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# `I`�RGTOFgY5BOK�@eY¿ZOKJRxR\@S`I`�MXYxP3MafnT8WbU1KJMDR:TOKym YpR\FIfn¸|FIZO�[R\MOE\ZaY¿KNZ_WJYxFwZafSFIBO@SZ�R5R\E\WJZaYG`IWbiRGFIKJZXWb`D@SZa@SE\�Jr8FgY®EnWbFgYj@eBl~:��TaFIY®FgY}R\TO@[YjMaUDtp@*f>RLKb]1RGTO@	]^KN`w`IKym	FIZO�;caWbc1@SEezbm	TO@*EG@[W�?�� >WbZXWb`Ir|YGFgYLcOE\KyHJ@eYLHJ@*EGr(MaYG@>]^Ma`�~ 	sMaWJZ�RGMOPÁE\@10a@efhR\FwKNZ�FIY�W3cOT|rDYjFgfSWJ`XcOTa@SZOKNPQ@*ZOKJZ�`wFI¸J@eBBDFIEG@efhR\`wr�R\KQRGTO@;]vWJFw`IMOE\@VKb]xR\TO@V?�� > WJcOcOE\K�­|FIP�WyR\FwKNZ¿~
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# U1KyHJ@�Wsf>@*EjRnWbFIZ;RG@SP(c1@SEnWyR\MOEG@�KJE¿¸|FIZO@>R\FIf�@SZO@*EG�NrJzeUOMDR®YpR\Fw`I`Nmo@S`I`JU1@S`IKymARGTO@oWyRGRGEnWJfhiRGFIHJ@_mC@*`w`:BD@ScDR\T�Kb]®R\TO@3WbRGKNP YGMOEG]vWJf>@Vc1KbR\@SZ�RGFgWb`�zqWyRGKNP�Y[m	FI`w`}YpR\FIfn¸�RGK�YjMOEG]vWJfS@*Y�m	F R\TZO@eWbE(�*ÎNÎ�c1@SEnf>@*ZNRVf>@*EjRnWbFIZ�RprJ~(��TO@(EG@eWJYGKJZ¹]^KNE;RGTOFgY;FIYVYGFIPQca`w@ � k `gWJY\YGFIf*Wb`:RGEnWytp@efhRGKNEGrYGFwP3MO`IWbRGFIKJZaYLKb]xWyR\KJPQi�YjMOEG]vWJfS@	f>KJ`I`IFIYGFwKNZaYLWbRC`IKymÈfSKJ`I`wFgYjFIKJZ�HN@S`IKDf>FwRGFI@*Y®FIZaBDFgfSWbRG@sYjRGFgfn¸|FwZa�m	FwRGT�ZO@eWbE�f>@*EjRnWbFIZNRprQU1@*fSWJMaYG@	RGTO@;WJf*f>@*`w@*E\WbRGFIKJZ(FwZ�RGTO@;WyRGRGEnWJfhR\FwHN@[E\@S�JFIP(@[FgYL]^KN`w`IKymC@eBU|r�W(TaWJE\B�f>KN`w`IFgYjFIKJZ�m	FwRGT�RGTa@VmoWJ`w`�~C��TOFgY[WJ`wP(KNYjR�Wb`Im�W�r|Yo`I@*WNBOY�RGK�YGMD��f>FI@SZ�R[@*ZO@SE\�Jr`IKNY\Y}]^EGKNP R\TO@�cXWbEGRGFgf>`I@�RGK8R\TO@�YGMOEG]vWJf>@[RGTaWbR�FwP(P(@*BOFIWbRG@�@eYGf*Wbc1@	FIYCZOKJR�cXK�YGYGFIUO`w@N~:��TaFIYFgY	RGE\MO@_YGK�`IKJZO��WNY�RGTa@3WbcacOEGK�WJfnT�@SZO@*EG�Nr�FgY�YGFw�NZOFw�XfSWJZNR\`wr�`w@eYGY[RGTaWJZ�RGTO@3mC@*`w`5BD@ScDR\T¿zm	TOFgfnT�FIYCFwR\YG@S`w]x�JE\@*WbRG@SELRGTaWJZ(RGTO@sRG@*PQc1@SEnWyR\MOE\@[Kb]lR\TO@sYGMOEG]vWJf>@N~:��Ta@SE\@>]^KJE\@JzJRGTO@sKJZaYG@>RKb]®»�MaWbZ�R\MOP E\@10a@efhR\FwKNZ�FgY	TO@*E\WJ`IBD@eB�U|r�W3UaEG@eWb¸�BDKym	Z�FIZ�RGTO@V?�� > WbcOcOE\K�­DFwP�WbRGFIKJZi�WbZ�WbcacOEGK�­DFIP�WyRGFIKJZ�UaWJYG@*B�cOMOE\@S`Ir�KNZ�R\TO@�uvYjRGFgfn¸|FwZO�|{�f>`gWJY\YjFgfSWJ`1RGEnWytp@*f>RGKNEGFI@*Y*~��T|MaYSz1R\TO@SE\@8P_MXYpR;@>­DFgYpRsW�RGEnWbZaYGFwRGFIKJZ¹E\@S�JFIKJZ¹U1@>Rpmo@S@*Z¹RGTa@_ZOKNZDi±YjRGFgfn¸|FwZa��EG@*�JFIP(@]^KJE�HN@SE\r�`IKym fSKJ`I`wFgYjFIKJZÈHJ@*`wKDfSF R\Fw@eYSz	WbZXB�R\TO@�YjRGFgfn¸�FIZO� E\@S�NFwP(@¹WyR�TOFI�JTa@SE�HN@S`IK|fSF R\Fw@eYS~��TO@;¸J@*r�RGK�MaZaBD@SEnYjR\WbZXBDFwZa�3R\TO@;RGEnWbZXYjFwRGFIKJZ�EG@*�JFIKJZ�FIYoR\K�MOZaBD@*E\YjR\WJZaB�R\TO@VHyWb`IFIBOF Rpr�KJ]f>`gWJY\YGFIf*Wb`aP(@efnTaWbZOFgfSY�u^?�� > {CWJY�WbcacO`wFI@*B�RGK3RGTO@;YpR\FIfn¸|FIZO�_caEGKNUO`w@*P�~}��Ta@�fSKJE\EG@efhRGZa@*Y\YKb]oRGTa@�YjFIP(cO`IFIYjRGFgf�KJZa@>i±UXKDBDr�cOT|r|YGFgfSYVKJ]�»�MaWJZNR\MOP E\@10X@*fhR\FwKNZA]^EGKNP.RGTa@�YjMaEj]vWNf>@Jzx]^Kbif>MXYGYG@*YsKJMOE;YjRGMaBDr�KJZ�R\TO@Q?�� > WbcOcOE\K�­DFwP�WbRGFIKJZ�RGK�RGTa@(fSK|KJEnBDFwZXWyRG@3ZOKJE\P�Wb`5RGK�RGTO@YGMOEj]vWNf>@N~}��Ta@�@*Z�RGEnWbZafS@�fnTaWJZOZO@*`lmoW�HN@>]^MOZaf>RGFIKJZ�RGT|MaY	KNUDR\WJFwZO@eB�P�W�r�WJ`IYGK(UX@;MaYG@*B�WJYFIZOcOMDR(FwZ�R\K�RGTa@ Ì KN`IBD@*Z8+	MO`I@�RGK�YjRGMXBDr RGTO@�RGTOE\@*YGTOKN`IB U1@STXW�H�FIKJMaE_Kb]�RGTO@�FwZO@*`IWNYpR\FIff>E\KNY\Yji±YG@*f>RGFIKJZaY*~3?A@�BDK�R\TOFIY8FwZ °|@efhRGFIKJZ � �X~���Ta@�ZOKJZaYjRGFgfn¸|FwZa��R\TOE\@*YGTOKJ`gBAUX@*TaW�H|FwKNEmo@[@*YjR\WJUO`wFgYGTO@*B�FIZ�caWJcX@*E��®FgY�FIZ�RG@*EGcOE\@>R\@*B�WNY�WJZ�@>­|RG@*ZaYGFwKNZ�Kb]lRGTa@�HyWb`IFIBOF Rpr(Kb]lR\TO@sYGKbifSWJ`w`I@*B(?�FI�JZa@SE®R\TOEG@eYjTaKJ`gB(UX@*TaW�H|FwKNE*~5?�@�WbE\@[Wb`gYjK8WJUO`w@[RGK8P�Wb¸N@�BD@S�aZOFwRG@�caEG@eBDFIf>RGFIKJZaYWbU1KJMORCR\TO@sZXWyRGMaEG@sKb]¿R\TO@;cXK�YpRoRGTOE\@*YGTOKN`IB�U1@STXW�H�FIKJEoKb]xYjRGFgfn¸|FwZa�3FIZ�R\@SE\P(YoKJ]¿FwZO@*`IWNYpR\FIff>E\KNY\Yji±YG@*f>RGFIKJZaY*~Cu�°|@*f>RGFIKJZ�� �|{h~

�Q'
	 � 
�98032 
 � 7:4���4 #�25<>=80#980�
�� ���
��?A@ f>KNZaYjFgBD@*E�RGTa@�Rpr|cOFgfSWJ`�f*WJYG@�KJ]3WbZ WyRjR\E\WNfhR\FwHN@�c1KbRG@*Z�RGFgWb`;WbE\FIYGFwZa��KJMOR�KJ]8RGTO@f>MaP_MO`gWyR\FwHN@�@>�q@*f>R¹Kb] �LWJZ BD@*E�? WJWJ`IY�WyRGRGEnWJf>RGFIKJZaY�UX@SRpmC@*@SZ
R\WbE\�J@SR�WJZaB¾FIZaf>FgBD@*ZNRWyR\KJP�Y*~ # f>`gWJY\YGFIf*Wb`sWbRGKNP mCKNMO`IB¾cOEGKDfS@S@*B
YpR\E\WJFw�NTNR�FwZ�R\K RGTa@AFIZ�RG@*E\WNfhRGFIKJZ�E\@S�NFwKNZYGTOKym	FwZa�3ZOK�YGFw�NZ�KJ]5E\@10a@efhR\FwKNZ¿zDUOMDR�RGTa@8»NMXWbZ�RGMOP PQ@efnTaWbZaFIf*Wb`lcOE\KJUaWJUOFI`wFwRpr�Kb]:UX@*FwZO�]^KJMaZaB FwZXYjFgBD@�FgY�YGMOcOcOE\@*Y\YG@*BÈU|rÈWA]vWNfhRGKNE�Kb] � u�WJY � A @ {�WJY�fSKJP(caWbE\@*B R\K RGTO@f>`gWJY\YGFIf*Wb`bcOE\KJUXWbUOFI`wFwRpr3u�°|@*f>RGFIKJZB!D~ Ya~w�N~w�L{>zym	TO@SE\@ �;FgYlRGTa@�m�W�HJ@}HJ@efhRGKNExKJ]�R\TO@�FIZafSKJP(FwZa�WyR\KJP�~���TOFgY	FgY	RnWbZ�R\WJPQKNMOZ�R�RGK�Y\W�r�FIZO�QRGTXWyRs»�MaWJZNR\MOP P(@efnTaWbZOFgfSWJ`w`Ir�R\TO@_WbP(cO`IFwRGMaBD@FgY8E\@10a@efhRG@eB UaWJfn¸�m	F R\TOKJMOR3c1@SZO@SRGEnWyRGFIZO��R\TO@�FIZ�RG@SEnWJf>RGFIKJZ E\@S�JFIKJZxz:WJZaWb`IKJ�NKJMaY�R\K¹RGTO@@S`I@SP(@*ZNRnWbE\rÈf*WJYG@�Kb]8E\@10X@*fhR\FwKNZ�]^E\KJP�RGTO@�@*BD�N@�KJ]_W�YjRG@ScOi±BDKym	Z�c1KbR\@SZ�RGFgWb`�FIZ¾KJZO@BDFIP(@SZaYGFwKNZ�m	TOFI`w@�WyRGRG@SP(cDR\FwZa�8RGK3�JK8KyHN@SE�RGTO@s@*BD�N@J~ # MaYG@>]^Ma`Xm�W�r_R\K_H|FI@Sm RGTaFIYCFIY�RGKWyRGRGE\FwUaMDRG@�RGTa@VEG@-0a@*f>RGFIKJZ�RGK(RGTa@;]vWbFI`wMOE\@;Kb]5RGTO@V?�� > WbcOcOE\K�­DFwP�WbRGFIKJZ¿~�xK_UX@�Yjc1@*fSF �XfJzNmo@	¸J@*@Sc(R\TO@[�J@*KJP(@>R\EGr3Kb]lcaWJcX@*E��}FwZ�PQFIZaB �}WbZ�WbRGKNP FgYLFIZaf>FgBD@*ZNR

<JÎ



1060 2120 3180 4240

1

3

5

7

50

100

150
V(x) = -2.55 K nm3

x3

WKB error

(nm)x

Energy (nK)

200 nK

2 nK

0.02 nK

�:Fw�NMOE\@ !|~I���¿��TO@C?�� > @*EGE\KJElKJ]|ºC»X~�u�!D~w��{1]^KJE¿RGTOE\@S@�BOF �q@SE\@SZ�R5HyWJ`wMO@eY¿KJ]�R\TO@�FIZafSKJP(FwZa�@SZa@SE\�JrQÉJÎJÎaz�ÉVWJZaB�ÎO~ ÎNÉ�Z �(zNHDY*~xR\TO@sBDFgYjR\WbZXf>@���ZOP ]^EGKNP R\TO@sYG`gWbU�u�°DF I�{h~D��TO@�`IKJZa�EnWbZO�N@�]^KJE\P�KJ]	RGTO@�c1KbRG@*Z�RGFgWb` µ ��� D � � u ��� � ����@ P(@SH�� � {_FgY3WJ`IYGK�YGTOKym	Z ]^KJE3m	TOFgfnTRGTa@_ZO@*�NWyR\FwHN@ � r�i�Wy­DFgY J FgY�fSWb`IFIUOE\WbRG@eB�FwZ�R\TO@3BDFw�q@SE\@SZ�RsMOZaF RnY�KJ]}@*ZO@SE\�JrN~[��TO@3YjRGFgfn¸|FwZa�cOE\KJUaWJUOFI`wFwRGFI@*YC]^KJE�R\TO@;RGTaEG@*@8fSWJYG@*Y�WJEG@VWbcacOEGK�­DFIP�WyRG@*`wr��NzaÎO~ YOzDÎO~I�J~
]^E\KJP R\TO@(EGFI�JT�R�u � � @ {�MOc1KJZ�RGTa@(]vWJf>@QKb]	W�Yj`gWbU u � � @ {�R\TaWyR8`IFw@eY�RGK�RGTa@Q`I@>] R8KJ]� � @ ~_�OKNE�W�`wKym FwZafSKJP(FIZO��@*ZO@SE\�Jr � ³ � � � � D � � z¿W�`w@S] Rji±PQKyH|FIZO��?�� > YjKN`wMDR\FwKNZU1@S�JMaZ mC@*`w`oFIZaYjFgBD@�RGTO@�FwZ�RG@*E\WNfhR\FwKNZ EG@*�JFIKJZ m	FI`w`C]vWbFI`�R\K�P�WyRnfnT KJZ�RGKAW¹cOMOE\@S`Ir `w@S] Rji�JKNFwZa��?�� > YGKJ`IMDRGFIKJZ WJY�mo@(FwZ�RG@*�JEnWyR\@3KNMDR;RGK�`IWJEG�N@QBDFgYjR\WbZXf>@*Y�U1@*f*WbMaYG@QRGTO@(?�� >f>E\FwRG@SE\FIKJZ

� � ��� � � � � ����
� ' �
' �

������ Ç u�!|~I�e{
]^KJELRGTO@[`IKDfSWJ`XWJf*f>MOEnWJfSr8Kb]1RGTa@�m�W�HJ@>]^MaZafhR\FwKNZ3m	FI`w`XFwZ��N@SZO@*E\WJ`D]vWbFI`OR\KVUX@sHyWb`IFIB(FIZ�YjKNP(@FIZNR\@SE\P(@*BDFgWyR\@�E\@S�JFIKJZx~:�aKJE�UXKNMOZaBD@eB�c1KbR\@SZ�RGFgWb`gYCRGTaWbRCR\MOEGZ�KJZ�WbUOE\MOcDR\`wr(]^KNEo@S­OWbP(cO`I@WyR � � 7 z|FwRoFgY�KNU|H�FIKJMXY®RGTXWyRC?�� > m	FI`w`1]vWJFw`1ZO@*WJE � 9 7 ~®�OKJEo`IKJZO�Ji�EnWbZO�N@�cXKJRG@SZ�R\FIWJ`IYYGMafnT�WNYsW�cXKymo@SE�`gW�m � � � �s� µ � , D � , FwRVFIY�ZOKJR�FIP(PQ@eBDFgWyRG@*`wr¹KNU|H�FIKJMXY�m	TO@*EG@3RGTaFIYE\@S�JFIKJZ�Kb]s?�� > ]vWbFI`wMOE\@�`wFI@*Y*z�Fw]�FwR�@>­DFgYpRnYQWbR�Wb`I`�~ �±R�RGMOE\ZaYQKJMDR(R\TaWyR�@SHN@SZÈFwZ RGTaFIYfSWNYj@	FwR�FgY®c1KNY\YjFIUO`I@	RGKVFgBD@SZ�R\F ]^r�u ]^KNECYGP(WJ`w`a@SZOKNMO�JT��h{®WVBDFgYpRnWbZafS@8uvBD@*cX@*ZaBD@*ZNRoKJZ��h{®WyRm	TOFgfnT;RGTO@CcXKJRG@*ZNR\FIWJ` � RGMaEGZaYxKJZ J WbZXB;m	TO@SE\@L?�� > m	Fw`I`N]vWbFI`�~5?�@Cm	Fw`I`�YGTOKym U1@S`IKym�R\TaWyR?�� > FgY®WyRLFwR\Y®moKJEnYjR�u � � � � � � � FgY}P�Wy­DFwP(F � @eBa{}WyRLW;BDFgYpRnWbZafS@ ��m	TO@SE\@oRGTO@	¸|FIZO@>R\FIf�WbZXBc1KbRG@*Z�RGFgWb`x@*ZO@SE\�JFI@*Y�WbE\@8WbcOcOE\K�­DFwP�WbRG@S`Ir�@e»�MaWb`�zaF�~ @3m	TO@SE\@ � � � � � � 9 �e~[��TO@3BDFIYjR\WJZaf>@W�m�W�rs]^E\KJP R\TO@	Yj`gWbU(WyR}m	TOFgfnT_R\TO@�caWbEGRGFgf>`I@�FIY5R\MOEGZa@*BQWbE\KJMOZaB8i¿KJE®»�MaWbZ�R\MOP EG@-0a@*f>RG@eBiLFgY	cOE\@*f>FgYG@S`Ir�RGTOFgY�BOFIYjR\WJZaf>@N~L�OMOEGRGTO@*EGP(KNEG@NzDKJZO@VP�W�r�TO@*MOE\FIYjRGFgfSWJ`w`Ir�@>­Dc1@*f>R	RGTaWbR[RGTO@�JE\@*WbRG@*E�R\TO@;]vWbFI`wMaEG@VKJ]5?�� > z|RGTO@V�NEG@eWyR\@SEoRGTO@VE\@10X@*fhR\FwKNZ¿~�:Fw�X~[u�!|~ÊÉJ{CYGTOKym[Y�W3ca`wKJR�KJ]xR\TO@;@SE\EGKNE�R\@SE\P!FwZ�º�»1~[u�!D~w��{®]^KNE�RGTOE\@S@VBDFw�q@SE\@SZ�R	H�WJ` iMO@eY�Kb]xR\TO@;FwZXf>KJP(FIZO�(@SZO@*EG�Nr�Kb]:ZO@SKNZ�KNZ�W(Yj@*P(F i±FwZO�aZOFwRG@8YG`IWJU�Kb]®°|FQI8~a��TO@;@eYGYG@SZ�RGFgWb`

