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¹�ºVO�»½¼�T�DSRIU[C,T�¾�MPUxR�¿LRJCc¾HDQDoCHb�ÀVMPUWX\ºcRJº�UPXtUPX7U[b�ÀVMPOFb�OQT,RIOQÁeUPTeRIºVO)RIGI¾HT�X\U[RJUPCHTeDFCHTEZHOQG\RIOFGqÂ
¹�ºVOzRIGI¾HT�XJUxRIU[C,TÃDoCHTEZ,OFGJRJOFG�UWX>ÀVºE¿EXJUWDF¾�MPMP¿vMPCEDQ¾!RIOQÁÄUPT�RJºVOiKN]>^_?aÅ�Æ%OFGJÇ�CHÀ4RIUPDzGIOQDFOFUPZHOQG
b�C4Á4¼VMPOHÂeÈ�RLDFCHT�XJUPX\RIX�CH»�¾ÄºVUPÉHº
XJÀ¤OQOQÁ
Á4UPÉHU[RI¾�MNRJC�¾�T�¾HM[C,É DFCHTEZHOQG\RIOFGeÊËYA?AÌ�Í�CHT«RJºVO
Æ%C,¾�GlÁ
¾�T�ÁÎ¾¡Á4U[É,UxRl¾�M7Å�MxRIOFGcU[b�ÀVMPOFb�OQT,RIOQÁÎUPT
RJº�O3Ï¢ÐtÑª?AXLCHT
RIºVOvGIOQDFOFUPZHOQG�b�CEÁV¼VM[O
Æ%C,¾�GlÁ�Â
¹�ºVUWX�Á4C4Do¼Vb�OQT,R7ÁVOQXIDoGIU[Æ%OQX¢RIºVO�RJGl¾�T�XJU[RJUPCHTLÅ�MxRIOFG�RIº�¾!RNUWX�UPb�ÀVM[OQb�OFT'RJOqÁLUPTcRJºVO�GIOQDFOFUPZHOQG
b�C4Á4¼VMPOAÏ¢ÐtÑª?AXQÂ�¹�ºVUPXtÁ4C4Do¼Vb�OQT,RtUPX�UPT'RJOQT�Á4OQÁcRICiÁ4C4Do¼�bcOQT'RNRJºVO>Á4OQXJU[É,T�C�»�RJºVO)Å�MxRIOFG
¾�T¤Á¡¾HXª¾HTÒ¾�UWÁ�RIC3À%OFGlXJCHT�X>Ó�ºVC bi¼�X\Rz¼VT�Á4OQGIX\RI¾HT�ÁÃ¾�T¤Á¡be¾�UPT'RI¾HU[T�RIºVO�]>Ô>Y>^ÕDoC4Á4O
Ó�ºVUWDlºvUPb�ÀVM[OQb�OFT'RIXtRJº�OAÅ�M[RJOQGQÂN¹�º�O>KN]�^.?�Å�Æ%OFGJÇ�C,À4RJUWD)GIOQDFOFUPZHOQG7b�C4Á4¼VMPOªÁVOQXIDoGIU[À4RIU[C,T
Á4C4Do¼�bcOQT'R�À�GJC!ZEUWÁ4OQX�Á4OqXJDFGJUPÀ4RIU[C,T�X�C�»¢RJºVOz¼VT¤Á4OFGIM[¿EUPTVÉ�º�¾�GlÁ4Ó�¾�GIOHÂ
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¹�ºVOiRJGl¾�T�XJUxRIU[C,T¡DoC,TEZHOFGJRJOQG)¼�XJOQX)RJºVO�ß!Ç�ÆVU[R�ÁV¾�RI¾vX\RJGIOQ¾Hbà»½GICHbáRIºVOLK7]>^.?â¾�T'RIOFTVT�¾,XFÂ
¹�ºVOiß*ÆVUxRªÁV¾!Rl¾*X\RJGIOQ¾�b�DoC,T'RI¾�UPT�XzãÑªÔ)äLC�»�Æ�¾�T¤Á4Ó�UPÁ4RJº¡Á4UPÉHU[RJUPäFOqÁ�¾!Rª¾eGI¾�RJO�CH»7å�æ�ç'ß
`�OQÉ,¾HXI¾�b�ÀVMPOQXiÀ¤OQGeX\OqDoCHT¤ÁèÊË`¡XJ¾Eé!XlÍSÂÎ¹�ºVUWXeÁV¾!Rl¾¡¾�GIOvÀ�GJC4DoOqXJXJOQÁêU[TÕ¾¡Á4UPÉHU[RI¾HM�Å�MxRIOFG
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Ó�ºVUWDlº«RJºVOQT®Á4GIU[Z,OQXz¾ÄºVUPÉHºêXJÀ¤OQOQÁÎY)?AÌ>Â¢¹�ºVUWX�¾�T�¾HM[C,É�X\UPÉHT�¾HMNUWX�UPT,RIGJC4Á4¼¤DoOQÁÒRIC�RJºVO
]>^_?ÎÆ�¾,X\OQÆ�¾�T�ÁªXJ¿4X�RIOFb�¾�R¥RJº�ONU[T�ÀV¼4R.RIC�RJºVO7Æ�¾HXJOFÆ�¾HT�Á>Å�M[RJOFG_b�CEÁV¼VM[O,Â_¹�ºVONRJGl¾�T�XJUxRIU[C,T
Å�M[RJOQG�XJOFMPOQDoRIX�¾�ë�æi`¡Ô)äªÆ�¾�T¤Áe»½GICHbìRJº�O>UPTVÀV¼4R)¾HT�ÁvÁ4GIUPZHOQX7RJº�OªYA?AÌÕ¾!R�¾LDFM[C4DlíeGl¾!RIO
