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}�C"JMl0Wz¦;JLN�JL\"h$J�PdJLF�s�J$JL\�ckET\=c'QG[Zl+QTN�Y2hLN�QT[b[:c'QG[Zl=[bWZJ$Y�Wb\+s�C"JLFIC"JLN�F2C"J_QGN2WZJL\tF�ETFIWZQT\�QGcq\"JLs»F2N2WZEG\U]X[ZJ$Y
s�CUWb[ZJ�NISU\U\UWb\U]jET[ZQG\U]MFIC"J�Y`F2NIWba�WZYmEG[bsqEoK^Y�F2C"J�YIETuvJ��'YIhLN�QG[b[;c'QG[Zl"��QGNmY`FIN2WZhLF2[bK�EG[bF�JLN2\eETF�J$Y��²c'EG\{c'QG[Zl"��nq�HS^F
F2CeETF�h2C"QGWZh$J�N�J$l^QTSU\elUY@Wb\MFIC"JO¢�E$Kt[ZJLK_FIN�J$JTVGWb\vF�JLN2uvY@QGc;s�C"JLFIC"JLN
QG\"J�C"J$EXlUY:[ZJ�c¥FqQGNHQG\"J�C"J$EXlUY:NIWb]gCtF�s�CUWb[ZJ
urQoxyWb\^]_ET[ZQG\U]UVUEG\"lvY2Q�Wb\�s�C"JLF2CeJLNqQG\"JONISU\"Y�N�JLaRJ$EGF�J$l0[bK�EGN�QGSU\"l_FIC"JmYIETuvJOY2JLF�Q4c@c'EXh$J$YoVyQTN�s�C"JLFIC"JLNqQG\"J
C"J$EXlUY�QG¦iWb\tF�Q_F2CeJmY`S^\"Y2JLF$n:}�C"J�[ZEGF2F�JLN�]tJL\"JLN�EGF�J$Y�F2C"J�}RS"hI�gJLNIurEG\{}RN�E$xgJLN�Y2JTn
��E$xtWb\U]�h$QT\"YwF2NIS"hLF�J$l;V2a"ETWb\tF�J$l;VXET\el��eJL ^J$l�\tSUuvJLN�QGS"Y"a^Wb[ZJ$Y:QGcUa"ETaRJLN¡VoWbF:PRJ$h$ETuvJ:hL[ZJ$EGN@C"Q$s+F�Q�aRQXY`WbF2WZQG\

Y`a^WbN�EG[ZY�EG\"l=YwF2N�ETWb]XCtF�Y`FIN2Wba"Y�aUN�EXhLF2WZh$EG[b[bK�ETF�s�Wb[b[kVfET[b[fF2C"J�s�C^Wb[ZJ�c'QGN�J$YIJ$JLWb\U]rCeQ$s F2CeJ�EgYIY2JLu�PU[ZJ$l��eJL ^EG]tQT\
s�QTSU[ZlvPRJLC"E$xXJTn

}�C"JLN�J�WZYf\"QTFfET[b[UFIC"EGF:u�S"hIC_l0Wz¦RJLN�JL\"h$J�Wb\_SU\"lUJLN�Y`F�ET\"lyWb\U]O�"JL 0EG]yQG\"Y@EXY2Y2JLu�P^[ZJ$l�c�N�QGu QGF2C"JLN:aRQG[bKy]tQG\"YoV
Y`Seh2C=EXYOFIC"J�F�JLFIN�EG�"JL 0ET]tQT\eY
PUS^Wb[bFms�WbF2C�Y2¤XS"EGN�J$Yon��»Y2¤XS"EGN�J�C"EXYOurQGN�J�J$l0]tJ$YoV�h$QG\"Y2J$¤XS"JL\tFI[bKMurQGN�J�CUWb\^]yJ
aRQgYwWbF2WZQG\"Yon�F2C"J�YwaU[bWbF2FIWb\U]�S"Y2J$l{F�Q�lUJLN2WbxXJ_EvSU\UWbxXJLN�Y2EG[
�eJL ^EG]tQT\=YwaU[bWbF�Y�EMc'EXh$J�Wb\�FICUN�J$JTV"\"QTF�F�sqQ0Vds�WbF2C�E
N�J$YwSU[bF2Wb\^]{S^\"h$JLN2F�ETWb\tF�K�s�C"JLN�J�F2C"J�CUWb\U]tJ$Y�YwWbF�è�QTN�N�EGF2C"JLN$VRWbujaU[bWZJ$l=l0WbN�J$hLF2WZQG\�Q4c�c'QG[Zl0Wb\U]�è�s�CUWZhIC�WZY�QG\"J
Y2QGSUN�h$JmQ4c�F2C"J�adQXY2YwWbPUWb[bWbF�KrQ4c�F2SUP^SU[ZETFIWZQT\Rn
}�C"J�aUNIWb\"hLWbaU[ZJ_Q4cHckET\~c'QG[Zl0Wb\U]�xXJLN�Y`SeY�YIhLN�QG[b[�c'QG[Zl0Wb\U]�Y`FIWb[b[HEGaUaU[bWZJ$YLV:E4¦RJ$hLFIWb\U]rs�CeJLF2C"JLNOFIC"J_h$QG\"Y`WZYwF�JL\tF

Y`FIN2S"hLFISUN�J$YflUJLN2WbxXJ$lMFIC"JLN�J�c¥N�QGu�EGN�J�Y`aUWbN�ET[ZY�QGN�Y`F2N�ETWb]XCtF�[bWb\"J�YIJL]guvJL\tF�Yond¸@Wb]XSUN�J ! Y`CeQ$sOY�F2C"J�Y2J$h$QG\"lrYwF�EG]yJ
EGaUaUN�QXEXh2C�F�QMFIC"J�SU\UWbxgJLN�Y2EG[:F�JLFIN�EG�"JL 0ET]tQG\dVts�CUWZhIC=u�SeY`FOPRJ�c'QG[ZlUJ$l�SUa�c�N�QGu Evl0WZEG]yQG\"EG[b[bK�N2SU\U\^Wb\U]eVeP^SUF
\"JLxXJLN2F2CeJL[ZJ$Y2Y�J$Y2Y2JL\tFIWZET[b[bKvY`F2N�ETWb]XCtF¡V^Y`FIN2Wba�QGc�a"EGaRJLN¡n