<O�



c1KJFIZNRnYoRGK�ZOKJRGFgf>@VWbE\@���e{o��TO@*EG@;FgY	WQ�JE\@*WyR\@SE�@SE\E\KJE�FwZXf>MOE\EG@eB�FIZ¹WyRjR\@SP(cDR\FwZO�(R\K�WbcOcO`Ir�R\TO@V?�� > uvfS`IWNYGYGFgfSWb`P(@*fnTaWJZOFgfSYn{®WbcOcaEGK�­DFIP(WbRGFIKJZQRGKQf>KN`IBD@*EoWbRGKNP(YLRGTaWJZ�RGK3moWJEGP(@*E�KJZa@*Y*~ k KNZaYj@e»�MO@SZ�RG`IrJzmo@�@S­|c1@*f>R�RGTaWbR(RGTO@¹YG`wKymo@SE3RGTO@�WbRGKNP�z�RGTO@�P(KJE\@�ZOKJZDi�f>`gWJY\YGFIf*Wb`oF RnY(UX@*TaW�H|FwKNE*~ ��ZcaWJEjR\FIfSMO`IWJE*zDYG`wKym @SZOKNMO�JT�WyR\KJP�Y�m	Fw`I`¿U1@ � »�MaWJZ�RGMOP EG@-0a@*f>RG@*B J WbZaB�m	Fw`I`¿ZOKJR�YpR\FIfn¸q~ÉJ{ # Y�RGTO@VFIZafSKJP(FwZa�QHN@S`IKDf>FwRpr�FIY�BD@*fSEG@eWJYG@*B�R\TO@8WyR\KJP FIY�E\@10a@efhR\@*B�WyR�BDFgYpRnWbZafS@*Y�cOE\Kbi�JE\@*Y\YGFwHN@S`Ir�]^MOEGRGTO@*EsWbZXB�]^MOEGRGTO@*EsW�m�W�r�]^EGKNP R\TO@3YG`gWbU¿~[��TOFgYsFIY�UX@efSWbMXYj@VR\TO@_FIZ�RG@*EGHyWb`FIZ ��WJEGKNMOZaB(m	TOFgfnT�R\TO@�?�� > @SE\E\KJELFgY�`gWbE\�J@NzJP�W�r(UX@sFIBO@SZ�RGFw�a@*B�WJYLRGTO@�EG@*�JFIKJZQ]^E\KJPm	TOFgfnT�R\TO@8WyR\KJP!FgY	E\@10a@efhR\@*Bl~
# MXYj@S]^MO`8»�MaWb`IF RnWyR\FwHN@�EGMa`w@AKb]8R\T|MOP_U KJUDRnWbFIZO@*B�FIZ °D@*fhR\FwKNZ � �ÈU1@S`IKym FgY�R\TaWyRRGTa@�E\@S�NFwKNZ Kb]�?�� > @*EGE\KJE3EG@eWJfnTO@eY_WJ`w`oRGTa@�m�W�r KJMDRQRGK�RGTOK�Yj@�E\@S�JFIKJZXY8m	TO@*EG@�RGTO@c1KbRG@*Z�RGFgWb`®@SZa@SE\�Jr¹FgYVYpR\Fw`I`®EGKNMO�JTa`wr�R\TO@�YGWJP(@3KNE\BD@*E;Kb]CP�WJ�JZOFwRGMaBO@(WNY�RGTO@�FIZafSKJP(FwZa�@SZa@SE\�Jr¾u^ºC»X~�u�!D~ �N{j{h~ ��TOFIY(P(@eWbZaY(R\TaWyR�WNY�� A @ RGTa@�@SE\EGKNE3FgY�YjRGFI`w`�`IWJEG�N@�m	Ta@SE\@RGTa@�cXKJRG@*ZNR\FIWJ`L@SZa@SE\�Jr��NE\WJcOTA`wK|KJ¸DYV@eYGYG@SZ�R\FIWJ`w`Ir 0XWbR*~���Z ]vWJfhRQWJY � A @ F R3FIY_@*WJYGFI`wrYGTOKym	Z�R\TaWyR�W3ca`wKJR�Kb]:RGTO@V?�� > @SE\EGKNE	m	Fw`I`xYGTOKym W(ZaKJZDi±MOZOFw]^KJE\P fSKJZ|HJ@*EG�N@SZafS@[RGK�Wc1KJ`Ir�ZaKJP(FIWJ`lcOE\KJc1KJEGRGFIKJZaWJ`aR\K

��� Ä ²¿· ]^KNE[Wb`I` % � @ u�!|~ÊÉJ{
�:Fw�X~ !|~ÊÉ3YGTOKym[YoR\TO@VfSWJYG@�]^KJE % � G ~
�Q'	� � ��� �y98< � 
�7}4
]vWbFI` � �sFw�1@*EG@*ZNR\FIWbRGFIZO� ' � D � � ½ � � � �C� �[mV~ Ee~ Re~5­lzOmo@;TaW�HJ@

' � � µ � � �
' u�!|~ ËN{

m	TOFgfnT m	TO@SZ MaYG@*B E\@Sc1@*WbRG@eBD`wr�RGK�@*`wFIP(FwZXWyRG@ ' � YGTOKym[Y;R\TaWyR � ' � D ' � � FwZ º�»1~�u�!D~w��{�FIYP�Wy­DFIPQF � @eB�m	Ta@SZ ' �G � � � � �
� � � ¯ u�!|~ ��{

�OKNE � � � ��� µ � , D � , zDRGTOFgY	FgY�@>­OWJf>RG`Ir�m	TO@*Z
� � � � � � � � � � � % ½�Ç��% µ � � ¯ u�!|~Ê�J{

?A@;BOFIY\f>KyHN@SEoRGTaWbR�]^KJE % � � KJZO`IrJzDmo@;TaW�HJ@;WQcXKNFwZ�R[m	TO@*EG@�?�� > FgY[WyR	FwR\Y�moKJEnYpR	WyRW(BDFgYpRnWbZafS@ �¹m	Ta@SE\@ � � � � � � 9 �*zOWJZaB�P(KJE\@SKyHJ@*E*zNRGTXWyR	RGTaFIY�P�Wy­DFIP_MOP UX@*TaW�HJ@eYo`wFI¸J@
P�Wy­ ����

' �
' �

���� 9
Ç

� · 	 ,, ��&Ä ² &� 9 Ç
� · 	 ,, � ·n² Ä

�

u�!|~ YN{
m	TOFgfnTÈ]^KJE % � � BDFIHJ@*EG�N@*Y�WNY�� A @ ~ I�KbR\@¹TOKym W�� ����� � 
�c1KbR\@SZ�RGFgWb`3uvYGP(WJ`w`I@SE
� , {_FIY�����	�	���
¹WyRQEG@-0a@*f>RGFIZO��W�caWbEGRGFgf>`I@�WbR_R\TO@�Y\WbP(@�@*ZO@SE\�JrNz®UOMDR�Wb`I`wKym[Y8RGTO@�WyR\KJPRGK�WbcOcaEGK�WJfnT�f>`IKNYG@SEe~T��@SMOE\FgYpR\FIf*Wb`I`wr¹W�YG¸J@SR\fnT�KJ] � � � ���!µ � , D � , E\@SHJ@eWb`gY	m	T|r �	RGTO@mo@*Wb¸N@SE�cXKJRG@*ZNR\FIWJ`LFgYVYj@*@SZ�RGK�RGMOE\Z KJZAP(KJE\@(WJUOE\MOcDRG`Ir�WbRVW�c1KJFIZ�R_f>`IKNYG@SE�RGK � � @ z

<NÉ



cOE\KJP(KbR\FwZa�QWJZ��JE\@*WbRG@*EoUaEG@eWb¸DBDKym	Z�KJ]5?�� > R\TO@SE\@J~ # `wRG@*EGZXWyRGFIHJ@*`wr�W(YGFwP(cO`I@VYGf*Wb`IFwZa�WbE\�JMaPQ@*Z�Rom	FwRGT�°DfnTOE\KDBDFIZO�J@*E J Yo@*»�MaWyR\FwKNZ�E\@SHN@*WJ`IYCRGTa@8YGWJPQ@�R\EG@*ZaBl~��TO@�WbU1KyHJ@(f>KNZaf>`IMaYGFwKNZaY;WbE\@3HyWb`IFgB�KNZO`wr�]^KJE % � � ~(�OKNE % � � RGTO@(@SE\E\KJEsRG@SE\PKb]	º�»1~ou�!|~I�e{V`wK|KJ¸DY3»NMXWb`IF RnWyRGFIHJ@*`wrABDFw�1@*EG@*ZNR_]^EGKNP R\TaWyR_FIZ��:FI�a~ !|~ÊÉD~��±R_FgY_YGP�Wb`I`CWyRWb`I`5BOFIYjR\WJZaf>@eY[@>­OfS@ScDR�Za@*WbE � � @ m	TO@SE\@8FwR�BDFIHJ@*EG�N@*YoR\K�FIZD�aZOFwRprJzqWJY�FIY�@SH|FIBO@SZ�R[]^E\KJPº�»1~gu�!|~ÊÉJ{>~®�±]xR\TO@VcOT|rDYjFgfSWJ`1cXWbEnWbP(@>R\@SEnYoWJEG@;YGMafnT�R\TaWyR	R\TOFgY�EG@*�JFIKJZ�m	Ta@SE\@�?�� > ]vWbFI`IYHJ@*EGr�f>`IKNYG@3R\K�RGTO@�YG`gWbU FIY;Za@SHJ@*E_WJf>RGMaWJ`w`Ir�P�WbZaF ]^@eYpR8FIZARGTO@�`IKJZa�bi±E\WJZO�J@3caWbEGR8Kb]oRGTO@c1KbRG@*Z�RGFgWb`CRGTO@*Z RGTa@�� ZOKbi±E\@10a@efhRGFIKJZ J f>`gWJY\YGFIf*Wb`�U1@STXW�H�FIKJMaE_m	FI`w`�U1@�HyWb`IFgB Wb`I`oRGTO@�moW�rMOc�RGK�BOFIYjR\WJZaf>@eY�ZO@*WJE	RGTO@8YG`gWbU�m	TO@SE\@�RGTO@3WyRGKNP!m	FI`w`¿U1@S�NFwZ�R\KQ]^@S@S`xRGTO@8YGTOKNEjR	EnWbZO�N@]^KJEnf>@eY�WJZaB�`IK�K�Yj@s@SZO@*EG�Nr_R\K8R\TO@sFIZ�RG@*EGZaWJ`1BO@S�JE\@S@eY®Kb]x]^EG@*@*BDKNP�~}�OKNEoYGMafnT�W3fSWNYj@�RGTO@*Zm	FwRGT %�� � mC@;U1@S`IFw@*HJ@;KJZa@�m	FI`I` � ��	CKNUaYj@*EGHN@�»�MaWJZ�RGMOP!E\@10X@*fhR\FwKNZ¿~
�Q'�� �32:<1#��(<S0�6 ��7}= ! 9 ! < �><n2 �
��W�H|FIZO��@*YjR\WbUa`wFgYjTa@*B¹R\TaWyR;R\TO@(EG@-0a@*f>RGFIKJZ�FgYVfSWJMaYG@*B�U|r�W�mo@S`I` i�BD@>�XZO@*B�`wKDf*Wb`IF � @*B�E\@>i�JFIKJZxzamo@3YGKJ`IHJ@;RGTa@_KJZa@>i�BDFwP(@*ZaYjFIKJZXWb`5°DfnTaEGKDBDFIZO�J@*E[@*»�MaWbRGFIKJZ�WJEGKNMOZaB�RGTaFIYsEG@*�JFIKJZ�RGKWJf*f>MOEnWyR\@S`Ir�fSKJP(cOMDR\@VRGTO@3EG@-0a@*f>RGFIKJZ¹cOE\KJUXWbUOFI`wFwRprJ~[�aKJE�WbZ�WyRGRGEnWJf>RGFIHJ@Vc1KymC@*E�`gW�m c1KbiRG@*Z�RGFgWb` � � � ���Íµ � , D � , z|RGTa@VEG@*`w@*H�WJZ�R�KNZO@VBDFIPQ@*ZaYGFwKNZaWb`l@e»NMXWyRGFIKJZ�FgY

� � �� � � ½
7 , ² �,� , ½ � � � � � � � �C� @ ¯ u�!|~"!b{

� � � � � FgYoRGTO@V@*ZNR\E\WJZaf>@;fnTaWJZOZO@S`xmoW�HN@>]^MOZaf>RGFIKJZ¿~}��TO@V`I@SZO�JRGT�YGf*Wb`I@
7 , ³ � � � � , D � � � &� ) Ä � u�!|~ <N{

f>KNZ�R\WbFIZaYQWb`I`�RGTO@¹»�MaWJ`wFwR\WbRGFIHJ@�FwZD]^KNEGP�WbRGFIKJZ WJUXKNMDRQRGTO@�E\@10a@efhRGFIKJZx~��±R\YQE\@S`I@SHyWbZXf>@�FIYRpmoKb]^KJ`gBl~®�:FwEnYjRG`IrJz|RGTa@8YpR\FIfn¸|FIZO�(cOEGKNUaWbUaFw`IF Rpr(]^KNE�YGP(WJ`w` �lzDUX@*TaW�HJ@eY	WJY
� YpR\FIfn¸|FIZO� 9 � , � 7 , u�!|~ 2N{

m	TO@SE\@ � , FIY8W�cOMaEG@�Z|MOP(@SE\FgfQfSKJZaYjR\WJZ�R�uvEGKNMO�JTa`wr�KJ]oKNE\BO@SE��*Î�]^KNE % � G z5WbZXB�KJ]KJEnBD@*E��s]^KJE % � Ma� L {hzDYG@S@ +	@>]p~ ,I�J�1.�~ � YpR\FIfn¸|FIZO� P(W�r�U1@8f>KNP(cOMDRG@eB�Z|MOP(@*EGFgfSWJ`w`Ir�]^KJEWbZ|r �qzDWbZaB��5FI�a~	u�!|~ ��{®YGTOKym[Y � YjRGFgfn¸�FIZO� HDY*~ � 7 , ]^KJE % � G � M z�WJZaB��O~}°|@ef>KNZaBD`IrJz�RGTO@BDFgYpRnWbZafS@VWyR	m	TOFgfnT�R\TO@VcaWJEjR\FIfS`w@;FgYoRGMOE\ZO@*B�WJEGKNMOZaB�FgY	@eYpR\FwP�WyR\@*B�U|r�YGKJ`IH�FIZO�

 7 ,� � , �Í� � 7 , � � u�!|~I�*Î�{

]^KJE;­lz5m	TOFIfnT FgY�tpMaYjRVRGTO@�E\@*»�MOFIE\@SP(@SZ�R;RGTaWbR � � � � � � � �e~�ºC»NMXWyRGFIKJZ�u�!|~ 2N{�RGKN�J@>R\TO@SEm	FwRGT�@*»�MaWyR\FwKNZAu�!|~ <N{CP�Wb¸N@*YocO`gWbFIZ�R\TaWyR�W(YGP(WJ`w`I@SE � , FgY�PQKNEG@;f>KNZaBDMafSFwHN@�RGK(P�Wb¸|FwZa�»�MaWbZ�R\MOP EG@-0a@*f>RGFIKJZ_TXWbcOc1@SZ¿zym	TaFw`I@CºC»X~Du�!|~I�*ÎN{¿FwZXBDFIf*WyR\@*Y5RGTaWbR5R\TO@CRGMOE\ZaWbE\KJMaZaBVc1KJFIZNRFgYoRGTO@*Z¹ZO@*fS@*Y\YGWJEGFI`wr�fS`wK�Yj@*EoRGK(RGTa@8YjMOEG]vWJfS@J~®?�FwRGT�RGTa@*YG@V@>�q@*fhRnY	FIZ�P(FIZaBlzXmC@;`IK�KN¸�WyRYGKJP(@VYjc1@*fSF �Xf;f*WJYG@*Y*~

<JË



0.2 0.4 0.6 0.8 1 1.2 1.4

0.2

0.4

0.6

0.8

1

k an

vs. k a3

vs. k a

P

4

vs. k a5

sticking

°�R\FIfn¸|FIZO��cOE\KJUXWbUOFI`wFwRGFI@*Y_]^KJE(WbZ WyRGKNP FwZafSFIBO@SZ�RQKNZ�YGMOEj]vWNf>@�cOEGKyH|FgBDFIZO��W�`wKNZO��EnWbZO�N@FIZNR\@SEnWJf>RGFIKJZAKb]�RGTO@�]^KJE\P � � � �Q� µ � , D � , ]^KJE_RGTO@�f*WJYG@*Y;Z 8�Ëaz �Xz �O~ I�KbRG@�RGTaWbR8RGTO@`I@SZO�JRGT_Y\fSWJ`w@ 7 , MaYj@eB;RGK�f>KNPQcaMDRG@CRGTO@�BDFIP(@SZaYGFwKNZO`I@*Y\Y � 7 , f>K|KNE\BDFIZaWbRG@LKNZVRGTO@ � ­�i�Wy­DFgY JHDYS~}m	TOFgfnT�mC@;cO`IKbR	R\TO@VYpR\FIfn¸|FIZO�(cOE\KJUaWJUOFw`IFwRGFI@*Y*zDFIY	BDFw�q@SE\@SZ�R	]^KJE	@eWJfnT	%®~
�Q'n& - ��9 � ���>4 �
?A@�@>­OWbP(FIZO@¹R\TO@�fSWNYj@¹KJ]VFwZafSFIBO@SZafS@�KJZ¾W YG`IWJU�m	TOFgfnT�P(W�r UX@�RGE\@*WbRG@*B WNY�Yj@*P(F iFIZD�aZOFwRG@Nz�WbZaB�Wb`gYjK¹R\TO@�fSWJYG@�m	TO@*Z�FwRQFgYQW¹RGTaFwZ��a`wP�~ �±R3FgYQMaYG@>]^MO`CRGK��aEnYpRQ`wK|KJ¸ WyRRGTa@*YG@(f*WJYG@*Y�cOE\@>R\@SZaBDFIZO��RGTO@*EG@(FgY;ZOK k WJYGFwP(FIE;FwZ�RG@*E\WNfhR\FwKNZ¿z¿WbZaB�WJY\YjMaPQFIZO��RGTaWbRVRGTO@YGTOKJEGRCEnWbZO�N@	]^KJE\PÁKb]xRGTO@�cXKJRG@*ZNR\FIWJ`qFIYo@SHN@SE\r|m	TO@SE\@	HyWb`IFIBl~ # ] RG@*EGm�WbEnBOYCmC@scOMDR	FwZ�RGTO@k WJYGFIPQFIE8FIZ�RG@SEnWJf>RGFIKJZ¿~��OKNE_f>`gWbE\F Rpr�mC@�m	FI`I`CcOFgfn¸�W¹YGc1@*f>Fw�Xf�@S­OWbP(cO`I@�Kb]oR\WJEG�N@>R_WbZXBFIZaf>FgBD@SZ�R	WyR\KJP�YL]^KNECP(K�YpR�Kb]xKNMOE�BDFIY\f>MXYGYGFwKNZaY*zNU|r�YGcX@ef>Fw]^r�FIZO�3RGTO@�Z|MOP(@SE\FIf�HyWb`IMO@*YC]^KJERGTa@QYGTOKJEGR;E\WJZO�J@3cXKJRG@SZ�R\FIWJ`:U1@>Rpmo@S@*Z�R\TO@�WyRGKNP.WbZaB�Yj@*P(F i±FwZO�aZOFwRG@(Yj`gWbU¿z¿YGFIZaf>@3RGTO@eYj@WbE\@�PQK�YpR�fSKJP(cOE\@STO@*ZaYGFwHN@S`Ir(R\WbUaMO`IWbRG@eB�FIZ�EG@S]^@SE\@SZafS@ , � . f>K|@>��f>FI@SZ�RnY ��~�:Fw�X~ � ��YGTOKym[Y[RGTO@(YpR\FIfn¸|FIZO��caEGKNUaWbUOFI`IF Rpr�HDYS~sRGTO@3RG@*P(cX@*E\WbRGMOE\@_KJ]�WbZ�FIZafSKJP(FwZa�I[@8WbRGKNP FIZ�MaZOF RnY[KJ] Ç @ ²�� �;@*`wH|FIZ¿~���TO@8YG`IWJU�FIY[YGFI`wFgf>KNZDi�ZaF R\EGFgBD@�u�°|FQIs{>~X��TO@VHyWJEGFIKJMaYf>MaEGHN@*YxWJEG@L]^KJE5RGTO@oBDF �q@SE\@SZ�R®fSWNYj@eYxBD@*cX@*ZaBDFIZO��KNZ8m	TO@>R\TO@SE:mo@CWbE\@Lmo@CWJEG@of>KJZXYjFgBD@SE\FIZO�W3RGTOFgfn¸�KNECR\TOFIZ�YG`gWbU¿zOWJZaB�m	Ta@>RGTa@SE�RGTa@ k WJYGFwP(FIEo@S�1@efhR[FgY�FwZXf>`IMaBD@*B�KNEoZaKbR*~®?A@Vm	FI`w`BDFgYGfSMaY\Y8R\TO@*YG@�f*WJYG@*Y_UX@*`wKymVz®c1KJFIZ�RGFIZO��KNMDRQRGTO@�EG@*`w@*HyWbZ�R3`I@SZO�JRGT�WJZaB @*ZO@SE\�Jr Y\fSWb`I@*YFIZ�HNKJ`IHJ@eB FwZ�BD@ef>FgBDFIZO�ARGKA`IWJUX@*`	RGTO@¹YG`IWJUÈWNY(Yj@*PQFwi±FwZD�XZOF R\@�KJEQRGTOFIZ¿~���TO@�P�WbcOcaFwZO�]^E\KJP!R\TO@8P�WyR\TO@SP�WbRGFgfSWb`I`Ir�ZaWbRGMOEnWb` � 7 , uvm	F R\T % � G WbZaB���� � ����@ P(@ � � � {[YGf*Wb`I@Kb]}�:Fw�X~ !|~ �3R\KQRGTO@VP(KJE\@;cOT|rDYjFgfSWJ`XR\@SP(c1@SEnWyRGMaEG@8Y\fSWJ`w@�Kb]®�:Fw�X~&� �(FgY	P�WJBD@;MaYGFwZa�

� � � � $a¯ @?% �;@S`IH|FwZ ! � ���
� WyR\KJP �

� � P(@ � � �
� � � � � � 7 � � � u�!|~I�J��{

m	TO@*EG@�mC@;MaYG@*B � � �L� � G!D � � �����
R\KQfSKJP(cOMDR\@;RGTO@�RG@*P(cX@*E\WbRGMOE\@;U�r�YG@>RGRGFIZO� � � � @*»�MaWb`RGK�R\TO@�FIZaf>KNP(FwZO�¹@*ZO@SE\�JrN~ � � � P(WNYGY8Kb]	T|r|BOEGKN�J@SZ WyR\KJP�z5WJZaBA]^KJE_KJMOE8@S­OWbP(cO`I@
<'�



� I[@ � ��@ ¯ @�G � � ~# `I`�R\TO@��NE\WJcOTaY(FIZ
�:Fw�X~$� ��TaW�HN@�WbZ�FIZOF R\FIWJ`sYG`wKNcX@¹KJ]8ÎO~Ê�AFwZaBOFIf*WyRGFIZO� R\TO@ 6 �U1@STaW�H|FIKJMOELKJ]qRGTO@�YpR\FIfn¸|FIZO�VcOE\KJUaWJUOFw`IFwRGFI@*Y®KNZaf>@	R\TO@�@*ZO@SE\�JFI@*Y�WbE\@	`wKymÈ@SZOKNMO�JT(R\K8U1@�FIZRGTa@�	sMaWJZ�RGMOP +	@-0a@*f>RGFIKJZ�E\@S�NFwP(@J~ # caWbEGRGFgf>MO`gWbEsRG@*P(cX@*E\WbRGMOE\@3WbRsm	TOFgfnT�R\TO@SE\@_FgYsWRGEnWbZXYjFwRGFIKJZ�R\KQRGTO@;c1KNYjRji�RGTOE\@*YGTOKJ`gB�YjRGFgfn¸|FwZO�QE\@S�JFIP(@Jz|mo@�WJEGUOFwRGEnWbE\FI`wr�u^UOMOR[FwZ�RGMaF R\FwHN@S`IrD{BD@S�aZO@3WNY	R\TO@_R\@SP(c1@SEnWyRGMaEG@8m	Ta@SE\@VRGTO@(YG`wKNcX@3UX@ef>KJP(@eY�ÎO~ �a~s�OKJEsRGTa@8RGTaFwZ��a`wP f*WJYG@Kb]o�*Î % � FIZ�KNMOE	@>­OWJPQca`w@�RGTaFIY�R\@SP(c1@SEnWyRGMaEG@;FgY;�*ÎQZ �(~?�TOFI`w@QRGTa@3caWJE\WJP(@>RG@*E\Y�FwZ�KJMOE�@>­OWJPQca`w@(WbE\@8]vWJFwE\`wr�Rpr|cOFgfSWJ`�zqFwR;FgY;f>`I@*WJE�R\TaWyR�RGTO@f>MaUOFIf�BD@*cX@*ZaBD@SZXf>@�KJZ P�WJY\YQWbZaB »NMXWJBDEnWyR\FIf�BO@Sc1@SZaBD@*Zaf>@�KNZ RGTO@ ����f>K|@>��fSFw@*ZNR(FIZº�»1~gu�!|~I�J��{hzqm	FI`w`®P�Wb¸N@8R\TOFIYsR\@SP(cX@*E\WbRGMOE\@QE\WJZO�J@3KyHJ@SE�»�MOF R\@QW�]^@Sm KJEnBD@SEnY�KJ]�P�Wb�NZOF iRGMXBD@J~���TO@ � � J YsFIZ +	@>] , � . f>K|@>��f>FI@SZ�RnY ��zX`IFIYjRG@eB¹FIZ�MOZOFwR\YsKb]LP(@ � µ � � ]^KNE�W�HyWJEGFI@>RprKb]}YjMaEj]vWNf>@VWyR\KJP!caWJFwEnY*zDE\WJZO�J@�FwZ�HyWb`IMO@eYo]^EGKNP.�*ÎNÎ8R\K�ËJÎJÎNÎO~
� ¡� 	¡j¢ 	�¥ � §±« ����� ��§p©|¥ 	 ��������� §p©���ª � © ¬/� �|§ � §j¤��
ºLHN@SZQRGTOKNMO�JT � � fSK|@>��f>FI@SZ�R\Y�WbE\@o¸|ZOKym	ZQU1KbRGTQR\TO@SKNEG@SRGFgfSWb`I`Ir_WbZaBQ@S­|c1@SE\FIPQ@*Z�R\Wb`I`Ir8]^KJEP�WbZ|r3YGMOEG]vWJfS@>i�WyRGKNP caWJFwEnY*zb]^KJEof>KNPQca`w@SRG@SZa@*Y\YLmo@	R\WJ¸J@[WVP(KJP(@*ZNRCRGK8`IK|KJ¸QWyRoW_»NMaFIfn¸m�W�r�Kb]}@*YjRGFIP(WbRGFIZO�QRGTO@*P�~L��TOFIY[FIY�cOE\KyH|FIBO@*B�U�r�RGTO@ =xKJZaBDKNZ�]^KNEGP3MO`gW

� WyRGKNPQi±WbRGKJP � �b��� µ G
� 	 " 	

�

	 " ½ 	 �
5 " 5 �
� � ³ µ � �

� � � u�!|~I�eÉN{
m	TOFgfnT�@*YjRGFIP�WyRG@eY®R\TO@ �LWJZ�BD@SEC?AWNWb`gY®FIZNR\@SEnWJf>RGFIKJZ�U1@>Rpmo@S@SZ�WJZ|r_RpmoK_WyR\KJP�Y*~

	
FIY�RGTO@FIKJZOF � WbRGFIKJZ�c1KbR\@SZ�RGFgWb`lWJZaB 5 R\TO@Vc1KJ`gWbE\F � WbUOFI`wFwRpr(Kb]:@*WJfnT�WyR\KJP�~®��TO@SZ�YjMaPQP(FIZO�(KyHJ@*EWb`I`qRGTa@8WyRGKNP�Y�FwZ�RGTa@8Yj@*PQFwi±FwZD�XZOF R\@VYj`gWbU u R\TOFIfn¸O{�mo@;�J@SR

� YG`IWJUDi�WyRGKNP � � ��� µ � � � � WyR\KJP�Y
�

; Ç� ��³ µ ���� � u�!|~I�*Ë�{
m	TO@*EG@ � WyRGKNP�Y � R\TO@8BD@*ZaYjFwRpr�KJ]}YG`gWbU¹WyR\KJP�YS~C��TO@*YG@V@*YjRGFIP�WyRG@eY[WbE\@;ZOKbR[HN@SE\r�WJf*f>MDiEnWyRG@Nz�UOMDRLf>KNEGE\@*f>RG`IrsFIZaBDFgfSWbRG@CRGTO@�cOT|rDYjFgfSWJ`�»�MaWJZ�RGFwRGFI@*Y5KJZ_m	TaFIfnT_RGTO@�WbZaYGmo@SE}BD@Sc1@SZaBaYS~+	@S]^@SE\@SZafS@ , � . f>K|@S��fSFw@*Z�R\Y���cOE\KyH�FgBD@eY¿W	MaYG@>]^MO`|f>KNP(cX@*ZaBDFIMOP Kb]|RGTO@eYj@of>K|@>��fSFw@*ZNRnYS~5?�@TaW�HN@sMaYG@*B � � � ����@�
 M P(@ � � � ]^KNE	ZO@SKNZ�WbRGKNP(Y�FIZafSFIBD@*Z�R[KJZ¹YjFI`IFIfSKJZ�ZOF R\EGFgBD@�]^E\KJPmoKJE\¸�Kb] , � .gHyWb`IMO@���~}��TaFIY	fnTOKNFIfS@;Kb] � � P(WJ¸J@eY

7 � � � Ç � ZOP u�!|~I� �|{
��T|MaY_RGTO@ � YG@SP(Fwi�FIZD�aZaF R\@�YG`IWJU J f>MOE\HJ@�KJ]s�:Fw�X~ � � FIY_RGTO@	% � G f>MOE\HJ@�Kb]��:FI�a~ � �Y\fSWb`I@*B�RGKQR\@SP(cX@*E\WbRGMOE\@;MOZOFwR\Y	MXYjFIZO�(º�»1~�u�!D~w�N�e{>~
� ¡� 	¡�� �/��§ � 	 � � ����� §�©���ª � © ¬1� �|§ � §j¤��
�OE\KJP!]vWbE[@*ZOKJMO�NT�W�m�W�r�WbZ|r�Yj`gWbU�m	Fw`I`5WJcOc1@*WbE�R\TOFIZ¿~C��TO@8YGMOEG]vWJfS@>i�WyRGKNPÁFwZ�R\@SEnWJfhR\FwKNZm	FI`w`¿U1@STXW�HJ@�`wFI¸J@ µ ���� � µ µ ���� � ½ � � � �

µ G � � �� < u�!|~I�e�N{

<N�



]^KJE � � � zNm	TO@SE\@	BQFIY}R\TO@�RGTaFIfn¸|ZO@eYGY}KJ]XR\TO@[Yj`gWbUx~:��TO@	E\@*YGMO`wRGFIZO� � < f>K|@S��fSFw@*Z�RL@*»�MaWb`RGK G � ���;�NFwHN@*Y�WbZ 7 < f>K|@>��fSFw@*ZNR	R\TaWyR[f*WbZ�UX@Vm	E\FwRjRG@*Z�WNY
7 < ��� ���

� �
G � � � � 7 ��� G �7 ��� À · 	 �\Ã ¯ u�!|~I� Y�{

�OKNELP�WJfSEGK�YGfSKJcOFgfoH�WJ`wMa@*Y®KJ] � � � 7 � � R\TO@SZ¿z|FwR�FgYLKJZa`wr_]^KJE�HyWJZOFIYGTOFIZO�J`Ir3YGP�Wb`I`aFIZaf>FgBD@*ZNR@SZa@SE\�JFI@*YxRGTaWbR:R\TO@o�aZOFwRG@*ZO@*Y\Y:Kb]aR\TO@	Yj`gWbU3UX@ef>KNPQ@eY}WbcOcaWJEG@*Z�R*~5�aKJE®WbZ|r;P�WJfSEGK�YGfSKJcOFgf �RGTaFIY}m	FI`w`DU1@�cOT|rDYjFgfSWJ`w`IrVFwE\E\@S`I@SHyWbZ�R*~:�OKNE:P(Fgf>E\KNY\f>KNcOFIf � � � 7 � � TaKymC@*HJ@SEez*RGTOFgY®m	FIZaBDKymFIZ_@SZa@SE\�Jr;KyHJ@*Exm	TOFgfnTVRGTa@CR\TOFIZOZO@*Y\Y:Kb]DR\TO@	Yj`gWbU8P�WJ¸J@*Y:WbZ3WbcOcOE\@*fSFIWJUO`I@CBDFw�1@*EG@*Zaf>@ofSWJZU1@�`gWbE\�J@*EoWJZaB�@*HJ@*Z�cOE\@SHyWJFw`1]^KJE	WJ`w`l@*ZO@SE\�JFI@*Y*~:�5K(f>KJZ�R\FwZ|MO@;KJMaEoFI`I`wMaYjRGEnWyR\FwHN@s@S­OWbP(cO`I@mo@	cOFIfn¸_RGTO@�PQFgf>E\KNY\f>KNcOFgf�HyWb`IMO@[KJ] � � Ç @ ZaP�~®��TOFgY®P�Wb¸N@*Y 7 < � %�@ @ ZOP�~}��Ta@ � R\TOFwZYG`IWJU J fSMOE\HJ@8KJ]C�:Fw�NMOEG@ � ��YjTaKym[Y[R\TaWyRsRGTO@(YpR\FIfn¸|FIZO��caEGKNUaWbUOFI`IF R\Fw@eY�WbE\@3YGMOUaYjR\WJZ�RGFgWb`I`wrE\@*BDMafS@*B�WbZaB�RGTa@VKJZaYG@>R	Kb] 	sMaWJZNR\MOP +	@-0a@*f>RGFIKJZ�KDfSfSMOE\Y�WbR�W3P3MafnT�TOFw�NTO@SE	@*ZO@SE\�JrN~
# Y�W U1@SZafnTaP(WJEG¸ fSWNYj@Nz	mC@�Wb`gYjK FIZafS`wMaBO@�m	TaWbR�m	FI`w`�`wFI¸J@*`wr U1@�R\TO@�cOT|rDYGFIf*Wb`I`wr`IFwP(FwRGFIZO�VfSWJYG@L]^KNE®WsfSKJZ�RGFIZ|MOKJMaYx�a`IPÍKb] � � Ç ZOP�~}��TOFgYx]^MaEjR\TO@SE}E\@*BDMafS@*Y5RGTa@�YjRGFgfn¸|FwZa�cOE\KJUaWJUOFI`wFwRGFI@*Y�]^KJE	W_�O­D@*B�R\@SP(c1@SEnWyRGMaEG@�U|r�W8]vWNfhRGKNECKJ] 6 Ç @ zDU1@*f*WbMaYG@sRGTO@�FwP(c1KJEGR\WJZNR»�MaWbZ�R\F Rpr 7 < FgY_E\@*BDMXf>@*B U�r�RGTaFIY3P_MafnTx~ u^ºC»X~gu�� �O{j{h~A��TO@�R\E\WJZaYGF R\FwKNZ RG@*PQc1@SEnWyR\MOE\@WbcacX@eWbEnY(RGK TXW�HJ@¹FIZaf>E\@*WNYj@eB U|r Ë KJEnBD@*E\Y(KJ];P�WJ�JZOFwRGMaBO@�HJ@*E\YGMaY(R\TO@�YG@SP(Fwi�FIZD�aZOFwRG@fSWNYj@N~

� ¡� 	¡�� 	�¥ � §±«y§ ��� ��§p©|¥ �+��� � �y¬/� �|§ � §j¤ � ¥ ��§ � ¥ �
# YoR\TO@VFIZaf>KNPQFIZO�(@SZa@SE\�Jr ��R\@SZaBOY	RGK�ÎOzDmo@;TaW�HJ@;Yj@*@SZ�RGTaWbR	RGTO@�R\MOEGZOi±WJEGKNMOZaB�E\@S�NFwKNZ]^E\KJP!m	TOFgfnT�RGTO@8WbRGKNP � »�MaWJZ�RGMOP EG@-0a@*f>R\Y J PQKyHN@*YocOE\KJ�NEG@eYGYGFwHN@S`IrQ]^MOEjR\TO@SEsW�moW�rQ]^E\KJPRGTa@_Yj`gWbUx~ > MDRsWbR[`IWJEG�N@VBDFIYjR\WJZaf>@eYSzXTOKymo@SHJ@*E*zDFwR�FgY[mo@S`I`¿¸|ZOKym	Z�RGTaWbR[RGTa@8FwZ�R\@SEnWJfhR\FwKNZc1KbRG@*Z�RGFgWb`qF RnYj@*` ]5R\WJ¸J@*YoKNZ�W(BDFw�1@*EG@*ZNRo]^KJE\P!BDMO@�R\K k WNYjFIP(FwEo@>�q@*f>R\Y*~®��Z�cXWbEGRGFgf>MO`gWbEez�WYG@SP(F i±FIZD�aZOFwRG@_BOFw@*`w@efhRGE\FgfVYj`gWbU u�BDFw@*`w@efhR\EGFgf8f>KNZaYjR\WbZ�R ���h{�TaWNY�WJZ�FIZ�RG@*E\WNfhRGFIKJZ�c1KbR\@SZ�RGFgWb`m	FwRGT¹WbZ�WyR\KJP!KJ]:c1KJ`gWbE\F � WbUOFI`IF Rpr 5 �NFwHN@SZ�U|r

� YG`IWJUDi±WbRGKNP � � ��� µ G
%�� �

� 5� < � � µ Ç
��� ½ G � D��'G � A
� u�!|~I�&!J{

� µ ��G La� � � µ � � 5� < ��� µ Ç
� � ½ G � D �'G � A
� u�!|~I��<�{

ºLHN@SZ�]^KJEVYjMO��fSFw@*Z�RG`Ir�`IWJEG�N@ �5zlRGTa@(]^KJE\P WbU1KyHJ@3FIY;ZOKJRV@>­OWJf>R�UOMOR_W��NK|K|B�WbcOcaEGK�­DFwiP�WyR\FwKNZ�]^KJMaZaB�FIZ +[@>]p~', � .g@*YjRGFIP(WbRG@eY ��~ (sMOE;cOMOE\cXK�Yj@QTO@*EG@QFIY�KNZO`wr�R\K�@eYpR\FwP�WbRG@QRGTO@HyWbE\FwKNMaYoZ|MOP_U1@SEnY�RGK�YG@S@;R\TO@SFIE	EG@*`w@*HyWbZafS@J~®�±R[m	FI`w`xYGMD��f>@;R\K�cOMDR 5 � � � @ ¯ G $ � � WbZXBRGTa@�`gWJYjRL]vWJf>RGKJECFwZ|HNKJ`IH�FIZO� � � FgY�E\@ScO`gWJfS@*B(U|r��sYGFwZafS@[P(KNYjRoYGKJ`IFIBaY�WbZXB(`wFg»�MOFIBaY�TaW�HN@ � �YGMOUaYjR\WbZ�R\FIWJ`w`Ir��JE\@*WbRG@SEoR\TaWbZA�J~L��TOFgY��JFIHJ@eY�W � À
	 Ã< f>K|@>��f>FI@SZ�R	Kb] $ ; Ç @'< P(@ � � < WbZXBTO@*Zaf>@;W_E\@*YGMO`wRGFIZO� 7 À
	 Ã< � $ G ZOP�~L��TO@;YjMOc1@SEnY\f>E\FwcDR � k J E\@SP(FIZaBOYCMaY�FwRoFgY�BDMO@�RGK3RGTO@k WJYGFIPQFIE�FwZ�R\@SEnWJfhR\FwKNZ�m	TaFIfnT�FIY[H�WJ`wFgB�KJZO`Ir�]^KNE	`IWJEG�N@s@*ZOKJMO�NT��5~�xKs@*YjRGFIP�WyRG@LRGTO@oBDFIYjR\WJZaf>@�UX@*rJKJZXBVm	TOFgfnT;RGTO@ k WJYGFwP(FIE¿]^KJE\P F RnYj@*` ]OFgYxHyWJ`wFgBlz�mC@�MaYj@RGTa@3YjR\WyR\@SP(@SZ�Rs]^EGKNP +	@S]p~ , � . � � ?�FwRGTaFwZAW(]vWJf>RGKJEsKb]CÉOzaR\TO@3HyWJZ�BD@SE�?AWNWb`gY[c1KbR\@SZ�RGFgWb`FgYsfSKJE\EG@efhR�WbR�BDFgYjR\WbZXf>@*Ys`I@*Y\Y[R\TaWbZAÎO~I�eÉ � + � zlm	TOFI`I@_R\TO@ k WNYjFIP(FwEscXKJRG@*ZNR\FIWJ`}FIY;f>KNEGE\@*f>RWyR_BOFIYjR\WJZaf>@eY_WyR8`IKJZa�J@SE_E\WJZO�J@N~ J � + � � �pÇN� � M @ ZOP � D ��� �� � � TO@SE\@�FIY8RGTO@�moW�HN@S`I@SZO�JRGT
<�Y



WJY\YGK|fSFIWbRG@eB�m	FwRGT�R\TO@VRGEnWbZXYjFwRGFIKJZ�UX@SRpmC@*@SZ�R\TO@V�JE\KJMOZXB�WJZaB�@>­Of>FwRG@eB�YpRnWyRG@8RGTaWbR[�JFIHJ@*YRGTa@�WyR\KJP FwR\Y�cXKN`IWJEGF � WJUOFI`wFwRprJ~ � 
 FIY}R\TO@[R\E\WJZaYGF R\FwKNZQ@*ZO@SE\�Jr_PQ@eWJYGMOE\@*BQFwZ � � ~ �;ZaKym�iFIZO�VRGTaFIY�P_MafnT�mo@	P�W�rQBD@eBDMafS@	RGTO@s»NMXWb`IF RnWyRGFIHJ@�]^@eWyR\MOEG@eYLKJ]1R\TO@�YjRGFgfn¸|FwZO�VcaEGKNUaWbUOFI`IF Rprf>MaEGHN@�R\TO@8WbE\�JMOP(@*ZNRnYoUX@*FwZO��YGFIPQFI`gWbE�RGKQR\TO@8fSWNYj@eY	WbU1KyHJ@J~�OKNEVRGTOFgY k WNYjFIP(FwE8f*WJYG@(WJZaB�RGTO@�KNZO@(UX@*`wKymVz5TOKymo@SHJ@*E*zqR\TO@SE\@�FgY8W�fSW�HJ@eWyR;RGK¹WJ`w`RGTaFIY*~ ��TO@�@>­OWJf>R(P�WJZOZO@SE�FwZ�m	TOFgfnTÈRGTO@�cXKJRG@SZ�R\FIWJ`�fnTaWbZa�J@*Y(FwR\Y�ZO@*WJE�E\WJZO�J@�]^KJE\PRGK�F RnY�`IKJZO�Ji�EnWbZa�J@ k WJYGFwP(FIE�]^KNEGP fSWJZ¾f>@SEGR\WJFwZa`wr Wy�q@*f>R�RGTO@AYpR\FIfn¸|FIZO� cOE\KJUXWbUOFI`wFwRGFI@*YWyR�RGTO@AFIZNR\@SE\P(@*BDFgWyR\@�@SZO@*EG�Nr m	Ta@SE\@�FwR�P�Wb¸N@*Y�RGTOFgY�RGEnWbZaYGF R\FwKNZ¿~ °DKJP(@�Z|MOP(@SE\FgfSWb`@>­Dc1@SE\FwP(@*ZNRnWyR\FwKNZ fnTOK|KNYGFIZO��WJEGUOFwRGEnWbE\r�]^KJE\P(YQKJ]�RGTa@�c1KbR\@SZ�RGFgWb`�TaW�H|FIZO��RGTO@¹f>KNEGE\@*f>RYGTOKJEGR�E\WJZO�J@�WbZaBÈ`IKJZO�Ji�EnWbZa�J@�U1@STXW�H�FIKJEezCfSKJZD�XEGP�YQRGTaFIY*~
��TO@*EG@S]^KJE\@�R\TO@�f>MaEGHN@*Y(FIZ�a�NMOEG@(Ë�FwZ|HNKJ`IH�FIZO� k WJYGFwP(FIE�]^KJEnf>@*YVWJEG@QKJZa`wr�»�MaWJZ�RGFwR\WyR\FwHN@S`Ir�WbZaB � ��	�»�MaWJ`wFwR\WbRGFIHJ@*`wrf>KNEGE\@*f>R*~
� ¡� 	¡�� �/��§ � 	 � � ���b¬1� �|§ � §p¤ � ¥ �C§ � ¥ �
ºLHN@SZV]^KNE:W[RGTOFIZ3YG`IWJU8mo@C@S­|c1@*f>RxR\TaWyR:RGTO@�BDFgYpRnWbZafS@CWbR5m	TOFgfnT8R\TO@ k WNYjFIP(FwE5FwZ�R\@SEnWJfhR\FwKNZFgYCHyWJ`wFgB�E\@SP�WJFwZaYCR\TO@VYGWJPQ@VWNY�]^KNE	WQYG@SP(Fwi�FIZD�aZaF R\@;YG`gWbU�P�WNBD@;Kb]xR\TO@VYGWJP(@sP�WyR\@SE\FIWJ`�~
# R�RGTO@eYj@;BDFgYpRnWbZafS@*Y�Fw] � � � FgY	Wb`gYGK_HyWb`IFIB¿z|RGTO@*Z�KNZO@�P(W�r�@S­DcX@efhR�RGTO@VYGMOEG]vWJf>@;WyR\KJPFIZNR\@SEnWJf>RGFIKJZ�R\K�UX@*TaW�HJ@�`IFw¸N@