C�»�ãqåHßH`ÃÔAäHÂ�ÏV¼VGJRJº�OFG�Æ�¾HT�Á4À�¾,XJX�XJº�¾�À�U[TVÉ�UWX�Á4CHT�O�UPT RJºVOz]�^.?�Æ�¾,X\OQÆ�¾�T¤Á*Å�M[RJOQGQÂ
¹�ºVOzRIGI¾HT�XJUxRIU[C,T3Å¤MxRIOFGAUWXA¾cRIºVGIOFOiX\RI¾HÉHOªÅ�TVU[RJOLU[b�ÀV¼�MPXJO�GIOQXJÀ¤C,T�X\O*ÊîÏ¢È�=AÍ�Á4OqX\UPÉHT¥Â�¹�ºVO
Å�GlX�R�X\RI¾HÉHOeX\OQM[OqDSRlXz¾
ãqå�ß,`ÃÔ)äcÓ�UWÁ4O*X\¼�Æ4Ç�Æ¤¾�T�Á¡»½GJC,b�RIºVO�ã*ÑªÔ)äeUPTVÀV¼4RiÆ¤¾�T�Á4Ó�UWÁERIº
¾�T¤ÁiGIOQÁ4¼¤DoOQX¢RIºVO�UPTVÀV¼4RtXI¾�b�ÀVMPO�GI¾�RJO�ÆE¿i¾�»Ë¾HDoRJC,G�C�»%ß�Â¢¹�º�O)X\OqDoCHT¤ÁLX\RI¾HÉHO�X\OQM[OqDSRlX#º�¾�M[»
RJº�OªX\RI¾HÉHOªCHT�O�C,¼4RJÀ�¼4R)¾�T�ÁÄÁ4OFRJOFGIb�U[T�OQX�RJº�OªYzÌèDo¼4RIC�ï¡ÀVGICHÀ%OFGJRJUPOQX�¾HT�Á*RIºVO�XJÀ¤OqDSRJGl¾�M
XJOFT�XJOtCH»�RIºVO�RJGl¾�T�XJUxRIU[C,TLDFCHTEZHOQG\RIOFG.C,¼4RJÀ�¼4RQÂ�¹�ºVO�RJº�U[GlÁLX\RI¾HÉHOtUPX�¾>ÀVº�¾,X\O�DoC,bcÀ%OFT¤XJ¾�RJCHG
Ó�ºVUWDlº3be¾�RIDlºVOqX7RIºVOªÀVº�¾,X\OªGIOQXJÀ¤C,T�X\O>C�»_RJºVOzKN]�^.?�È�Ï�ðV^¢@Lð4¾HT�Á3Á�¾!RI¾iRJGl¾�T¤X\b�UWXJXJU[C,T
XJ¿EX\RJOQbeX�RJCcRJºVOz]�^.?iÂ
¹�ºVO�]>^_?ÕDoCHGIGIOFMW¾!RJC,G_Á4UPÉHU[RJUPäFOQGIX¢C,À¤OQGI¾�RJOt¾�RN¾>XI¾�b�ÀVMPO�GI¾�RJO�C�».ãqæHæ�`ÃÔ)ä�¼�XJU[T�É�¾ARJºVGIOFO
MPOFZHOQM¥ñ'¼�¾�T'RJUPäQ¾�RJUPCHTÄXJDlº�OFb�OHÂ7¹�º�OzKN]>^_?aß!Ç�ÆVU[RAÁ4U[É,UxRIU[äQOFGlX�CHÀ%OFGl¾!RIOª¾�RA¾�XJ¾HbcÀ�M[OzGl¾!RIO
C�»�å�æHç,ßc`ÃÔ)ä,ÂN¹�ºVOªU[TVÀ�¼4RIX�RIC�RJºVOzß�Ç�ÆVU[RAÁ4UPÉHU[RJUPäFOQGIX�¾�GIOªU[T3RJº�O�X\OqDoCHT¤Á3<A¿Eñ'¼VUWX\R)äFCHT�O
¾!Rzãqæ,å!çLRJC*åHæ�ç,ßc`ÃÔAäHÂ
È~TÕ¾HÁVÁ4U[RJUPCHTòRJCÎGIOQÁV¼�DoUPTVÉÒRJºVO�Æ�¾HT�Á4Ó�UWÁERJºÕCH»ARJº�OÃX\UPÉHT�¾HM�RJºVOÄRIGI¾HT�X\U[RJUPCHTóDoC,T'Z,OFGJRJOQG
bi¼¤X�RA¾HMPXJCc¾,DFDFCHb�ÀVMPUPXJº ¾eXI¾�b�ÀVMPOªGI¾�RJOzDoC,TEZHOFGlXJU[C,T¥Â¢¹�º�OeãQæHæc`ÃÔAä�GI¾�RJOªC�»_RJºVOi]>^.?
XJ¿EX\RJOQbôUWX�TVC�RA¾�XJU[b�ÀVMPO�X\¼�Æ4Ç�bL¼VM[RJUPÀVM[OzCH».RIºVOzKN]>^_?õGl¾!RJO,Â
¹�ºVOÄCH¼VRJÀV¼4R*XI¾�b�ÀVMPO3Gl¾!RIO3CH»ARIºVO RJGl¾�T�XJUxRIU[C,TòDFCHTEZHOQG\RIOFGcUPXÄãå�ß¡`¡Ô)äÄÓ�ºVUWDlºòUWXcRJºVO
XJb�¾HM[MPOQX\R�X\¼�Æ4Ç�bL¼VM[RJUPÀVM[OvC�»�RJºVOeKN]�^.?�Gl¾!RIO�RJº�¾�RiDF¾HT
¾,DFDFCHb�C4ÁV¾!RIOiRIºVO*GIOQñ'¼VUPGJOqÁ«ëHæ
`ÃÔAä�Æ�¾�T�ÁVÓ�UPÁERIº¥Â�¹�ºVO¡DoC,TEZHOFGlXJU[C,TêRJCê¾HT�¾�MPCHÉ
Æ%Oo»½C,GJO�UPT'RJGICEÁV¼�DSRIU[C,TòRIC
RJºVO¡]>^.?
