ ó Zc�lZMg ê æ�R ò S2akZ ã Zc² ì ðUðUå ï S ävêkî�� Zf®�Zcjxð ä RUR�Z Ú
äfï R ñ
ä RUR é ð ê»è»ä R ë�ò å ê T�å ê�ï RUðUå ê T ï Z$ 0 0 N�H Ã Å ��ø4ô�� Ã ø34 Ã ��
 Å ùfõ�ø 2cSv¦�� � ����GQ�QG�¦VGQ` b S � ° �c� Z
¨�g ê æ � G�´ ó Z[�lZ�g ê æ�R ò Z 2m��÷ 0 ��ù Ã*f 4 Ã ��
 Å ù�÷��	�+� Ã32 ��ô6�-�&õ�ø 2l0b0b0(� $ Ã ��ùfõ,ø 2 ôQø4ö�$l÷~ô��~û��2õ�ø 2cZ¹ î�î å ï�ìfê ¦[± éïUçÉé X�S�® é�äfî å ê TkSk² äfï�ï�äfë�ò æ ï�é RUR ï S � ° � G!Z
¨�g ê æ
ÛQ`�´ ó Ztg ê æ�R ò Z ó X ê
ävè å ë»ò æ!¥ è»ävê\ëì�î å ê TkZ H Ã Å ��ø4ô�� Ã*f 0 � 2�Ã ��õfù���� ��S=¦�������� � ¦QG�¦ � Û b S� °cÛQ`!Z
¨�g ì R b ��´ �lZ1g ì R ï�äb å ï Z�^%RUðUæ ë RUæ�ð éî å ê P ì ð è»ä RUå ìfê ð é RUðUå é h ävç å ê z ègçqî�ì�ë æ è�é�ê R ï Z}Ô ê �+� Ã �û�÷¢÷~öQõ,ø 2���Ã!f ù���÷ � ÷ � ÷�øSù�÷¢÷�ø4ù�� 0 4�NË$F����
 Ã&� õ Å � Ã ø 0 
¦
H� õ�÷¢ö�4 Ã �Q
 Å ùfõ�ø 2 � $ 0 4K @M@ K �S��N ôDö6��õ�ö&��$6
�ôQõ,ø S ñ
ä T éï ¦Q¦QG�¦V¦Q¦ � Sk² ä ð ë�ò � b6b �!Z
¨�g ì æ
°Q`�´ ±"ZLg ì æ#Z 8
õ 2 õfù�ô�� 0 �±ô 2 ÷34 Ã ��
H�~÷ �3� õ Ã ø � 0 � 2�Ã ��õfù���� � ô�ø4ök$4ù�ô�øFöDô��~ö ��Z�g ç æ 6é ð¹ ë�äfî�é�è å ë jxæ�Q ç å ï�òké ð ï S � °c°Q`!Z
¨�gtð ä _[°�´ O Z�o�Z�gtð ä P�R�Z,¹ î�é h%å ëé P ì ðla%æ ävê RUåWVå ê TkS�Tcð ì æ ñ å ê T ävêkîbëì�î å ê T ävègñ�ç åWRUæ î�ésè�ì�î æ!e

ç�ä R éî¼ñ æ çÉï�éï Z�² äfï R é ð %«ï R òkéï å ï S�²�Ô È�S
º ävê Q�ðUå î T é S
² äfï�ï�äfë�ò æ ï�é RUR ï S � °_[°!Z
¨�g�Õt°_f´ akZ7g ä ð bVbD  å êké�êYävêkî �lZ�Õ b0b�ìfêké�ê ZcÈ 6ì�ävêkî�ò åWT òké ð î å è�é�êkï å ìfê
ävç[ñ
ä RUR é ð ê�è»ä R ë�ò å ê Tå ê\ìfñ RUå è»ävç6é z ñ2éë R éî RUå è�é Z¼Ô êP�+� Ã û 'qÃ!f 0 4�N � $ 0 0 N $F���Q
 Ã&� õ Å � Ã ø�8
õ � û(�~÷�ù�÷0 � 2[Ã ��õfù���� ��S ñ
ä T éï ��� `�¦ � �QG!SF^ ävêbÚ ð ävêkë å ï�ëì S
Õ
^�¹nS � °c°_kZ
¨�gtæ�ð�°c°�´ ^IZ�gtæ�ðURUV�ZJ® éî æ ë å ê T R òké�ïUñ
äfëé ð é a%æ�åWð é�è�é�ê R ì P ï æi�gz³RUð ééï Z $�Y1��2�� S L w �$ Ã!f ù C ô��¢÷B¡u�+�~ôDû$ùfõ�û�÷Éô�øFö-L���
O÷���õ�÷�øFû�÷ SË�c°!S � °c°c°!Z
¨�g 6ì Ûc°�´ ggZ O Z1g 6ì�b Z ¹ êké æ�ð ävçqêké R 6ì ð b P ì ð ñ ð ì Q ä Q�å ç å ï RUå ë å ê P ì ð è»ä RUå ìfê ð é RUðUå é h ävç Z³Ô ê�+� Ã û�÷¢÷~öQõ,ø 2��YÃ!f ù���÷?c K ù��×ô�øvø Å ô��Fõ,ø4ù�÷���øFôQùfõ Ã ø4ô�� 0 4�N $ 0Jk10bS 4 Ã ø f ÷��~÷�ø4û�÷ Ã ø S ÷ �� ÷~ô6��û��6ô�ø4ö~8ª÷ � ÷�� Ã 
H�ý÷�øSù�õ�ø 0 ø f�Ã ���±ôQùfõ Ã ø S ÷$ù���õ�÷ � ô�� S ñ
ä T éï � � ¦VG b Z
¹qºÊ²)jxð éï�ï S

� °cÛc°!Z



d- Ð Ñ   �Ï "`� Û à�� �DÒO�

¨�g 6ì ° b ´ ggZ O Zig 6Êì�b Zw�wz ñIé ðUå è�é�ê R ï=6 åWR òbä�ëìfègñ2ìfêké�ê R{R òkéì ðUX ì P ñ ð ì Q ä Q�å ç å ï RUå ë å ê P ì ð è»ä eRUå ìfê ð é RUðUå é h ävç Q äfï�éî§ìfêÓï å ê T çÉé R é ð è�ïsäfïtî�ì%ë æ è�é�ê R ï�ëìfègñIìfêké�ê R ï Z 0 4�N¢2X��ô�ø �� ô2û$ùfõ Ã ø �nÃ ø 0 ø f�Ã �4�±ôQùfõ Ã ø�$F� � ù�÷�� ��SkÛ���_%����GQ¦QG�¦VGcÛQ¦!SË� ë R ì Q é ð � °c° b Z
¨�g 6ì °Q`�´ ggZ O ZQg 6ì�b Z�¹ êké R 6Êì ð b»ävñ�ñ ð ì�äfë�ò R ìtñ ð ì Q ä Q�å ç å ï RUå ë å ê P ì ð è»ä RUå ìfê ð é RUðUå é h ävç Z 0 4�N

2X��ô�ø � ôDû$ùfõ Ã ø ��Ã ø 0 ø fÃ ���ÉôDùfõ Ã øe$F� � ù�÷�� ��S � G���G�����GQ�_v¦VGQ`QG!S4acæ ç X � °c°Q`!Z
¨ OËävê Û_f´ o�Zqo�Z OËävê T î�ìfê Z ¹ ê å ê RUð ì%î æ ë RUå ìfê R ì ä ðUåWR ò�è�é RUå ë�ëì%î å ê TkZ�0 I=N H Ã Å ��ø4ô�� Ã*fS ÷ � ÷~ô��~û�� ô�øFö�8À÷ � ÷�� Ã 
H�ý÷�ø4ù S4�cÛ�������� � GQ`�¦ � _[°!SI² ä ð ë�ò � °cÛ_kZ
¨ O�éé °_f´ akZ ã Z O#éé Z¼jxð ìfñ2é ðURUå éï�ì P é z�R é�êkî�éî Q ì�ìfçÉé�ävê©è�ì�î�é�çÉï å ê å ê P ì ð è»ä RUå ìfê ð é RUðUå é h ävç ZÔ ê%�,� Ã û�÷¢÷~ö�õ�ø 2&��Ã*f ù���÷<ci��ù��óô�øvø Å ô��(õ,øSù�÷���ø4ôDùfõ Ã øFô�� 0 4�N $ 0Jk10bS 4 Ã ø f ÷��¢÷�ø4û�÷ Ã øS ÷ � ÷~ô��~û��<ô�øFö]8À÷ � ÷�� Ã 
H�ý÷�øSùªõ�ø 0 ø fÃ ���ÉôDùfõ Ã ø S ÷�ù���õ�÷ � ô�� S ñ
ä T éï � ÛQ��¦ � ° b Z�¹qºÊ²jxð éï�ï S � °c°_kZ
¨ O gag O °QG�´ akZ ã Z O#éé S�± Z�¬�Zigtå è Sk²NZ ã Z�gtå è S ävêkî ¬�Z�akZ O#éé Z�� ê R òké�é h ävç æ ä RUå ìfê~ì PwQ ì%ì e