µ � À
	 Ã<� < µ µ � À 	 Ã<� � ½ � � < �
µNM � � À
	 Ã<� � u�!|~I� 2�{

��TO@;`I@SZO�JRGT¹YGf*Wb`I@
7 À
	 Ã� � 7 À
	 Ã< � M �7 À 	 Ã<��

· 	 � u�!|~ÊÉbÎ�{
WJY\YGK|fSFIWbRG@eB m	F R\TÈRGTOFgY � � � M � � À
	 Ã< f>K|@>��fSFw@*ZNR�P�Wb¸N@*Y 7 À
	 Ã� � �|Ç � ZOP ¯ �5FI�JMaEG@ � �YGTOKym[YsW�YG`wFI�JT�R8BD@*fSEG@eWJYG@_FIZ�R\TO@�YpR\FIfn¸|FIZO��cOEGKNUaWbUaFw`IF R\Fw@eYSz1R\TO@(@>�q@*fhR8U1@SFIZO��@SH|FgBD@SZ�RG`Ir`I@*Y\Y�TO@SE\@�RGTaWJZ�FIZ�RGTO@8f*WJYG@�KJ]5R\TO@;RGTaFIfn¸�YG`gWbU¿~
� ¡� 	¡�  � �[¦[¤Oª �L¥ � ª ���^©���§G¨��	� �
¥'�G§ � �
+[WbRGTO@*E3WyRpr|cOFgfSWJ`�z®UaMDR3@S­�R\EG@*P(@S`Ir�]vW�HNKJMOEnWbUa`w@�caWJE\WJP(@>RG@*E\Y�u � � ��Ç % P(@ � � � {_WbE\@]^KJMaZaB�FwZ�RGTa@8fSWJYG@�Kb]Z�[rDBDE\KJ�J@*Z�WbRGKJP�Y�FIZaf>FgBD@*ZNR[KNZ�UaMO`w¸�`wFg»�MOFgB ��@S`IFwMaP�~�ºLH|FIBD@*Zaf>@]^KJE	»�MaWJZNR\MOP!E\@10a@efhR\FwKNZ�m�WJYo@>­Dc1@SE\FwP(@SZ�RnWb`I`wr�YG@S@*Z�FIZ�R\TOFgY	YjrDYjRG@SP�~ ,I�eÉ . # fSKJP(caWbE\FwiYGKJZ�m	F R\T�R\TO@VcaWJE\WJPQ@SRG@*E\YoMaYG@*B�FwZ�KNMOE	@>­OWbP(cO`I@;Kb] I[@VKJZ¹°|FQI �

� I�@ D � � � �'@ ¯ @�G WbZaB � À I�@>ip°|FQI Ã� D � À �	i �[@ Ã� � ���'@!D Ç % ¯ u�!|~ÊÉD��{
?�FwRGT R\TO@�MaYG@�Kb]	º�»1~ u�� �|@*»�MaWyR\FwKNZ ��{>zxmo@�YG@S@�R\TaWyR8R\TO@�YjRGFgfn¸|FwZO��cOEGKNUaWbUaFw`IF R\Fw@eY;]^KJERGTaFIY�fSWNYj@�WbE\@�FIZ¾]vWJf>R�R\TO@ YGWJPQ@Af>MOE\HJ@eY�WNY�FIZ �:FI�JMOE\@ � �È@S­Of>@ScOR�YGTOFw] RG@*B¾RGK RGTO@E\Fw�NTNR	FIZ�RG@SP(c1@SEnWyR\MOEG@VU|r�WbU1KJMDR Ya~w�;KJEnBD@*E\YoKb]}P�Wb�NZOF R\MaBD@N~C��TOFgY	cOMDRnY	FwR[@>­OWJf>RG`Ir�FIZRGTa@3P(FI`w`IF i �;@S`IH|FwZ�EG@*�JFIPQ@_m	TO@SE\@3YjRGFgfn¸|FwZO��cOE\KJUaWJUOFw`IFwRGFI@*Y[KJ]�WbU1KJMDRVÎO~ ÎO�8RGK�Îa~ ÎNË�mo@SE\@KJUXYj@*EGHN@*BAWJY;R\@SP(cX@*E\WbRGMOE\@*Y;EnWbZa�J@*B�]^E\KJP WbU1KJMDR_Îa~ Ë�P�� RGK���P��(~ ,I�eÉ . �[Kymo@SHN@SEezRGTa@�YpR\FIfn¸|FIZO�¹cOE\KJUaWJUOFI`wFwRGFI@*YVcaEG@eBDFIf>RG@eB U�r�RGTa@ �ÊYj@*PQFwi±FwZD�XZOF R\@�YG`IWJU À
	 Ã J f>MOE\HJ@�KJ]	�:FI�a~

<2!



� ��WbE\@(WJUXKNMDR3W�]vWJf>RGKNE3ÉD~Ê��RGK|K¹`IWJEG�N@Jz¿UaMDR_mo@(]^@S@S`�RGTO@*EG@�FgYV�NK�KDB�EG@eWJYGKJZ�]^KJEVR\TOFgYS~?A@�WJ`wE\@*WNBDr(PQ@*Z�RGFIKJZO@eB�RGTa@;»�MaWJ`wFwR\WbRGFIHJ@sP(WJZOZO@*EoFIZ�m	TaFIfnT�RGTO@ k WJYGFIPQFIEC]^KJEnf>@*YCmo@SE\@FIZaf>`IMaBD@eB UOMDR(F R(Yj@*@SP�YVR\TaWyR(W��NEG@eWyRG@*E8@SE\E\KJE8FgY3f*WbMaYG@*BA]^KNE3WJZOKbR\TO@SE3EG@eWJYGKJZ¿~���TO@`I@SZO�JRGT¾Y\fSWb`I@ 7 � � Ç�� ZOP ]^KJE �[i ��@�FgY�YGK YjP�WJ`w`�RGTaWbR�RGTa@�?�� > @*EGE\KJE�FIY�f>`IKNYG@FIZ uvYG@S@��:FI�a~ !|~ÊÉJ{(m	TO@*EG@�RGTO@�FwZ�RG@*E\WNfhR\FwKNZ�cXKJRG@SZ�R\FIWJ`�FgY�ZOKJR�@S­DWNfhR\`wrÈKb];RGTa@�]^KJE\P
9 Ç D � � ~�d�E\WNfhRGFgfSWJ`w`Ir�YGc1@*Wb¸|FIZO��RGTOFgY8P(@eWbZaY;R\TaWyRVR\TO@�E\@S�NFwKNZ�KyHN@SEVm	TOFgfnT mC@�P3MaYpRFIZNR\@S�NE\WbRG@�º�»1~gu�� �N@e»NMXWyRGFIKJZ ��{VP3MaYjR3FIZaf>`IMaBD@�cXKNFwZ�R\YQf>`IKNYG@�R\K�RGTa@�YG`IWJU RGK��J@>R(YjKNP(@f>KNZ|HJ@SE\�J@*Zaf>@�WJZaB�R\T|MaY�mC@AWbE\@�H|FwKN`IWbRGFIZO� R\TO@ WJY\YjMOP(cDR\FwKNZ�RGTXWyR�RGTO@AcXKJRG@*ZNR\FIWJ`;FIY
9 Ç D � � RGTO@*EG@N~x��TOFgY¿cOE\KJUa`w@*P¾mCKNMO`gBsZaKbRxcO`gWb�NMO@:RGTO@�I[@>ip°|FQI fSWNYj@:R\K�K	P3MafnT¿z�U1@*fSWJMaYG@RGTa@3`I@SZO�JRGT�Y\fSWJ`w@_RGTO@*EG@3FIY;YGMOUaYjR\WJZNR\FIWJ`w`Ir�UOFI�J�J@*E*~��OKNE �[i ��@3mo@_P3MaYpR;FIZaf>`IMaBD@(YjKNP(@YGTOKJEGRji±E\WJZO�J@�FwZD]^KNEGP�WbRGFIKJZ�R\K(�J@>R[WJZ�FIPQcaEGKyHN@SP(@SZ�R*~L°�R\Fw`I`lFwR[FIYCRGTa@V`wKNZO�bi±E\WJZO�J@[]^KJEnf>@*YRGTXWyR¹WbE\@�P(KNYjRG`Ir EG@eYjc1KJZaYGFIUO`w@N~ +	@>]', �Xz � .8WbZaB�KJRGTO@*E\Y�TaW�HN@�P(KDBD@S`I@*B¾RGTOFgY�f>`IKNYG@EnWbZO�N@[UX@*TaW�H|FwKNMOE�WbZaB�KJUDRnWbFIZO@*B�U1@>RGRG@*E�WJ�JE\@S@*PQ@*Z�R �NRGTO@;FIPQcaEGKyHN@SP(@SZ�RCfSKJP(FwZa�8]^E\KJP@>­DcO`IFgf>FwR:f>KNZaYGFIBD@*E\WbRGFIKJZ;Kb]DR\TO@�U1KJMaZaB8YjR\WyR\@*Y5YjMOcacXKNEjR\@*BVU|r�RGTO@of>`IKNYG@LEnWbZO�N@®cXKJRG@SZ�R\FIWJ`�~��TO@eYj@VWbcacX@eWbE	FIZ�R\TO@VcXKJRG@*ZNR\FIWJ`¿P�WyR\EGFw­�@S`I@SP(@*ZNRnY�Kb]}cX@*EjR\MOE\UaWyR\FwKNZ�R\TO@SKNEGrN~
�Q' + � 4��S9;25<>=80¼25=�2 ��7:4 � ��= � 
 ! 4 ��9��(<S=V7
?A@�ZOKymÁm	FgYGT RGK�R\WJ¸J@�W�UOE\KNWJBO@SE_H|FI@Sm!KJ]	RGTO@�»�MaWbZ�R\MOP�EG@-0a@*f>RGFIKJZ U1@STXW�H�FIKJMaE3WyRRGTaEG@eYjTOKN`IB u � A @ {>z¿WbZaB�RGTO@(YjRGFgfn¸�FIZO��RGTaWbR8Yj@SR\Y�FwZ WJYsR\TO@3@*ZO@SE\�Jr¹FgY�FwZXf>E\@*WJYG@*B¹i	Wd}KNYjRQ��TOE\@*YGTOKN`IB U1@STXW�H�FIKJEe~A��Z�caWJEjR\FIfSMO`IWJE_mo@�m�WbZ�R3RGK�P�WJ¸J@�fSKJZOZa@*fhR\FwKNZ R\KazLWbZXB@>­|R\@SZaB RGTO@�mo@S`I` i±¸|ZOKym	Z RGTaEG@eYjTOKN`IB�UX@*TaW�H|FwKNE\Y3Kb]�FwZa@S`gWJYjRGFgf�EnWyR\@*Y3m	TOFIfnTÈmo@SE\@��aEnYpRYjR\WyR\@*B�P(KNYjR��N@SZO@*E\WJ`w`Ir�U|r�?�FI�JZa@SE�FIZ +	@S] , � .±~[�OKNE[@>­OWbP(cO`I@JzX?�Fw�NZO@SE�YjTaKymC@eB�R\TaWyRRGTa@�@>­DKJRGTO@*EGP(Fgf�@>­Of>FwR\WbRGFIKJZ EnWyR\@*Y8]^KJE3fSKJ`I`wFgYGFwKNZaY8U1@>Rpmo@S@*Z RpmCK�UXKDBDFI@*Y3m	F R\T�U1KJMOZXBFIZNR\@SE\ZaWb`NBD@S�NEG@*@*YqKb]|]^E\@S@eBDKJP
RG@SZXB�RGK�W	fSKJZaYjR\WJZNR¿HyWJ`wMO@CWJYqR\TO@SFIE¿E\@S`gWyRGFIHJ@}R\E\WJZaYG`IWbRGFIKJZaWJ`@SZa@SE\�Jr�R\@SZaBOY[RGK�ÎazacOE\KyH|FIBO@*B�RGTO@*EG@8FgY[ZaK�EG@eYjKNZaWbZafS@VWyR[R\TO@_ÎQRGEnWbZXYj`gWyR\FwKNZaWb`l@*ZO@SE\�JrRGTaEG@eYjTOKN`IB¿~�º�»�MOFIHyWb`I@SZ�RG`IrJz1RGTa@_@>­DKJRGTO@*EGP(FgfVFwZa@S`gWJYjRGFgf_f>E\KNY\Yji±YG@*f>RGFIKJZ¹BDFIHJ@SE\�J@eY[WJY Ç D �XzW ]vWNfhR�¸|ZOKym	Z�FIZ�RGTa@�YjRGFI`w`�KJ`gBD@SE�`wFwRG@*E\WbRGMOE\@�WJY�RGTO@ � Ç D ��`gW�m J ~ � FgY�R\TO@�E\@S`gWyR\FwHN@HJ@*`wKDfSF Rpr�Kb]CRGTO@(f>KN`w`IFgYjFIKJZ¿~ I[KbR\FIfS@3@eYjc1@*fSFIWJ`w`Ir�RGTa@3cOE\KyH|FIYGK�FIZ�R\TO@�YpRnWyR\@SP(@SZ�RVWbU1KyHJ@JzRGTXWyR�RGTO@*EG@QUX@QZOK�EG@eYjKNZaWbZXf>@3WbRsR\TO@3RGTOE\@*YGTOKJ`gB�@*ZO@SE\�Jr��lYGMO�J�N@*YjRGFIZO��R\TaWyR�RGTO@(P�WbZ|rE\@*YGKJZaWJZaf>@eYsU1@>Rpmo@S@*Z Î�WbZXB �3cOE\KyH|FIBD@eB�U|r W�P�WbZ|r�U1KDBDr�RnWbE\�J@SR_f>KJMa`IB P�Wb¸N@(RGTO@`gW�mÈFIZOKNcX@*E\WbRGFIHJ@J~ > MDR�R\TO@�@SZ�RGFIEG@�RGTOE\MaYjRCKJ]¿d}WJEjR��[m�WJY�RGK_@eYpRnWbUO`IFgYjT�»�MOFwRG@��J@*ZO@SEnWb`I`wrRGTXWyRVRGTaFIYVP�WJZ�r�i±EG@eYjKNZaWbZXf>@8E\@S�NFwP(@(moWNY;cOE\@*f>FgYG@S`Ir�RGTO@�KNZO@(]^KJEVm	TOFgfnT�RGTO@�KN`IB � Ç D �`gW�m J FIY�E\@SFIZaYjR\WyR\@*Bl~�[@*EG@�mo@¹EG@Si�@S­DWJP(FwZO@�RGTa@¹?�Fw�NZO@SE�U1@STaW�H|FIKJMOEQ]^E\KJP W BDFw�q@SE\@SZ�R�cXKNFwZ�R�KJ]sH|Fw@*mMaYGFwZa��KNMOE(MOZaBD@*E\YjR\WJZaBDFIZO��KJ]�»�MaWbZ�R\MOP�EG@-0a@*f>RGFIKJZ¿~���ZÈWNBOBDFwRGFIKJZ R\K�]^MaEjR\TO@SE\FwZa�AWJZFIZNR\MOFwRGFIHJ@�MOZaBD@*E\YjR\WJZaBDFIZO� Kb]sRGTO@¹?�FI�JZO@*E�UX@*TaW�H|FwKNMOEezLH|Fw@*m	FwZO�AR\TOFwZa�NY(FIZ R\TOFgY(moW�rm	FI`w`q`I@*WJB�ZaWyR\MOE\WJ`w`IrQRGKQcOE\@*BDFgfhR\FwZO�QW_�N@SZO@*EGFgf	c1KNYjRCR\TOE\@*YGTOKJ`gB�U1@STaW�H|FIKJE;u^@J~ �a~:R\TO@3� ��H`gW�m FgY[E\@Sca`IWNf>@*B�U|r¹W Ç D � � `IW�m�{�WbZaB¹WJZ�MOZaBO@SEnYpRnWbZaBDFIZO��KJ]®m	TO@SZ¹R\TO@3YjRGFgfn¸|FwZa��Yj@SR\YUaWNfn¸�FwZ¹WJY ��FIY�FIZafSEG@eWJYG@*Bl~��TO@;EG@eWJBD@*ECm	FI`I`lTaW�HJ@�ZOKbR\@*B�RGTaWbR�mo@;TaW�HJ@�YjTaF ] R\@*B�KJMOE	WyRGRG@*ZNR\FwKNZ�R\KQW3R\TOEG@*@�BOF iP(@SZaYGFIKJZaWJ`D�J@SKNP(@>RGE\rVKb]qFIZaf>FgBD@SZXf>@	KJZ�W�`IK|f*Wb`IF � @*BQf>`IMaYjRG@SE�FwZaYjRG@eWJB3Kb]1RGTO@�KJZO@	BDFIP(@SZDiYGFwKNZaWb`qfSWNYj@sKb]¿FIZaf>FgBD@SZXf>@�KJZ�W3Yj`gWbUx~®°DK_`IKJZO�QWJYCRGTO@sR\WJEG�N@>R�BDFwP(@*ZaYjFIKJZXYCWJEG@�BDmoWJEj]^@eBU|r(RGTO@;FIZaf>FgBD@*Zaf>@;m�W�HJ@S`I@SZa�bRGT�mC@;m	FI`w`q�aZXB�R\TaWyR	U1KbRGT�cOE\KJUO`I@SP�Y�WbE\@�@>�q@*fhR\FwHN@S`Ir�KJZO@BDFIP(@SZaYGFwKNZaWb`:BDMO@_RGK�R\TO@8]vWNfhRsRGTaWbRsFwRsFgY�KNZO`wr�RGTa@3Yji�m�W�HJ@Vm	TOFgfnT�f*WbZ¹c1@SZO@SRGEnWyRG@_RGTO@

< <



FIZNR\@SEnWJf>RGFIKJZ�E\@S�NFwKNZ¿~®�OKNE[f>`gWbE\F Rpr�mo@;m	Fw`I`xBD@eWb`lm	FwRGT�UXKJRGT¹fSWNYj@eY	Yj@*caWbEnWyR\@S`IrJ~
� ¡ �	¡j¢ �/�[¤a¥'� �[ª �G¦�����¦ £�ª �N©N«.�1��¤O¥'� �[ª �j¦ � �[¥'��� �N©O§j¨�¬�¤aª � �b«.��¥x¨1©O§pª � �
��TO@VYjR\WbEGRGFIZO�(c1KJFIZNR[FgYoRGTa@;RG@SP(cO`gWyR\@VcOE\KyH�FgBD@eB�U|r�R\TO@V�JKN`IBD@*Z�E\MO`I@