Æ�¾,X\OQÆ�¾�T�Á3X\¿4X\RJOQb�UPX�TVOqDoOqXJXI¾�GI¿�Æ¤OqDF¾�¼¤X\O�C�»_RJºVOªGIOFMW¾!RJUPZHOQM[¿eº�U[É,º3ÁV¾�RI¾cGI¾�RJOqXtUPTEZHC,M[Z,OQÁ
¾�T¤Á*RIºVOzTVOFOqÁ3»½CHG)¾HÁ�Á4UxRIU[C,T�¾�M�Æ¤¾�T�Á4À¤¾HXIX�XJº�¾HÀVU[T�É�Â
¹�ºVOQGJOe¾�GIOLRJºVGIOFO*?AMxRIOFGl¾ÄBERJGl¾!RJU[öÒÏ¢ÐtÑª?>XzCHTÒRJºVO�Å¤Æ¤OQG\Ç�CHÀ4RIUPDcGIOQDFOFUPZHOFGªÆ%C,¾HGIÁ�Âe¹�ºVO
B'RIGI¾�RJU[ö¡»Ë¾�b�UPM[¿«C�»�Ï¢ÐtÑª?AXLÀVGIC!ZEUPÁ4OqXzÁ4OQÁVUPDQ¾!RJOqÁ
º�¾�GlÁ4Ó�¾�GIOLGIOQXJCH¼�GIDFOQX�»½CHGiºVU[É,ºÎÀ¤OQG\Ç
»½CHGIbe¾�T�DFO)UPTVÀV¼4R�¾�T�ÁeC,¼4RJÀ�¼4R�¾HT�Á*Á4UPÉHU[RI¾HM%XJU[É,T�¾�M¤ÀVGICEDFOQXIX\UPTVÉ*ÊîY�BEÐ�ÍSÂV¹�ºVO�ÁV¾!Rl¾�X\º�OFOoR
»½CHG�RIºVOiB'RIGI¾�RJU[ö*»Ë¾�b�UPM[¿3UPX�C!Z,OFG�R�ÓtC�ºE¼VT�ÁVOFGIOQÁ3À�¾�É,OQXQÂ
B'Rl¾�ÉHO3CHTVO3C�»)RIºVO3Å�MxRIOFG�UWXL¾òãqåHßÄRI¾HÀòßV÷Pã3ÁVOQDoUPbe¾!RIU[C,TêÀ¤C,M[¿EÀVº¤¾HXJO3Ï¢È�=zÂ�¹�ºVO3Å�MxRIOFG
¼�XJOQX�UPT,RIOFÉ,OFGªR�Ó�C�ø X�DFCHb�ÀVMPOFb�OFT'R�¾�GIU[RJºVb�OoRIUPDcÓ�U[RJº
ß ÆVUxRzUPTVÀV¼4RiÁ�¾!RI¾Ä¾HT�ÁÒß3ÆVU[RzRI¾HÀ
DoCEOFùeDFU[OQT'RIXQÂ¢¹�ºVO�Å�M[RJOQGNUWX�U[b�ÀVMPOFb�OQT,RIOQÁc¼�XJU[T�ÉªRJºVO)YªBEÐÎÆVMPC4DlíEX#UPTcRJºVO)Ï¢ÐtÑª?>XFÂ�¹�ºVO
B'RIGI¾�RJU[öLY�B4Ð«Æ�M[C4Dlí4X¢U[b�ÀVMPOFb�OFT'R�RIºVO�U[T�ÀV¼4R7XJºVUx»�RNGIOFÉ,UPX\RJOQGIXQðbi¼VM[RJUPÀVMPU[OQGIXQð,¾HT�ÁiRJºVO�Å�GlX�R
R�Ó�C X\RI¾HÉHOQX>C�»�¾v»½¼�M[MP¿ÃÀVUPÀ¤OQM[UPTVOqÁÒ¾,ÁVÁ4OFG�RIGJOQOHÂi?�ÁVÁVUxRIU[C,T�¾�MNX\RI¾HÉHOQX>C�»tRJºVOe¾,ÁVÁ4OFG>RJGIOFO
¾�GIO�U[b�ÀVMPOFb�OFT'RIOQÁ U[T�Ï¢ÐtÑª?õÉ,OFTVOQGI¾HM�ÀV¼VGIÀ¤C'X\OªMPCHÉHUWD�GJOqX\C,¼VGlDoOQXQÂ
ÏVC,M[MPC!Ó�UPTVÉÒX\RI¾HÉHOvC,TVO UPX�¾ÒÉ,¾�UPTò¾,Áú�¼�X\RJb�OFT'R�ÆVMPCEDlíê¾HT�Á®¾ÒGIOQñ'¼�¾�T'RIU[äQOFGqÂ
¹�º�O É'¾�UPT
¾HÁ!ú�¼�X�RIb�OFT'RtÆVMPC4Dlí�UPXtU[b�ÀVMPOFb�OQT,RIOQÁv¼�X\UPTVÉLº�¾�GlÁ4Ó�¾�GIO�bi¼VM[RJUPÀVMPU[OQGIX�¾�T�Áv¾�MPM[C!Ó)XNRJºVO�CHT4Ç
MPU[TVO�DFCHb�ÀV¼4RIOFG)XJ¿4X�RIOFb�RICcC,À4RJUPb�U[äQO�Á4¿ET�¾�b�UWD�GI¾HTVÉHO�U[T�XJ¼VÆ�XJOQñ'¼VOQT,R)X\RI¾HÉHOQXQÂ
?�»�RIOFG7RJºVO)É'¾�UPTe¾HÁú�¼�X\RJb�OQT,RtUPXt¾ªGJOqñ,¼¤¾�T'RJUPäFOQG�Ó�ºVUPDlºeGIOQÁV¼�DoOqX#RJºVO�åHå�ÆVU[R7Ó�UWÁ4O)CH¼VRJÀV¼4R
C�»AX\RI¾HÉHO*C,TVO3ÁVC!Ó�TÎRJC¡RJºVO3ç¡ÆVU[RcUPTVÀV¼VRcÓ�UWÁERJºòC�»AX\RI¾HÉHOeR�Ó�C�Â«¹�ºVO3GIOQñ'¼�¾HT'RJUPäFOFGiUPX
Á4OqX\UPÉHTVOqÁÄRJCÄXI¾!RJ¼�GI¾�RJOiC,T¡C!Z,OFGJû�C!ÓzÂ�¹�º�OFGIOLUWXª¾�T¡C!Z,OFGJû�C!Ó�û¤¾�É Ó�ºVUWDlºÒDF¾HTÃÆ%OcGIOQ¾,Á
ÆE¿eRJº�OzCHT4Ç�M[UPTVOzDoC,b�ÀV¼4RJOQG)X\¿4X\RJOQb Â