çÉé�ävê©ìfñ2é ð ä R ì ð ï å ê R òkégé z�R é�êkî�éî Q ì�ìfçÉé�ävê ð é RUðUå é h ävç P�ð ävè�éB6ì ð b Z�Ô êk�+� Ã û�÷�÷~ö�õ�ø 2&�Ã!f ù���÷�cM\Qù��?ô�øvø Å ô���õ�øSù�÷���ø4ôQùfõ Ã ø4ô�� 0 4�N $ 0Jk10bS 4 Ã ø f ÷��~÷�ø4û�÷ Ã ø S ÷ � ÷~ô��~û�� ôQø4ö
8À÷ � ÷�� Ã 
H�ý÷�øSù�õ�ø 0 ø f�Ã ���±ôQùfõ Ã ø S ÷$ù���õ�÷ � ô�� S ñ
ä T éï �c° � ¦V�c° � Z
¹qºÊ²Fjxð éï�ï S � °c°QG!Z

¨ O ^!°c°�´ ¯YZvakZ OËä ð ï�ï�ìfêµävêkî ggZ4^ äfîkäbfävêké Z Ú
äfï R é ð ï æi�gz ï�ì ðURUå ê TkZÊÈ éë�ò�ê å ë�ävç ® é�ñ2ì ðUR O Õqeº ^[e¢È{®¨�ø°c°�e�� � _kS O Õ�¯ ótÚwó ¦ W ��¯ Ú º ^[e�G � _ b � W � ¦V� b W � � °c°c°���S ó�é�ñ
ä ðUR è�é�ê R ì P�º ìfè eñ æ�R é ðÃ^ ë å é�êkëé S O æ êkî Õ ê åWh é ð ï åWR¢X�Sl^ 6éî�é�ê S
² ä X � °c°c°!Z
¨ O ^ b6b ´ ã Z O å é P b�ébävêkî.ó ZZ^%æ ë åWæ#Z�½t²~å çWç � ävê�é � ë å é�ê R ëìfègñ ð éï�ï�ì ðYP ì ð�½t² O îkä R ä Z\Ô ê�+� Ã û�÷¢÷¢ö�õ,ø 2&�|Ã!f ù���÷ K @M@M@ 0 4�NÆ$ 0Jk N�Y18 0 ø4ù�÷���øFôQùfõ Ã ø4ô���4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø5N ô�ø4ô �2 ÷��ý÷�ø4ù Ã*f 8¨ôQù�ô S ñ
ä T éï � `QG�¦ � ¦_kSS� b6b6b Z
¨ O ¬�¬tª{°Q¦�´ ¬gZ7ggZ O#éé S�^IZ e�akZ¬ ì�ì S7ggZ�¬ ì�ìfê S ävêkî jËZ�ª�Z�ª é ðUð ä ZcÔ êkî�é z ï RUðUæ ë RUæ�ð éï P ì ð ï RUðUæ ë RUæ�ð éî

î�ì�ë æ è�é�ê R ï Z Ô ê 0 4�N
�Zõ�� � ù 0 øSù�÷���ø4ôQùfõ Ã ø4ô��~4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø�8·õ 2 õ�ù�ô6� ò�õ Ä �~ô���õ�÷ ��Sñ
ä T éï ° � ¦�°c°!Z
¹qºÊ²\S � °c°Q¦!Z
¨«² ävê °c°�´ o�Z�² ävê Vå ê åiZ�¹ ê¼ävê
ävç X ï å ïì P#R òké Q�æ�ðUð ì76lï e 6{òkéé�çÉé ð{RUð ävêkï P ì ð è ZËÔ êe$�Y18 0 � 0 4�N �$ 0 0 N $F����
 Ã&� õ Å � Ã ø�8
õ � û��¢÷�ù�÷ 0 � 2�Ã ��õ�ù���� � � 0 4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø�2m��÷ Ã �¢÷�ùfõ�û¢ô��BôQø4öL��4
v÷���õ��ý÷�øSù�ô�� 0 ø4ô��i� � õ ��Ã!f 8·õ � û��¢÷�ù�÷ 0 � 2�Ã ��õ�ù���� � � S � °c°c°!Z
¨«² ë º � ¦�´ �lZ!²NZ%² ë ºð é åWT ò R�Z¤¹ ïUñ
äfëé e éëìfêkìfè å ë�ï æi�gz»RUð éé�ëìfêkï RUðUæ ë RUå ìfê~ävç T ì ðUåWR ò�è Z H¦��øX� '0 ' 4 ' N 'ÉSO�QG����������Q¦Q��¦V� � �!SI¹ ñ ðUå ç � ° � ¦!Z
¨«² ë ²6`Q¦�´ ªtZx² ë ²µå çWç�ävê Z.È 6Êì å êké a[æ ävç åWRUå éï å ègñ�ç å éî Q[XNæ ê åÉa[æ é¼î�éë å ñ�òké ð ä Q�å ç åWR X�Z;0 ø � ùfõ�ù Å �ù�÷ Ã!f�S ôDö�õ Ã L�ø 2 õ�øF÷¢÷�� � 2X��ôQø � ôDû�ùfõ Ã ø �µÃ ø 0 ø f�Ã �4�±ôQùfõ Ã ø£2m��÷ Ã ��� SÔ·ÈÊe���� �c� `�¦ �c� ¦!Sótéëé�è Q é ð � °Q`Q¦!Z
¨«²5gs°Q`�´ ¹YZË² ì ¥ ä R ävêkî akZ�g ä R ä r ävêké�ê Z§Ô ê e ñ�ç�äfëé|ë�ävçÉë æ ç�ä RUå ìfê ì P è å ê å è æ è eið éî æ êkîkävêkë X

ëì�î�éï Z�Ô ê �+� Ã û ' U Ã � v � � Ã 
 Ã ø 0 � 2�Ã ��õfù���� � ô�ø4ö]8¨ôQù�ô_$4ù�� Å û$ù Å �¢÷ ��S O ¯�º ^.°Q`Q`!Sñ
ä T éï Gc°QG�¦2_ b �!Zl^ ñ ðUå ê T é ð·¦ �,é�ç�ä ðUTkS�¹pæ�Tcæ ï R � °c°Q`!Z
¨«² O j�°c°�´ ®�Z O Z!²µå ç å î åWu#S��qZ�^IZ O�ä Q é ð�S ävêkî ¹YZ%¹YZ�j éï�ï�ì�ä ZËª ì æ êkî å ê T�R òkétëìfègñ ð éï�ï å ìfêDçÉìcï�ï

ì PwR òké P¶T b¼ävç T ì ðUåWR ò�è Z H Ã Å ��ø4ô6� Ã!f 0 � 2�Ã ��õ�ù���� ��SvGQ��������� � °Q`�¦V� �c� S � °c°c°!Z
¨«²�²§°QG�´ ÕYZx² ävê Q é ð ävêkî o�Zw²µX é ð ï Zâ^%æi�gz ä ðUð ä X ï �x¹ êkéB6 è�é R òkì%î P ì ð ìfê e ç å êkébï RUðUå ê T

ï�é�ä ð ë�òkéï Z $ 0 0 N¤H Ã Å ��ø4ô�� Ã ø34 Ã �Q
 Å ùfõ�ø 2cSv�Q����`����ø°QGQ`�¦�°_[Û!SË� ë R ì Q é ð � °c°QG!Z
¨«²�¯�º6°Q`�´ ¹YZ
² ì ¥ ä R�S�®�Zk¯ é�ävç S ävêkî akZ2ogZ�º çÉé�ä ð ç X�Zl¹pðUåWR ò�è�é RUå ënëì�î å ê T»ð é h�å ï åWR éî ZlÔ ê58ªôQù�ô

4 Ã ��
H�¢÷ �3� õ Ã ø34 Ã ø f ÷��¢÷�ø4û�÷ Z
Ô·�,�,�³º ìfègñ æ�R é ðÃ^ ì�ë å é R¢X¼Èqº{º�S � °c°Q`!Z



�DÒS¥ d- Ð Ñ   �Ï "`� Û à��

¨«²�¯q± °cÛ�´ ¹nZ�² ì ¥ ä R�S�®�Z!²\Z�¯ é�ävç S ävêkî Ô�Z ã Z!±}åWRUR é�ê Zx¹qðUåWR ò�è�é RUå ësëì�î å ê Tgð é h�å ï åWR éî Z 0 4�N
2<�~ô�ø � ôDû$ùfõ Ã ø ��Ã ø 0 ø fÃ �4�±ôQùfõ Ã øe$F� � ù�÷�� ��S � ¦���G������Q`Q¦�¦V�c°_kSFacæ ç X � °c°cÛ!Z