��� ��� � � Ç
� �1� 
 � �

�������
�
Wb`I` �� �

�
� � À ² Ã�,-��� � � ��J� � � � � ��N� � À-. Ã� -��� � ��J�

�������

�

u�!|~ÊÉJÉN{

]^KJExRGTO@oBDFw�1@*EG@*ZNR\FIWJ`�fSEGK�YGYji�Yj@efhRGFIKJZs]^KJE5FwZa@S`gWJYjRGFgf®RGEnWbZXYjFwRGFIKJZaYl]^EGKNP FIZ�RG@*EGZaWJ`NYjR\WbRG@ � � � �q�RGK � �e�3�l� m	TO@*EG@ ��VWJZaB �� � WbE\@LR\TO@CFIZafSKJP(FwZa�sWbZXB8KJMORG�JKNFwZa�sBDFIEG@efhR\FwKNZaYxKJ]ORGTa@CFIZaf>FgBD@*ZNRWyR\KJP�~}?�@8BO@*Y\f>E\FwU1@;UOEGFI@10Xr�TOKym
ºC»X~su�!|~ÊÉJÉN{LFgY[WJEGE\FwHN@*B�WyR*~�OKNEs@eWJfnT¹FIZNR\@SE\ZaWb`:YpRnWyR\@ � � �3�l�8� � �ÁÇJ� � �SÆ*ÆSÆ %x{[RGTaWbRsmo@_P�W�r�FwP�Wb�NFwZa@8]^E\@S@ � FwZa�RGTa@3RnWbE\�J@SR;FIZ u � FIZaf>KNEGc1KJEnWyR\@*Y�Wb`I`}RGTO@(RnWbE\�J@SR;BD@*�JE\@S@eYsKJ]�]^E\@S@eBDKJP�{hz¿RGTO@*EG@�FgYVYjKNP(@@>�q@*f>RGFIHJ@�c1KbR\@SZ�RGFgWb`�]^@S`wR�U|r�R\TO@�FIZaf>KNP(FwZO� WyRGKNP�~ ��Ta@*YG@¹cXKJRG@SZ�R\FIWJ`IY�WbE\@(tpMaYpR�RGTO@BDFgWb�NKJZaWJ`o@*`w@*P(@SZ�R\Y(KJ]sR\TO@�f>KNPQca`w@SRG@¹FIZNR\@SEnWJf>RGFIKJZ�c1KbR\@SZ�RGFgWb`�� � � ���l� FwZÈRGTa@ � � � �q�UaWNYjFgYSz®m	TaFIfnT Fw]�cOE\@*YG@SZ�R(Wb`I`CU|r RGTa@SP�Yj@*`wHN@*Y�u^KJ�Xi�BDFgWb�JKNZaWb`�@S`I@SP(@SZ�R\Y(Î�{8f>KNMO`gB KJZa`wrfSWJMaYG@3WbZ�@S`gWJYjRGFgf_f>KN`w`IFgYjFIKJZ¹R\K�KDf*f>MOEe~s�±R;FgY�R\TO@QKb�1i±BDFgWb�NKJZaWJ`¿@S`I@SP(@*ZNRnYsRGTaWbR�P�W�r�UX@RGTaKJMO�NTNRCKb]xWJYofSWJMaYGFwZO�8RGTO@sFwZO@*`IWNYpR\FIf[RGEnWbZaYGFwRGFIKJZaY*~:�5E\@*WyR\FwZa�VRGTO@*P!WJYCW8c1@SEGRGMOE\UaWyR\FwKNZKJZ�RGTa@�@S`gWJYjRGFgf�YGf*WyRjR\@SE\FwZa��m�W�HJ@S]^MOZafhR\FwKNZaY;mo@QMXYj@(R\TO@ Ì KJ`gBD@SZ +	MO`I@�R\K�KNUDR\WJFwZ º�»1~u�!D~ ÉNÉJ{>~ �q� 
 � FgY3RGTO@�@*ZO@SE\�Jr BD@*ZaYjFwRpr Kb]�YpRnWyRG@eY_KJ][RGTa@�]^E\@S@�WyR\KJP�~ � À-. Ã� -��� � ��J� FgY3RGTO@@SZ�R\E\WJZaf>@�fnTaWJZOZO@S`CmoW�HN@>]^MOZXfhRGFIKJZ WbZXB � À ² Ã�,-���
� � ��J� FgY;RGTa@��aZaWJ`CfnTaWJZOZO@S`�moW�HN@>]^MOZaf>RGFIKJZ¿~��TO@*r WJEG@�UXKJRGT @S­DWNfhRQ@S`gWJYjRGFgf�YGf*WyRGRG@SE\FIZO��m�W�HJ@>]^MaZafhR\FwKNZaYVFIZ RGTa@�c1KbRG@*Z�RGFgWb`gY � � � � ��J�WbZXB � ��� � ��J� EG@eYjc1@*f>RGFIHJ@*`wrN~���TO@;]vWJf>RGKNE	Kb] Ç D ��BDFIH|FIBO@*Y�R\TO@ Ì KJ`gBD@SZ2+	Ma`w@VEnWyR\@VU�r�RGTO@0aMD­�RGK��J@SR�RGTO@VcOE\KJUXWbUOFI`wFwRprJ~I[Kym Wb`I`lRGTO@ ��BD@*cX@*ZaBD@SZXf>@VKb] ��� ��� � WbZaB�TO@*Zaf>@ �
��� � FIY	BDMa@;RGK�e{�R\TO@;]vWJf>RGKJE Ç D ��WbZaBÉJ{���TO@(Yj@*ZaYjFwRGFIHJ@���i�BD@Sc1@SZaBO@SZafS@3KJ]®RGTO@(WbP(cO`IF R\MaBD@(Kb]®R\TO@Q@SZ�RGEnWbZafS@3fnTaWJZOZO@*`5m�W�HJ@Si]^MOZaf>RGFIKJZ�FIZaYGFIBD@�RGTO@�FwZ�RG@*E\WNfhR\FwKNZÈE\@S�NFwKNZ KyHJ@SE�m	TaFIfnT R\TO@�KyHN@SE\`IWJc FIZ�RG@S�NE\WJ`[Kb]Vº�»1~u�!D~ ÉNÉJ{	R\Wb¸N@*Y�cO`IWNf>@N~;��TaFIY�FgYsYGFwP(cO`Ir¹U1@*fSWJMaYG@8RGTa@3FIZaf>KNP(FwZO��WbP(cO`IF R\MaBD@(FgY�P(KJE\@_E\@>i0a@efhRG@eB�W�m�W�r_U|rQRGTO@�c1KbRG@*Z�RGFgWb`lWJY � A @ E\@*YGMO`wRGFIZO�_FIZ�R\TO@sFIZ�RG@*EGFIKJEoWbP(cO`IF R\MaBD@�UX@*FwZO�YGMOcOcOE\@*Y\Yj@eB�U|r�W3]vWNfhRGKNE	Kb] ��WNY�f>KJP(caWJEG@eB�R\K(m	TaWyR[KNZO@;mCKNMO`IB�@>­Dc1@*f>R�f>`gWJY\YjFgfSWJ`w`IrJ~

� ��	K������� 
 *X$�"% #�!*X$�� )�* U 0KV�U��
�OKNE�R\TOFgY�KNZO@>i�BDFIPQ@*ZaYGFwKNZaWb`:YjFwRGMaWbRGFIKJZ�mo@3YGc1@*Wb¸�KJ]CWbZ�FIZO@*`IWNYpR\FIf_cOEGKNUaWbUaFw`IF Rpr�FIZaYpR\@*WNBKb]lW8fSEGK�YGYji±YG@*f>RGFIKJZ¿zyUaMDR�KbR\TO@SE\m	FgYj@	º�»1~	u�!D~ ÉNÉJ{5E\@SP�WbFIZaY®@*ZNR\FwE\@S`Ir_HyWJ`wFgB(TO@SE\@[Wb`gYGKVm	F R\TRGTa@VKJU|H|FwKNMaYoPQKDBDFw�Xf*WyRGFIKJZXYS~�OKNE � A @ zam	TO@SZ�?�� > FgY	FIZ|H�WJ`wFgBlzOmo@V@*YjR\WJUO`IFIYGTO@*B�»�MOFwRG@V�N@SZO@*E\WJ`w`Ir , � .IcaWJcX@*E*� �RGTXWyR	RGTa@V@SZ�RGEnWbZafS@VfnTaWbZOZa@S`lm�W�HJ@>]^MaZafhR\FwKNZ � � � � � m	TO@*Z�ZOKJE\P�Wb`IF � @*B�RGK�TaW�HN@;W3�O­D@eBFIZaf>KNPQFIZO� 0aMD­lzOTXWJB�F RnY[WbP(cO`IF R\MaBD@VFIZaYGFIBD@�R\TO@VFwZ�R\@SEnWJfhR\FwKNZ�E\@S�NFwKNZ�U1@STaW�H|FIZO�(`wFI¸J@

� � � � FwZXYjFgBD@ � 9 � ��TOEG@eYjTaKJ`gB u�!|~ÊÉbË�{

< 2



I[Kym�RGTO@[fnTXWbZO�N@�]^E\KJP »�MaWJZ�RGMOP EG@-0a@*f>RGFIKJZ(WyR}RGTOE\@*YGTOKN`IB_RGK8YjRGFgfn¸|FwZO�VWbR}c1KNYjR®RGTaEG@eYjTDiKJ`gB¹uvYG@S@s�5FI�a~ÊÉJ{LUX@*�JFIZaY®R\K_WVKDfSfSMOECWbRLRGTaKNYG@�@SZa@SE\�JFI@*YLWbR�m	TOFgfnT�RGTO@�?�� > m�W�HJ@S]^MOZaf>iRGFIKJZXY_iVm	TOFgfnT YGTOKym!ZaKA»�MaWJZNR\MOP�E\@10a@efhRGFIKJZ�iVP(W�r U1@�FwZafSEG@eWJYGFwZa�J`Ir�R\EGMXYpR\@*Bl~ # RRGTa@*YG@�@SZO@*EG�NFw@eYVm	TO@*EG@�?�� > FgY8HyWb`IFgB mC@�P(W�rAYjFIP(cO`IrAMXYj@�R\TO@�mo@S`I`wi�¸|ZOKym	Z ?�� >WbP(cO`IFwRGMaBD@;]vWNfhR\KJE Ç D # � � � � zDRGK�f>KNZaf>`IMaBD@;R\TaWyR
� � � � FwZXYjFgBD@ � 9 6 � d}K�YpRGi±��TOE\@*YGTOKN`IB ¯ u�!|~ÊÉ��|{

��TO@�caEGKNUaWbUOFI`IF RprABD@SZaYGFwRpr�KJ]�U1@SFIZO�¹]^KNMOZaB FIZaYGFIBO@�RGTO@*Z U1@STaW�HN@*YV`IFw¸N@ � � WbR8RGTaEG@eYjTDiKJ`gBÈuv»�MaWbZ�R\MOP.E\@10a@efhRGFIKJZ1{sWJZaB�`wFI¸J@��AWyRVc1KNYjR�R\TOE\@*YGTOKJ`gB uvZOK¹»�MaWbZ�RGMaP.EG@-0a@*f>RGFIKJZX{E\@*YGcX@efhRGFIHJ@*`wrN~�±RsFgY[»�MOFwRG@8ZaWbRGMOEnWb`¿RGTaWbR�RGTa@8cOE\KJUaWJUOFw`IFwRpr�BD@*ZaYjFwRpr�FIZaYGFIBO@VRGTO@3FwZ�R\@SEnWJfhR\FwKNZ�E\@S�NFwKNZFgY�YGP(WJ`w`I@SE�f>KNPQcXWbE\@*B RGK R\TO@�KNMDR\YGFgBD@�U|r W ]vWJf>RGKJE�Kb] �qz[@*HJ@*Z�m	TO@SZ�R\TO@SE\@�FgY�ZOK»�MaWbZ�R\MOP E\@10a@efhR\FwKNZ¿~���TOFgYVFgY8YjFIP(cO`Ir�W�¸|FwZa@SP�WyR\FIf*Wb`L@S�1@efhR �_m	TO@SE\@(RGTO@�caWbEGRGFgf>`I@(FIYP(KyH|FwZO�(]vWNYpR\@SEezOFwRsFgY[`I@*Y\Y	`wFI¸J@*`wr�RGK�UX@V]^KNMOZaB�U|r�W(]vWJf>RGKJE�FwZ|HJ@*E\YG@S`Ir�cOE\KJc1KJEGRGFIKJZXWb`qRGKFwR\YQHJ@*`wKDf>FwRprARGTO@*EG@N~ k `gWJY\YjFgfSWJ`w`Ir�m	TXWyR(FIYQMOZO@S­DcX@efhRG@eB�FgY3RGTaWbR3]^KNE�YjP�Wb`I`�@SZOKNMO�JT��ZO@eWbE�RGTaEG@eYjTOKN`IB¿zORGTa@8cOE\KJUaWJUOFw`IFwRGFI@*Y�FIZaYjFgBD@_WJEG@ ���(
 	�� � 
QYGMOcOcaEG@eYGYG@*B�U|r�WQ]vWNfhRGKNE[Kb] �q~
	sMaWJZNR\MOPÍE\@10a@efhR\FwKNZQKJ]XR\TO@[WbP(cO`IFwRGMaBD@[]^EGKNP RGTO@�EG@*�JFIKJZ(WbE\KJMOZaB � � � � � � � ��u�Yj@efhR\FwKNZ� �|{hzX�JK|@*Y�TXWbZaB�FIZ�TaWbZaB�m	FwRGT�R\TO@_»�MaWbZ�R\MOP YGMOcOcOE\@*Y\YGFwKNZ�KJ]5R\TO@_WJPQca`wFwRGMaBO@Vm	F R\TOFwZRGTaFIY3EG@*�JFIKJZ¿~�°DK¹�aZaWJ`w`Ir FwZafS`wMXBDFwZa��RGTaFIY���i�BD@Sc1@SZaBO@SZafS@�Kb]	R\TO@�WJPQca`wFwRGMaBO@�Kb] � � � � �]^KJMaZaB�FwZ�@*»�MaWbRGFIKJZaYVu�!|~ÊÉbËN{oWJZaB�u�!|~ÊÉ��|{�mo@;�J@SR

� � � � � � ��TOEG@eYjTaKJ`gB
� � � � � ��� % ! �h¯ d}KNYjRji���TOEG@eYjTaKJ`gB u�!|~ÊÉJ�N{

� ��	K�����QP 
 *X$�"% #�!*X$�� )�* U $ V�W,3 &(�O�
°|FIZaf>@�]^KNEo`gWbE\�J@smoW�HN@S`I@SZO�JRGTaYCKJZa`wr�R\TO@VYpi±m�W�HJ@[FIZ�RG@SEnWJf>R\Yom	FwRGT�RGTO@VfS`wMaYjRG@*E�F R	FgY	f>`I@*WbERGTXWyRQRGTO@�cOE\KJUO`I@SP P�W�r UX@�E\@*BDMafS@*B FIZ R\TO@�MaYjMXWb`�P�WbZOZO@*E_R\KAW�KJZO@�BDFIP(@SZaYGFwKNZaWb`cOE\KJUO`I@SP Wb��WbFIZ¿~���TO@*EG@S]^KJE\@V]^KJE;W�MOZaF R��	� � ��
��
�����¹R\TO@_FIZO@S`gWJYjRGFgf8caEGKNUaWbUOFI`IF R\Fw@eY[m	FI`w`U1@STaW�HN@�WJYCUX@S]^KJE\@sWNY�FIZ�@e»NMXWyRGFIKJZXY�u�� �O{hz|UOMDR�m	TaWyR�FgY�E\@*WJ`w`Ir(EG@*`w@*H�WJZ�R�FIY�W_MOZOFwR � �������
� ��
�� 0aMD­¹m	TOFgfnT¹cOE\KyH�FgBD@eY[W�Yji�m�W�HJ@ 0aMD­¹KJ] �#D � � ~	F�~ @J~	ºLHN@SZ¹R\TOKJMO�NT�RGTO@3cOE\KJUO`I@SPFgY�KJZO@Si±BDFIP(@SZaYGFIKJZaWJ`lFwZ�RGTa@VE\WNBDFIWJ`¿f>KJi�KNE\BDFIZaWbRG@Jz�R\TO@VEG@e»�MOFwE\@*B�ZOKNEGP�Wb`IF � WyR\FwKNZ�]^KNE	RGTO@FIZaf>KNPQFIZO�*0aMD­_FgY}ZOKJR:�a­|@eB8R\K;UX@[W�f>KNZaYpRnWbZ�RLWJY:U1@>]^KJE\@JzJUOMDRLFgY}ZOKym E\@*»�MOFIEG@eBVRGK;�NEGKymWJY 9 Ç D � � z1FwZ¹KNE\BD@*E	RGK�f>KJE\E\@*fhR\`wr�WJf*f>KJMaZNR	]^KNE[R\TO@8FIZaf>E\@*WNYjFIZO��uvWNY � A @ {�E\WJZO�J@VKJ]FIPQcXWJfhR	caWJE\WJP(@>RG@*E\Y�RGTXWyR�Wb`I` �Êf>KJMaZNR[WNY J Yji�m�W�HJ@N~:��T|MaY�mo@sTXW�HJ@;YjFIP(cO`wr�RGK(P_Ma` R\FwcO`IrRGTa@_KJZa@>i�BDFwP(@*ZaYjFIKJZXWb`xcaEGKNUaWbUOFI`IF R\Fw@eY[Kb]L@e»�MaWyR\FwKNZaY_u � �D{	U|r�RGTOFgY�]vWJfhR\KJEsKb] Ç D � � zlWbZXBf>KNZaf>`IMaBD@�R\TaWyR	R\TO@VFwZa@S`gWJYjRGFgf�fSEGK�YGYji�Yj@efhRGFIKJZXYL]^KNE�RGTOFgY[f>`IMaYjRG@*E	�J@SKNP(@>RGE\r�U1@STaW�HN@�`IFI¸J@

�
� � � � Ç

�
��TOEG@eYjTaKJ`gB

�
� � � � Ç

� � d}KNYjRji���TOEG@eYjTaKJ`gB u�!|~ÊÉ'Y�{
��TO@Q��TOEG@eYjTaKJ`gB�EG@eYjMO`wR�KJ]Lº�»1~}u�!|~ÊÉ'Y�{�FIY�tpMaYjR�R\TO@3?�FI�JZa@SE �g� �yH�`gW�m J mo@3YGc1KJ¸J@_Kb]LFIZYG@*fhR\FwKNZ*!|~ YO~ > MOR�ZOKym mC@[f*WbZ�Y\W�r8P(KJE\@J~ # YLRGTO@sFwZafSKJP(FIZO�VmoW�HN@S`I@SZO�JRGT � FIZafSEG@eWJYG@*Y*zmo@3�XE\YjRVm	F R\ZO@*Y\Y�]^KJEV`gWbE\�J@Q@SZOKNMO�JT � W�»�MaWJBOE\WbRGFgf3BD@*cX@*ZaBD@*Zaf>@(R\K�R\TO@�@>­DKJRGTO@*EGP(Fgf

2JÎ



f>E\KNY\Yji±YG@*f>RGFIKJZ�u
�
� � � {h~:�±R®FIY:KJZa`wr8WbR®YjRGFI`I`�`gWbE\�J@*E5m�W�HJ@*`w@*ZO�bR\TaYlR\TaWyR}R\TOFIY®BO@Sc1@SZaBD@*Zaf>@@SHN@SZ�RGMXWb`I`wr8fnTaWJZO�J@eY:KyHJ@SE:R\K8Ws`IFIZO@*WJE®KJZO@Vu

�
� � {>~}��TaFIY®TXWbcOc1@SZaY}m	Ta@SZQRGTO@[YjRGFgfn¸|FwZa�r|Fw@*`IBaY�R\KQRGTO@V»�MaWbZ�R\MOP!E\@10a@efhRGFIKJZx~}��TaFIYo@SZa@SE\�Jr�FgY�PQK�YpR\`wr�BO@>RG@*EGP(FIZO@*B�U|r�RGTa@�`IKJZa�EnWbZO�N@L]^KJE\PÍKJ]aRGTa@oc1KbR\@SZ�RGFgWb`�zJWJZaB_TXWJY:ZOKbR\TOFIZO��RGKVBDK;m	F R\T_R\TO@�UXKNMOZaB(YjR\WyR\@C@*ZO@SE\�JFI@*YKJE	WJZ�r�KbRGTa@SE[BD@SR\WbFI`gY�FwZ|HJKN`wH|FIZO�QRGTO@;FIZ�RG@SEnWJf>RGFIKJZ�cXKJRG@*ZNR\FIWJ`�~

�Q'�� � =80	#�� 
��x<S=80
º®­OWbP(FIZOFIZO�ARGTO@¹?�� > @*EGE\KJE3RG@*EGP cOEGKyH|FgBD@*B W »NMaFIfn¸�WJZaB @*WJYGr m�W�r RGK @*YjRGFIP�WyRG@RGTa@8RGTaEG@eYjTOKN`IB�R\@SP(c1@SEnWyRGMaEG@eY[E\@*»�MOFIEG@eB�RGK�KNUaYG@SE\HJ@8»�MaWbZ�R\MOP EG@-0a@*f>RGFIKJZ¿~[�±R�UX@efSWJPQ@RGEnWbZXYjcaWJEG@*Z�RlRGTaWbR:KNZO`wr;c1KymC@*Ex`gW�m[YxBDr|FIZO�s]vWJYjRG@SExRGTaWJZ µVÇ D � � mC@*EG@ofSWbcXWbUO`I@LKb]1WJfhR\FwZa�WJY;»�MaWJZNR\MOP.E\@10a@efhR\KJEnYS~Q��TO@(H�WJ`wFgBDFwRpr�Kb]o?�� > WyRVTOFI�JTa@SE�RG@*PQc1@SEnWyR\MOE\@*Y;TO@*E\WJ`IBD@eBW�c1KNYjRji�RGTOE\@*YGTOKN`IB�U1@STaW�H|FIKJE[FIZ�m	TOFgfnT�RGTO@QWyR\KJP YpR\FIfn¸DY*~oº�HJ@SZ�]^KJE�KJRGTO@*E��N@SKJP(@SRGE\Fw@eYYGMafnT
WJY�FIZaf>FgBD@SZXf>@�KNZ W�`wKDfSWJ`wFgYG@*BÈRGTaEG@*@ABDFIP(@SZaYGFIKJZaWJ`�fS`wMaYjRG@*E*zsW ?�� > WbZaWJ`wrDYGFIYRGKN�J@SRGTO@*Esm	FwRGT�RGTO@��a@SE\PQF Ì KN`IBO@SZ +[MO`w@(cOE\KyH|FIBO@*B�W�YGFwP(cO`I@3MaZaBD@SEnYjR\WbZXBDFwZa��KJ]�RGTaFIYRGTaEG@eYjTOKN`IB(WJZaB�c1KNYjRji�RGTOE\@*YGTOKJ`gBQUX@*TaW�H|FwKNELFIZ�RG@*EGP�YLKJ]lFwZO@*`IWNYpR\FIf[cOEGKDfS@*Y\Yj@eY®UX@*FwZa�_YjT|MDRKb��BDMa@�R\KQW_EG@-0a@*f>RGFIKJZ�KJ]¿RGTa@sFIZaf>KNP(FwZO�QWbP(cO`IF R\MaBD@N~L��TO@s@S­|RGE\@SP(@S`Ir(`wKNZO�3FIZafSKJP(FwZa�m�W�HJ@S`I@SZa�bRGT¹FgYsFwZ|HyWbE\FIWJUO`Ir�FIP(cX@eBOWbZXf>@QPQFgYGP(WbR\fnTO@eB u ]^KNE;cXKJRG@SZ�R\FIWJ`IY�YjTaKJEGRG@SEsE\WJZO�J@eBRGTXWbZ Ç D � � {�U�r�RGTO@�WJUOEGMacDR8fnTaWbZO�N@3KJ]om�W�HJ@*`w@*ZO�bR\T�FIZ�R\TO@�FIZNR\@SEnWJf>RGFIKJZ�E\@S�NFwKNZ¿z¿WbZXBFgY�RGTO@*EG@S]^KJE\@QE\@10X@*fhR\@*Bl~��±R_YGTOKNMO`IB�U1@�f>`I@*WbE;R\TaWyR8@*HJ@*ZAW�E\@ScOMa`IYGFwHN@3FIZ�RG@*E\WNfhRGFIKJZAm	FI`w`KJU|H|FIKJMaYG`wr�cOEGKyH|FgBD@�YjMXfnT W�P(FgYjP�WbR\fnT YjK�R\TaWyR8R\TO@�?�FI�JZO@*EVUX@*TaW�H|FwKNE*z5KJE8»�MaWJZNR\MOPE\@10a@efhRGFIKJZxzxFgYV»NMaF R\@��J@*ZO@SEnWb` �¿R\TOKJMO�NT Kb]	f>KJMaE\YG@3P(K�YpR_BDEnWbP�WbRGFgf3Fw]�RGTO@�c1KbR\@SZ�RGFgWb`�FIYWyRGRGEnWJf>RGFIHJ@;WJY�mo@�TXW�HJ@;UX@*@SZ¹f>KNZaYGFIBD@*EGFIZO�3RGTOE\KJMa�JTOKNMDR*~��TOFgY	@>�q@*f>R�Kb]®»�MaWbZ�RGMaP E\@10a@efhRGFIKJZ �yYGMOcOcOE\@*Y\YjFIKJZxzNm	TOFgfnT�FIY[MO` R\FwP�WbRG@S`Ir�E\@*YGc1KJZaYGF iUO`I@o]^KJE}RGTa@�RGTOE\@*YGTOKJ`gB3UX@*TaW�H|FwKNMOE*zJFIY®BDr|ZaWJP(FIf*Wb`DFIZ3R\TaWyRLFwR®FIY�fSWbMXYj@eB_U|rVR\TO@	cOE\@*YG@SZafS@Kb]qR\TO@[FIZNR\@SEnWJf>RGFIKJZ(cXKJRG@*ZNR\FIWJ`�~}?A@	]^@S@*`aR\TaWyR�RGTO@sKJE\Fw�NFwZaWJ`OBD@SE\FIH�WbRGFIKJZ(U|r3?�FI�JZa@SELR\TaWyR]^KDf>MaYG@*Y:KNZ8RGTa@ � A @ UX@*TaW�H|FwKNMOE:Kb]aR\TO@o]^EG@*@oYGcaWNf>@�m�W�HJ@�]^MOZaf>RGFIKJZaY5RG@*ZaBOY:R\KsKNUaYGfSMOE\@RGTaFIY	caT�rDYGFIf*Wb`¿KNEGFI�JFIZ�Kb]:RGTOE\@*YGTOKJ`gB�UX@*TaW�H|FwKNMOEe~L��TO@8�JKN`IBO@SZ�EGMO`I@8WbcacOEGK�WJfnT�P(WJ¸J@eY	F RP(KJE\@�@>­DcO`IFgf>FwR(WJZaB @*YGc1@*f>FgWb`I`IrAcXW�HJ@*YVRGTO@�moW�r�]^KJEQcOE\@*BDFgfhR\FwZa��RGTa@�d}KNYjRji���TOE\@*YGTOKJ`gBU1@STaW�H|FIKJMOEe~
�Q'��  #��(0�=�� �S4 
�6 � 4	032 �
# ~ � ~DFgY�P(KNYjRo�NE\WbRG@>]^Ma`XR\K �¹FIfnTXWb@S` �sWb�J�N@SEGRprQ]^KJE�TOFgY�¸�FIZaB�TO@S`Ic�WbZaB�WJBDH|Fgf>@;WbZaB�]^KJEWb`Im�W�r|Y8UX@*FwZO�AW�HyWbFI`IWJUO`w@�RGK�BOFIY\f>MaY\Y_RGTOFIZO�NY3m	FwRGT¿~ # ~ � ~:RGTXWbZO¸DY # `I@>­ > WbE\ZO@>RGR_]^KJEc1KJFIZNR\FwZa�QTaFwP RGK(RGTa@VEG@S]^@SE\@SZafS@*YoKJZ�RGTO@ k WNYjFIP(FwE	FIZ�RG@*E\WNfhRGFIKJZXYS~��TOFgY�moKJE\¸�m�WJY�YGMOcOc1KJEGRG@eB U�r RGTa@ I�WbRGFIKJZaWJ`s°Df>FI@SZXf>@��aKJMOZaBaWyRGFIKJZ R\TOE\KJMO�NT W�JEnWbZ�R;]^KJE_RGTO@���ZaYpR\F R\MDRG@�]^KJE_��Ta@SKJE\@>R\FIf*Wb` # R\KJP(Fgf�WbZaB ��KJ`I@*f>Ma`IWJE8dLT|rDYjFgfSY8WbR ��WJEjiHyWbEnB��[ZaFwHN@SEnYjFwRpr WbZaBÈ°|P(F R\TaYGKJZOFgWbZ # YjRGE\KJcOT|rDYjFgfSWJ` (sUXYj@*EGHyWyR\KJE\r � IsWyRGFIKJZXWb`C°DfSFw@*Zaf>@�OKNMOZaBOWbRGFIKJZ # moWJE\B I[MaP_U1@SE k �[ºLi±ÎNÎ2!yË���� �a~��TOFgY�moKJE\¸8m�WJY�WJ`IYGK8YGMOcOc1KJEGRG@*B(U|r3RGTO@ I�WbRGFIKJZaWJ`X°Df>FI@SZXf>@s�aKJMOZXBOWyR\FwKNZ�U�rQ�JEnWbZ�RnYd ����i�ÎJÎ2!D�*Ëa�J�sWJZaB�d ���si 2?<2!�Y 2NÉ2!|~