B'Rl¾�ÉHO#R�Ó�C)UWX.¾AëVãHã¢RI¾HÀLå4÷PãNÁ4OqDoUPb�¾�RJUPCHTzÀ%CHMP¿EÀVº�¾HXJONÏ¢È�=zÂ¹�ºVO�Å�M[RJOQG.¼�XJOQX.U[T'RJOQÉHOQG�R�ÓtC¤ø X
DoC,b�ÀVM[OQb�OFT'Rª¾HGJU[RJº�bcOFRJUWDcÓ�UxRIºÒç ÆVU[RªUPTVÀV¼VRiÁV¾!Rl¾3¾HT�Á®ãqæ*ÆVU[RzRI¾HÀÒDFC'OFù*DoUPOFT'RIXQÂL¹�ºVO
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Å�M[RJOQGzUPXªUPb�ÀVM[OQb�OFT'RJOqÁÒ¼¤X\UPTVÉÄM[CEC,í'¼�À¡Rl¾�ÆVMPO�ÊË^.ü>¹)Í�bi¼VM[RJUPÀVMPU[OQGIXªUPT
ÉHOQTVOFGl¾�M#ÀV¼VGIÀ%C,XJO
MPCHÉHUWD>GJOqX\C,¼VGIDFOQXQÂ¢¹�º�O�DoMPCEDlí3X\À%OFOqÁvCH»#X\RI¾HÉHO>R�ÓtC�UWXzãqåHßL`ÃÔAäHÂ
?�»�RIOFG�X�Rl¾�É,O)R�Ó�CzRJºVOªÁV¾�RI¾iX\RJGIOQ¾HbýUWX�¾�É'¾�UPTeGJOqñ,¼¤¾�T'RJUPäFOqÁ�ðHRIºVUWXNRIU[b�O>RJCLßiÆVU[RIXQð,»½C,GtUPT4Ç
ÀV¼4RtRJCcX�Rl¾�ÉHO)RJºVGIOFO,Â#B'Rl¾�É,O)RJº�GJOQO)UPX�¾iþHçzRI¾HÀ*¾�MPM¤À¤¾HXIX7Ï¢È�=ÿUPbcÀ�M[OQbcOQT'RJOQÁv¼�XJU[TVÉLY�BEÐ
ÆVMPC4DlíEXQÂNB'RI¾HÉHO>RJºVGIOFOªÀ%OFGJ»½CHGIbeX�RJºVOzÀVº¤¾HXJO>be¾!RlDlºVUPTVÉ�Æ¤OFR�ÓtOQOFT3RJºVOzKN]�^.? RIGI¾HT�X\b�UWX�Ç
XJU[C,T
XJ¿4X�RIOFb ¾�T�ÁÒRJº�Oe]>^.?àX\¿4X\RJOFbÄÂ ¹�ºVOFGIOeUPXi¾Äbi¼VM[RJUPÀVMPOoö4OFG�Ó�º�UPDlº
ÆE¿EÀ�¾HXIX\OqX�RJºVO
ÀVº�¾,X\O�DoC,b�À¤OQT�XJ¾�RJC,GQÂ¢¹�ºVO�É,¾�UPTiCH»�RIºVO�Æ'¿EÀ�¾,XJX¢À�¾�RJºcUPX#be¾�RIDlºVOqÁ�RIC>RIºVO�TVCHb�UPT�¾�M4É'¾�UPT
C�».RJºVOªDoC,bcÀ%OFT¤XJ¾�RJCHG�X\CLTVCcÉ,¾�UPTv¾,Áú�¼�X\RJb�OFT'R�UPX�TVOqDoOQXIXI¾�GI¿LÓ�ºVOQT3XJÓ�UxRlDlºVUPTVÉiÆ%OoR�Ó�OFOQT
DoC,b�À¤OQT�XJ¾�RJOqÁL¾HT�Ác¼VT�DoC,b�À¤OQT�XJ¾�RJOqÁLXJU[É,T�¾�M4À¤¾!RJº¤XFÂ#¹�ºVO�CH¼VRJÀV¼4RNÓ�UWÁERIºcCH»�X\RI¾HÉHOtRJºVGIOFO
UWX)å�æcÆVU[RIX�CH»_Ó�ºVUWDlº
ãQæc¾�GIOªXJOFMPOQDoRJOqÁ*RIC*Á4GJUPZHO�RIºVO�Y)?AÌ>Â
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È~T®ßÒÆVU[Rcb�C4Á4O*RIºVO KN]>^_?áÁ�¾!RI¾ÃRJGl¾�T�XJb�UPXIXJU[C,TêX\¿4X\RJOFb b�C!ZHOqXzRIºVO Á�¾!RI¾¡C!ZHOQG�R�Ó�C
C�»¢RJº�GJOQOL@zÌ7ÇIãqd,å�Å�Æ¤OQG\Ç�CHÀVRJUWD�Dlº¤¾�TVTVOQMPXQÂ7¹�ºVOªRIºVUPGIÁ�Dlº�¾HTVTVOQM�RJGl¾�T�XJb�UxRlX�RJOqX�R)À�¾�R\RIOFGIT
ÁV¾�RI¾cÆV¼4R)UWX�¼�XJOQÁ3RJCeXJ¿'T¤DlºVGJC,TVUPäFO>RJºVOzGIOQDFOFUPZHOFGlX�U[T RIºVO�ÁV¾!Rl¾�DF¾�GIGI¿'UPTVÉcDlº�¾�TVT�OFMWXFÂ
¹�ºVO�Dlº�¾HTVTVOFMWXe¾�GIOÄ¾�GIÆVUxRIGI¾HGJUPMP¿ÎMP¾HÆ¤OQM[OqÁêRICHÀ¥ð�b�UPÁVÁVM[O,ð�¾HT�ÁóÆ¤CHR\RJC,bÄÂÕ¹�º�OÄRJCHÀÕ¾�T¤Á
Æ%C�R\RICHb�Dlº�¾�T�TVOFMWX�DF¾HGJGI¿vßeÆVU[R>XI¾�b�ÀVMPOQX�Ó�º�UPDlº�¾�M[RJOQGJT¤¾!RJOzUPTÄRJUPb�OHÂ�¹�ºVOzRICHÀÃDlº�¾HTVTVOFM
DF¾HGJGIUPOQX7RJºVOzOQZHOFT�XI¾�b�ÀVMPOQXQÂ
¹�ºVO Æ�¾HXJUWD*»½Gl¾�b�OÄGI¾�RJO3C�»ARIºVO�ÁV¾!Rl¾¡À�GJC4DoOqXJXJUPTVÉ¡UPT®RIºVO�Á4Oo»½C,GJbe¾�R\RJOQG�UPX�þ�ç«b�U[MPMPU[C,T
»½Gl¾�b�OQXiÀ¤OQGcXJOQDFCHT�Á�Â«¹�ºVO3Á�¾!RI¾Ò¾�GIO*bi¼�MxRIU[ÀVMPOoö4OqÁÎÆE¿
¾Ã»Ë¾HDoRJCHGLC�»)çÒ¼VÀÎRJC¡RJºVOÄåHëHþ
`ÃÔAä�DoMPCEDlíeGl¾!RIOªC�»�X�Rl¾�ÉHO�CHT�OHÂ
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È�»4RJº�O7CH¼VRJÀV¼4R#C�»�¾�Å�MxRIOFG¢b�OFOoRlX_DFOFGJRI¾HU[TzGIOQX\RJGIUPDoRJUPCHT�X.CHT�À¤¾HXIX\Æ�¾HT�ÁªÓ�UWÁERJºi¾HT�ÁzMPC4DF¾!RIU[C,T
RJº�OtC,¼4RJÀV¼VR#Ó�UPMPM'b�OQOoR¢RJºVO�<)¿4ñ'¼VUWX�R�DoGIU[RJOFGIUPCHTi¾�R¢GIOQÁ4¼¤DoOQÁiDoMPCEDlí�XJÀ%OFOQÁ¥Â.È~T�X\¼�DlºL¾>DQ¾HXJO
RJº�O�C,¼4RJÀ�¼4R)XJ¾HbcÀ�M[O�GI¾�RJOªbe¾¿eÆ¤OªGIOQÁ4¼¤DoOQÁvÆE¿*íHOQOFÀVUPTVÉcOFZHOQGJ¿e<)ÇîRIº XI¾�b�ÀVMPOªÓ�ºVOFGIO�<
UWX�¾cXJbe¾�MPM¥À%C!ÓtOQG�CH»#åVð�¾cÀVGJC4DFOQXIXtGIOo»½OQGJGIOQÁ*RJC*¾,X�Á4OQDFU[be¾!RIU[C,T¥Â
BEC,bcO¡b�¾�RJºVOQbe¾!RJUWDF¾HMAbe¾�T�U[ÀV¼�MP¾�RJUPCHTÿGIOFZHOq¾�MWX�RJº¤¾!R3UPTÿRIºVUPX DF¾,X\OÄRIºVOFGIOÒ¾HGJOÃ¾®MP¾HGJÉ,O
TE¼VbiÆ%OFG�CH»¢GIOQXJ¼VM[RIX�Æ%OFUPTVÉ*DFCHb�ÀV¼4RIOQÁ3RJº�¾�RA¾�GIOªTVC�R)¼�XJOQÁÄ¾HT�ÁÄDoCHT¤X\Oqñ,¼�OFT'RJMP¿eGJOqñ'¼VU[GIOQX
¾ÃMPC�R�MPOQXIXLº¤¾�GlÁ4Ó�¾HGJO,Â«=)Oo»½OFGIOFT¤DoO¡ã ÀVGIOQXJOFT'RIXc¾ÒÉHCEC4ÁêÁ4OFZ,OFMPCHÀVb�OQT,RcC�»)RIºVUWXLGIOQXJ¼VM[RQÂ
`�C,GJOeUPb�À¤C,G\Rl¾�T'RJMP¿ÃRIºVOvDoMPC4DlíÒXJÀ¤OQOQÁ
CH»tRIºVOeÅ�M[RJOQGLDoUPGlDo¼VU[RJGI¿¡be¾¿¡Æ%O*GIOQÁ4¼¤DoOQÁ«ÆE¿Ò¾
»Ë¾HDoRJC,G�CH»#<ið�XJCLRIºVO�X\RI¾�É,O>C,TVO�DoMPC4DlíeGJ¼�T�X�¾!R)C,TVOªOFUPÉHº'RJº C�»¢RJºVO�ÁVU[É,UxRIU[äQOFG)DoMPC4Dlí�Â
¹�ºVOeÀVGIC4DoOqXJXªCH»�Á4OqDoUPbe¾!RJUPCHT
Á4UPZEUPÁ4OqXªRJº�OeÅ�M[RJOFGiU[TVÀ�¼4R�Æ�¾�T¤ÁÒUPT'RJCÃ<�XJ¼VÆ4Ç�Æ�¾�T¤ÁVXFÂvÈ~T
RJº�UPXªDF¾,X\OL<�UPTÒX\RI¾HÉHOiC,TVOiUWX�OFUPÉHº'R�¾HT�Á�UPTÒX\RI¾HÉHO�R�Ó�CvUWXAR�ÓtC¤Â�¹�ºVOcGIOQñ'¼VUPGJOQbcOQT'RA»½CHG
¾eÀ%CHMP¿EÀVº�¾HXJOªÅ�M[RJOQGARIC*ÓtC,GJí3UPX)RJº�¾�RARIºVO�CH¼VRJÀV¼4R�À�¾HXIXJÆ�¾�T�Á bL¼�X�R>ÅVR>OQT'RJUPGJOQM[¿3Ó�UxRIºVU[T
CHT�OLCH»7RJº�O*<âXJ¼VÆ4Ç�Æ�¾HT�ÁVXQÂc?AT'¿ÃÅ�MxRIOFGªRIGI¾HT�X\b�UWXJXJUPCHT¡C,¼4RIXJUWÁ4OcRJºVOeÁ4OqX\UPGJOqÁÒXJ¼VÆ4Ç�Æ�¾HT�Á
Ó�UPM[M¥Æ%Oz¾�MPUP¾,X\OqÁvUPT'RJCcRJº�OªÅ�MxRIOFG)C,¼4RJÀ�¼4RQÂ
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?ì»½¼VGJRJº�OFGLDFCHT�XJOQñ'¼VOQT�DoOeCH»�RJºVOvÁVOQDoUPbe¾!RIU[C,TÎÀVGJC4DFOQXIXzUPX�RJº�¾�R�RJº�OvX\À%OQDoRJGl¾�M�X\OQT�X\OeCH»