��c�F�JLN:[bKtWb\U]_lUQGN2uvET\tF�ckQTNf\"J$ETNI[bK�c'QGN2F�K�KgJ$EGN�YLVtFIC"J�sqQGN2�_QG\M�eJL ^EG]tQT\"Yd]yQGF
N�JLxyWbxXJ$l_PRJ$h$ETSeY2J�QGc;Wb\tF�JLN�J$Y`F
Wb\_FIC"J���\yF�JLN2\"JLF$nR¸UQGNHYIJLxgJLN�EG[tKgJ$EGN�Y@�@CeE$xgJ�PRJ$JL\�QG¦;JLN2Wb\U]�EO]XN�EXl0S"EGF�J
h$QGSUN�Y2JfWb\r¢�JL[b[bSU[ZEGNH�OS^F�QGurEGF�E�ETF�F2C"J
¢�JL\tF2N�Q_lUJ���\txgJ$Y`FIWb]yEXhLW� QG\�K{¼�Y`FIS"l0WZQXY��OxTEG\"º$EXlUQXYHs�C^WZh2C~WZY�a"EGN2FOQ4c�F2CeJm��ETFIWZQT\"EG[��
QT[bKtF�J$h2CU\^WZh���\eY`F2WbFISUF�J
Wb\v�=JL tWZh$Q�¢�WbF�KTnq"@WbFIF2[ZJ�PtK_[bWbFIF2[ZJ�sqJ�C"E$xgJ�PdJ$JL\�PUSUWb[Zl0Wb\U]�S^a{E�B�JLPrY`WbF�J>¡mh$QG\yF�ETWb\^Wb\U]�F2C"J�F�JL tFqQ4c@EGN2FIWZhL[ZJ$Y
s�CUWZhIC�s�J�C"EoxgJ_s�NIWbF2F�JL\=ET\el=EXY2Y2Q0hLWZEGF�J$l�]XN�EGaUCUWZh$EG[@urEGF�JLNIWZET[kV"Wb\"hL[bS"l0Wb\U]�FIN�EG\"Y2hLNIWbaUF�Yqc¥N�QGu FIC"J_¢��O�=EGWb[
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l0WZYIhLS"Y2YwWZQT\v]gN�QTS^adn
�qJ$YwWZlUJ$Y�FIC"JvurEGF�JLN2WZEG[�Y`F2NIWZhLF2[bK�adJLNIF�EGWb\UWb\U]~F�Q=h$JL[b[bSU[ZEGNMEGSUF�QGurEGF�E0V�F2C"JLN�J_WZYME�h$QG\"Y`WZlUJLN�ETP^[ZJ_N�J$YwWZl0S"J

c�N�QTu�F2CUWbNIF�K�KgJ$EGN�Y
Q4c�F�J$EghICUWb\U]UVtYIQ0hLWZET[UYIJLN2xtWZh$J�aUN�QT¹wJ$hLF�YLVXET\"l�F2C"J$YwWZY:s�QTNI��F�Qm]tJL\"JLN�ETF�JHY�Y`SUPeY`F�EG\tF2WZEG[0PdQ0lyK
Q4c�Wb\tF�JLNIN�JL[ZEGF�J$l�urEGF�JLNIWZET[kn���\�a"EGN2FIWZhLSU[ZETN$V�SU\"l^JLN2]XN�EXl0S"EGF�J�FIC"J$Y2J$Y�EGN�J�E�N�J$¤XSUWbN�JLurJL\tF�Wb\DF2CeJr��JL yWZh$EG\
J$l0S"h$EGF2WZQG\"EG[UY`K0Y`F�JLui£XWbF�CeEgY�ET[bs�E$K0Y�Y2J$JLuvJ$l�[bWb�gJ�E�]tQ0Q0l�WZlUJ$E�F�Q�]XSUWZlUJ�F2C"JLu»F�Q$s�EGN�lUYfF2C"J�Egh$hLS^u�SU[ZETFIWZQT\
Q4c@N�J$Y`SU[bF�YHEG\"lvJL tadQXY`WbFIWZQT\"Yfs�CUWZhIC�sqQGSU[ZljPdJ�QGc�EXY2Y`WZYwF�EG\"h$J�Wb\�aUN�J$YIJL\tF2Wb\U]�h$QGSUN�YIJ�sqQGN2�"n�î�WbxgJL\�F2CeETF�F2C"JLK
s�QTSU[Zl+PRJjs�N2WbF2F�JL\�Wb\D�ga"ET\^WZY`CdVfY`FIS"lUJL\tF�Y�YwC"QTS^[Zl��^\"l�F2C"JLu J$EXY`WZJLN�F�QiN�J$EXl=FIC"ET\+C"EoxyWb\^]~F�Q�FIN�EG\"Y`[ZEGF�J
¼�\U]g[bWZYwC�ETNIF2WZhL[ZJ$Y�ET\elrF�JL tF2PRQ0QT�0Yon

dragon April 6, 1995

Dragon
Curves

A dragon curve results when
the individual segments of a

figure stretching between two
points are recursively replaced

by the entire figure.
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the basic design

simple replacement

multiple replacement

¸@Wb]XSUN�J�ã^½��»]yQ0Q0l�JL 0EGuMaU[ZJ�Q4cqEr]tJ$QGurJLF2NIWZh�c¥N�EXhLF�EG[@WZY�F2C"J�l0N�ET]tQG\=hLSUN2xXJTnM�gS"h2C�hLSUN2xXJ$YmEGN�J�]tQTFIF�JL\~PtK
N�J$hLS^N�Y`WbxXJL[bK�N�JLaU[ZEXhLWb\U]�Y`Wb\U]X[ZJ_Y2JL]XurJL\tF�Y�s�WbF2C�EjurQGN�J�h$QGuMa^[bWZh$ETF�J$l{EGN�h�CeE$xtWb\U]�urEGN2�gJ$l�YIJL]guvJL\tF�YOQ4c�WbF�Y
Q$s�\dn
�qJLKXQT\el=FIC"ETF$V@FIC"JLN�J�WZY�u�S"h2C�urEGF�JLNIWZET[@[ZJ�c¥F�Q$xgJLN�c¥N�QGuæ��PdJLN�lUJ$JL\dVR��EG[bF2WburQGN�JTVdET\el�¸@[ZQGN2WZl^E^V�s�CUWZhIC

h$QGSU[Zl�N�J$EXY2QG\"EGPU[bKjckQTNIu a"EGN2FOQ4c�F2CeJ�h$QG[b[ZJ$hLF2WZQG\dn��mY�c'EGNmEgYq]yJL\"JLN�ET[RWb\tF�JLN�J$Y`F�]tQ0J$YoV^F2CeJ�¸d[ZJL ^EG]tQT\�a"EGaRJLN�Y
F�QGS"hIC�QG\�EOY`S^Pe¹wJ$hLF@QGc^s�WZlUJfaRQTaUS^[ZETNRETa^adJ$EG[kV$\eETuvJL[bKO�mJ$hLN�J$EGF2WZQG\"EG[4�=EGF2C"JLuvETFIWZh$YoVLYIQ�F2CeETFRF2CeJLWbNdWb\ehL[bS"Y`WZQG\
Wb\+F2C"J�B�JLP+a"EG]yJ_YwC"QGSU[Zl�YwF2Wbu�SU[ZEGF�J�urQGN�J_h$QG\"Y`S^[bF�EGF2WZQG\~F2C"EG\=FIC"JMYwadJ$hLWZEG[bWZº$J$l~s�QGN2�=QG\+]gN�QTSUa�F2C"J$QGN2KTV
¤XS"EG\yFISUuôurJ$hIC"EG\UWZh$YoVtQGNOl0Kt\"EGuMWZh$EG[;YwK^YwF�JLuvYon
¼HxXJL\�F2C"QGSU]XC{WbF�Y2J$JLurJ$lj[bWb�gJ�EMY`WbujaU[ZJ�aUN�QG¹`J$hLF¡VyWbFOC"EXY�F�ET�XJL\�F2C"J�urET¹wQTN�aeETNIFOQGc�E�KgJ$EGNOF�Q�N�J$EXlvF2C"J
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F�JL tF�QTa^F2WZh$EG[b[bKMET\el_F�Q�h$QGatK�F2C"J��U]XSUN�J$Y���F2CeJOQTNIWb]gWb\eET["lyN�E$s�Wb\U]tY�F�Q0QG��F2C"JLWbN�EGSUF2C"QGNHEG\"l�F2C"JL\jF2C"J���ETNIF2Wb\
��ET[bFIWburQGN�J�EGN2FHl^JLa"ETNIF2uvJL\yF:EmckETWbN�ETuvQTS^\yFfQGc"F2WburJ�F�Qma^N�JLa"EGN�J�F2CeJLu Wb\rFIC"J��UN�Y`F
a^[ZEgh$J4��nRBDC^Wb[ZJ�F2C"EGF
s�EXY
]tQTWb\U]�QG\dVyF2C"JLK_YIJ$JLurJ$l�F�Q�PdJOYwS(�MhLWZJL\tF2[bK�N�JL[ZEGF�J$l�F�Q�Y`S"hICrFICUWb\U]tYHEXY�ETS^F�QGurEGF�EmEG\"ljl0Kt\"ETujWZh$ET[eY`K0Y`F�JLurY
F�Qj[ZQ0QG�{FIC"JLu Q$xXJLN�EXYmaeETNIFmQGc
F2C"J�h$JL[b[bS^[ZETN�ETSUF�QTuvETF�E�h$QTS^N�Y2JTn��gSUN2aUNIWZY`Wb\U]X[bK�JL\"QGSU]gC��kQTN�adJLNIC"ETaeY�\"QTFL��V
F2CeJON�J$YwSU[bF�s�EgY�E�u�Seh2C�PRJLF2F�JLNfSU\"lUJLN�Y`F�ET\"lyWb\U]�QGc�FIC"JLWbN�\"ETFISUN�JTn

}�CUWZYmS^\"lUJLN�YwF�EG\"l0Wb\U]vh$QT\eY`WZY`F�Y�Wb\�N�JL]tETN�l0Wb\U]rEv�"JL 0EG]yQG\=EXY�Ev]tJ$QTuvJLF2NIWZh�c¥N�EXhLF�EG[kV�Wb\=FIC"J_Y`F�Kt[ZJ_Q4cHF2C"J
l0N�ET]tQT\�hLSUNIxgJ$YoVGEG\"l�F2C"JLWbN@a^N�J$lUJ$h$J$YIY2QGN�Y"YwS"hIC�EXY@��Wb[bPdJLNIF¡� YRY`a"EXh$J:�^[b[bWb\U]�hLSUNIxgJ�QTN���JL[b]tEH¥�Q0hICd� Y@Y`\eQ$s��"EG�gJTn
�tS"hICv�U]gS^N�J$YfN�J$Y`S^[bF�c¥N�QGuôN�JLaU[ZEXhLWb\U]�ET\�EGN�hTVyS"Y`S"EG[b[bKrE�[bWb\eJ�YIJL]guvJL\yF$VXPtK{EG\"QGF2C"JLNf�U]XSUN�JTVgaUN�QGP"EGPU[bK_urQGN�J
h$QGuMaU[bWZh$EGF�J$l;VXYIQTuvJ�QGcds�C"QXY2JqWb\yF�JLN2\"EG[;EGN�h$YfC"E$xXJOPRJ$JL\_urEGN2�XJ$l�ckQTNHc�S^N2F2CeJLN
N�JLa^[ZEgh$JLuvJL\yF$nR�|F2NIS"Jqc�N�EghLF�ET[
N�JLa^[ZEgh$J$Y�ET]tEGWb\iEG\"lvET]tEGWb\rs�WbFIC"QTS^Fq[bWbujWbF¡VyPUSUF�EXY�E�aUN�EXhLF2WZh$EG[UuvETFIF�JLN�F2C"J�c�N�EXhLF�EG[Us�QTS^[Zl{QG\U[bKvPdJ�h$ETNIN2WZJ$l
F2C^N�QGSU]gC�E�ckJLsÅYwF�EG]yJ$YL£0Wb\tF�JLN�J$Y`FIWb\U]_s�E$K0Y�F�Q�a"EGN2F2WZEG[b[bKM�^[b[@SUa~E_aU[ZEG\"J�N�JL]XWZQT\�JL\"YwS"JTn�� h$QG\"Y`FIN2S"hLFIWZQT\_c'QGN
F2CeJmhL[ZEXY2Y`WZh�l0N�ET]tQT\�hLSUNIxgJOWZYqN�JLaUN�Q0l0S"h$J$l�Wb\�¸@Wb]XSUN�J�ã0n

�D�"JL 0EG]yQG\_uvE$K�PdJ�hLN�J$ETF�J$l�c�N�QTu÷ET\tK�aRQT[bKt]tQT\dVgET[bFIC"QTS^]gC_WbF�WZY�PdJ$YwF
F�Q�YwF�EGN2F
s�WbFICMN�JL]gSU[ZEGN
aRQG[bKy]tQG\"YoV
QGN�EGF�[ZJ$EgYwF�Y`SUaUaRQXY2J�FIC"JLKMEGN�Jmh$QG\txgJL "nf}�C"J�h2C"QXY2JL\jadQG[bKt]yQG\vWZY�WbF�Y2JL[zc�E�a^[ZET\"J��U]XSUN�JTVgPUSUF�WzcfE�\tSUu�PdJLN�Q4c
h$QGaUWZJ$Y�WZYOY`F�EghI�gJ$lvSUa�s�WbF2C~E�Y`[bWb]XCyFOYIJLa"EGN�EGF2WZQG\rPRJLF�sqJ$JL\vF2CeJLuiVtFIC"JmEXY2YIJLu�PU[ZEG]yJ�CeEgY�E�F2CUWbN�lrl0WbuvJL\"Y`WZQG\dV
s�WbF2C^Wb\~s�CUWZhIC=F2CeJLKruvE$K�PdJ�N�QTF�ETF�J$l;V^N�JL�"J$hLF�J$l;V0FIN�EG\"Y`[ZEGF�J$l�V"QGNmuvQ$xgJ$liETPRQTS^FOWb\=Y2QGurJ�h$QGu�P"EGF2WZQG\dn�B�J
h$EG\{h$EG[b[RF2C"J�adQG[bKt]yQG\"Y1¦oªg³2°2LVeF�Q_lyWZY`F2Wb\tSUWZYwC�F2C"JLuéc�N�QTuôF2CeJLWbNOJ$l0]yJ$YLVts�CUWZhIC�s�Wb[b[@PdJ�S"Y2J$lvEXY�CUWb\U]tJ$Yon
��Q$sDYwSUaUaRQgYIJ
FIC"EGF:F�sqQ�h$QG\"Y2J$hLS^F2WbxgJ
ckEgh$J$YfQT\_FIC"J�Y`F�EghI��C"E$xXJOE�a"ETWbN�QGc;J$l0]tJ$Y;¹`QGWb\"J$l�F�QmuvET�XJ�CUWb\U]tJ$YoV

EG\"l�F2CeETF�FIC"J�J$l0]tJ�YIJL[ZJ$hLF2WZQG\�N�QGF�EGF�J$Y�EGN�QGSU\"l�F2CeJ�aRQG[bKy]tQG\~Y2QjF2C"EGFOF2CeJ�\eJL yFOc�N�J$J�J$ly]yJ�WZY�ET[bs�E$K0YmSeY2J$l;n
}�C"JLN�Jms�Wb[b[:�^\"ET[b[bKvPRJ�E�a"EGWbNmQGc
J$l0]yJ$YLVeQT\"J�QG\�F2C"J�PRQTFIF�QGu�aRQT[bKt]tQT\�EG\"l�QG\"J�QT\"J�QG\�F2C"J�F�QGa�adQG[bKt]yQG\dV
F2CeETF@N�JLurEGWb\�S^\"h$QT\^\"J$hLF�J$l;£oWb\MQG\"JT� Y@WbuvET]XWb\"EGF2WZQG\�FIC"JLK�h$QGSU[Zl�PRJ@¹`QGWb\"J$l�hLK0hL[bWZh$ET[b[bKTVXPUS^F:F2C"EGF@s�QTSU[Zl�c�N�J$J$º$J
F2CeJOa"EXh2�GET]tJmEG\"lv�gJ$JLa�WbFqc�N�QTuÚQGadJL\^Wb\U]enf¢�EG[b[dFIC"JOaeEghI�TEG]yJTV^EgY�KXJLF�SU\"h$QG\U\"J$hLF�J$l;VXEM¡°2³o«kàGÝ�n

��F�FICUWZYmaRQGWb\yF�h$QT\eY`F2NIS"hLFmE�Y2J$h$QG\"l~YwF�EXh2�"V;F2SUNI\~WbF�QoxgJLN¡V�EG\"l~h$QG\U\"J$hLFOWbF�Y�c¥N�J$J�J$l0]tJ$YOF�QMFIC"JLWbN�h$QTSU\^è
F�JLNIa"EGN2F�Y�Wb\�FIC"Jm�^N�Y`FOYwF�EXh2�"nq�O[bF�JLNI\"EGF2WbxgJL[bKjF2C"J�QGN2Wb]XWb\"ET[@YwF�EXh2��h$QTS^[ZlrCeE$xgJ�PRJ$JL\rF�s�WZh$J�EXY�CUWb]XCdV^s�Wb\"l0Wb\U]
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WbFmYIJ$JLurYfF�Q�PRJ�J$EXY`WZJLN�F�Q�]tJLFqFIC"JLuôPtKrFIC"J�YIETuvJON�J$hLSUN�YwWbxgJOa^N�Q0h$J$Y2Y�PtKvs�CUWZh2C�FIC"Jm�eJL ^EG]tQT\"Y�FIC"JLurYIJL[bxgJ$Y
EGN�J�h$QT\eY`F2NIS"hLF�J$l�n+��\DQGF2C"JLN�s�QGN�lUYLV�EG\�J$l0]yJvs�CUWZhIC�WZYja"EGN2F_Q4c�E�hLK^hL[ZJ�Wb\¨F2C"J�}RS"hI�gJLNIurEG\�}RN�J$Jv]yJLF�Y
N�JLa^[ZEgh$J$l�PyK�E�F�EG\U]tJL\tFqhLK0hL[ZJ�QGc�WbF�YqQos�\ilySUN2Wb\U]�FIC"JON�J$hLSUN�YwWZQT\Rn:}�C"J�}RSU�XJLKMaRQT[bKt]tQT\�Y`FIN2Wba"Y�]tJLF�Y�ET[bF�JLN�J$l
PtKrFIC"JmYIETuvJOaUN�Q0h$J$Y2YLVtJL 0EghLFI[bKrEXY�lUQ0J$Y�pmEG�t[ZJLKrEG\"lvBDWZY`\eJLN¡� Y�aRJLN2u�SUF�ETFIWZQT\"EG[0�"JL 0EG]yQG\rlUJL�^\UWbF2WZQG\dn
BDC"JLFIC"JLN:F2CeJOhLK0hL[ZJOY`C"QGSU[Zl�PdJ�Q4cRFIC"JOYIETuvJ�[ZJL\U]gFICMh$EG\M[ZJ$EXl_F�Q�E�l0WZYIhLS"Y2YwWZQT\MQ4cf±�¬r´t°`ýH³�°;´gª$ëtà4Þ0LV0P^SUF

c'QGNOE�\"QGN2uvET[e�"JL 0ET]tQG\{J$¤XS"EG[bWbF�KMWZYOE�N�J$¤XSUWbN�JLuvJL\tF¡nfpO\"h$J�F2C"J�\"QGN2uvET[U�eJL ^EG]tQT\"Y�C"EoxgJ�PdJ$JL\�J$Y`F�ETP^[bWZY`C"J$l;V
EG\yK�\tSUu�PRJLNOQGc
xTEGN2WZEG\yF�YOh$QGurJ�F�QjuMWb\"l;V^PRJL]gWb\^\UWb\U]Ms�WbFIC�N�JL[ZEG tWb\U]rFIC"J�PUSUWb[Zl0Wb\^]rNISU[ZJ$YOQ4c�F2CeJmaUNIWbuMWbFIWbxgJ

¶ �



Y`F�EghI�~F�Q�Wb\"hL[bS"lUJjQTFIC"JLN�adQG[bKt]yQG\"Y�PdJ$YwWZlUJ$Y�F2C"J�N�JL]XSU[ZETN�QG\"J$YoV�Q0JMJLxXJL\�c'QGN�JL]tQTWb\U]�FIC"JMEXY2YwSUuMaUFIWZQT\iF2C"EGF
F2CeJLK�EGN�J�EG[b[OJ$¤XS"ET[knÅ�0QTuvJLF2CUWb\^]�N�J$EG[b[bK¨JL 0QGF2WZh�s�QTS^[Zl)PdJ�JL tF�JL\el0Wb\U]=FIC"JMc�N�EghLF�ET[�a"EGN�EXl0Wb]gu�»MF�Q=FICUN�J$J
l0WbuvJL\"Y`WZQG\"YoVgEgh$h$JLaUFIWb\U]�F2C"EGF�N�QGF�EGF2Wb\U]�ET\elM�"JL tWb\U]�Wb\�FIC"J�ckQTSUNIF2Cvl0WburJL\"YwWZQT\vh$ET\�QG\U[bKMPRJOh$QG\yF�JLuMaU[ZEGF�J$l�£
¹�SeY`F�F2C"J�JL\"ljN�J$YwSU[bF�Y�h$EG\{PRJOxtWZYwS"ET[bWZº$J$l�n

¼¾½X¿M½ÁÀl½�ÂÄÃÅ½ÁÆ

µb¶L·��OWZhIC"ETN�l{¢�QGSUN�ET\tF�ET\elr��JLN2PRJLN2Ff�mQTP^PUWb\"YoVq§M©0ªg«�¬Z�¯=ªg«®©^°�±_ªg«²¬'³20´vpO gckQTN�lMå�\UWbxgJLN�Y`WbF�Kv�HN�J$Y2YoV�¶$û � ¶
s�WbF2C�Y`S^P"Y2J$¤XS"JL\tF�aUN2Wb\tF2Wb\^]yYLn

µ ó ·�B�nyB�ny�mQGS"Y2JO��EG[b[kV�¯=ªg«®©U°�±_ªX«²¬'³IªGß1Çq°2³�ÝI°IªX«²¬'à4Þ0rªGÞ"ýÉÈ��¡ªGá4O��N�JLxtWZY2J$ljPyKj��n^¢�Q$ 0JLF�JLNo��Vt�=EXhLuMWb[b[ZEG\dV
¶$û !Xú n

Ê%ËDËqÌ@Í�Î�ÏÑÐ�Ò(Ó<Ô�Õ<Ö-Í�Î�×kØ[ÙÛÚÜÐ�Ó:Ò¨Ò�Ö1ØÞÝß×1Ò�Ö-Ð�Ó<×kÕ

µ þ ·��=EGN2]tETN�JLFHäXQgYIJLaUCdVf�`��JL ^EGC"JL 0EG�"JL 0ET]XN�EGurY�V ��¯=ªX«Z©^°�±_ªg«²¬'³2µà"°Iªg³2©U°�Ý�V�·�· ó�� �4è ó�� ãM�2¶oûyò0¶¡��n
µ � ·�B�ny��n^�mEG\"Y2QGuiV��2���tWb tè��tWZlUJ$l���JL 0EG]yQG\dV �_ï�³2©^à$àGß�ï�³�¬'°�Þ�³I°jªGÞ"ý�¯=ªg«®©U°�±_ªX«²¬'³2�Ë���û � nR�2¶oûtò ó �
µ ò4·��=EGN2F2Wb\�î�ETN�l0\"JLN¡V��2¸d[ZJL ^EG]tQT\"YLV �Mï�³�¬'°�Þe«¥¬ ñ�³�ÜO±j°�Ý�¬'³`ªTÞUV;�mJ$h$JLu�PRJLN¡V"¶oûyò ! VtaUadn@¶ !yó è2¶ !M! n
µ ! ·�ägQXEG\�¢�N�ETujaUWb\dV��`��QTF�J ó�! � ó V �M¯=ªX«®©U°�±_ªX«¥¬k³IªGßH��ª��¡°o«k«k°�V-·RÉ�ògò¡èwò ! nd�I¶$ûtòx�X��neµ ¸UJLPUN2SeETNIKy·
µ �4·_ï�³�¬'°�Þe«¥¬ ñ�³�ÜO±j°�Ý�¬'³`ªTÞUV��K":JLF2F�JLN�YLV ����ETN�h2CdVR¶oûyòM�yVgaUadn^ãTè'û0n
µ ãT·�¢On�p�n�p�ET�t[ZJLK+ET\"l���nfä0n�BDWZY`\eJLN¡V��I¸@[ZJL 0ET]tQT\eYoV ��ÜO±j°�Ý�¬'³`ªTÞ¨¯=ªg«®©^°�±_ªg«²¬'³`ªTß�¯�àGÞ"«®©tßzáGV�Ù(·�[ �gþ è�¶¡ò �

�2¶oûyòM�X��n
µ ûT·��=EGN2F2Wb\vîmEGN�l0\eJLN¡V@�I�OPRQTS^F:F�JLFIN�EG�"JL 0ET]tQT\eYdEG\"l�F�JLF2N�ET�eJL yWb]tEGF2WZQG\dV ��ï�³�¬k°�Þ"«¥¬ ñ�³mÜO±j°�Ý�¬'³IªGÞUV^�=E$KTVR¶$ûtòGã^V
aUadnR¶ óXó è ! n

µb¶ ú ·��=EGN2F2Wb\Dî�EGN�l0\"JLN$V�¢�C"EGaUF�JLN�¶T½{��JL 0EG�"JL 0ET]tQT\eYr��aUadnO¶rèr¶ � ��V`àR©U°�ï�³�¬'°�Þ"«²¬ ñH³iÜO±j°�Ý�¬'³`ªTÞâá�à$à�ã¨àB¦
¯=ªg«®©^°�±_ªg«²¬'³`ªTß-ä�ê¨�F�Lß®°2^åæ��¬N�G°�Ý2L¬'à4Þ0LV"�gWburQG\rEG\"lr�0hICtS"Y`F�JLN¡VX��JLs��HQGN2�"V�¶$ûtòTûM�¥�2�0��� ú è ! �0¶Lè !gþM! ò ó è
û���PU�"nâ��n

µb¶X¶L·��=EGN2F2Wb\=î�EGN�l0\"JLN$VR¢�C"EGaUF�JLN ó ½�}@JLF2N�EG�"JL 0EG]yQG\"Ym��aUaRn ó�� è þ ¶¡��VHàR©^° óMç�è ï�³�¬'°�Þe«¥¬ ñ�³�ÜO±j°�Ý�¬'³`ªTÞ á�à$à9ã
àK¦�¯=ªg«®©U°�±_ªX«²¬'³IªGß1ä�ê¨�F�Lß®°2^å
��¬c�G°�ÝIo¬kàGÞ0LVe�tWburQG\rEG\"l��0h2CtS"YwF�JLN$VX��JLsé�HQGN2�"V;¶oû ! ¶G£tN�JLa^SUPU[bWZY`CeJ$lM}�C"J
åm\UWbxXJLN�YwWbF�KrQ4c�¢�CUWZh$ET]tQ���N�J$Y2YLV"¢�C^WZh$ET]tQ^V�¶$ûXã¨�r���2�0��� ú è óXó�! è ó ã ó ò þ è ãU��aUP^�e��n

µb¶ ó ·��fne�On�¢�C"EGaUurEG\dV@���0¤XS"EGN�Jm¸d[ZJL ^EG]tQT\"YLV �_¯=ªg«®©^°�±_ªg«²¬'³`ªTßm��ª��4°o«�«k°[·;Ë=¶oû ó è�¶oû � �2¶oû ! ¶4��n
µb¶ þ ·��=EGN2F2Wb\�î�ETN�l0\"JLN¡Ve¢�C"EGaUF�JLN[�t½�}�C"J�¢�QTu�PUWb\eETF�QTNIWZh$YHQ4cf�
EGadJLN�¸UQG[Zl0Wb\U]~��aUaRn !Xú èÅ� þ ��Vq§M©U°I°�ß >êqë:¬ ¦o°Fê

ªTÞeýµì�«Z©^°�Ý�¯=ªg«®©^°�±_ªg«²¬'³`ªTß�ÜO±�êt4°�±j°�Þ"«®LVeB�n^��ne¸0N�J$JLurEG\rEG\"l�¢�QTuja"ET\tKTVy��JLsâ�HQGN2�"V@¶$ûXã þ �¥�2�0���
ú èB�0¶ ! �4è2¶¡òTãXûTè'û��HP^��nâ��n

µb¶ � ·�¸Hn�î�n��=EGSU\"YIJL[b[kV��I}�C"J=¸@[ZJL 0EG]yQG\�ET\elüFIC"J~��JL 0ETC"JL 0EG�"JL 0ET]XN�EGuiV �ü�¥��QGF�J ó��M� ût��V�¯=ªX«Z©^°�±_ªX«¥¬k³IªGß
��ª��¡°o«k«k°�V-í�î ó ¶ þ è ó ¶ � �2¶oûyò � ��n

µb¶¡ò4·���EGN�QG[ZlMö�n0��hL��\yF�QgYwCdV:�I¸@[ZJL 0EG]yQG\"YoV ��å�\UaUSUP^[bWZY`C"J$lja"EGadJLN$n
ï>ð��Iz<�>�F~0�I�¹.J/-2>3X�Lcj�4;C0C0.J2>3lj�A9L:Txg

¶¡ò



µb¶ ! ·��O[ZEG\��HCUWb[b[bWbaeYoV��`��JL 0ET�"JL 0EG]yQG\"YLV �m�~WbuvJ$QT]XN�EGaUC"J$l�n
µb¶��4·��~Wb�gJ��0hICU[ZJ$YIY`Wb\U]tJLN¡V��2}RS"hI�gJLNIurEG\r}RN�J$J�}�C"J$QGN2KTV ��å�\UaUSUP^[bWZY`C"J$lja"EGadJLN$n
µb¶oãT·���n^¸Hn^BDC"J$JL[ZJLN$V
�I}�C"Jm¸d[ZJL ^EG]tQT\�¸UEGuMWb[bKTV �r¯=ªX«®©U°�±_ªX«¥¬k³IªGß[��ª��¡°o«�«'°�V�·��=¶Lè ! �'¸^JLPdnbV@¶$ûtòTãt��n
µb¶oûT·���nt�"ny¢�QT\UN�Egl�VR�2}�C"J�¸@[ZJL 0EG]yQG\dV ���O�`�����~WZY2h$JL[b[ZEG\"J$QGS"Y@�mJLaRQTNIF¡VG��ET[bFIWburQGN�JTVG�=EGN2Kt[ZEG\"l;VU¶oû !Xú nU��[ZEGF�JLN

N�JL\"EGurJ$l��2}�C"J�}�C"J$QGN2KMQ4c�F2CeJ�¸@[ZJL 0EG]yQG\dV ���O�`���v}@J$h2CU\^WZh$ET[��mJLaRQTNIF !Xú è ó�� VR¶$û !gú ��n
µ óGú ·��O\tF2CeQT\tK=�"n�¢�QT\UN�Egl�ET\el=�mEG\UWZJL[q¥�nd��EGN2FI[bWb\"JTV1ñ
ß®°;´gªoëtàGÞyoVf�O�`���~}@J$hICU\UWZh$EG[
�mJLaRQGN2F !tó è2¶X¶_��EG[bF2Wbè

urQGN�JTVg�=ETNIKt[ZET\"l�V;¶oû !tó n
µ ó ¶L·�ägQXY2JLa^C��"nq�=EXlUEXh2CtKTV�¢�C"EGaUF�JLN þ ½ô�2¸0S^\Ås�WbFIC.�
ETaRJLN¡V �|¯=ªgýXªg³2©yá�ò =¯=ªX«®©U°�±_ªX«¥¬k³IªGßaÇ�°I³�ÝI°IªX«¥¬kàGÞyoV

�mQ$xXJLN_��SUPU[bWZh$EGF2WZQG\"YoVd��\"hTVf��JLsó�HQGN2�"VO�2¶oû¨�Tût��n�pONIWb]gWb\"EG[b[bK�aUSUPU[bWZYwC"J$l�EXY_¯=ªX«Z©^°�Ý�±_ªX«²¬'³2�à4Þ�ôeªg³IªXð
«¥¬kàGÞ^V;¢�CeETNI[ZJ$YO�0hLN2WbPU\eJLN¡� Y��0QG\"YoVg��JLsâ�HQGN2���I¶$û !M! ��n

µ óXó ·�}mne�HNIS"h$J��=h>":J$EG\dV
�wömè'¸@[ZJL tWb\U]jF2C"J���JL 0EG��JL 0Eg¸d[ZJL ^EG]tQT\dV �_ÜO±j°�Ý�¬'³`ªTÞ�¯=ªX«Z©^°�±_ªg«²¬'³`ªTßf¯�à4Þ"«Z©tßâáTV-îeÙ
� òM�¡è �M!x! �I¶$û¨�Gûy��n

µ óGþ ·�¼HNIWZha¥�JL\^\"JLsqEoKXVm��àG±Oíeß®°o«'°µì�Ý�¬zëgªT±�¬²V
�tF$n��=EGN2FIWb\d� YO��N�J$YIYoVe��JLs���QTNI�"VH¶oûgã¨�yn:�¥�2�0��� ú è þ ¶ ó è úgú ãXûgãGè
ãe�¥aUPU�U�2��aUadneòM�4è !yó n

µ ó�� ·��
JLF�JLN���Wb[bF�QG\dV�äXJ$ET\��
J$l^JLN�Y2JL\RVUEG\"l���EG\"Y�B�ET[ZYIJLN¡V��I}�C"J�¸UEXh$J$YOQGc:F2C"J�}RN2Wbè���JL 0EG�"JL 0ET]tQG\dV �M¯=ªX«Z©^°oð
±_ªg«²¬'³2�¯=ªoëgª��L¬¥Þ"°�V��^Ê ó��Xþ è ó ò^¶��I¶$ûXû¨�g��n

µ ó ò4·��mE$xtWZl��~WbF�h2CeJL[b[kV�àR©^°
¯=ªoëT¬'³OàB¦kñ
ß®°;´gªoëtà4Þ0oVX}@EGN�¤XSUWb\���SUPU[bWZh$EGF2WZQG\"YoVo��QGNIckQT[b�XJTV¡¼H\U]X[ZEG\"l;Vt¶$ûXûgã0ng�¥�2�0���
¶Lè'ãXûgû ! ¶oãGè ó ãTèB�X�

µ ó�! ·��mQGPdJLNIFM¼On���J$EG[ZJTVv���yJL[zc�è'�mJ$Y`Wb]X\UWb\U]�}@JLFIN�EG�"JL 0ET]tQG\"YoV �D¬²Þ)¼�[bs�Kt\���JLNI[ZJL�TETujaDEG\"lü}@QGuÎ�mQ0l0]tJLN�Y
�'J$l0WbF�QTN�Y���VÁàR©^°M¯=ªg«®©^°�±_ª$ëT¬k³�¬kªGÞÅªGÞ"ýõäq¬k°Iýõäqê¨�I�oß®°�Ý�Vfa"EG]yJ$YM¶X¶��¡è�¶ ó�! Vf��nl¥�n��
JLF�JLN�YoV�"@F�l;nbV���ETFIWZh2�"V
�=EXY2Y2EXhICySeY2Y2JLFIF�Y��2¶oûgûXûy��n

µ ó �4·���n��tF�JLWb\UC"EGS"YoV�¯=ªX«®©U°�±_ªX«¥¬k³IªGß�ï^Þ"ª�í^�©UàT«ZLV��mQ$xXJLNM��SUPU[bWZh$EGF2WZQG\"YoV
��\"hTV��~Wb\"J$QG[ZE0V���JLsö��QTNI��V�¶$ûXûXû^n
���2�0��� ú è � ã ! è �gú ûU¶ � èK�X��aUadn�¶��^¶�è�¶oãU¶Tn�����JLaUN2Wb\tF�QGcmET\�J$EGN2[bWZJLNrp� gc'QGN�l+J$l0WbFIWZQT\dVHQT\"JvQ4c�E=YIJLN2WZJ$Y�Q4c
N�JLaUNIWb\tF�Y�lUEGF2Wb\U]�c¥N�QGu ¶oûtò ú VtFIC"J�J$EGN2[bWZJLN�Q4c�s�CUWZhIC~lUQ�\"QGF�Wb\"hL[bS"lUJ�Wb\"hL[bS"lUJ�F2C"J��"JL 0ETFISUPRJTnâ�

÷t×1Ò�Ö�ØqÒ�Í

µ ó ãT·��OnU�+n"�tF�ET[b�XJLN¡Vf�2��l0xgJLNIF2WZYwWb\U]��=J$l0WbSUuÚQGNO}@Q$KTV �_å�nâ�"n^�
ETF�JL\tFq��Q^nR¶GV ûgû¨�yV útóXó n
µ ó ûT·���n^¸Hn^�OSUFIC"JLNIckQTN�l;V@�I}@Q$K0�^V^å�nâ�en0�
EGF�JL\tF���Q0n ó V ó�� òtV ã¨�gòtn
µ þXú ·���ny��ne�tC"JLuvJLF¡V:��¢�C"EG\U]tJ$ETPU[ZJ��OWZY`a^[ZE$K{��u�S"Y2JLuvJL\tFH�mJLxtWZh$JTV ��å�nâ�"n^�
EGF�JL\tF���Q0n ó V ! ãXã0V ã óGú n
µ þ ¶L·���no¼�no�mQG]yJLN�Y;JLF$n$EG[knbVR��¢�C"EG\U]tJ$ETP^[ZJ:�Ou�S"YIJLurJL\tF"��JLxyWZh$J$Y@EG\"l�F2C"J�"@Wb�gJTV ��å�nâ�"no�
EGF�JL\tFR��Q0n ó V ãgã þ VZ¶oûtòyn
µ þtó ·���N2WZYO�0EGN2WZl�V
�I¸UQG[ZlUETP^[ZJ��tFIN2S"hLFISUN�JTV ��å�nâ�enU�fETF�JL\yF���Q^n þ V û !tó V ãU¶ ! �käTS^\"J�¶¡òyV@¶oûf� ! ��n
µ þXþ ·��tF�JLs�EGN2FX":EGuM[ZJ$JTVq�`�=JLFIC"Q0l�QGcquvET�tWb\U]�E�C"JL 0ET�eJL ^EG]tQT\dV �jå�nâ�en��
EGF�JL\tF���Q^n � V ó��gú V ãtòTã~�'��J$h$JLu�PdJLN

óTþ VR¶$ûXã ú ��n
µ þM� ·��mQGSU]X[ZEgY���n^¼�\U]tJL[kV
�w�HSeº$ºL[ZJOETu�SeY2JLurJL\tF�lUJLxtWZh$JTV ��å�nâ�"n^�
EGF�JL\tF���Q0n � V0� þ òtV � ¶$ãr�k�OaUNIWb[�òtVd¶oûXãgãt��n

¶ !