¨«²�¯ Ü ° � ´ �lZ=^IZ î�é ² ì æ�ð ä S�o�ZÇ¯ ä h ä ðUð ì S ävêkî ¯YZ Ü åWh�å ävê åiZYÔ êkî�é z!å ê T ëìfègñ ð éï�ï�éî R é z!R�ZnÔ êº ä ð çÉé R ìfê Õ ê åWh é ð ï åWR¢X�jxð éï�ï Ô ê R é ð ê
ä RUå ìfê
ävç Ô ê P ì ð è»ä RUå ëï ^ é ðUå éï S éî åWR ì ð�S �+� Ã û�÷¢÷¢ö�õ,ø 2&�Ã!f ù���÷j� Ã Å ��ù���$ Ã Å ù�� 0 �±÷���õ�û¢ô�ø�U Ã � v � � Ã 
 Ã ø�$4ù���õ,ø 2 �,� Ã û�÷ �3� õ,ø 2�S ñ
ä T éï °Q`�¦ �c�c� S� °c° � Z
¨«²�¯ Ü ª b6b ´ �lZ4^IZ î�é ² ì æ�ð ä S�o�Z�¯ ä h ä ðUð ì Sk¯YZ Ü åWh%å ävê åiS ävêkî ®�Z�ª äfé V ä e`¬ ä R éï Z Ú�äfï R ävêkî�s
é z!ådeQ çÉé[6ì ð î�ï�é�ä ð ë�ò å ê T ìfêÓëìfègñ ð éï�ï�éî R é z�R�Z 0 4�N¥2X��ô�ø � ôDû$ùfõ Ã ø ��Ã ø 0 ø f�Ã �4�±ôQùfõ Ã ø$F� � ù�÷�� ��S � Û�������� �c� G�¦ � Gc°!SF� b6b6b Z
¨«² ì P`Ûc°�´ ¹nZv² ì ¥ ä R�Z�± ì ð î eiQ äfï�éî R é z!R ëìfègñ ð éï�ï å ìfê Z $ Ã!f ù C ô��¢÷ � �+�~ôDû$ùfõ�û�÷Iô�ø4ö�L5�4
O÷���õ�÷�ø4û�÷ S� °�������� � ÛQ`�¦ � °cÛ!S � °cÛc°!Z
¨«² ì P`° b ´ ¹nZ�² ì ¥ ä R�ZËÔ ègñ�çÉé�è�é�ê RUå ê TgR òképñ�ñ�è îkä R äYëìfègñ ð éï�ï å ìfê¼ï�ë�òké�è�é Z�0 L5LoLf2X��ô�ø � ôDû �ùfõ Ã ø ��Ã ø34 Ã �-� Å øvõ�û¢ôQùfõ Ã ø ��SOGcÛ�� �c� ��� � ° ��� ¦ � °Q� � S � °c° b Z
¨«² ì æ
°c°�´ �lZZ^IZ î�é ² ì æ�ð ä Z 4 Ã ��
H�¢÷ �4�B¦�Ã ö0÷ öDôDö Ã&� ô4
1� õ�û¢ôDöDô ô � õ � ù�÷��±ô � ö2÷��~÷~û Å 
O÷���ôQ§ ¦�Ãö2÷Àõ�ø fÃ �4�±ôQ§ ¦�ÃcZlj òkó R òkéï å ï SIÕ ê åWh2Z Ú
éî�é ð ävçwî�é ²µå ê
äfï o é ð ä å ï Z�ª é�çÉì»ã�ì ðUåWV ìfê R é S

� °c°c°!Z
¨«²ó^!°_f´ �lZÇ²µåWRUR é�êkî�ì ð�P ävêkî j¤Z=^ ë�ò*  æ�Q çÉé Z ótì%ë æ è�é�ê R ävêkî j äfï�ï�ä T é ® é RUðUå é h ävç ª äfï�éîÓìfê

ã å î�î�é�ê ² ä ð b�ì h§² ì%î�é�çÉï Z�Ô êk�+� Ã û�÷¢÷¢ö�õ,ø 2&�DÃ!f ù���÷�$l÷ � ÷�øSù�÷¢÷�øSù�� 0 øvø Å ô�� 0 øSù�÷���ø4ô �ùfõ Ã ø4ô�� 0 4�N � $ 0Jk10bS 4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø S ÷ � ÷¢ô���û��dô�ø4öa8À÷ � ÷�� Ã 
H�ý÷�øSù-õ�ø 0 ø f�Ã �4�±ôQùfõ Ã øS ÷�ù���õ�÷ � ô�� S ó æ�Q ç å ê SkÔ ð é�ç�ävêkî Svacæ ç X � °c°_kZ
¨«²ó^ ó ± Ü °QG�´n¹nZ2² ì ¥ ä R�S2®nZl^ äfë�b�ï e ó�ä h%å ï SÇ®nZ
±}å ç¯b å êkï�ìfê S ävêkî akZ ÜIì Q é�ç Zs® é RUðUå é h ävçxì P ñ
ä ðURUå ävç

î�ì%ë æ è�é�ê R ï Z�Ô ê;2F÷*�Qù S L!ù���õ�÷ � ô���4 Ã ø f ÷��¢÷�ø4û�÷ S ñ
ä T éï � Û � ¦ � ° b S � °c°QG!Z
¨«²ó^%±}ª{°_f´ ¹nZf² ì ¥ ä R�Sc¯YZD^ ò
ä ð è»ävê S�Ô�Z ã Zv± åWRUR é�ê S ävêkî È�Z[º�Zcª é�çWç Zk¹ êgé�ègñ åWðUå ë�ävç
é h ävç æ ä RUå ìfê

ì P ëì%î å ê T è�é R òkì%î�ï P ì ð è æ ç RUåde ï X è Q ìfçsävçWñ�ò
ä Q é R ï ZG0 ø fÃ �4�±ôQùfõ Ã ø`�+� Ã û�÷ �4� õ�ø 2Z|
N ô�ø4ô 2 ÷��ý÷�øSù SSG b ��¦���� � ° � ¦�Û b _kSI¯ ì h é�è Q é ð � °c°_kZ

¨«²�Èl° � ´ ¹nZÇ² ì ¥ ä R ävêkî ¹nZ2È#æ�ð ñ å ê Zd� ê R òké å ègñ�çÉé�è�é�ê R ä RUå ìfê.ì P è å ê å è æ è eið éî æ êkîkävêkë X
ñ ð é ^�z ëì�î�éï Z¨0 L5LoL�2<�~ô�ø � ôDû$ùfõ Ã ø �NÃ ø�4 Ã �a� Å øvõ�û¢ôQùfõ Ã ø ��S�_2`�� �#b ��� � � b6b ¦ � � b�� S� °c° � Z

¨«²�È b ��´ ¹nZ6² ì ¥ ä R ävêkî ¹YZ6È#æ�ð ñ å ê Z 4 Ã ��
H�¢÷ �3� õ Ã ø ô�ø4öe4 Ã öQõ,ø 2 0 � 2�Ã ��õfù���� ��Z©g ç æ 6é ð¹ ë�äfî�é�è å ë jxæ�Q ç å ï�òké ð ï S!^kð ï R éî åWRUå ìfê S4� b6b �!Z
¨«²µ±³ÛQ`�´ � Zx²µå çWçÉé ð ävêkî � Zx²NZx± é T è»ävê Z ��ä ðUå ä RUå ìfêkï�ìfê ä R òké�è�é Q[X.VåWh ävêkî�çÉé�ègñ2é�ç Z

4 Ã � Ä õ�ø4ôQù Ã ��õfô6� 0 � 2�Ã ��õfù���� ��Ã ø�U Ã �~ö ��S � ��� � G � ¦ � _ b S � °cÛQ`!Z
¨«²µ±³°_f´ ÕnZ!² ävê Q é ð ävêkî ^IZ!±Óæ#Zwo ç å ègñkï�é � ä R ì�ìfç R ì�ï�é�ä ð ë�ò R ò ð ì æ�T òbé�ê RUåWð é ^ çÉé�ï X ï R é�è�ï ZÔ ê��,� Ã û�÷¢÷~ö�õ�ø 2&� UÈõ,ø4ù�÷���E�$�L Rj0 w 4 Ã ø f ÷��¢÷�ø4û�÷ S ñ
ä T éï �QG�¦VGQ�!S � °c°_kZ
¨«²µ± b!� ´ ¹nZÇ² ì ¥ ä R ävêkî ®�ZI± ävê Z�®q�we ï R ì ð é �Ç¹ ï X ï R é�è P ì ð ëìfègñ ð éï�ï å ê TkS2Q�ð ì76lï å ê T ävêkî