RJº�OÄXJ¼�DQDoOQXIXJU[Z,O XJ¼VÆ4Ç�Æ�¾�T¤ÁVXcUPX�UPTEZHOFGJRJOqÁ�ÂÕ<)¼VbLÆ¤OQGJUPTVÉ
X\¼VÆVÇ�Æ�¾HT�ÁVXc»½GICHb æ¡RJº�O�OFZHOQT
TE¼VbiÆ%OFGIOQÁÒX\¼�Æ4Ç�Æ¤¾�T�ÁVX>Ó�UPM[M�º�¾Z,OiTVC,GJbe¾HM¢XJÀ¤OqDSRIGI¾HM#XJOFT¤X\O,ð�Ó�UxRIº¡GIOQXJÀ¤OqDSR�RJC�Á4UPÉHU[RJUPäFOFG
CH¼VRJÀV¼4Rqð�¾�T¤Á*RIºVOzC4ÁVÁ CHTVOqX�Ó�U[MPM¥Æ%OzU[TEZHOQG\RIOQÁ�Â
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¹�ºVO�ÀVGIUPb�¾HGJ¿ê»½¼VT�DSRIU[C,TÿC�»zX�Rl¾�É,O C,TVO�UWX*¾HX*¾HTÿ¾�T'RJU[Ç�¾HM[UW¾HXLÅ�M[RJOQGeRJCêX\RI¾HÉHOÄR�Ó�C�Â�È�R
Á4OqDoUPb�¾�RJOqX#RJºVOAU[TVÀ�¼4RtÁV¾�RI¾zÆE¿L¾�»Ë¾,DSRICHGNCH»�OQU[É,º'R7¾�T�Á�XJOFMPOQDSRlXNC,TVO�C�»�OFUPÉHº'RtXJ¼VÆ4Ç�Æ�¾�T¤ÁVXFÂ
¹�ºVOÄX\OQM[OqDSRIOQÁêXJ¼VÆ4Ç�Æ�¾�T¤ÁÎbe¾¿«Æ%O�Dlº�¾�T�ÉHOQÁ
ÆE¿ÎMPC,¾,Á4U[T�É¡¾�Tó¾�ÀVÀVGICHÀ�GJUW¾!RIOvX\OFRLCH»)RI¾HÀ
DoCEOFùeDFU[OQT'RIX�UPT,RICcRJºVOªÅ�M[RJOQG)º�¾HGIÁ4Ó�¾�GIOHÂ
Ï¢U[É,¼VGIO�ãAXJºVC!Ó)X�RIºVO>X\RI¾HÉHO)C,TVO)be¾�É,TVUxRI¼�Á4O>GJOqX\À%CHT�XJO)DoC,b�ÀV¼4RJOqÁ�»½GICHbýRJºVOªñ'¼�¾�T'RJUPäFOqÁ
Å�M[RJOQG�DoCEOoù*DoUPOFT'RlXz¼�XJOQÁÒU[T«RJº�Oeº�¾�GlÁ4Ó�¾�GIOHÂe¹�ºVOeDoCEOoù*DFOFT'RiX\OFRzÓ�¾,XªCHÆ4Rl¾�UPTVOQÁÒ¼�XJU[TVÉ
X\RI¾�T¤ÁV¾�GlÁªÏ_È�=ÎÅ�MxRIOFG¢Á4OQXJU[É,T�X\CH»�R�Ó�¾HGJO#»½C,G_¾��z¾HUPXJOFG.Ó�U[T�ÁVC!ÓtOqÁAÅ¤MxRIOFG¢Ó�UxRIºi¾�À�¾HGI¾HbcOFRJOQG
C�» � Â æ�Â�¹�º�O�ºVCHGIUPäFCHT'Rl¾�M¥¾!ö4UWX)MW¾�Æ%OFMWXA¾HGJOª»½GIOQñ'¼VOQT�Do¿ U[TÃ`¡Ô)äL¾�R)RJº�OiÁ4UPÉHU[RJUPäFOFG�¾�T�¾HM[C,É
UPTVÀV¼4RqÂN¹�ºVOzZHOQG\RIUPDQ¾�M�¾!ö4UWX�UPX�GIOFMW¾!RIU[Z,O>GIOQXJÀ¤C,T�XJO>UPT�Á���Â�¹�ºVOªU[GIGIOFÉH¼�MP¾HG�¾HÀVÀ¤Oq¾�Gl¾�T�DFO>CH»
RJº�OªX\RJC,À4Ç�Æ�¾�T�Á3¾!RJRJOFTE¼�¾�RJUPCHT3UPX�Á4¼�OARIC�ñ'¼�¾HT'RJUPäQ¾!RIU[C,TvCH»¥RJºVOªÅ¤MxRIOFG�RI¾HÀ DFC'OFù*DoUPOFT'RIXtRJC
ßzÆVU[RIXQÂ���OQDF¾H¼�XJO�RJºVUWXtUPX�X\¼�Æ4Ç�Æ¤¾�T�ÁeþL¾�T�ÁcRIºVO>¾HT�¾�MPCHÉzUPTVÀV¼4R�RJCiRJºVO�Á4UPÉHU[RJUPäFOFGtUPXtUPTeRJºVO
Å�GlX�R7<A¿4ñ,¼�UPX\R7äFC,TVO�RJº�O)CH¼4RIÀV¼4R7CH»¥X�Rl¾�ÉHO�C,TVO�Ó�UPM[M%X\À%OQDoRJGl¾�MPM[¿LU[TEZHOQG\RIOQÁcGIOFMW¾!RJUPZHO�RICzRJºVO
Á4UPÉHU[RJUPäFOQG)¾�T�¾HM[C,ÉLUPTVÀV¼4RqÂ

Ï_UPÉH¼�GJO�ãH÷7BERI¾�É,O�ãªXJ¼VÆ4Ç�Æ�¾HT�Á3XJU[övbe¾�ÉHT�UxRI¼�Á4OzGIOQXJÀ¤C,T�X\O,Â
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Stage 1 response for sub−band 6 with sub−band boundaries shown.
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]>^_?�Æ�¾,X\OQÆ�¾�T¤ÁeX\¿4X\RJOFbâUWXtë�æi`ÃÔ)ä,Â¢È~TvCHGlÁ4OFG�RICiC,Æ4RI¾HU[T*¾ªÅ¤T�¾�M�¾�T�¾HM[C,ÉzCH¼4RIÀV¼4R�Ó�UxRIº
OFU[RJº�OFG)XJÀ¤OqDSRJGl¾�M¥XJOFT¤X\O�RJº�O�DoOFT'RIOFGzãQæ,æL`¡Ô)äzC�»¢RJº�O�X�Rl¾�ÉHOcãªCH¼4RIÀV¼4R)UWX�GIOQñ'¼VUPGJOqÁ�Â
?�R�OFU[RJºVOQG�OQT�Á*CH»¥RJº�O�DFOFT'RJOQG>ãqæHæi`¡Ô)ä�C�»¥RIºVO�XJOFMPOQDoRJOqÁvXJ¼VÆ4Ç�Æ�¾�T�Á*UPX�¾3ãFçL`¡Ô)ä�Ó�UPÁ4O
ÉH¼¤¾�GlÁÒÆ¤¾�T�Á�ÂÃ¹�º�OQXJOv¾�GIO�»½GJOqñ'¼VOFT�DFU[OqXzÓ�ºVUWDlºê¾�GIO*TVCHRiTVOFOqÁ4OQÁ
UPTÎRIºVOeÅ�T�¾HMtC,¼4RJÀ�¼4RQÂ
¹_Cib�U[T�U[b�UPäFO>RJºVO�GJOqñ'¼VU[GIOQÁcÅ¤MxRIOFG�X\UPäFO>RJºVUWX>ãFçL`¡Ô)ä�ÀVM[¼¤XNRIºVOLãQçL`ÃÔAä>¾,Áú\¾HDFOFT'R�XJ¼VÆ4Ç
Æ�¾HT�ÁVXA¾HGJOL¼�XJOQÁÃ¾,X)ÉH¼¤¾�GlÁÄÆ�¾�T�Á�XFÂ�¹�ºVOiÀ�¾HG\RIUP¾HM.GIOQXJÀ¤C,T�XJO�U[TÒ¾HÁú\¾,DoOFT'RªX\¼VÆVÇ�Æ�¾HT�ÁVXAUPX
¾�MPUW¾HXJOQÁ�UPT'RJC>RJºVO�Å¤MxRIOFG�CH¼VRJÀV¼4RqÂ¢¹�º�OQXJO�¾HM[UW¾HXJOQÁLX\UPÉHT¤¾�MWX¢¾HGJO�TVCHR#¼¤X\OqÁiUPTiRIºVO�Å�T�¾HMEÅ�MxRIOFG
CH¼VRJÀV¼4RqÂNÏ¢U[É,¼VGJO�åLUWX�¾cÁVOoRI¾HU[M¥XJºVC!Ó�UPTVÉLRJºVO�¾HGJOq¾�TVOq¾�G�RJº�O�À¤¾HXIX\Æ�¾HT�Á3Ó�UxRIºÄXJ¼VÆ4Ç�Æ�¾HT�Á
¾�T¤ÁvÉ,¼�¾�GlÁEÇ�Æ�¾�T�ÁvÆ¤C,¼VT�ÁV¾HGJUPOQX�XJºVC!Ó�T¥Â

Ï¢UPÉH¼VGIOzå4÷7B'Rl¾�ÉHOªC,TVOzX\¼VÆVÇ�Æ�¾HT�Á X\U[övbe¾�É,TVUxRI¼�Á4OzGIOQXJÀ¤C,T�XJO�Á4OFRI¾HU[M�Â
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Detail of stage 1 magnitude response near pass−band
showing sub−band boundaries and guard bands
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B'Rl¾�ÉHOACHTVO>UPXtU[b�ÀVMPOFb�OQT,RIOQÁv¼�X\UPTVÉzRIºVOªY�BEÐòÆVMPCEDlí�GIOQXJCH¼VGlDoOqX�UPTeRJºVO>RJC,Àv¾�T¤ÁeÆ¤CHR\RICHb
Ï¢ÐtÑª?AXQÂ�¹�ºVOFGIO�¾�GIOeãQæeYªBEÐ�Æ�M[C4Dlí4X)¾Z!¾�UPMP¾HÆVMPO�UPT�OQ¾,Dlº�Ï_Ð�Ñª?aÓ�ºVUWDlºÄOQ¾HDlºÄÀVGIC!ZEUPÁVO
ß�ß!öVßcÆVU[RAbi¼VM[RJUPÀVMPU[OQGIXQÂN¹_ÓtCeÆVMPC4Dlí4X�¾�GIOªDQ¾HXIDF¾,Á4OQÁ*RJCeÀVGIC!ZEUPÁ4Oz¾ ãQþLRl¾�À�Dlº�¾�UPT¥Â7Ï�CH¼VG
Dlº�¾HU[T�Xt¾�GIO)UPbcÀ�M[OQbcOQT'RJOQÁ*U[T*Oq¾HDlºeCH»�RJºVOARJCHÀ3¾�T�ÁeÆ%C�RJRJC,bìÏ¢ÐtÑª?>XtRJC�C,Æ4RI¾HU[Tv¾zRJC�Rl¾�M
C�»�ãqåHß�Rl¾�À�XQÂ
È~TÕRJº�O¡Y�B4ÐàÆVMPC4Dlí®b�C4Á4OÃ¼�XJOQÁóRIºVO¡ÆVMPC4Dlí®ÀVGIC!ZEUPÁVOQX*ßÎbL¼VM[RJUPÀVM[UPOFGlXQð�RJºVO�Å¤GIX\R*R�Ó�C
ÀVUPÀ¤OQM[UPTVOqÁ®¾HÁ�Á4OFGiRJGIOFOvX\RI¾HÉHOQXL¾�T�ÁÎR�ÓtC¡XJºVU[»�RcGIOFÉ,UPX\RJOQGLDlº�¾HU[T¤Xi¾!RLRJºVO3bi¼VM[RJUPÀVMPU[OQGLUPT4Ç
ÀV¼4RlXFÂ�@>TVOªC�»¢RJºVOiXJºVU[»�R)GJOQÉHUWX�RIOFG)Dlº�¾HU[T¤X�UPX�¼�XJOQÁ3»½C,G�RJºVO�Á�¾!RI¾�¾HT�Á UPX)DFM[C4Dlí,OQÁ ¾!RAåHëHþ
`ÃÔAäHÂ�¹�ºVOACHRJºVOQG7UWX7¼¤X\OqÁ�RJC�º�CHMWÁ�RJºVOAÅ�M[RJOFG�DoCEOFùeDFU[OQT'RIXQÂ#¹�º�OADoCEOoù*DFU[OQT,R�Dlº�¾�UPT�Xt¾�GIO
DF¾,XJDQ¾HÁ4OqÁ�UPTÒRIºVO�º�¾�GlÁ4Ó�¾�GIOHÂi¹�º�O�Dlº¤¾�UPT�Xª¾�GIOLMPC,¾,Á4OQÁ¡RJºVGICH¼�ÉHºÒ¾ XJU[TVÉ,M[O�GIOFÉ,UPX\RJOQG>ÆE¿
RJº�OcC,TVMPU[TVO�DoC,b�ÀV¼4RJOQGQÂL¹�ºVOcDFCEOoù*DoUPOFT'RIX�bL¼�X�RzÆ%OeX\ÀVMPU[R�OQZHOFT«¾�T�Á¡C4ÁVÁÒ¾HT�Á�»½¼�G\RIºVOFG
XJº'¼���OqÁcÆ'¿iRJºVO)DFCHb�ÀV¼4RIOFGNUPT�CHGlÁ4OFG#»½C,G�RJº�OFbaRICzOFT�Á�¼�ÀcUPT�RJº�O)DoCHGIGIOQDSR�ÀVMW¾HDFOQX#UPT�RJºVO
DoCEOFùeDFU[OQT'R_UPTVÀV¼4RlX¢RJC>RJºVO�bi¼VM[RJUPÀVMPU[OQGIXQÂ_¹�º�UPX_RI¾,X\íªUWX¢º�¾�T�ÁVM[OqÁ�ÆE¿ªRJºVO�b�CHTVU[RJC,GSé�DoC,T,RIGJC,M
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DoC,b�ÀV¼4RJOQG�X\CH»�R�Ó�¾HGJO,Â*=�Oo»½OQGzRJC RIºVO*]>Ô>Y>^èX\C,¼VGIDFOcDFC4Á4O*¾�T�ÁÒRIºVOvDoC,T'RJGICHM#ÀVGICHÉHGl¾�b
XJCHGI¼�DoO>»½CHG�RIºVOzOoöV¾HDoR�U[b�ÀVMPOFb�OFT'Rl¾!RJUPCHTÄCH».RJº�UPXQÂ
¹�ºVOzX\RI¾�É,OAC,TVOªU[b�ÀVMPOFb�OFT'Rl¾!RJUPCHT3UPX�XJÀVMPUxR�Æ%OoR�Ó�OFOQTvR�Ó�CcÏ¢ÐtÑª?>XFÂN¹�º�Oª¾,ÁVÁ4OQGtRIGJOQOQX�UPT
RJº�O>Å¤MxRIOFG�¾�GIO�¾HM[MPC!Ó�OQÁ�RICcÉ,GJC!ÓÿUPTvÓ�UWÁERIºÄ¾,X�ÁV¾!Rl¾iÀVGICHÀ%CHÉ'¾!RIOQXN¼�ÀvRIºVO�RJGIOFOHÂ�È~T3CHGlÁ4OFG
RJCÄC,Æ4RI¾HU[TÒRJºVO�GIOQñ'¼VUPGJOqÁÒXJÀ%OFOQÁÒUPT¡RIºVO�Å�M[RJOFGªRIºVO*¾HÁ�Á4OFG�RJGIOFO�UWX�»½¼VMPM[¿ÒÀVU[À%OFMPUPTVOQÁ�Â*?�R
RJº�O*CH¼4RIÀV¼4RiCH»�C,TVOeº�¾HMx»�RJº�OeÅ�M[RJOFGiRJºVOvÓtC,GIÁÒÓ�UPÁ4RJºÎUWXLåHå3ÆVU[RIXQÂÄ¹�ºVUPXiUPXzRJGI¼VT�DF¾�RJOqÁ
RJC¡ãQæ�ÆVU[RIX�¾�T�Á�ÁVOFbi¼�MxRIU[ÀVMPOoö4OqÁÄÆ'¿Ä¾�»Ë¾,DSRJC,GACH»¢R�Ó�C�»½CHGARJGl¾�T�XJb�UPXIXJU[C,T3RICeRJº�Oib�UPÁ�Á4M[O
Ï¢ÐtÑª?�Ó�ºVOQGJO�RJº�O�X\UPÉHT�¾HMPX�¾HGJOªDoC,biÆVUPTVOqÁ�Â
¹�ºVO�R�Ó�CzX�RIGJOq¾�beX¢»½GJC,baRIºVO�CH¼4RlX\UWÁ4O)Ï¢ÐtÑª?>X7¾�GIO�¾HÁVÁVOQÁLRJCzC,Æ4RI¾HU[TcRJº�O�R�ÓtCzUPTVÀV¼4RlX#RJC
RJº�O>X\RI¾�É,O�R�Ó�CiDlº�¾�UPT�XQÂ�¹�ºVOQXJOA¾�GIO)UPTVÀV¼4R�RJCc¾�É'¾�UPT*¾HÁú�¼�X\RtÆ�M[C4Dlí�Â�¹�ºVOAÉ'¾�UPTeUPX�X\OFRtÆE¿
RJº�OLC,TVM[UPTVOcDoCHb�ÀV¼VRJOFGªXJ¿EX\RJOQbáRJºVGICH¼VÉ,º¡¾�TÒßvÆVU[RªGJOQÉHUWX�RIOFGqÂ>¹�ºVOLCH¼4RIÀV¼4RªC�»NRIºVOLÉ'¾�UPT
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