2O�



� � � ��������� �

	 �
��
 ��
 � � � �A�

 'S) � 9V7:6_<>0�9 � � <�� 4 � � =80�
�<n25<>=80�9 ��
�9$#�25=V7}<��C9V25<>=80
��Z YGFIP_MO`gWyR\FwZO�ÈW�P3MO`wRGFIH�WJEGFgWyR\@�BDFgYjRGE\FwUOMORGFIKJZ � � � �G�D� FwR�FgY�Kb] R\@SZ
KJ]3WJBOH�WJZ�R\Wb�N@¹RGKE\@Sm	E\F R\@sFwR[FwZ�R\TO@��jfSKJZaBOF R\FwKNZaWb`qR\FwP(@*Y[P(WJEG�NFwZXWb` �[]^KJE\P WJY

� � � �G�D�¼� � � � �j�O�
) � �"� � � �G�O� � � � � � � �j�O�³ � � � � �O� � �^�O� u # ~I�J~I�e{

m	TO@*EG@ � �v�O� ³ ) � � � � � �G�O� FgYLR\TO@�MOZXf>KJZXBDF R\FwKNZaWb`�zJKNE�P�WbE\�JFIZaWJ`�z � BDFgYjRGE\FwUOMORGFIKJZ�WbZXB� � � � �O� FgYoRGTO@Vf>KNZaBDFwRGFIKJZaWJ`lcOE\KJUaWJUOFw`IFwRprQKJ] �¹�NFwHN@SZ � ~}�±]:RGTO@;FIZNR\@S�NE\WJ`1FgY�WbZaWJ`wr�R\FIf*Wb`I`wrKJE_KbRGTa@SE\m	FIYG@(RGEnWJf>R\WbUa`w@Nz¿RGTa@SZ R\TOFIY_EG@*m	EGFwRG@�@*ZaWbUa`w@eY;RGTO@�YjFIP_Ma`IWbRGFIKJZARGK�caEGKDf>@*@*BAFIZRpmoK�YpRnWb�N@*Y*~s?A@_�XE\YjR�BDEnW�m � ]^EGKNP RGTO@(BDFgYpR\EGFIUOMDR\FwKNZ�� �^�O� WbZaB�R\TO@SZABDEnW�m ��]^E\KJPRGTa@�BDFgYjRGE\FwUOMORGFIKJZ � � � � �D� m	TO@*EG@�RGTO@ � FwZ � � � � �O� FIYoZOKym�P(@SE\@S`Ir�W8caWJE\WJP(@>RG@*E�KJ]¿RGTO@BDFgYpR\EGFIUOMDR\FwKNZ � � � � �O� ~ I�KbRG@�R\TaWyR[º�»1~[u # ~I�J~I�e{oTaWNY	Wb`I`lF RnY[BDFgYpR\EGFIUOMDR\FwKNZaY�ZOKJE\P�Wb`IF � @*Bl~°|FIZaf>@ � � � �G�D� m�WJY®WNYGYGMOP(@*B3ZOKNEGP�Wb`IF � @*B¿z � � � � �O� FgY}RGTO@*Z�WbMDR\KJP(KbR\FIf*Wb`I`wrVZaKJE\P(WJ`wF � @eBmV~ E*~ R*~ �xzxWJZaB � �v�O� FgYVWbMORGKJP�WbRGFgfSWb`I`Ir�ZaKJE\P(WJ`wF � @eB�mV~ E*~ R*~ �q¯ �[Kymo@SHJ@*E*zqFwR8BDK|@*Y�ZOKbR]^KJ`I`IKym¾]^E\KJP � � � �j�O� � �}� � �G�O� � �^�O�h� u # ~I�J~ÊÉJ{
RGTXWyR � � � � �O� � �}� � �j�O� WbZXB � �v�O� � � �^�O� MOZa`w@eYGYqR\TO@®ZOKNEGP�Wb`IF � WyR\FwKNZsFIZ�RG@*�JEnWb` ) � � �}� � �G�O�TaWJcOcX@*ZaY�RGK¹U1@�FIZaBD@Sc1@SZXBD@SZ�R8Kb] �q¯ ��Z �J@SZa@SEnWb`�z ) � � �}� � �j�O� m	Fw`I`�BD@*cX@*ZaBAKJZ � zxFIZm	TOFgfnT�f*WJYG@;F R[FgY	YjFIP(cO`I@;RGK�fnTO@efn¸(RGTaWbR

� � � � �O��� �}� � �j�O�
) � � �}� � �j�O� �
�}� � �j�O�h� u # ~I�J~ ËN{

WbZXB
� �v�D� � � �^�O� � � � �}� � �j�O� u # ~I�J~ ��{

WbE\@3RGTO@�f>KNEGE\@*f>R�FgBD@*ZNR\F �1fSWyR\FwKNZaYs]^KJE;R\TO@ �jfSKJZaBDFwRGFIKJZXWb`:RGFIP(@*Y;P�WbE\�JFIZaWb` �3BD@ef>KJP(c1KNYGF iRGFIKJZ KJ]oºC»X~ u # ~I�J~I�e{h~¹��TO@ � BD@*cX@*ZaBD@SZXf>@�FIZ RGTO@�BD@SZOKNP(FwZaWbRGKNE8Kb]	º�»1~ u # ~I�J~ ËN{VFIY
2NÉ



tpMaYjR�W�ZOKJE\P�Wb`IF � WyRGFIKJZ¹fSKJZaYjR\WJZNR�FwZ � � � � �O� m	TaFIfnT�FgY�W�BDFgYpR\EGFIUOMDR\FwKNZ�FwZ � ¯ °|FIZaf>@3RGTO@P(@>R\EGKNcXKN`wFgY[Wb`I�JKNEGFwRGTaP caW�rDY	ZOK�TO@S@eB�RGK�YGMafnT¹ZOKNEGP�WJ`wF � WbRGFIKJZ�]vWJfhR\KJEnYSzaRGTO@*r�P�W�r�UX@BDE\KJcOc1@*B¿~
� ¡j¢®¡G¢ � � �V¥x¨1©��:©D§jª ��� � � � ¥��
��TO@Qf>KJZXBDF R\FwKNZaWb`:@>­Dc1@*f>R\WyR\FwKNZ�HyWb`IMO@eY�� �v�D� WbZXB¹RGTa@3HyWbE\FgWbZafS@_f>KNZaBDFwRGFIKJZaWJ`5HyWbE\FgWbZafS@
�
� �v�O� Kb]:RGTO@VKNUaYj@*EGHyWJUO`w@�� � � �j�O�

� �^�O� ³ �
� ��� � � �j�O� � � � � �D� u # ~I�J~Ê�J{

WbZXB

�
� �^�O� ³ �

� ��� � � � �G�D� � � � � �O�®µ � � �v�O�h�
@SP3UXKDBDr�RGTO@Q�aEnYpR8WJZaB�YG@*fSKJZaB�P(KJP(@SZ�R\Y;KJ]�R\TO@�f>KJZXYpR\E\WJFwZO@eB�KNUaYj@*EGHyWJUO`w@�� � � �j�O� � �� � �JFIHJ@*Z �O� ~ Ì FIHJ@*Z�R\TO@*YG@8WbZaB�RGTa@�P�WJEG�NFwZaWJ`qcOEGKNUaWbUaFw`IF Rpr�BOFIYjRGE\FwUaMDRGFIKJZ � �^�O� Kb]5RGTO@f>KNZaBDFwRGFIKJZOFIZO�3caWbEnWbP(@>R\@SEezNmo@sf*WbZ��aZaB�R\TO@�MOZaf>KNZaYjRGEnWbFIZO@*B�P(KNPQ@*Z�R\YoKb]�� � � �G�D� WbZXBRGTa@SE\@>]^KJE\@sRGTO@VMOZXf>KJZXYpR\E\WJFwZO@eB�P(@eWbZ�WbZaB�HyWbE\FIWJZaf>@�Kb]	� � � �j�O� ~
� ¡j¢®¡ � ��§j¤ �N© 
�ª � ¥ �C©
°|FIZaf>@�R\TO@VMOZafSKJZaBDFwRGFIKJZXWb`lP(@*WJZ

� ³ �
� � � � � � � �j�O� � � � �G�D�C� �

� � � � � ��� � � �j�O� � � � � �D� � � �^�O�>� u # ~I�J~ YN{
mo@�TXW�HJ@�MaYjFIZO�(º�»1~�u # ~I�J~Ê�J{�RGTaWbR

� � �
� � � �v�D� � �^�O�h¯

��TO@;@*»�MaWJ`wFwRpr�FIZ�º�»1~�u # ~w�N~ Y�{oFIY	YGFwP(cO`Ir�BOMO@;RGK(R\TO@VFIBO@SZ�RGFIr"� � � �j�O�L� � � � � �O� � �v�O� ~��Z�RGE\KDBDMaf>FIZO�QRGTa@VZOKbRnWyRGFIKJZ
� � � � �G�O��� �Q³ �

� �
� � � �G�D� � � � � �O�
WbZXB

� � �v�D� �	
 ³ �
� � � �^�O� � �v�O�

Wb`I`IKym[Y�R\TOFgY�RGK(U1@Vm	EGFwRjR\@SZ¹YjMXfSf>FIZ�RG`Ir�WJY
� � � � �^�O��� 


m	TOFgfnT;TaWJY¿RGTO@LKNU|H�FIKJMXYqFwZ�RG@*EGcaEG@SR\WyR\FwKNZ��l��TO@LMOZXf>KJZXBDF R\FwKNZaWb`JPQ@eWbZVFgYqRGTa@�f>KNZaBDFwRGFIKJZO@eBP(@*WJZ�W�HN@SEnWb�J@eB�KyHJ@*EoRGTO@8fSKJZaBDFwRGFIKJZaFwZO�(caWJE\WJP(@>RG@*E*~
2JË



� ¡j¢®¡ � 	�¥x¨qª ��¦ 
 ª � ¥ �C©
��TO@VYG@*f>KNZaB�PQKNP(@SZ�R

� � � � ³ �
� � � � � � � � �G�D� � � � �j�O��� �

� � � � � � � � � � �j�O� � � � � �O� � � �v�D�
� �

� � � � � �v�D�5½ �
� �^�O� � � �^�O�

� � � � �v�O��� 
 ½ �
�
� �^�O��� 
 ¯

��TO@*EG@S]^KJE\@�R\TO@VMOZafSKJZaBDFwRGFIKJZXWb`lHyWbE\FIWJZaf>@�FgY	KJUDRnWbFIZO@*B�WJY
�
� ³ � � � � µ � � � �
� � � � �^�O� � 
 ½ �

�
� �v�O��� 
 µ � � � �^�O��� 
 � �

� �
�
� �^�O� �	
[½ HyWJE � � �^�O��! ~ u # ~I�J~"!b{

��TO@8MaZaf>KNZaBDFwRGFIKJZO@eB�HyWJEGFgWbZafS@VFIY[RGTO@3f>KJZXBDF R\FwKNZO@*B�HyWJEGFgWbZafS@VW�HJ@SEnWb�N@*B�KyHJ@SE[RGTO@_fSKJZDiBDFwRGFIKJZOFIZO�(caWJE\WJPQ@SRG@*E � � � �;RGTO@VHyWJEGFgWbZafS@sKJ]5R\TO@8f>KNZaBDFwRGFIKJZO@eB�P(@eWbZ¿~

2'�



� � � ��������� �

� � ��� ��� ��� � � � % � � � �
� � ��� � � � ��� � � � ��� � � � �

� % �"� � � %

� 'S) � =;259V25<>0�6�
�7:9 � 4�980�
�9�� 0�< �y=87 � 	
 
 <S4�� 

k KJZaYGFgBD@SE � FwZ�R\@SEnWJfhR\FwZa�VcaWbEGRGFgf>`I@*Ysu^P�WJY\Y � � zDfnTaWJEG�N@ � � {®m	FwRGT�f>K|KJEnBDFIZaWyR\@*Y4�� · ³� � · �G� · � � · �h� �� �N�SÆSÆ*Æ P(KyH|FIZO��FIZ¹RGTO@3cOE\@*YG@SZafS@8Kb]�W�fSKJZaYjR\WJZ�RsP�Wb�NZO@>R\FIf;�X@S`gB �� � � !�WbZXB WJZ @S`I@*fhR\EGK�YpRnWyR\FIf c1KbR\@SZ�RGFgWb` � � ��N� ~ ��ZÍWJBOBOF R\FwKNZ R\K ]^@S@*`wFIZO��R\TO@�WJf*f>@*`w@*E\WbRGFIKJZ

� � �� � � �� � � D � � WJZaBÈRGTO@�WJfSfS@S`I@SEnWyR\FwKNZ BOMO@¹RGK ]^KJEnf>@*Y�]^EGKNP�WJ`w`�RGTO@�KJRGTO@*E�caWJEjR\FIfS`w@eYSzRGTa@ ��R\T�cXWbEGRGFgf>`I@;WJ`IYGKQ]^@S@*`IYoR\TO@VHJ@*`wKDf>FwRpr�BD@*cX@*ZaBD@*ZNR =xKJE\@SZ�R � WNfSf>@*`w@*E\WbRGFIKJZ
�� � ; � � �

� � � !�a¯
dLE\KyH|FIBD@eB � � D � � FgY�RGTO@QYGWJPQ@_]^KJE�Wb`I`xR\TO@_caWJEjR\FIfS`w@eYSzaRGTOFgY�HJ@*`wKDf>FwRpr�BD@Sc1@SZaBO@SZ�R�WNfSf>@*` i@SEnWyR\FwKNZ�TaWNY�cOE\@*f>FgYG@S`Ir�RGTO@;]^KNEGP Kb]®WQfSKJE\FwKN`wFgYC]^KJEnf>@

� �� � ; ��� �� � !
 �
WJf>RGFIZO��KNZ¹RGTa@ ��RGT�caWbEGRGFgf>`I@_FIZ�W�]^E\WJPQ@_RGTaWbRsE\KbRnWyRG@eY�m	FwRGTAWbZO�NMO`gWbE[HN@S`IK|fSF Rpr � � � D � �mV~ E*~ R*~xRGTO@oWy­D@*Y !
 ·b� !
 � � !
 � Kb]aWJZ8FIP(WJ�JFIZO@*B �jFIZO@SEGRGFgWb`J]^E\WJPQ@ �n~:��T|MaYxU|r�cOE\@>RG@*ZaBDFIZO�[R\TaWyRKJMaE5R\EGMa@o`gWbU1KJEnWyR\KJE\r ���µ ]^EnWbP(@oFIY®W�ZOKNZ3FIZO@*EjR\FIWJ`�KNZO@JzJmC@	fSWJZ �j@>­DcO`gWbFIZ ��R\TO@�@>­DFIYjRG@*Zaf>@Kb]®R\TO@3fSKJE\FwKN`wFgYji�Rpr|c1@ =¿KNEG@*ZNR � ]^KJEnf>@N~�°|@*@3�:FI�a~3u > ~w��{h~��[@SE\@ � � ³ � � � D � � � � � FIY�RGTO@f>rDfS`wKJRGE\KJZQ]^EG@e»�MO@SZafSr(FwZaBO@Sc1@SZaBD@*Z�RCKb] �n~ > r(¸J@S@*cOFIZO�8MOc�R\TOFgY�cOE\@>R\@SZaYG@Jz�TOKymo@SHN@SEezbmC@moKJMO`gB�WJ`IYGKQ@>­DcX@efhR[@eWJfnT�caWbEGRGFgf>`I@�RGKQ]^@S@*`xW(f>@SZ�R\EGFw]^MO�NWJ`lcXKJRG@*ZNR\FIWJ`l@SZO@*EG�Nr��a@*`IB�Kb]

µ Ç� � � 
 � �� �
� � � � u > ~w�N~w��{

2N�



B x

y

q1

q 2 z = q3

ωc /2

True Lab Frame

�5FI�JMaEG@ > ~w� �Z+	KbRnWyRGFIZO�Q]^EnWbP(@
FIZ�RGTO@ �� i�]^EnWbP(@Nz1u � � � � � ½�� � FgYLR\TO@sfSr|`wFIZaBDE\FIf*Wb`XE\WNBDFwMXY\{L@SHJ@*Z(RGTOKNMO�JT�RGTOFgY�m�WJY�ZOKbRYGKJP(@>R\TOFwZa��mo@oYGKJMO�NT�RxRGK�@>­DcO`gWbFIZ¿~:�OKJEGRGMaZaWyR\@S`IrJz�RGTa@4�����S¸VKb]OR\TOFIY}@S­|RGEnW[cOFI@*fS@�R\K�K�fSWJZU1@Q@S­DcO`IWJFwZa@*BAYjFIP(cO`wr�U�r�YjMOcacXK�YjFIZO��RGTaWbR;RGTO@�BDr|ZaWJP(FIf*YsFIZ KJMOE;FIP�Wb�JFIZO@eB �
ei�]^E\WJP(@f>KNZ�R\WbFIZaYoR\TO@8f>r|`IFwZaBOEGFgfSWJ`w`Ir�Yjr|P(P(@>R\EGFgf�RG@*EGP Kb]5ºC»X~su > ~w�N~w��{om	F R\T�RGTO@VKNcOcaYGF R\@8YjFI�JZ¿~��T|MaYsRGTO@(P(KbR\FwKNZ�FIZ�KNMOE;FwP�WJ�JFIZO@*B �
ei�]^EnWbP(@3R\Wb¸N@*Y�cO`gWJfS@3FIZAWJZ�@S­�R\@SE\ZaWb`}c1KbR\@SZ�RGFgWb`@SZa@SE\�Jr(�a@*`IB�Kb]