ï�é�ä ð ë�ò å ê T ç�ä ðUT élî�ì�ë æ è�é�ê R ï Z2Ô êR�+� Ã û ' �Dù�� 0 øSù�� ' $F���Q
 '2Ã øR$4ù���õ�ø 2 �+� Ã û�÷ �4� õ�ø 2 ô�øFö0 ø fÃ �4�±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô�� � $�� 0bS L K @M@Mc�� S ñ
ä T éï � ¦Q��¦ ��� _kS4� b6b!� Z¨«² Ü b6b ´ �lZv^IZ î�é ² ì æ�ð änävêkî ¯YZ Ü åWh�å ävê åiZ¤º ìfêkï RUðUæuª7« ì�é ^ ë å é�ê R é�î�é ] êkî å ëéïÊñ
ä ð ä Q äfï�éï6î�é
îkäfî�ìcï R é z!RUæ ä å ï ZÇÔ ê�$iILI�85> K @M@M@ � w �M$Sõ���
lü � õ Ã I	��ô � õd�:÷�õ�� Ã ö2÷�I ô�ø4û Ã ö0÷=8¨ôDö Ã&�('H ÃM¦[Ã ��÷ �3�Ã ô ' � ô6��ô ÿiÄ ô Sl� ë R � b6b6b Z



d- Ð Ñ   �Ï "`� Û à�� �DÒOÒ

¨«¯�ª¬�°Q`�´ o�Zx¯ ä h ä ðUð ì©ävêkî ®�Zxª äfé V ä e`¬ ä R éï Z�¹ ç�ävê Tcæ ä T éq¬`ì ð�a[æ é ðUå éï»ìfê ï RUðUæ ë RUæ�ð é~ävêkî
ëìfê R é�ê R ïtìJ¬ R é z!RUæ ävç�îkä R äJ
äfï�éï Z�Ô ê��+� Ã û '�Ã!f ù���÷[cD�Dù�� 0 øvø Å ô�� 0 ø4ù ' 0 4�N $ 0Jk10bS
4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø S ÷ � ÷~ô��~û��½ô�ø4ö98ª÷ � ÷�� Ã 
H�ý÷�øSùÉõ�ø 0 ø fÃ ���ÉôDùfõ Ã ø S ÷�ù���õ�÷ � ô��¯®6ñ
ä T éï°QG�¦ �#b!� ® a�æ ç X � °c°Q`!Z

¨«¯�ª¬�° � ä ´ o�Zf¯ ä h ä ðUð ìtävêkî ®�Zvª äfé V ä e`¬ äJ°�éï Z�jxð ì z�å è»ävç�êkì�î�éï �f¹ è�ì%î�é�çi°�ì a%æ é ðUX î�ì%ë æ è�é�ê`°
îkäJ°�äJ
äfï�éïq X ëìfêX°�é�ê`°~ävêkî ïb° ðUæ ëB° æ�ð é Z£0 ø fÃ ���±ôQùfõ Ã ø $H� � ù�÷�� � ® � `���_%��� _ b6b ¦2_2GQ` ®
� °c° � Z

¨«¯�ª¬�° �  ´ o�ZË¯ ä h ä ðUð ì§ävêkî ®nZ�ª äfé V ä e`¬ äJ°�éï Zbjxð ì z�å è»ävç6êkì�î�éï ��¹ è�ì�î�é�ç1°�ì a[æ é ðUX î�ì�ë æ!e
è�é�êX°nîkäJ°�äJ
äfï�éï� X ëìfêX°�é�êX°YävêkîÓïb° ðUæ ëB° æ�ð é Z 0 4�N¢2X��ôQø � ôDû�ùfõ Ã ø ��Ã!f YO� û�÷±ôQø4ö0 ø fÃ ���ÉôDùfõ Ã øe$F� � ù�÷�� � ® � `���_%��� _ b!� ¦2_2GQ` ® � °c° � Z

¨«¯�²�¯
+ b6b ´ o�Z�¯ ä h ä ðUð ì�® �lZv^IZ î�é ² ì æ�ð äi® ²NZv^IZ�¯ é æ 2é ð °7® ¯nZ Ü åWh�å ävê å ®kävêkî ®�Z!ª äfé V ä e`¬ äJ°�éï Z¹ î�î å ê�±µëìfègñ ð éï�ï å ìfê�°�ì'�çÉì%ë�bÓäfî�î ð éï�ï å ê�± å ê h é ð °�éî å êkî�é z éï7² 0 ø fÃ ���±ôQùfõ Ã ø S ÷ �ù���õ�÷ � ô��³® G�� � ��� _[°�¦ �c� ® � b6b6b ²

¨«¯�® b ��´ o ² ¯ ä h ä ðUð ì�ävêkî ² ² ® ä � êkìD°7²'�o�:÷*��õ Ä �:÷.� ôQù�ù�÷���ø�N ôQù�û��0õ,ø 2 õ�ø $4ù���õ�ø 2&� ¡~�+�~ôDû �ùfõ�û¢ô�� Ã ø � � õ�øF÷ � ÷~ô6��û��6ô�� 2[Ã ��õfù���� �ofÃ �¨ù�÷*�Dù � ô�ø4ö Ä õ Ã � Ã�2 õ�û¢ô�� � ÷¢þ Å ÷�ø4û�÷ � ² º ävèl ðUå îi±�éÕ ê åWh é ð ï å °µ´ jxð éï�ïh® � b6b � ² Ô~^�ªÊ¯ b e�`Q� � e Û � G b�� e � ² �cÛ b ñ
äJ±�éï7²
¨�� % º � `�´ a ² � % º ìfê�êkì ð ² ® éB° ðUå é h ävçxìJ¬lävêkïb6é ð�e ï�é�êX°�é�êkëéï�ävêkî�ävêkïb6é ð�e·¶ ± æ�ð éï?¬ ð ìfè@ñ
ävñ2é ð ï

X´�°�é z °�ï�é�ä ð ë�ò å ê�±u² 0 ø fÃ ���ÉôDùfõ Ã ø S ÷�ù���õ�÷ � ô�� | N6ô�ø4ô 2 ÷��±÷�øSù·® �c� ��` W � ��� � `Q`�¦ � ¦_ ®� ° � ` ²
¨�� % º6Û b ´ a ² � % º ìfê�êkì ð ² ¹ êkïb6Êé ð�e ñ
äfï�ï�äJ±�é ð éB° ðUå é h ävç�`´�°�é z °|ï�é�ä ð ë�ò å ê�±u²¸H Ã Å ��ø4ô6� Ã!f ù���÷0 �ý÷���õfû¢ôQø�$ Ã û�õ�÷�ù�� fÃ � 0 ø fÃ ���ÉôDùfõ Ã øe$Fû�õ�÷�ø4û�÷¹® G � ��_%�����Q� � ¦V�QGc° ® a�æ ç)´ � °cÛ b ²
¨���²5gs° � ´ ¬ ² � ±[ä76Êäi® È ² ² ì ðUå °�äi®!ävêkî g ² g ìD
ä7´[äfïUò å ² ¹ ¬ æ�º¹º ´�î�ì%ë æ è�é�ê`° ð éB° ðUå éB»fävçÇïb´!ïb°�é�èæ ï å ê�±�°Uòké&b�éB´�6ì ð î�ëìfê�êkéëB° å ìfê©è»äJ° ðUådz ävêkî§çÉé�ä ð ê å ê�±bè�éB°Uòkì�î�²~� Å �3����$Ë÷�ù � ôQø4ö$F� � ù�÷�� � ® Gc°�� � ¦QG�¦ ��� ° ® � °c° � ²
¨«j äfï � ¦�´ ® ² j äfï�ëì%éQ²�$ Ã Å �~û�÷ û Ã ö�õ�ø 2 ô6� 2�Ã ��õfù���� ��fÃ � f ô � ù�öDôQù�ô û Ã �Q
1�~÷ �4� õ Ã ø*² j òkóf°Uòkéï å ï7®^ °�ävêi¬`ì ð î Õ ê å »�é ð ï å °µ´M® � ° � ¦ ²
¨«j é�ä ÛcÛ�´ a ² j é�ä ð ç¼²H�+� Ã Ä ô Ä õ�� õ � ùfõfû S ÷~ô �Ã øvõ�ø 2 õ,ø 0 ø4ù�÷��d� õ 2 ÷�øSùÍ$H� � ù�÷�� �(��R ÷�ù C�Ã � v �qÃ!f �+�¯ô Å � õ Ä �:÷0 ø f ÷��¢÷�ø4û�÷B² ² ì ð ±[ävê g ä æ!¥ è»ävê jxæ �ç å ïUòké ð ï7® Ô êkëQ²)® � °cÛcÛ ²
¨«j1gt±³°cÛ�´ j�gt±§¹p®p� ² ¹pj,j�¯Ã��È{� ² È6½tÈ î�éDç�ä�î å ïb° ðUå  æ ë åÉí ê¸î�é j1g�½ Ü Ô j � ² z ´ � ² z ® a ävê

� °c°cÛ ²
¨«j�²�°QG�´ ± ² ª ² j é�ê�êkéB
äb�é ð ävêkî a ²�¾1² ²µå °�ë�òké�çWç¼²5H&�5L kQ� $4ùfõd��� 0 �±ô 2 ÷[8¨ôDù�ô�4 Ã �Q
1�~÷ �4� õ Ã ø$4ù�ô�øFöDô��~öQ²���ävê ¯ ìcïb° ð ävêkî ® é å ê�òkìfçÉî�® ¯ éB6 ¬ ì ð bO® ¶kð ïb°qéî å ° å ìfêt® � °c°QG ²
¨«j�² ¾ ¹tÛcÛ�´ ± ² ª ² j é�ê�êkéB
äb�é ð ® a ²�¾�² ²µå °�ë�òké�çWç¼® o ² o ²M¾�ävê�±�î�ìfêt®!ävêkî ® ² ª ² ¹qð ñkï7² ¹ ê»ì7»�é ð » å éB6

ìJ¬�°Uòké=
äfï å ëqñ ðUå êkë å ñ�çÉéïìJ¬O°Uòké Ý ½·º ì�î�é ð äfîkävñ�° å »�ém å ê
ä ð ´gä ðUå °Uò�è�éB° å ë�ëì�î�é ð ² 0 I=N
H Ã Å ��ø4ô�� Ã!fmS ÷ � ÷~ô��~û���ô�ø4ö~8À÷ � ÷�� Ã 
H�ý÷�øSù·® GQ����¦���� ����� ¦ � �Q¦ ® ¯ ì7»�é�èlIé ð � °cÛcÛ ²

¨«® äfî � ¦�´ È ² ® äfî�éë�b å ² ² äJ°Uòké�è»äJ° å ë�ävç�è�ì%î�é�ç!ìJ¬ å êi¬`ì ð è»äJ° å ìfê ð éB° ðUå éB»cävç�ïb´!ïb°�é�è�
äfï�éînìfê[°Uòké
ëìfêkëé�ñ�°pìJ¬�¬ æ�º¹º ´�°Uòkéï�ä æ�ðUæ ï7² 0 ø fÃ ���ÉôDùfõ Ã ø��+� Ã û�÷ �4� õ�ø 2�| N ôQø4ô 2 ÷��ý÷�ø4ù·® � ����G � G�¦G � Û ® � ° � ¦ ²

¨«® äfî �c� ´ È ² ® äfî�éë¢b å ² ² äJ°Uòké�è»äJ° å ë�ävçwè�ì�î�é�ç¤ìJ¬�° å è�é ½ é ¥ éëB° å »�é å êi¬�ì ð è»äJ° å ìfê ð éB° ðUå éB»cävç¤ïb´!ï ½
°�é�èG
äfï�éîsìfê?°Uòké�°Uòkéì ð ´�ìJ¬i¬ æ�º¹º ´�ï�éB°�ïh² 0 ø f�Ã �4�±ôQùfõ Ã øO�+� Ã û�÷ �3� õ,ø 2l| N ô�ø4ô 2 ÷��ý÷�øSù·®
� G�� �#b °�¦ �c� ¦ ® � ° �c� ²
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¨«® äfî � °�´ È ² ® äfî�éë¢b å ²�Ú æ�º¹º ´|ï�éB°�ï�°Uòkéì ð éB° å ë�ävç�ävñ�ñ ð ì�äfë�ò�°�ìYî�ì%ë æ è�é�ê`° ð éB° ðUå éB»fävç¼² 0 ø fÃ ���Éô �ùfõ Ã ø��+� Ã û�÷ �3� õ�ø 2�| N ô�ø4ô 2 ÷��ý÷�øSù·® � `����_ � ¦V�Q`c° ® � ° � ° ²
¨«®lo�°cÛ�´ ��² o ² ®qæ�å)º ävêkî Ô ² o ä ð ëB¿�äi² º ìfègñ ð éï åÉí ê î�éF°�é z °�ì5
äfï�äfîkä�é�ê æ ê\è�ì�î�é�çÉì�ñ ð ì ½


äJ å ç)¿Éïb° å ëìÓî�é�ì ð î�é�ê b ´ æ ê.ëì�î å¯¶ ë�äfî�ì ð î�é»ò æ!¥ è»ävêt² È éë�ò�ê å ë�ävç ® é�ñIì ð ° Ô ² ® ²¯jÀ � ®%ó�ñ�°�ì�²�î�é ¹pðÂÁ%æ�å °�éëB° æ�ð änî�é º ìfègñ æ °�äfî�ì ð éïo´ � çÉéëB° ð�í ê å ë�äi² Õ ê å »�é ð ï å îkäfîDî�é¹ çWè�é ð ¿�äi® ^ ñ
ä å êt® � °c°cÛ ²
¨«®qå ë � °�´ ® ²2Úo² ®qå ëéQ² ^ ìfè�é�ñ ð äfëB° å ë�ävç æ ê å »�é ð ï�ävçxêkì å ï�é�çÉéï�ï�ëì�î å ê�±q°�éë�ò�ê åÃÁ%æ éï7² È éë�ò�ê å ë�ävç® é�ñ2ì ð ° � °p½��Q� ® a éB° jxð ìfñ æ çÉï å ìfê'¾�äJ2ì ð äJ°�ì ð ´M® j äfï�äfî�é�ê
äi® º ävç å ¬`ì ð ê å äi® ² ä ð ë�ò � ° � ° ²
¨«®qå ï � ¦�´ a ² ®lå ï�ï�ävêké�êt² o é�êké ð ävç å ï�éîÀb ð äp¬Ä° å êké Á[æ ävç å °Å´Yävêkî�ä ðUå °Uò�è�éB° å ë{ëì%î å ê�±u² 0 I=NÆH Ã Å ��ø4ô��Ã!fmS ÷ � ÷~ô��~û�� ô�øFö�8À÷ � ÷�� Ã 
H�ý÷�ø4ù·® � b � � °cÛ�¦V� b G ® ² ä¹´ � ° � ¦ ²
¨«®qå ï � °�´ a ² a ² ®qå ï�ï�ävêké�êt² ¹pðUå °Uò�è�éB° å ëYëì�î å ê�±�äfïpê æ èlIé ðtð é�ñ ð éï�é�ê`°�äJ° å ìfêt² Ô ê 0 û$ù�ô ' � Ã �i� �ù�÷~û�� ' $Fû¢ô�øFö�õ,øFô � õ�û¢ôQ®�»�ìfç æ è�é ² äJ°Uò G � ®�ñ
äJ±�éï _Q_v¦V` � ® � ° � ° ²
¨«®qå » °Q��´ ® ² ®qå »�éïb°7² È òké ² ó ` è�éï�ï�äJ±�é ½ î å ±�éïb°tävç)±�ì ðUå °Uò�è�² ® Ú º � GQ� � ² ²µÔ·È ¾�äJ2ì ð äJ°�ì ð ´

¬�ì ðpº ìfègñ æ °�é ð
^ ë å é�êkëénävêkî ®Ã^�¹ ó�äJ°�ä ^ éë æ�ðUå °Å´M® Ô êkëQ²)® ¹ ñ ðUå ç � °c°Q� ²
¨«® ¾ � °�´ a ² ®lå ï�ï�ävêké�êgävêkî o ² o ²D¾�ävê�±�î�ìfêt² ¹qðUå °Uò�è�éB° å ë{ëì�î å ê�±u² 0 IoN�H Ã Å ��ø4ô�� Ã!f1S ÷ � ÷~ô��~û��ô�ø4ö[8ª÷ � ÷�� Ã 
H�ý÷�øSù·® �QG�������� � _[°�¦ � ¦Q� ® ² ä ð ë�ò � ° � ° ²
¨«® ¾ Û � ´ a ² ®lå ï�ï�ävêké�ê³ävêkî o ² o ²L¾Ëävê�±�î�ìfêt² Õ ê å »�é ð ï�ävç�è�ì%î�é�ç å ê�±¸ävêkî³ëì�î å ê�±u² 0 L5LoL

2<�~ô�ø � ôDû$ùfõ Ã ø ��Ã ø 0 ø fÃ �4�±ôQùfõ Ã ø�2m��÷ Ã ���Q® Ô ÈL½�� � � � ��� � ��¦V�QG ® a ävê æ ä ð ´ � °cÛ � ²
¨«®p¯p²§°Q¦�´ ª ² ®qå Ié åWð ì ½¢¯ éB°�ìnävêkî ® ² ²~æ ê`° º ² ¹ Ié�ç å é�¬#êkéB°Å6ì ð b|è�ì%î�é�çÇ¬�ì ðåWð ² Ô ê��+� Ã û�÷¢÷¢ö�õ,ø 2&�Ã!f ù���÷�cD�Dù��?ô�øvø Å ô���õ,øSù�÷���ø4ôDùfõ Ã øFô�� 0 4�N $ 0Jk10bS 4 Ã ø f ÷��~÷�øFû�÷ Ã ø S ÷ � ÷¢ô���û�� ô�øFö

8ª÷ � ÷�� Ã 
H�ý÷�øSù�õ�ø 0 ø fÃ ���±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô��¯®�ñ
äJ±�éï �Q`QG�¦V�Q¦ b ² ¹qºÊ²Kj,ð éï�ï7® � °c°Q¦ ²
¨«® ìD ÛQ��´ ² ² o ² ® ìD2é ð °�ï7² ò Ã û¢ô��~Y,�~ö2÷��eL � ùfõd�±ôQùfõ�ø 2 N ô6� v Ã � õfôQø 0 ø4ô��i� � õ ��fÃ � RsÃ õ � �:÷ �3�$ Ã Å ��û�÷?4 Ã ö�õ�ø 2 ô�ø4ö 0 Å ù�� Ã � � �2õ�
 0 ö2÷�ø4ùfõ ú8û�ôQùfõ Ã ø*² j òkó�°Uòkéï å ï7® ^ °�ävêi¬`ì ð î Õ ê å »�é ð ï å °Å´M®� °cÛQ� ²
¨«®pj,��Û � ´ ² ² ® ì�î�é�òt®¦�[² ® ² jxð äJ°b°7®!ävêkî ^ ² � »�é�êt²t¾ å êké�ä ð ävç)±�ì ðUå °Uò�è�ïL¬�ì ð îkäJ°�ä�ëìfègñ ð éï�ï å ìfê

» å ä�ïÂ° ðUå ê�±�è»äJ°�ë�ò å ê�±u²mH Ã Å ��øFô�� Ã!f ù���÷ 0 4�N]® �cÛ�� � ��� � ¦�¦V�_ ® � °cÛ � ²
¨«®Ã^Va � ¦�´ o ² º ² ® ìDIé ð °�ï�ìfê~ävêkî g ² ^ ñ
ä ð ë¢b ½�a ìfêkéï7² ® é�çÉéB»cävêkëé�6é å ±còX° å ê�±DìJ¬xï�é�ä ð ë�ò]°�é ð è�ï7²

H Ã Å ��ø4ô�� Ã!f ù���÷ 0 �ý÷���õfû�ô�ø $ Ã û$õ�÷�ù�� fÃ � 0 ø f�Ã �4�±ôQùfõ Ã ø $Fû�õ�÷�ø4û�÷ � ® � � ��G���� � �c°�¦ � _2¦ ®
� ° � ¦ ²

¨«®wÈlÛ � ´ È ² ® ä å °�äYävêkî a ² È é æ òkìfç�äi² jxð éî å ëB° å »�é�°�é z °{ëìfègñ ð éï�ï å ìfê�`´»ò
äfïUò å ê�±u² Ô êe�+� Ã û�÷�÷ �ö�õ�ø 2&�lÃ!f ù��O÷{2F÷�øSù�� 0 øvø Å ô�� 0 øSù�÷���ø4ôDùfõ Ã øFô�� 0 4�N $ 0Jk10bS 4 Ã ø f ÷��~÷�ø4û�÷ Ã ø S ÷ � ÷~ô��~û��
ô�ø4öq8ª÷ � ÷�� Ã 
H�ý÷�øSùIõ�ø 0 ø fÃ ���ÉôDùfõ Ã ø S ÷�ù���õ�÷ � ô��³® ^ °�ì ð äJ±�éhW ® éB° ðUå éB»cävç È éë�ò�ê åÃÁ%æ éï Ô ®ñ
äJ±�éï �Q�QG�¦V�QGQG ® � °cÛ � ²

¨«®qæ  � °�´ Úo² ®læ  å êt² ¹qðUå °Uò�è�éB° å ëYëì�î å ê�± æ ï å ê�± ¶�z éîµñ ð éë å ï å ìfê ð éB± å ïb°�é ð ï7² 0 LoL5LÈ2X��ô�ø � ôDû �ùfõ Ã ø ��Ã ø 0 ø f�Ã ���±ôQùfõ Ã ø32m��÷ Ã �4�Q® Ô·ÈL½��Q`���¦�����¦ � ��¦V¦ � ` ® ¯ ì7»�é�èlIé ð � ° � ° ²
¨�^�ª{ÛcÛ�´ o ² ^ ävç)°�ìfê|ävêkî º ² ªÊæ ë�b%çÉéB´M² È é ð è ½ 6Êé å ±còX° å ê�±�ävñ�ñ ð ì�äfë�òkéï å ê»ä æ °�ìfè»äJ° å ë ð éB° ðUå éB»cävç¼²0 ø fÃ �4�±ôQùfõ Ã ø��+� Ã û�÷ �3� õ,ø 2�| N ô�øFô 2 ÷��ý÷�øSù·® �_
��`�����` � G�¦V`Q�QG ® � °cÛcÛ ²
¨�^ ë�ò ° � ´ ² ² ^ ë�ò å êkî!çÉé ð ² ¹ ¬iäfïb°?�çÉì�ë¢b ½ ï�ì ð ° å ê�±§ävç)±�ì ðUå °Uò�èy¬`ì ð çÉìcï�ïUçÉéï�ïnîkäJ°�äbëìfègñ ð éï�ï å ìfêt²Ô ê]8ªôQù�ôV4 Ã ��
H�¢÷ �3� õ Ã ø34 Ã ø f ÷��¢÷�ø4û�÷B² Ô·�,�,� º ìfègñ æ °�é ðÃ^ ì�ë å éB°µ´ Èqº{º ® � °c° � ²
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¨�^ éî ° b ´ ® ² ^ éîi±�éB6 å ë¢bO² 0 � 2[Ã ��õfù���� � õ�øG4�² ¹ î�î å ï�ìfê ¦[± éï�çÉéB´M® ® é�äfî å ê�±u® ² äfï�ï�ë�ò æ ï�ï�éB°b°�ï7®
� °c° b ²

¨�^ Ú ± ÛQG�´ o ² ^ ävç)°�ìfêt® � ² ¹ ²ÇÚkì z ®�ävêkî�ã�² ±Óæ ² �wz °�é�êkî�éî92ì%ìfçÉé�ävê å êi¬`ì ð è»äJ° å ìfê ð éB° ðUå éB»cävç¼²
4 Ã �a� Å øSõfû¢ôDùfõ Ã ø �sÃ*f ù���÷ 0 4�N]® �Q¦�� �c� ��� �#b �Q��¦ �#b GQ¦ ® ¯ ì7»�é�èlIé ð � °cÛQG ²

¨�^ ò
ä _[Û�´ º ² � ² ^ ò
ävê�êkìfêt² ¹ è»äJ°Uòké�è»äJ° å ë�ävç�°Uòkéì ð ´ ìJ¬�ëìfègè æ ê å ë�äJ° å ìfêt²ÉI ÷����	$H� � ù�÷�� �
2F÷~û��2øvõ�û¢ô���H Ã Å ��ø4ô��¯® � � ��Gc°cÛ�¦2_ b G ® acæ ç)´ � °_[Û ²

¨�^ ò
ä ` � ´ º ² � ² ^ ò
ävê�êkìfêt² jxð éî å ëB° å ìfê<ävêkî}é�êX° ð ìfñ`´}ìJ¬sñ ðUå ê`°�éî³é�ê�±cç å ïUòt²£I ÷����	$H� � ù�÷�� �
2F÷~û��2øvõ�û¢ô���H Ã Å ��ø4ô��¯® G b ��` b ¦V¦_ ® � °Q` � ²

¨�^Va � ��´ g ² ^ ñ
ä ð ë¢b ½�a ìfêkéï7² ¹ ïb°�äJ° å ïb° å ë�ävç å ê`°�é ð ñ ð éB°�äJ° å ìfê�ìJ¬�°�é ð è ï�ñIéë å¯¶ °Å´µävêkî å °�ïtävñ�ñ�ç å¯½
ë�äJ° å ìfê'°�ì ð éB° ðUå éB»cävç¼²�H Ã Å ��ø4ô�� Ã!f 8 Ã û Å �ý÷�ø4ù�ôQùfõ Ã ø*® �cÛ�� � ��� �c� ¦V� b ® � ° � � ²

¨�^Va � G�´ g ² ^ ñ
ä ð ë¢b ½�a ìfêkéï7² ¹ ïb°�äJ° å ïb° å ë�ävç å ê`°�é ð ñ ð éB°�äJ° å ìfê�ìJ¬�°�é ð è ï�ñIéë å¯¶ °Å´µävêkî å °�ïtävñ�ñ�ç å¯½
ë�äJ° å ìfê'°�ì ð éB° ðUå éB»cävç¼² 0 ø fÃ ���±ôQùfõ Ã ø~$4ù Ã �~ô 2 ÷&ôQø4ö S ÷�ù���õ�÷ � ô6�³® °�� �c� ����¦ � °�¦V¦QGQG ® � ° � G ²

¨�^�g·¦_f´ � ² ^ ² ^ ë�ò`6Êä ð ° º ävêkî ª ² g ävçWç å ë�bT² o é�êké ð äJ° å ê�±gä�ë�ävêkìfê å ë�ävç
ñ ð é ¶�z é�êkëì�î å ê�±u²�4 Ã � �� Å øSõfû¢ôDùfõ Ã ø �nÃ!f ù���÷ 0 4�N]® � � � ¦Q¦�¦ � ¦c° ® � °Q¦_ ²
¨�^ ¾ ¦cÛ�´ o ² ^ ävç)°�ìfê¼ävêkî ² ² � ²�¾#éï~bO² º ìfègñ æ °�é ð éB»cävç æ äJ° å ìfê¼ìJ¬ å êkî�é z!å ê�±gävêkîF°�é z °�ñ ð ì�ëéï ½

ï å ê�±u²�H Ã Å ��ø4ô6� Ã!f ù���÷ 0 4�N]® � `�� � ���øÛ�¦VGQ¦ ® a ävê æ ä ð ´ � °Q¦cÛ ²
¨�^�²§ÛQG�´ o ² ^ ävç)°�ìfê§ävêkî ² ² a ² ² ë otå çWç¼² 0 øSù�� Ã ö Å û$ùfõ Ã øÓù Ã N Ã ö2÷���ø 0 ø fÃ �4�±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô��¯²² ë o�ð ä¹6"ã å çWç ª ì�ì�b º ì�²)® ¯ éB6 ¬ ì ð bO® � °cÛQG ²
¨�^�² b6b ´ È ² ^ ë�ò�ç å éî�é ð ävêkî¸ãl² ² é æ ï�ï7² ® éï æ ç)° ð ävêOb å ê�±:¬`ì ð ïb° ðUæ ëB° æ�ð éî Á[æ é ðUå éï�äJ±[ä å êkïb°½t² ¾�î�ì�ë æ è�é�êX°�ïh² Ô ê'8�L�òoY+$�U Ã � v � � Ã 
 ��0 ø fÃ �4�±ôQùfõ Ã ø�$Ë÷¢÷ v õ�ø 2 �5$Ë÷~ô��~û��2õ�ø 2 ôQø4ö

Ê Å ÷��4��õ�ø 2 õ,ø�8
õ 2 õfù�ô��4ò-õ Ä �~ô���õ�÷ � ® � b6b6b ²
¨�^�² b ��´ È ² ^ ë�ò�ç å éî�é ð ävêkîgãl² ² é æ ï�ï7² Ý æ é ð ´ å ê�±�ävêkî ð ävêOb å ê�± ½t² ¾bî�ì�ë æ è�é�êX°�ïh²�H 0 $ 0 $�2�®`QG���¦���� _[Ûc°�¦V` b G ® � b6b � ²
¨�^ °�ì ÛcÛ�´ a ² ¹ ² ^ °�ì ð é ð ²�8¨ôDù�ôe4 Ã ��
H�¢÷ �3� õ Ã ø � N6÷$ù�� Ã ö � ô�ø4ö�2m��÷ Ã ���Q² ¹ î�î å ï�ìfê ± éïUçÉéB´M®® ì�ë¢b�» å çWçÉéQ® ² î�²)® � °cÛcÛ ²
¨�^%æ ê ° b ´ ó[² ^%æ êkîkä¹´M² ¹ »�é ð ´�¬`äfïb°tï æ kïb° ðUå ê�±¼ï�é�ä ð ë�ò©ävç)±�ì ðUå °Uò�è�²'4 Ã �a� Å øSõfû¢ôDùfõ Ã ø �YÃ!f ù���÷0 4�N]® GQG��`Û���� � GQ��¦ � _2� ® � °c° b ²
¨�^[¬ � G�´ o ² ^ ävç)°�ìfê§ävêkî º ² ^ ² ¬ ävê�±u² � ê5°UòkénïUñ2éë å¯¶ ë�äJ° å ìfê§ìJ¬�°�é ð èr»cävç æ éï å êÓä æ °�ìfè»äJ° å ëå êkî�é z!å ê�±u²jH Ã Å ��ø4ô�� Ã*f 8 Ã û Å �ý÷�øSù�ôDùfõ Ã øÇ® �c°���GQ` � ¦VG � � ® � ° � G ²
¨«Èqº6° b ´ ã�² È�æ�ð °UçÉéDävêkî ± ² ª ² ºð ìJ¬Ë°7² Ô êi¬`é ð é�êkëé»êkéB°Å6ì ð b!ï{¬`ì ð î�ì%ë æ è�é�ê`° ð éB° ðUå éB»cävç¼² Ô ê�+� Ã û�÷¢÷¢ö�õ,ø 2&�YÃ!f ù���÷?c ^ ù��Èô�øvø Å ô��Fõ�øSù�÷���ø4ôQùfõ Ã ø4ô�� 0 4�N $ 0Jk10bS 4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø S ÷ �� ÷¢ô���û��âô�ø4ö�8À÷ � ÷�� Ã 
H�ý÷�øSùIõ�ø 0 ø f�Ã ���±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô6�³®�ñ
äJ±�éï � ¦V�_ ² ¹qºÊ² j,ð éï�ï7®

� °c° b ²
¨«Èqº6° � ´ ã�² È�æ�ð °UçÉélävêkî ± ² ª ² ºð ìJ¬Ë°7² � »fävç æ äJ° å ìfê�ìJ¬Iävê å êi¬`é ð é�êkëéÊêkéB°µ6ì ð b ½ 
äfï�éî ð éB° ðUå éB»cävçè�ì�î�é�ç¼² 0 4�N¨2X�~ô�ø � ô2û$ùfõ Ã ø �pÃ ø 0 ø fÃ ���ÉôDùfõ Ã ø7$F� � ù�÷�� � ® °���G���� � Û � ¦V�Q�Q� ® acæ ç)´ � °c° � ²
¨«È é�ä °cÛ�´ ± ² a ² È é�ävò
ävêt²�N Ã ö2÷��d� õ,ø 2 L�ø 2 � õ � �Z2F÷*�Qù·² j òkó¸°Uòkéï å ïh® Õ ê å »�é ð ï å °µ´§ìJ¬ ± ä å bcäJ°�ì�²¯ éB6 ÜIé�ç�ävêkî�® � °c°cÛ ²
¨«È ã b ��´ j ² È ìfç�ävê å ävêkî a ² ® ²Çãtä ðUå °�ï�äi² ½pot®pÔ ¯ ó �2¹¸Á%æ é ð ´ ½ ¬ ðUå é�êkî!ç)´ ½t² ¾ ëìfègñ ð éï�ï�ì ð ²Ô ê 0 4t8�Lo® � b6b � ²
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¨«È{² ó +
° � ´ ^ ² È òkìfè»äfïh® a ² ² ë gtå éQ® ^ ²pó�ä¹» å ï7® g ² È#æ�ð b�ìh6lï~b å ® a ² ± ì�ì%î�ïh® a ² �pð ìcïb°7®tävêkî

ó[² ² äfë�bT²xÚ æ é�êX°�éï�î�é�ëìfègñ ð éï�ïlñ
ä ð ä Õ�¯�Ô¢½ _ ² � � ® � °c° � ²
¨«Õ b0b °Q`�´ � ² Õ bVb�ìfêké�êt² � ê ½ ç å êké�ëìfêkïb° ðUæ ëB° å ìfêYìJ¬kï æi�gz`½ ° ð ééïh² 0 � 2[Ã ��õfù����&õ�û¢ôQ® � _
��G������_[°�¦V�Q¦ b ®

� °c°Q` ² È{®<¹j½ � °c°QGp½ � ®kóté�ñ�°7² º ìfègñt² ^ ë å ²)® Õ ²�ìJ¬xãpé�çÉï å êOb å ®kÚ å ê�ç�ävêkî�²
¨ �,éB± °c°�´ a ²��,éB±[äfï7²¸E=ø $Sõ � ù�÷��±ôÓö0÷ S ÷~û Å 
O÷���ôDû$õfü�ø ö2÷ 0 ø fÃ ���±ôDû�õ�ü�ø ��Ã Ä �~÷�L � ù�� Å û$ù Å ��ôk�4 Ã øSù�÷�øSõfö Ã ² j òkó�°Uòkéï å ï7®�ó�é�ñ
ä ð °�ävè�é�ê`°�ìgî�é Ô êi¬`ì ð èFÌJ° å ë�äi® Õ ê å »�é ð ï å îkäfîDî�é���ävçWç�ä ½

î�ìfç å î�²<��ävçWç�äfî�ìfç å î�² ^ ñ
ä å êt® � °c°c° ²
¨ �tÚ º b ��´ a ²��,éB±[äfï7® j ²,î�é�ç�ä§Ú æ é�êX°�éQ®ävêkî�ÚL² ºð éïÂ°�ävê å ² ¹ ± ð ävñ�ò å ë�ävç æ ï�é ð�å êX°�é ð ¬iäfëéq¬`ì ð

ïb° ðUæ ëB° æ�ð éî.î�ì%ë æ è�é�ê`° ð éB° ðUå éB»fävç¼² Ô ê 0 ö � ô�ø4û�÷ � õ�ø 0 ø f�Ã �4�±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô���� K ASù��I{4�$ � 0bS $ k L Å � Ã 
v÷~ô�ø�4 Ã ��� Ã þ Å õ Å � Ã ø 0bS¸S ÷ � ÷~ô��~û��=�+� Ã û�÷¢÷¢ö�õ,ø 2&� ®�»�ìfç æ è�é �Q�c° �ìJ¬ZòB÷~û$ù Å �~÷ RsÃ ù�÷ � õ�ø�4 Ã ��
 Å ù�÷��/$Fû�õ�÷�ø4û�÷B² ^ ñ ðUå ê�±�é ð ® ² ä ð ë�ò � b6b � ²
¨ � å ° Û � ´ a ² ^ ²F� å °b°�é ð ²6ótéï å ±cêµävêkî�ävê
ävç)´�ï å ïqìJ¬,î å ê
ävè å ë�ò æ!¥ è»ävê�ëì%î å ê�±u²aH Ã Å ��ø4ô6� Ã!f ù��O÷0 4�N]® G_
��_%���øÛQ�Q`�¦�Û_2` ® � °cÛ � ²
¨ � å ° Ûc°�´ a ² ^ ²�� å °b°�é ð ² ¹ ç)±�ì ðUå °Uò�è ¦ � G�� ó�´�ê
ävè å ëgò æ!¥ è»ävêNëì�î å ê�±u² 0 4�N 2X��ôQø � ôDû�ùfõ Ã ø �Ã ø]N ôQù���÷��±ôQùfõ�û¢ô��m$ Ã!f ù C ô��¢÷B® � `�������� � `cÛ�¦ � ¦ � ® � °cÛc° ²
¨ » ® � °�´ º ² a ²�»cävê ®lå r ïb2é ð ±�é�êt² 0 ø fÃ �4�±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô6�³² ªæ °b°�é ð 6Êì ð °Uòkï7® � ° � ° ²
¨ ±³ª{° � ´ Ô ²¤ã�² ±}å °b°�é�ê ävêkî È ² º ² ª é�çWç¼² È òké º é ð ì ½ ¬ ð é Á%æ é�êkëB´\ñ ð ìD�çÉé�è �x� ïb° å è»äJ° å ê�±9°Uòké

ñ ð ìD
äJ å ç å ° å éï,ìJ¬kêkì7»�é�ç�éB»�é�ê`°�ï å ê�äfîkävñ�° å »�éL°�é z °¤ëìfègñ ð éï�ï å ìfêt² 0 LoL5LG2X��ôQø � ôDû�ùfõ Ã ø �Ã ø 0 ø f�Ã �4�±ôQùfõ Ã ø32m�O÷ Ã ���D® G � ��_%��� �#b ÛQ`�¦ �#b °_ ® � °c° � ²
¨ ± é�ç Û_f´ È ² ¹ ² ± é�çÉë�òt² ¹ °�éë�ò�ê åÃÁ%æ é�¬`ì ð ò å ±cò ½ ñ2é ð ¬�ì ð è»ävêkëé�îkäJ°�ä�ëìfègñ ð éï�ï å ìfêt² 0 L5LoL

4 Ã ��
 Å ù�÷���® ��� ��¦����øÛ�¦ � ° ® � °cÛ_ ²
¨ ± ã ° � ´ ® ² ± å ç¯b å êkï�ìfê�ävêkî j ²%ã å ê�±�ïb°�ìfêt² Õ ï å ê�±{°Uòké�ëìcï å êkéqè�é�äfï æ�ð é å ê¼ä�êké æ�ð ävçIêkéB°µ6Êì ð b

¬�ì ð î�ì�ë æ è�é�êX° ð éB° ðUå éB»fävç¼² Ô ê��+� Ã û�÷¢÷~ö�õ�ø 2&��Ã!f ù���÷{cBAvù��dô�øSø Å ô6�4õ�øSù�÷���ø4ôQùfõ Ã ø4ô�� 0 4�N$ 0Jk10bS 4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø S ÷ � ÷¢ô���û�� ô�øFö�8ª÷ � ÷�� Ã 
H�ý÷�øSù
õ�ø 0 ø f�Ã �4�±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô��¯®ñ
äJ±�éï � b ��¦V� �#b ² ¹qºÊ²)jxð éï�ï7® � °c° � ²
¨ ±}å ç ° � ´ ® ² ¯ ² ± å çWç å ävè�ïh²,Ú æ é�êX°�éïpî�é?¾�Ü ®�± � ä�ä[¾WÜ ®#± G äi® � °c° � ²
¨ ±}å ç °_f´ ® ² ±}å ç¯b å êkï�ìfêt² �w¥ éëB° å »�é ð éB° ðUå éB»cävç,ìJ¬ïb° ðUæ ëB° æ�ð éîÓî�ì�ë æ è�é�êX°�ïh² Ô ê S ÷ � ÷~ô6��û��Óô�øFö

8ª÷ � ÷�� Ã 
H�ý÷�øSù�õ�ø 0 ø fÃ ���±ôQùfõ Ã ø S ÷�ù���õ�÷ � ô��¯®�ñ
äJ±�éï G �c� ¦VG ��� ® � °c°_ ²
¨ ±³²µª{°c°�´ Ô ²�ã�² ±}å °b°�é�êt® ¹ ² ² ì ¥ äJ°7®!ävêkî È ² º ² ª é�çWç¼²�N6ô�ø4ô 2 õ�ø 2'k õ 2 ô Ä �Qù�÷ � ² ² ì ð ±[ävê g ä æ ¬ ½è»ävê�ê jxæ �ç å ïUòké ð ïh® Ô êkëQ²)®�ï�éëìfêkîbéî å ° å ìfêt® � °c°c° ²
¨ ±³¯pª{Û � ´ Ô ²Çã�² ± å °b°�é�êt® ® ² ² ² ¯ é�ävç¼®#ävêkî a ² o ² ª é�çWç¼² ¹qðUå °Uò�è�éB° å ë�ëì�î å ê�±�¬`ì ð îkäJ°�äDëìfè ½

ñ ð éï�ï å ìfêt²{4 Ã �-� Å øvõ�û¢ôQùfõ Ã ø �sÃ!f ù���÷ 0 4�N]® G b ��¦�����`Q� b ¦V`_ � ® a�æ êké � °cÛ � ²
¨ ± Ü ®pÛ � ´ ^ ² g ² ² ² ± ìfê�±u® ± ²&Ü å ä ð b�ì�®�ävêkî��[²(��² ® äJ±cò
ävêX»cävêt² � ê�è�ì�î�é�ç å ê�±pìJ¬ å êi¬`ì ð è»äJ° å ìfêð éB° ðUå éB»fävçÇëìfêkëé�ñ�°�ï å ê�»�éëB°�ì ð ïUñ
äfëéïh² 0 4�NÍ2<�~ô�ø � ôDû$ùfõ Ã ø ��Ã ø<8¨ôDù�ô Ä ô � ÷/$F� � ù�÷�� � ®� G�� � �����c°c°�¦VGQ� � ® � °cÛ � ²
¨ ± Ü ±³ÛQ`�´ ^ ² g ² ² ² ± ìfê�±u® ± ²�Ü å ä ð b�ì�®xävêkî j ² º ² ¯ ² ± ìfê�±u² o é�êké ð ävç å)º éî3»�éëB°�ì ð ïUñ
äfëé

è�ì%î�é�ç å ê å êi¬`ì ð è»äJ° å ìfê ð éB° ðUå éB»fävç¼² Ô êk�+� Ã û�÷¢÷~öQõ,ø 2���Ã!f ù���÷~�Dù��6ô�øvø Å ô��(õ,øSù�÷���ø4ôDùfõ Ã �ø4ô�� 0 4�N $ 0Jk10bS 4 Ã ø f ÷��¢÷�ø4û�÷ Ã ø S ÷ � ÷~ô��~û��Þô�ø4ö'8À÷ � ÷�� Ã 
H�ý÷�ø4ù
õ,ø 0 ø f�Ã �4�±ôQùfõ Ã øS ÷�ù���õ�÷ � ô��¯®kñ
äJ±�éï � Û�¦V�Q` ² ¹qºÊ²Kjxð éï�ï7® � °cÛQ` ²
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¨ Ü å ñ _[°�´ o ²�Ü å ñi¬Î²`Ï Å �±ô�ølII÷4�Vô � õ Ã Å ��ô�ø4ö·ù���÷��+��õ,ø4û$õ^
H�:÷ Ã!f ò=÷~ô � ùFLTÐ Ã ��ù·² ¹ î�î å ï�ìfê ¦[± éïUçÉéB´M®� °_[° ²
¨ ÜT¾ �c� ´ a ²�Ü å »tävêkî ¹ ²¹¾#é�ègñ2é�ç¼² ¹ ê æ ê å »�é ð ï�ävç�ävç)±�ì ðUå °Uò�èG¬�ì ð ï�é Á[æ é�ê`° å ävç%îkäJ°�ä{ëìfègñ ð éï�ï å ìfêt²0 L5L5LÑ2X��ôQø � ôDû�ùfõ Ã ø �sÃ ø 0 ø fÃ ���±ôQùfõ Ã ø32m��÷ Ã �4�Q® Ô·ÈL½��QG���G�����GQG � ¦VG_2G ® � ° �c� ²
¨ ÜT¾ � Û�´ a ²FÜ å »Dävêkî ¹ ²�¾#é�ègñ2é�ç¼² º ìfègñ ð éï�ï å ìfêbìJ¬ å êkî å » å î æ ävç�ï�é Á%æ é�êkëéïo» å äl»cä ðUå äJ�çÉé ½ið äJ°�é

ëì�î å ê�±u² 0 L5L5LÑ2X��ô�ø � ôDû$ùfõ Ã ø ��Ã ø 0 ø fÃ ���ÉôDùfõ Ã ø�2m��÷ Ã ���Q® Ô ÈL½��_
��`�����`QG b ¦V`QGQ¦ ® � ° � Û ²
¨ Ü ²§°Q`�´ a ²�ÜIìD2é�çwävêkî ¹ ² ² ì ¥ äJ°7² ¹ î�î å ê�±¼ëìfègñ ð éï�ï å ìfêV°�ì�ä�¬ æ çWç ½ °�é z ° ð éB° ðUå éB»fävçxïb´!ïb°�é�è�²$ Ã!f ù C ô��¢÷ � �+��ô2û$ùfõfû�÷&ô�ø4öaL��4
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