� � � � �� + � �
 �G�x½ Ç
� � � 
 � �� �

� � � � u > ~w�N~ ÉN{
KJE	WJZ�@*`w@efhR\EGK�YpRnWyRGFgfscXKJRG@SZ�R\FIWJ`l�a@S`gB

� � �� + � �
 �j�x½ Ç
�
� �
� �


 � �� �
� � � ¯ u > ~w�N~ Ë�{

I[KJRG@ � � � � � ½Q� � � 
 �· ½ 
 �� ~:��Z3�N@SZO@*E\WJ`JR\TO@o�aE\YjR:RG@SE\P FIZ3º�»|Y*~ou > ~w�N~ ÉN{xWJZaB�u > ~w�N~ Ë�{FgY:RGFIPQ@	BD@*cX@*ZaBD@*ZNRLU1@*f*WbMaYG@��� + � �
 � FIY}FwR\YG@S`w]1WsRGFIP(@[BD@Sc1@SZXBD@SZ�RLfnTaWbZa�J@oKb]lf>K|KJEnBDFIZaWyR\@*Y*~�[Kymo@SHN@SEsF ] � � ��N� FgY;f>r|`IFwZaBOEGFgfSWJ`w`Ir¹Yjr|P(P(@>RGE\Fgf3WJZaB�cOE\KyH|FIBO@*B � � D � � FgY�R\TO@(YGWJPQ@3]^KJEWb`I`qRGTa@VcaWbEGRGFgf>`I@*Y*zDº�»1~[u > ~I�J~ ËN{oYjFIP(cO`IF �a@eY�RGK�tpMaYjR	RGTa@;RGFIPQ@Si�FIZaBD@*cX@*ZaBD@*ZNRscXKJRG@SZ�R\FIWJ`
� � �1� �|�x½ Ç

�
�
�

 � �� �

� � �
]^@S`wR[MOZOFIHJ@*E\Y\Wb`I`Ir�U�r�@*WJfnT�caWJEjR\FIfS`w@N~}��T|MaY[mC@VWbE\E\FwHN@sWyR	R\TO@;]^KJ`I`IKym	FwZO�QcOE\KJc1KNYGF R\FwKNZ¿~dLE\KJc1KNYGF R\FwKNZ��TO@�BDr|ZaWJP(FIf*Y®Kb]lFIZNR\@SEnWJf>RGFIZO�VfnTaWbE\�J@eB_caWJEjR\FIfS`w@eY[u^@eWJfnT(m	FwRGT(RGTa@�YGWJP(@[fnTaWbE\�J@oRGKP�WJY\Y�EnWyR\FwK � D � {®P(KyH|FwZa�3FIZ�WQf>r|`IFwZaBOEGFgfSWJ`w`Ir�Yjr|P(P(@>R\EGFgf�@S­|RG@SE\ZaWJ`X@*`w@efhRGE\Fgf�c1KbR\@SZ�RGFgWb`� � �1� �|� WJZaB;P�Wb�JZa@>RGFgf}�a@*`IB � !� FIY5YjFIP(cO`wFw�a@eBVm	TO@SZ_H�FI@Smo@*B8mV~ Ee~ Re~¿R\TO@CWb­|@eY¿KJ]DW[]^E\WJP(@RGTXWyR8TaWNY8WbZ WbZa�JMO`gWbE;HJ@*`wKDfSF Rpr �pµ � � D � � !� mV~ E*~ RVRGTa@�FwZaF R\FIWJ`®]^E\WJP(@J~���TOFgYVZO@*m RGFIPQ@

2�Y



BD@*cX@*ZaBD@SZ�R�fnTaWJZO�J@�Kb]sfSK�KNE\BOFwZaWbRG@eY8TaWNY_R\TO@¹WJBDHyWJZNRnWb�N@�RGTaWbR(RGTO@�BDr|ZaWbP(FgfSYQmV~ E*~ R*~RGTa@SP FwZ|HJKN`wHN@*YVZaK¹HJ@S`IKDf>FwRprABO@Sc1@SZaBD@*Z�R8]^KJEnf>@eY_WbZXB�KNZO`IrAWJZ @>­|RG@*EGZaWJ`L@S`I@*f>RGE\KNYjR\WbRGFgf�a@*`IB
� � �1� �|�x½ Ç

�
�
�

 � �� �

� � �
� � � �1� �|�x½ Ç

�
� � �
� � � 
 � � �

� ¯
��TO@3@*Y\Yj@*ZNR\FIWJ`5c1KJFIZ�R�R\K�ZOKJRGFgf>@QFIY�RGTO@QTaWJEGP(KJZaFIf8fSr|`wFIZaBDE\FIf*Wb`}f>KNZD�aZO@*PQ@*Z�RsE\@*YGMO` R\FwZa�BDMO@;R\KQRGTO@�� �a@*`IB�ZOK(P�WyRGRG@*E	TOKym
mo@*WJ¸1~
� ' 	 � =_0 �54�7 ��9;25<>=80�=���6_4	0�4�7}9 �><��o4 
 980�6�
 �S9V7 � = � 4	0 �

2 
��
� ¡���¡G¢ ��������� � ���3¥
	 � � �
=¿@SR � � � � � � � � � � U1@QRGTO@�fSr�`IFIZaBDE\FIf*Wb`®f>K|KJEnBDFIZaWyR\@*YsKb]CRGTO@���RGTAcaWbEGRGFgf>`I@QFwZARGTa@QKNEGFI�JFIZaWJ`
�� i�]^EnWbP(@8KJ]L�5FI�a~Vu > ~I�e{[FwZ¹m	TaFIfnT¹mo@V]^@S@*`¿R\TO@_P�Wb�NZO@>R\FIfV�a@S`gBl~[��TO@*Z¹FwZ�R\TO@ �
ei�]^E\WJP(@RGTa@8WbZO�NMO`IWJE�HJ@S`IKDf>FwRpr�Kb]:RGTO@ ��R\T�caWJEjR\FIfS`w@;FgY

�� � ½ � �� �
YGK(RGTaWbR[RGTO@8RGKbRnWb` !� WbZO�NMO`gWbE	P(KJP(@SZ�R\MOP u�Wb`I`xP(@*fnTXWbZOFgfSWJ`g{oFIZ�RGTO@ �
ei�]^EnWbP(@VFgY[�JFIHJ@*ZU|r�RGTa@V@>­DcOE\@*Y\YjFIKJZ

�
��� �
�
� �5· � � �

�� 
 �� �q½ � �� � ¯
I[Kym � � �1� �|�O½ ·� ) � ��� �� � � � � � R\TO@�@S­|RG@SE\ZaWJ`a@S`I@*f>RGE\KNYjR\WbRGFgf	cXKJRG@*ZNR\FIWJ`a]^@*` R�U|r3@eWJfnT�caWJEjiRGFgf>`I@_FIZ�RGTa@ �
eio]^E\WJPQ@NzaFgYsfSr|`wFIZaBDE\FIf*Wb`I`wr�Yjr|P(P(@>R\EGFgfb~ k KNZaYG@*»�MO@SZ�R\`wrNz � � FIYsKJU|H|FIKJMaYG`wrW�RGFIP(@>i±FwZXBD@Sc1@SZaBO@SZ�RofSKJZaYG@SE\HJ@eBQ»�MaWJZ�RGFwRprJ~:��Z(RGTO@sKJE\Fw�NFwZaWJ` �� i�]^EnWbP(@	TOKymo@SHN@SEezbFwRCBDK|@*YZOKJR8TaW�HJ@QRGTa@�FwZ�R\@SE\cOEG@SR\WbRGFIKJZAKb]	UX@*FwZa��YjFIP(cO`wr�RGTa@(RGKbRnWb`CPQ@efnTaWbZaFIf*Wb`LWbZa�JMO`gWbEVP(KbiP(@SZ�RGMaP�~ +�WyRGTa@SEez

� � � �
�
� �5· � � �

�� 
 �� � ½ � �� � ³ � uvPQ@efnTX{� ½ 	 � �
�
� u > ~ ÉO~ �|{

f>KNZ�R\WbFIZaYlWJZV@>­|RGEnWCRG@SE\P m	TOFIfnTVP�W�r[U1@®R\TOKJMO�NT�RxKb]DWJYqR\TO@L`gWyR\@SZ�R5WbZa�JMO`gWbElP(KJP(@*ZNR\MOPFIZ�R\TO@(@S`I@*fhR\EGKNP�Wb�JZa@>RGFgfV�X@S`gB�BDMO@QR\K�R\TO@(HJ@*EGr�cOE\@*YG@SZafS@3KJ]CfnTaWJEG�N@*YsFwZAW�P�WJ�JZO@SRGFgf�a@*`IBl~�?�F R\T RGFIP(@Jz}RGTaFIY_`IWbRG@SZ�R3�a@S`gB WbZa�JMO`gWbEVP(KJP(@*ZNR\MOP�f>KNZ�HN@SEGR\Y;R\K�P(@*fnTaWJZOFgfSWb`WbZa�JMO`gWbE�P(KJP(@*ZNR\MOP WbZaBÈR\TO@SZ
UaWJfn¸ÈWb�NWJFwZÈR\K �a@S`gB¾WJZO�JMO`gWbE�PQKNP(@SZ�RGMOP WJY�RGTO@P(KJP(@SZ�R	Kb]}FIZNR\@SEGRGFgW
	 �
0aMaf>RGMaWbRG@eY �OKNZO`Ir�RGTO@8YGMOP!KJ]5R\TO@;RpmoKQFgY	f>KNZaYG@SE\HJ@*B¿~5��Z�]vWJf>R*zWyR®WbZ|rV�NFwHN@SZ8R\FwP(@�Kb]XKJMOE®fnTOK|KNYGFIZO��FwRLfSWbZQWb`I`DUX@	fSKJP(cO`I@>RG@*`wrVE\@S`I@*WNYj@eB8WbZXB3fSKJZ|HJ@*EjR\@*BRGK(P(@*fnTXWbZOFgfSWJ`¿WbZO�NMO`IWJE�PQKNP(@SZ�RGMOP U|r�YGMaBOBD@*ZO`wr�Yjm	FwR\fnTOFIZO��KJ�¹RGTO@8P�WJ�JZO@SRGFgf��X@S`gBHJ@*EGr�»�MOFIfn¸|`IrJ~���TO@_P(@*fnTXWbZOFgYjP U|r�m	TOFIfnT�R\TOFgYsFgY�WNfnTOFI@SHJ@eB�FIY�RGTa@_FIZaBDMafS@*B�fSFwEnf>MO`gWbE�aWJE\WNBOW�r 
 �a@S`gB


 �3�Íµ Ç� � �� � � � !�
22!



m	TOFgfnT�U1K|KNYjR\YoR\TO@VP(@*fnTaWJZOFIf*Wb`¿WJZO�JMO`gWbE�P(KJP(@*ZNR\MOP U|r
�
�
� �5· �� � ; � �' � �

�
�
� �5· �� � ; � � � µVÇ� � � � �� !� �

FIZ�W(RGFIP(@ � � zlBDMOE\FwZa��m	TOFgfnT¹RGTO@*EG@3FIYsW�fnTaWJZO�J@ � � FwZ � ¯ ?�Ta@SZ�FIZ�RG@*�JEnWyRG@eB ) ´� � �RGTaFIY[YGFIPQca`wFw�a@*YoR\K �
�
� �5· � � �

�� � ��
WJY	fS`IWJFwP(@eBl~
� ¡���¡ � ��������� �[ª®© � �,�_¥ 	 � � �
��TO@Vf>KNZaYG@SE\H�WbRGFIKJZ�Kb]:RGTO@V�N@SZO@*E\WJ`wF � @eB�WbZa�JMO`gWbE�P(KJP(@SZ�R\MOP � � FwZ�º�»1~[u > ~ÊÉD~ ��{CFgY	FIZ]vWJf>R5P3MafnTVP(KJE\@L�J@*ZO@SEnWb`yR\TaWbZ_KJMOE:BD@SP(KJZXYpR\E\WbRGFIKJZ8WbU1KyHJ@LYGMO�N�J@*YjR\Y*~ # `w`NRGTO@CcaWbEGRGFgf>`I@*YZOKJR�TXW�H�FIZO�3RGTO@8Y\WbP(@;fnTaWbE\�J@sRGK(P�WJY\YoE\WbRGFIK3FIP(P(@*BDFgWyR\@S`Ir�cOE\@*f>`IMaBD@eYoRGTO@VMXYj@;Kb]:KJMOE
�
ei�]^E\WJPQ@VFIZ¹m	TOFgfnT � � FIY	FIZ�RG@*EGcOE\@>RnWbUO`I@8WJYsYjFIP(cO`I@8P(@*fnTaWJZOFIf*Wb`xWJZO�JMa`IWJE	PQKNP(@SZ�RGMOP�~°�R\Fw`I`�z�R\TO@�f>r|`wFIZaBDE\FgfSWb`|YGr�P(P(@>R\EGr;FIZ8R\TO@CKNEGFI�JFIZaWJ`b]^EnWbP(@�FIP(cO`wFI@*Y}Wsf>KJZXYj@*EGHN@*BV»�MaWbZ�R\F Rprm	TOFgfnT�mo@;m	Fw`I`xYGTOKym¾R\K(UX@

� � � �
�
� �5· � � �

�� 
 �� � ½ � � �� � � � u^P(@efnTX{� ½
�
�
� �5· � � �

�� � � �� u > ~ ÉO~ �N{
FIZ�°|@efb~	u > ~ÊÉD~ ËN{h~Z��@SE\@�R\TO@�fSrDf>`IKbRGE\KJZ(]^E\@*»�MO@*Zaf>r � � � ³ � � � D � � � � � ]^KNEo@eWJfnT�cXWbEGRGFgf>`I@P�W�r�U1@(BDF �q@SE\@SZ�Re~�I�KbR\FIfS@8RGTXWyR�RGTOFgYsWJ`w`IKym[Y	R\TO@QcXK�YGYGFwUaFw`IF Rpr�KJ]LcaWbEGRGFgf>`I@*Ysm	F R\T�U1KbR\T� HJ@CWbZaB;i±HJ@ofnTaWbE\�J@CYjK	R\TaWyR � � � FgY � HJ@�WJZaB;i±HJ@CEG@eYjc1@*f>RGFIHJ@S`IrJ~x�±] � � � FgY5Kb]aW	�a­|@eB_YGFw�NZ]^KJE[WJ`w`��nzDR\TO@SZ¹fSKJZaYG@SE\HyWyRGFIKJZ�Kb] � � FIZ�º�»1~[u > ~ ÉO~ �N{CFwP(cO`IFw@eY�RGTXWyR[ZOKNZO@VKb]5RGTO@ � � fSWJZ�J@SR}WJEGUaF R\E\WJEGFI`wr�`gWbE\�J@J~5��T�MXY5mo@�TXW�HJ@CYGTOKym	ZQf>KJZO�aZO@SP(@*ZNR}FIZ3W�Yj`IFw�NT�RG`Ir;BOF �q@SE\@SZ�R}moW�rRGTXWbZ(FwZ�°D@*fb~�u > ~I�e{>~X��KymC@*HJ@SEezbFw]X]^KNEL@>­OWJPQca`w@ � � & WbZaB � � Ä TaW�HJ@	BDFw�q@SE\@SZ�R�YjFI�JZXYSzJRGTO@*ZRGTa@(fSKJE\EG@eYjc1KJZXBDFwZa� �D· WJZaB � � fSWJZ A � m	TaFw`I@�YpR\Fw`I`®¸J@*@ScOFIZO��RGTO@�YGMOP.Kb]�RGTO@Q�aEnYpRRpmoKVRG@*EGP�YLFIZ � �� �:· � � � �� � � �� �O­D@*B¿~:d�T�rDYGFIf*Wb`I`wrNzbR\TOFIY5tpMaYjRCE\@10X@*fhRnY®R\TO@�]vWNfhRCRGTaWbR�RpmoKKJcacXK�YjFwRG@*`wrÈfnTaWbE\�J@eB cXWbEGRGFgf>`I@*Y�m	TO@*Z¾U1KJMOZaBÈR\KJ�N@>RGTa@SE�WJEG@�f*WbcaWJUO`I@¹Kb]8f>KNPQca`w@SRG@S`Ir
0ar|FIZO� KJMDR�Kb]sRGTO@�R\E\WJc YGFwZXf>@�m	TO@SZ caWJFwE\@*B RGKN�J@>R\TO@SEQR\TO@SrÈWbE\@�FIZaYG@SZaYGF R\FwHN@�RGKARGTO@P�Wb�NZO@>R\FIfs�a@*`IBl~
� ¡���¡ � � ª�¥l©��[¥¿¤ ��� ©��[¥¿ªL¤a¥ �
��TO@�BDr|ZaWJPQFgfSY�KJ]CW�YjrDYjRG@SP KJ] � caWbEGRGFgf>`I@*YQuvWJEGUaF R\E\WJEGr¹fnTaWJEG�N@3WbZXB�P�WJY\Yn{[P(KyH|FwZa�FIZ WAP�Wb�NZO@>R\FIf��X@S`gB �� � ��J� WJZaBÈ@S`I@*fhR\EGK�YpRnWyR\FIf�cXKJRG@*ZNR\FIWJ` � � ��N� FgY�BD@eYGfSEGFIU1@*B U�r�RGTO@��WJP(Fw`wRGKNZOFIWJZ

� � ���·}Æ*ÆSÆ �� � � �! ·:ÆSÆ*Æ �! � �C� �
�
� �5·

��� �� 
 �! �lµ
� � �":À �� � Ã� � �
��� � ½ � � � � �� �±�
	 ���� ½

�
�
��
 � � � �� �G� �� � �h¯u > ~ ÉO~ Y�{

2 <



��TaWbR�FgY*zDRGTO@V@e»�MaWyR\FwKNZaYoKb]}PQKJRGFIKJZ�]^KJE�R\TO@VHyWbE\FIWJUO`w@eY
�! � ³ �' �X½ � � �� � �� ���

� � u > ~ ÉO~ !J{
WbZXB

�� � ³ �� �
0aKym ]^EGKNP R\TO@ �sWbP(Fw`wRGKNZOFgWbZ(Kb]lº�»1~	u > ~ÊÉD~ YN{h~ �! � R\TO@�YGK_fSWJ`w`I@*B(fSWJZOKJZaFIf*Wb`OP(KJP(@*ZNR\MOPKb]XRGTO@ ��RGT(caWJEjR\FIfS`w@oFgY}F RnY®P(@*fnTaWJZOFIf*Wb`|P(KJP(@SZ�R\MOPÍcO`IMaY}R\TO@�`IWbRG@SZ�R®`IFwZO@eWbE®P(KJP(@*ZNR\MOPFIZ�R\TO@�@S`I@*f>RGE\KJP�Wb�NZO@>R\FIf_�a@*`IB BDMO@(R\K�RGTO@�c1KNYGF R\FwKNZ Kb]oRGTO@�fnTaWJEG�N@3FIZARGTO@�P�WJ�JZO@SRGFgf�a@*`IBl~ �� � ��N� FgY�fnTaKNYG@SZ�YGK�R\TaWyR �� � ��J��� � ; �� � ��J�h� m	TOFgfnT�]^KJEVW�f>KJZXYpRnWbZ�R�P�WJ�JZO@SRGFgf�a@*`IBlzaP(W�r�U1@8fnTOK�Yj@*Z�R\KQU1@8f>r|`IFwZXBDEGFgfSWJ`w`Ir�YGr|PQP(@SRGE\FIfJz

�� � ��J�¼� �
� � � !� � ��J�h�

� �
� �pµ	� !� ½ � !�O�

P�Wb¸|FIZO�
�! � ³ � �� � ½ � � �

� � � � !� � ��J�>¯ u > ~ ÉO~ <�{
�±] � � ��J� FIYQWb`gYjK�fSr|`wFIZaBDE\FIf*Wb`I`wr YGr�P(P(@>R\EGFgfbz:R\TO@�@*ZNR\FwE\@ �sWbP(Fw`wRGKNZOFgWbZ FgY_fSr�`IFIZaBDE\FIf*Wb`I`wrYGr�P(P(@>R\EGFgf�YjK3RGTaWbR ��FgYCFIZ|HyWbE\FIWJZNRCRGK3RGTO@;cOTXWJYG@�YGcaWJfS@ 0XKym¾FwZXBDMaf>@eB�U|r�R\TO@sHN@*f>RGKJE�a@*`IB

���� � !� ; ���·y�SÆ*ÆSÆ !� ; �� � � !� ; �! ·:Æ*ÆSÆ !� ; �! � �h� u > ~ ÉO~ 2�{
YGFwZafS@;RGTOFgY®tpMXYpR�FwP(cO`I@SP(@SZ�RnY�W(E\KbR\WbRGFIKJZ�Kb]}R\TO@_YjR\WyR\@8WbE\KJMOZXB�R\TO@ !� Wb­DFIY	KJ]®cOT|r|YGFgfSWb`YGcaWJfS@J~
��TO@¹FIZD�aZaF R\@*YGFwP�Wb`��J@SZa@SEnWyRGKNE �� FwZ�ºC»X~ u > ~ÊÉD~ 2N{3EGKJR\WbRG@*Y �!�Wb`IKJZa�Am	FwRGT��� ~?A@�f>KNMO`gB @*»�MaWb`I`Ir�mo@S`I`�TaW�HN@�EGKJR\WbRG@*B �'�FwZaYjRG@eWJB KJ] �!�YGFwZXf>@�m	FwRGT KNMOE3fnTaKJFgf>@�Kb] ��RGTa@�BDFw�1@*EG@*Zaf>@¹U1@>Rpmo@S@*Z �!�WbZXB��'�FgYVtpMXYpR�caEGKNcXKNEjR\FwKNZaWb`�R\K !� � ��J� m	TOFgfnT�F RnYj@*` ]V�N@>R\YE\KbR\WbRG@eB�m	TO@SZ��� FgY[E\KbRnWyRG@eBl~ I�K�@SRGTO@*E J Y	R\TO@SKNEG@*P R\TO@SZ�FwP(cO`IFw@eY[R\TO@3fSKJZaYG@SE\HyWyR\FwKNZ�KJ]RGTa@8»NMXWbZ�RGFwRpr �

�
� �5· �! � Æ�� !� ; �� � �h¯

��YGFIZO�(º�»1~[u > ~ ÉO~ <�{oWbZaB !� ; �� � � � � !� RGTOFgY	YjFIP(cO`IF �a@eY�RGK
�
�
� �5· � � ' + � ½ � � � �� � � ��

m	TOFgfnT�FIY	ºC»X~�u > ~ÊÉD~Ê�J{�WJY�f>`gWbFIPQ@eBl~ ' + � ³ �' � Æ !� � �� � � FIY	RGTO@VRnWbZO�N@SZ�RGFgWb`¿fSKJP(c1KJZO@*ZNR[KJ]P(KJP(@SZ�R\MOP�~

2 2



� ¡���¡ � � �p¥ � ¥ ��©��}¤�� ��¥¿¤X§ ��¨%�:©O§pª �
��W�H|FIZO�8BDFgYGfSKyHJ@*EG@eB_R\TO@sfSKJZaYG@SE\HyWyR\FwKNZQKJ] �
� F RnY®R\FwP(@�FwZaBO@Sc1@SZaBD@*Zaf>@sP�W�r3U1@�HN@SE\F �a@eBrJ@SR[WbZOKJRGTO@*E	moW�r�U|r�@*`w@*PQ@*Z�R\WbE\r�P(@*WJZaY*~}��Ta@;RGFIPQ@8BO@SE\FwHyWyR\FwHN@sKJ] � � FIY�

�
� �5· �� � � � �

' + � �¿½ � � �� � � � �� � @ ¯ u > ~ÊÉD~I�*Î�{
=¿@SR[MaY	@S­|ca`IWJFwZ�m	T|r�FwR�FIY � @SE\Ka~�°DFwZafS@;RGTO@;R\KJEn»�MO@8WbE\KJMOZXB�RGTa@ !� Wy­DFgY[WJf>RGFIZO�(KJZ�RGTO@
��RGT�caWbEGRGFgf>`I@VBDMO@;R\K(RGTO@�� �a@*`IB�FgY

�� � ; � �� � ; � � �
� !�|�

� �� � ; � �� � � � �� !� ½ � !�|�
� ��� ���� � � �� �pµ !���h�

mo@�Yj@*@	RGTXWyR�R\TO@�YGMOP KyHJ@*E �5KJ]qRGTO@�Yj@ef>KJZXBQRG@SE\P FwZ�ºC»�~gu > ~ÊÉD~I�*Î�{:FIY�ZOKbR\TOFwZa�_UOMDRCRGTO@ZO@*�NWyR\FwHN@®Kb]DR\TO@LR\KbR\WJ`J@S­�R\@SE\ZaWb`bRGKJEn»�MO@LKNZ;RGTO@oYjrDYjRG@SP KJ]|cXWbEGRGFgf>`I@*YxBOMO@LR\K	RGTO@ �Vi��a@S`gBl~I[Kym��
� + � ��� ' + � � FgY;RGTO@(R\KbRnWb`®R\KJEn»NMa@(WJEGKNMOZaB�RGTa@ !� i�Wy­DFIYVWNfhR\FwZO�¹KNZARGTO@ ��RGT cXWbEGRGFgf>`I@m	TOFgfnT f>KJP(cOE\FgYj@eYVKb]	WbZ �jFwZ�RG@*EGZXWb` �3RGKNE\»�MO@�WJEGFgYGFwZO��]^E\KJP�RGTO@�]^KJEnf>@*YVBOMO@�RGK�WJ`w`�RGTO@KbR\TO@SECcaWbEGRGFgf>`I@*Y*z|WbZaB �j@>­|R\@SE\ZaWb` �oR\KJEn»�MO@�WbE\FgYjFIZO�V]^E\KJP RGTa@[]^KJEnf>@sBDMO@sRGK8R\TO@�� µ �a@S`gBl~°|FIZaf>@_RGTO@(YGMOP Kb]®RGTa@ �jFwZ�RG@*EGZXWb` �;R\KJEn»�MO@*Y�m	Fw`I`®Wb`ImoW�rDY[f*WbZafS@S`�z � �� �:· �� + � � � ' + � � YGFwPQicO`IF �X@*Y}R\K�tpMaYpR�RGTO@ �j@>­|R\@SE\ZaWb` �CR\KJEn»NMa@oKNZ�Wb`I`DRGTO@�caWbEGRGFgf>`I@*Y®BDMa@	RGK;R\TO@ �Vi��a@S`gBl~Z�[@*Zaf>@RGTa@8YjMOP FwZ�º�»1~[u > ~ÊÉD~I�*Î�{�FgY[Îa~

� '�� ����980�684 =���� 987:<>9 ! �>4 � � 	� Ç����	� 	� ��
 	� Ç��	��� 	� � 2:= 	� Ç����	� 	� �

 	� Ç����	� 	� �
�OE\KJP º�»1~Iu > ~ÊÉD~ <N{

� ! � � � � ' � � ½ � � �
� � �jµ � � ���

� ! 
 � � � ' 
 � ½ � � �
� � � � � � �h�

� � � � ! � ��� � � ��� � � � � � � ' � ��� � � � � � � � UX@efb~ � � � � � ���5� @� � � � ! � ��� � � � � � � �±� � � ! 
 � � � ' � ��� � � � � � � � � � ' 
 � UX@efb~ � � � � � � �5� @ ¯
�±R�]^KN`w`IKym[Y�R\TaWyRsRGTO@ � � HJKN`wMaPQ@_@S`I@SP(@SZ�R�FgY[R\TO@3Y\WbP(@8FIZ¹U1KbRGT�f>K|KJEnBDFIZaWyR\@_YjrDYjRG@*P(YFIPQca`wr|FIZO��RGTaWbR�R\TO@ 2NWNf>KNUOFIWJZ�]^KNEsR\TO@�fnTaWJZO�J@3Kb]ofSK|KJEnBDFwZXWyRG@eY�FIY Ç ~ (sU|H|FwKNMaYj`Ir�RGTaFIYBDK|@*Y � ��	�FIP(cO`wr�RGTXWyR	RGTa@_fnTaWbZa�J@;Kb]®HyWbE\FIWJUO`I@*Y�FgY	F RnYj@*` ]LW�f*WbZOKNZOFIf*Wb`lP�WbcxzXYGFwZafS@;RGTO@
2�WJf>KNUOFgWbZQUX@*FwZO� Ç FIYLWVYGMD��f>FI@SZ�RCfSKJZaBOF R\FwKNZ�KJZO`Ir_FIZ�W�RpmCK8BOFwP(@SZXYjFIKJZaWJ`OcOTaWNYj@[YGcaWNf>@J~

�*ÎNÎ



� � � ��������� �

� 'S) ��� ���

?�FwRGT�R\TO@Q`IWJEG�N@8Z|MOP_U1@SE�Kb]�BD@*�JE\@S@eY[Kb]®]^E\@S@eBDKJP FIZ|HJKJ`IHJ@eB¹WbZaB�WJY\YjMOP(FIZO��R\TOKJE\KJMO�NTcOTaWNYj@3YjcaWNf>@8P(Fw­DFwZO��WJY\YjKDfSFIWbRG@*B�m	FwRGT¹R\TO@_E\@*YGKJZXWbZafS@VmC@3P(W�r�E\@*WJYGKJZXWbUO`Ir�BD@eYGfSEGFIUX@RGTa@sf>KNP(cXKNMOZaB�YjR\WbRG@�m�W�HJ@S]^MOZaf>RGFIKJZ�U|rQW3f>`gWJY\YjFgfSWJ`O@SZXYj@*P_UO`I@�KJ]¿cXKNFwZ�R\Y � � � ' �O���:� ' � �FIZ�RGTa@�fSKJP_UaFwZO@eB�cOTaWNYj@;YGcaWJfS@�Kb]xRGTO@CtpKJFIZ�R�YGrDYpR\@SP �JFIHJ@*Z�U|r(RGTO@�ZOKJE\P�Wb`IF � @*B�BOFIYjRGE\F iUOMDR\FwKNZ Ç� 	 � 
 � �D� 
 µ � � � � ' � �,�5� ' �|�j�>¯ u k ~I�J~I�e{
�±R;FIY�MOZaBO@SEnYpR\K�KDB�FwZ�RGTO@(WbU1KyHJ@_RGTaWbR;RGTO@(YjrDYjRG@*P FIY�E\@*YjRGE\FIf>RG@*B�RGK�UX@QFIZ�R\TO@3E\@S�NFwKNZ� � 7 ~_��TOFgYsP�WJ¸J@*Y�Wb`I`}WJfSfS@*Y\YjFIUO`I@3YjR\WbRG@*Y�KJ]�@SZO@*EG�Nr�
!m	FwRGT � � 7 @e»�MaWb`I`wr�`IFw¸N@S`IrJ~��TO@*Z�RGTa@�EnWyR\@sKJ]x@*Y\fSWJcX@ � D � RGTaEGKNMO�JT�RGTO@�T|r�c1@SEnYGMOEj]vWNf>@ � � 7 KJ]¿RGTa@�P(@*P_U1@SEnYCKJ]RGTaFIY	@*ZaYG@SP_Ua`w@;FgY

�
� � Ç� 	 � 
 �

�
� �'$ � � � ' �

�
/����
	 ´ - ��� � ' �

' �
� �D� 
 µ � � � � ' �a���:� ' � �j�>¯ u k ~I�J~ÊÉJ{

' � D � FgY}tpMaYjR�R\TO@8HN@S`IK|fSF Rpr�FwZ¹caTaWJYG@8YjcXWJf>@VKJ]LW(cXKNFwZ�RsWbR�� � 7 FwZ�R\TO@ !�ABDFwE\@*f>RGFIKJZ¿~
# R
� � 7 mo@�TaW�HN@�YGMOcOc1KNYG@*B�ZaK_FIZNR\@SEnWJf>RGFIKJZ¿~Z�[@*Zaf>@�RGTO@���WJP(Fw`wRGKNZOFIWJZ�YG@ScaWJE\WbRG@eYLFIZº�»1~xu k ~w�N~ ÉN{h~®��TO@SE\@>]^KNEG@

�
� � Ç� 	 � 
 �

�
� � � ' �

��
´ � � '

��
� � � � � 
 µ � ' ����� ½ � R\WJEG�N@>R �3�:� ' ��� � �u k ~I�J~ ËN{

� Ç� 	
�

� R\WbE\�J@SR À � - /�
 Ã � � � � � ' � u k ~I�J~ ��{
� Ç� 	 � 	 � Ç

��� � ��� � � � Ç
� � � % � ¯ u k ~I�J~Ê�J{

��TO@*EG@S]^KJE\@ �� � %®~ ��� u � 	 {sFgY�R\TO@�»�MaWbZ�RGMaP uvf>`gWJY\YGFIf*Wb` {[BD@*ZaYjFwRpr¹Kb]�YpRnWyR\@*YQu^cOTaWNYj@YGcaWJfS@[HJKN`wMOP(@�{®Kb]lR\TO@LtpKNFwZ�R�YjrDYjRG@SPÁWbRC@SZa@SE\�JrQº[~ � � u � 	 {�FgYLR\TO@s»�MaWJZNR\MOP uvfS`IWNYGYGF ifSWJ`g{�R\KbR\WJ`lZ|MOP_U1@SE	KJ]}YjR\WbRG@*YVu^RGKJR\Wb`lcaTaWJYG@VYjcaWNf>@;HJKN`wMaPQ@�{CKb]5KNZO`Ir�RGTO@;RnWbE\�J@SRoU1@S`IKym
�*Îa�



@SZa@SE\�Jr;º[~y?A@oTXW�HJ@oMaYj@eB8R\TO@	f>KNEGE\@*YGcXKNZaBD@*Zaf>@LU1@>Rpmo@S@*Z_R\TO@ k `IWNYGYGFgfSWb`|WbZXB 	sMaWJZNR\MOPBD@*ZaYjFwRpr�KJ][YpRnWyRG@eYS~ Ç D � � FgYVFgBD@SZ�R\F �a@eB m	FwRGT � z}WbZaBAR\TO@�Z|MOP3UX@*E_Kb][YjR\WbRG@*Y8Kb]�RGTO@R\WJEG�N@>R�TaW�H|FwZa�Q@*ZO@SE\�Jr�`I@*Y\YoRGTXWyR 
 FIY:tpMXYpR %®zDR\TO@VZ|MOP_U1@SE	KJ]:KNcX@*Z�fnTXWbZOZO@*`IY*~
� ' 	 /10�4��>9��¿25<1# ��7}= ! 9 ! < �><n2 � �!<n2 � ! 9$#���6V7}=�
�0�

?A@�YGTOKym TO@SE\@�RGTXWyR_R\TO@�FIZO@*`IWNYpR\FIf�caEGKNUaWbUOFI`IF R\Fw@eY8E\@SP�WbFIZ @*Y\Yj@*Z�RGFgWb`I`wrAMOZaWb�1@efhRG@eB FIZP�Wb�NZOF R\MaBD@�m	FwRGT RGTa@¹cOEG@eYj@*Zaf>@�KJ];WAUaWNfn¸��NEGKNMOZaB RG@SE\P FIZÈRGTO@A°�i�P�WbRGE\F ­l~���ZÈRGTO@FgYjKN`IWbRG@*B�f*WJYG@[R\TO@sWNBOBDFwRGFIKJZ�KJ] � ��� � R\K3WbZ�FwZO@*`IWNYpR\FIf�@S`I@SP(@SZ�R � ��� � YGFwP(cO`Ir�fnTaWbZa�J@*YLRGTO@
=¿KNEG@*Z�R � FgWbZ3cOE\Kb�a`I@�Kb] � � ����� � � ~5��ZQRGTa@	PQKNEG@�FIP(cXKNEjRnWbZ�R®KyHJ@SE\`gWbcOcOFIZO��fSWJYG@JzbRGTO@	@*ZO@SE\�JrHyWbE\FIWbRGFIKJZ�Kb] � ��� � FgY[YGP(K�KJRGT�FwZ¹WJZ�r�fSWJYG@�m	F R\TOKJMDR[UXWJfn¸|�JE\KJMOZXB�WbZXB

� � ��� � � � � �����
� ��� � µ � � � � · 	 �� � � · 	 �� � �


 À � Ã� µ 
 µ � � � D��
�����
�
¯ u k ~ÊÉD~ YN{

� � � ����� � � ½ � � � � � � � � �
� 
 À � Ã� µ 
 � � ½ � � � D M u k ~ÊÉD~"!b{

m	TO@*EG@�mC@�TaW�HJ@�MXYj@eB RGTO@�EnWbZaBDKNP�YjFI�JZ cOE\KJc1@SEGRpr Kb]	R\TO@�caEGKDBDMaf>R\Y � · 	 �� � � � � · 	 � RGKZO@*�J`I@*fhR�R\TO@_ÉyZaB�fSEGK�YGYji�R\@SE\PÁFwZ¹fSKJP(caWbE\FgYjKNZ�RGK(R\TO@V`IWNYpR[KNZO@;m	TO@SE\@VWb��WbFIZ�R\TO@8YGWJP(@cOE\KJc1@SEGRpr�FgY[MaYG@*B¹RGK�YGFwP(cO`IFw]^r�R\TO@3BOKJMOUO`I@_YGMOP RGK�W�YjFIZO�J`I@8KNZO@J~�°|MaPQP(FIZO��KyHN@SE[WJ`w`RGTa@[FwZa@S`gWJYjRGFgf[fnTaWbZaZO@S`gY}RGTa@SZ�`I@*WNBOY®R\KVRGTO@sYGWJPQ@�EG@eYjMO`wRLKb]¿ºC»X~1uKYa~ Ya�e{:m	FwRGT�WbZ�WNBOBD@eBRG@*EGP KJ] �
���� �

� � ��� � � � m	TOFgfnT�F RnYj@*` ]oFIY�cOE\KJc1KJEGRGFIKJZXWb`¿R\K�� �8WNY�BOFIY\f>MaY\YG@*B�WbRsR\TO@3@*ZaB�KJ]
°|@efhRGFIKJZ YO~Ê�D~ÊÉD~

�*Î�É



� ���������	��

�	�����

��������� º ����� �!��"$#&%(')��*$�!�,+�-�.0/2143�/�5(687&9;:,/!<�/>=?9;:,/@�2*���%(*$��5�AB� #,�$CED!FHGJI!5HKL�;M�N$I�O�P�AB�;#;�
CQD(FHGRN$I�5?KS�;M�N$I@OT�

�VUW��XY� ZE�H[]\ ^S_J"$��+;5���� XY� `a�!Zb"dc�#&"We�� �25("d�H%gfh� ij�kABl!c�m�"dn��!\ ¸ *4ek5!6poBqWr /2<s- t4/�u
vkFw5U$x$I!�JKS�;M�M�U�OT�
� N4�yZE��u8#z�;�!\�{�5>|}/�6~o(qWr /Hu
�HG�5�U$U@��KL�;M$����O��
� �d���j� ���k��c�*$�!{�l!� #z�Sm�"d�H%�ZE����*$l��25H6~oBqWr /2<�-�t4/Hu�5!vkGg��M@U(�JKS�,M$M�U�OT�
�VxW� º ���y�Hu�\��L�&�!� #,5��(/���o!- �J/�6poBqWr /�DB�>�25�x$N!�;�gKL�;M$M�N�O��
� I4�y���HAk�����!c�\��;�!�!��"d�H%��8��[j��`�\��;+;52�B/8���k.)/�=?9;:,/2���J/H��G25>U$U$x@��KL�;M$��M�O��
���,�y����Ak�2�$��c�\�� �!���$52C�� `a��AB_J\��zl25�"d��%w�J�ku8�!#&�!� �L�;5�C�%(ek�kC8�,�2`�*$c ��¡�n2�k�~lBm(+ �2�>�25� �H�hKL�;M$M@U$O��
� �4���~� �j�!��"d��%�"d��"$��%�¢]� `£���2\�¤¥+Ll�\¦�&§$5©¨�ª�14«H.¬ª(�®­¯-°:°o!14«H±¥:Tr�²´³j9d«�µ07z- 3�1d.¬±¶t,±·rT.¬±¥:R¸ko!- µ

947Tq°¹�K¥�}�;#z{@"d_J*$�g�~#&�;+&+ 5H¡sºB¤´*�#&%wK¥»s��O¼�,M$���,OT�
� M4�½��� �H���$*@"$¾°l�"$\���5¿¨�ª�1d«�. ª(�À�~943¶3¦±·r°±¥9d«�¸ko!-°947TqÁK¥Â]*�#L�&l('0[]*$c�c·"d��%?5�Cs_J+L�z�;#&%�"d_�;MB�dx$O��
���;�4��fh� ���>f¼#z\�Ã�"dÄB\��g"$��%gij�!i½���}c�"$_jÃ�"$�!_R5H6~oBqWr /2<�-�t4/HCEv>Å�xd��IgKS�;M�M$N@OT�
���$���y�y�@��Æ$�z�BÇ5d¢]�$�H�d[]�;c�c�� #,5�"$��%½Cj�$�¼"dc�{�"d#&�!*H5TÈ°É���"$���&�!_Ê+z�!n!n!#&�;+&+z\�*��j*d¤k¾�*�c�%J"4�&*$_

¾�*�c�c�\�+z\�*$��+SËy6~o(qWr�/�<s- tW/2�ÌFH�25�U$Nd�d')���hKS�,M$M$I@OT�
���,UW�YÍT��Cj�2Î~�25©�H����*4mBc���5}�H�}���}A!"d��%(Ã>� #&{�5~�����p�����,+z"$#;5}�j�}�Yc��;n!n!�!�;#;5�"d��%bXY�}���

f¼#z�;m@�&"dÄk5H6~o(qWr /2<s- tW/?Ï�-�. .]Ð?D>5?�,x$�$MgKS�;M�M$N@OT�
���;N4�y�H�8��*4mBc���5s���s����A("d�H%(ÃH�;#z{H5]ÍT��C��8Î~�25Y�����p�����,+z"$#;5]�½���Yc��;n!n!�!�;#;5s"$��%ÑXY�

����f¼#z�;m@�&"dÄk5s6~o(qWr�/s<s- tW/sÏ�- .¬.�GkÐÒI$��NÓKS�;M�M!�WOTPY�����8"d#&#&"$#z*b"d�H%Ò`a� ZE�]��*$c��$56~oBqWr /k<s- t4/Bu¿v?FÔ5>�WUdM�N!��KS�,M$M@U$OTPBXY� ZE�@[s\ ^S_�"d�H+ 5(�H� XY� `a�@ZÕ"$c�#°"We$�;�25�"$��%�fh� ij�
ABl!c�m�"$n!�!\�Ä$*4ek5�6~oBqWr /2<�-�t4/�uÖvkFw5HU�xdI��hKL�;M$M@U$O��

��� �d�y�8��XY�HAB_J\��zl25k6~oBqWr /�<�-�t4/?D>D(Å25!N$��MgKS�;M�I$�@OT�
���,xW�yC�� `a�k��"$�!��"d��%R�y�Vfh�kX�l!*$_�"$+s6poBqWr /�<�-�t4/?F�G£K¬x$O�5 �H�;Id' �Bxd��KL�;M�N$M�O���+z� �yn�"${$�;+¤´*$c�c�*4×�\��!{JN$�@U

�;��N



���;I4�yXY�!¢~#&\·¾ +z*$�25H6~o(qWr /2<s- tW/2Ï�- .¬.]F?5(�@N$�gKS�,M$I$�@OT�
���W�,�yÂ��(u8*$l�#8"$��%��H��ZÒl�� � c�� #,5�6~oBqWr /?<�-�t4/(�H�ÕK U$OT5!U�x��,'0N�x$NJK¥C]n�#z\�c©�;M@xd��O���+z� ��n�"d{��

�@U$IhAB�,¾d�!ÍzÍLÍ

�;�$�


