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� ?��LhPadHV< FCIH�JL?!?I<@B.CGJLHV< �.u/B>HGA>W/CIW/JLH�<@N/C�A>?�hPA>?I<@?�WLB.C/DEGFCIHY_GA/[C�� E C E HGQRhPad?��PC!?�A>?IJLN���;dW/JLH<@N/C�cL;=<@N/CIad;��IC/DEGFCIH�? E HGQRhPA>?�?�W/< FCIH �

� -'?IJL?I<�JL?fZ�?�B>A>; � -"Z	� � M�NPA 6G|�� � Z�?�B 6L{�C���� -'?�; 6S5�� � -'?�;=| / �ouICG<�jVN/CI;=<�BIr?�Q B>;=JLH'NPQ A/[CIhP;=JLH
JL?I<@?�WLcVHGadcL;dQR?�WLB>H!B>?�[HGA>; E HY?!W/CYNPB>;dad;��IC/DEGFCIH�W/CYQRHLJL?�a=CI_G?�Q5JL?YzL^U:*< l"^U<@B.CG<*< FCIHRNPQ�C
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pq?�A>A.CIQR?�WLB.C"JL?"CIadB>H*h/HLJL?�AUQ�CIB>?�Q3[CIB>; E H'?'_GA/[C�� E HPuLjVNP?fpoC E ;dad;dB.C"C"cL;=<@N/CIad;��IC/DEGFCIH!JL?'B>HLJLHH�QRHLJL?�adH�JLH�<@;=<@B>?�Q�CY?Y<@?�N,?I<@B.CGJLH�?�Q jVN/CIa=jVNP?�A*;dW/<@B.CIWLB>?RJL?�B>?�QRh/HPl m JL; pq?�A>?�W�DE CJL?I<@B.CG<!h/CIA.C�CG<!ad;dWP_GN/CI_G?�W/<"pqHGA>Q�CI;=<"?�HV<!CINPBGrHGQ�CIB>HV< u�J'[CI\o<@?Y?�Q jVNP?Vu�H�CINPQR?�WLB>HRJL?
E HGQRh/HGWP?�WLB>?I<Y?�Q NPQ�zL^U: ?I<@B/[CKJL;dA>?�B.CIQR?�WLB>?�ad;d_VCGJLHXCIH CINPQR?�WLB>HKad;dWP?ICIARJL?,<@?�N/<
adNP_VCIA>?I< u/B>A.CIW/<@;>DEGFHG?I<f?�CIA E HV< l

v <�zL^U:*<�BIr?�Q NPQ�C�JL; pq?�A>?�W�DE C�JPCGJPC�h/?�a=C E HGQYNPWP` FCIHkJPC�pqHGA>Q�C E HGQ�jVNP?RHV<�QR?I<@QRHV<
h/?�A E ?�O/?�Q CG<YH E HGA>AIr?�W E ;=CG<RJLHXCIQYOP;d?�WLB>?VuUCG<YjVN/CI;=<RJL?�WPHGQR;dW/CIQR\o<@?R?�cV?�WLB>HV< uf?�Q jVNP?�B.CI;=<
C E HGWLB>? E ;dQR?�WLB>HV< u E CIN/<>CIQ�QYN/JPCIW�DE CG<�W/C E HGW��/_GNPA.C/DEGFCIH�;dWLB>?�A>W/CLuGHGNR?I<@B.CGJLH�JLH�<@;=<@B>?�Q�CLl ��CI;=<?�cV?�WLB>HV<UH E HGA>A>?�Q5;dW/<@B.CIWLB.CIWP?ICIQR?�WLB>?VuVHRjVNP?!ad`P?I<'J FCIH E CIA/[CIB>?�A"JL;=< E A>?�B>H�WPHYB>?�QRh/HPlUt
HG_GHPu
H?I<@B.CGJLHRJLHR<@;=<@B>?�Q�C�<P[H [?�QYN/JPCGJLHYCIh"[HV<'NPQ�C�WPHIcGC�H E HGA>AIr?�W E ;=CYJL?!NPQ�JL?�B>?�A>QR;dW/CGJLH�?�cV?�WLB>HPl^ �L?�QRhPadH�JL;=<@B>HPu'[?�C�B>A.CIW/<opq?�AIr?�W E ;=C�JL?�JPCGJLHV<"?�Q�NPQ5<@;=<@B>?�Q�C�JL? E HGQYNPWP; E C/DEGFCIHPuVHGW/JL?�?I<@h/?�\A.CIQRHV<UNPQ�C!HGA.JL?�Q h/CIA.C�?�WLcL;=CIAfNPQ�C!QR?�W/<>CI_G?�Q ?Vu/CIh"[HV<"<@?�N�?�WLcL;dH�?I<@h/?�A.CIQRHV<UNPQ�C!HGNPB>A.C
QR?�W/<>CI_G?�Q JL?*A>?�B>HGA>WPH�JL?�cVHGadcL;=JPC"h/?�a=C!HGNPB>A.C�Q3[CGjVNP;dW/C!C�cL;=<>CIW/JLH�JL?*<@?�NRA>? E ?�OP;dQR?�WLB>HPl v OP\<@?�A>cV?�QRHV<�jVNP?'W FCIH�`"[CLuLWP?I<@B>? E CG<@HPuLB>?�QRh/H!JL?�B>?�A>QR;dW/CGJLH*h/CIA.C!`/C�cV?�A�H!?�WLcL;dH!JPC!QR?�W/<>CI_G?�Qku?"H�B>?�QRh/H�JL? E HGA>A>;=JLH�W/C�B>A.CIW/<opq?�AIr?�W E ;=C�JLHV<'JPCGJLHV<f?�WLB>A>?!CG<UQ3[CGjVNP;dW/CG< uLA>? E ?�h�DEGFCIH!?*A>?�B>HGA>WPHPuJL?�h/?�W/JL?�Q�JL?�poCIB>HGA>?I<"?��LB>?�A>WPHV< l�zV?�W/JLH�CG<><@;dQku/CG<*Q3[CGjVNP;dW/CG<'h/?�A>Q�CIWP? E ?�Q WPHRQR?I<@QRH�?I<@\B.CGJLHPu/CIBP[?�jVNP?!H E HGA>A.CRCIad_GNPQ5JL?I<@B>?I<f?�cV?�WLB>HV< uLHV<"jVN/CI;=<f;dA FCIHYQYN/JPCIAfH�?I<@B.CGJLHRJLHR<@;=<@B>?�Q�CLlt
?�cGCIQRHV<�?�Q E HGW/<@;=JL?�A.C/DEGFCIH*jVNP?f?I<@B>?I<�<@;=<@B>?�Q�CG<
;dWLB>?�A.CI_G?�Q E HGQ H*QYNPW/JLH'?��LB>?�A>WPHPuG<@?�W/JLHad;dQR;dB.CGJLHV< uLCIB>A.C�cf[?I<"JL?�<@N/CG<fpqA>HGWLB>?�;dA.CG< l v <'QR?I<@QRHV<�BIr?�Q E HGQRH E CIA.C E B>?�AI[g <@B>; E CG<UpqNPW/JPCIQR?�WP\B.CI;=< n

� TU; E adHYJL?*pqNPW E ;dHGW/CIQR?�WLB>H�JL?I< E A>;dB>HYCIB>A.C�cf[?I<'JLHY?�W E CGJL?ICIQR?�WLB>H�JL?!?�cV?�WLB>HV< �
� v E HGA>AIr?�W E ;=C�JL?!?�cV?�WLB>HV<U?�Q h/CIA.CIad?�adH �
� s"? E ?I<><@;=JPCGJL?�JL?�<@;dW E A>HGWP;��IC/DEGFCIHPl
v <�zL^U:*<�BIr?�Q <@N/C�?�cVHGadN�DEGFCIH�WPHkB>?�QRh/H�JPCGJPC�h/?�a=C�H E HGA>AIr?�W E ;=C�JLHV<�?�cV?�WLB>HV< u�HV<�jVN/CI;=<h/HLJL?�Q <@?�A";dWLB>?�A>WPHV<"HGNk?��LB>?�A>WPHV< u
CIa�[?�Q�JLH�jVNP?Vu�CYH E HGA>AIr?�W E ;=CRJL?�?�cV?�WLB>HV<'h/HLJL?YJL?�h/?�W/JL?�AJL?YpoCIB>HGA>?I<�CIad`P?�;dHV<�CIH,<@;=<@B>?�Q�C�JL?4�/WP;=JLHV< E HGQRH�?�cV?�WLB>HV<!;dW/JL?I<@? 	P[CIcV?�;=< � CRpoCIadB.CkJL?R?�WP?�A>_G;=C?�a�[?�B>A>; E CLuVC�jVNP?�OPA.C�JL?*NPQ�C*h/?PDE C!HGN�NPQ�?�A>A>H�JL?*B>A.CIW/<opq?�AIr?�W E ;=C�JL?!JPCGJLHV<'< FCIHYBI[g hP; E HV<�?��L?�QR\hPadHV<'JL;=<@B>H �.l
:"?4�/WP;dQRHV<�pqHGA>Q�CIadQR?�WLB>?'NPQ�zL^U:�u E HGQRH�?�Q#-"CIQ�CGJL_G?!? �,HGWP`/CIQ � -�� 6G|��on

� $�� � & ����� � ��-�� (��P'�%4.8$4(�1R1 L
	 $43�.  %��M'�%�-�/9$9.  %��� L ��� "$ � ( %�'�%4.8$4(�1RI � $�$ 	  ,+�� '
-  (
1  -  /4/5U$43�-�')1 1!*�/ � :5.01 � $S$ 	 $43�.  % QP"��%�')-  %�� 1 ')3�.8$4/ 	 1 +� % � $M.8$4( :  ��$4( 6�$4/21 + ')/4/9$X6 �!+ 1!/9$2%�$
� $2%�-  3!;5$2-�' �! %�<



� ��� �� 	�������(�� � � 	�������� ������ 3
0*;=<@B>H�jVNP?�NPQ zL^U: Q�CIWLBP[?�Q5<@?�N,?I<@B.CGJLH E HGW/<@B.CIWLB>?Y?�WLB>A>?�JLHG;=<*?�cV?�WLB>HV< E HGW/<@? E NPB>;dcVHV< uh/HLJL?�QRHV<fcV?�A'<@N/C�?�cVHGadN�DEGFCIHYJL;dW�rCIQR; E C!WPH�B>?�QRh/H�h/?�adH�_GA/[C�� E HRCIhPA>?I<@?�WLB.CGJLHYW/CM�/_GNPA.C�{Gld{Gls"?�a=CRA>?�hPA>?I<@?�WLB.CIQRHV<"HV<�?�cV?�WLB>HV<*h/?�a=CG<!ad?�B>A.CG<*_GA>?�_VCG< ����� u�� ��� ?�� � ?YHV<�?I<@B.CGJLHV<�JLH

<@NPh/HV<@B>HX<@;=<@B>?�Q�C�h/HGASC�� � C
	 � C
� � C��Y? C� � HGW/JL?�C�� [?�H,?I<@B.CGJLH,;dWP; E ;=CIa'JLHXzL^U:�u�HGN Q�CI;=<
E HGWP`P? E ;=JLH�h/HGA ;  (�$��X%4.01,.8$ lb"Q�?�cV?�WLB>HYh/HLJL?RH E HGA>A>?�A�CIWLB>?I<"HGNXJL?�h/HG;=<!JL?RjVN/CIa=jVNP?�A*HGNPB>A>H�?�cV?�WLB>HPu
<@?�Q ;dQRh/HGA>B.CIA
C�HGA.JL?�Qkl ��CIQYO'[?�Q�ad?�cGCIQRHV<*?�Q E HGW/<@;=JL?�A.C/DEGFCIHkjVNP?�CkjVN/CIWLB>;=JPCGJL?�JL?RJL; pq?�A>?�WLB>?I<*?�cV?�WLB>HV<?��L;=<@B>?�WLB>?I<�?�Q NPQ�zL^U:�uR[?��/WP;dB.CLu";dQRh/HV<@B>H E HGQRHKNPQ E CG<@H h/CIA>B>; E NPa=CIA�JL?k;dQRh/HGA>BGrCIW E ;=CO"[CG<@; E CLu E HGQRH�_G?�A.CIadQR?�WLB>?*< FCIHYHV<"<@;=<@B>?�Q�CG<�p.[g <@; E HV<fA>?ICI;=< l
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e�;d_GNPA.C�{Gld{Gn&��A.C�	@?�B/[HGA>;=CYJL?!NPQ�zL^U:
m WLB>?�A>;dHGA>QR?�WLB>?Gu�JL?I<@B.C E CIQRHV<�jVNP?"C"QRHLJL?�a=CI_G?�Q JL?*zL^U:*< uVh/HLJL?*<@?�A�A>?ICIad;��ICGJPC E HGQ O/CG<@??�Q5c'[CIA>;dHV<"h/CIA.CGJL;d_GQ�CG< l�^�QYO/HGA.C�WP?�WP`LNPQ�QRHLJL?�adHYB>?�WP`/C�<@?�B>HGA>W/CGJLH�NPWP;dcV?�A.<>CIaou/`"[CR?I<@B>NP\

JLHV<!NPB>;dad;��ICIW/JLH E CGJPC�NPQ JLHV<!QRHLJL?�adHV<!CIhPA>?I<@?�WLB.CGJLHV< u�B>HLJPC�cL;=C�JL;dA>? E ;dHGW/CGJLHV<�C�CIhPad; E C/DEGFHG?I<?I<@h/? E [g � E CG< � w'CIA.|S7��ol m < -"ZU<!BIr?�Q CIB>N/CIadQR?�WLB>?Vu�CINPQR?�WLB.CGJLH�<@?�NKJLHGQ,[g WP;dHRW/CRQRHLJL?�a=CI_G?�QJL?!zL^U:*< lU^U<@B.CG< 	P[C*pqHGA.CIQ NPB>;dad;��ICGJPCG<�W/C!B>?�HGA>;=C!JL? E HGWLB>A>HGad? E aI[CG<><@; E C*h/CIA.C�JL?I<@?�WLcVHGadcL;dQY?�WLB>HJL?�<@HIpqB �'CIA>?�h/CIA.C E HGWLB>A>HGad?�JL?Y<@;=<@B>?�Q�CG<f?�Q5B>?�QRh/HYA>?ICIaou E HGQRHYcV?�QRHV<f?�Q TUHIpqA.CIW E ?I< E H $9.
1 + � ZfT'zL|L{ �ol m <"cGCIWLB.CI_G?�W/<*jVNP?�CG<�-"Z3CIhPA>?I<@?�WLB.CIQ�<@HGOPA>?�HV<"HGNPB>A>HV<*Q%[?�B>HLJLHV<"JL?YCIW"[CIad;=<@?Vu
< FCIHRCG<"<@?�_GNP;dWLB>?I< n

� e/C E ;dad;=JPCGJL?YJL?YQRHLJL?�a=CI_G?�Q�A>?�a=C E ;dHGW/CGJPCG< E HGQ CG< E CIA.C E B>?�AI[g <@B>; E CG<*JL?YNPQ�zL^U: � E HGWP\
E HGA>AIr?�W E ;=CLuL<@;dW E A>HGWP;=<@QRH"?*CG<><@;dW E A>HGWP;=<@QRHPu E HGW��/;dB>HPuV?�� E adN/< FCIH*Q [NPB>N/CLuVA>?�a=C/DEGFHG?I<UJL?'hPA>?�\
E ?IJ�r?�W E ;=CLuLW FCIHRJL?�B>?�A>QR;dWP;=<@QYH!?!OPadHLjVNP?�;dH � �

� [v B>;dQ�C!cL;=<@N/CIad;��IC/DEGFCIHYJL?�JL?�h/?�W/J�r?�W E ;=C�JL?�<@;=<@B>?�Q�CG< �
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� Z�HV<><@;dOP;dad;=JPCGJL?YJL?Y_G?�A.C/DEGFCIH�JL? E [HVJL;d_GHV<!JL? E HGWLB>A>HGad?Y<@NPh/?�A>cL;=<P[HGA>;dH�JL;dA>?�B.CIQR?�WLB>?�JPCRA>?�\hPA>?I<@?�WLB.C/DEGFCIHY_GA/[C�� E C��
� ��A.CIW/<@QR;=<>< FCIHYcL;=<@N/CIa�JL?!;dWLpqHGA>Q�C/DEGFHG?I<UadH E CI;=< �
� ��?I<@B>?I<"JL?!hPA>HGhPA>;d?IJPCGJL?I<f;dW/JL?I<@? 	P[CIcV?�;=< � OPadHLjVNP?�;dH�?!A>?�;dWP; E ;=CIad;��IC/DEGFCIH �
� m CIW"[CIad;=<@?!JL?�JL?I<@?�QRh/?�WP`PH�<@?�Q <@;dQYNPa=C/DEGFCIHk[?!<@?�QRhPA>?"h/HV<><�[g cV?�a
h/CIA.C�QYNP;dB>HV<U<@;=<@B>?�Q�CG< �
� zV;dQYNPa=C/DEGFCIH�JLHV<'?�cV?�WLB>HV<fJL;=< E A>?�B>HV<"C�h/CIA>B>;dA"JLHYQRHLJL?�adH �
� 0*;=<@N/CIad;��IC/DEGFCIHYJLHY?I<@B.CGJLHRCIB>N/CIa�JLHY<@;=<@B>?�Q�C!h/CIA.C�QRHGWP;dB>HGA.C/DEGFCIH�?�Q B>?�QRh/H�A>?ICIa �
� m O/HGA.JPCI_G?�W/<*JL?!QRHLJL?�a=CI_G?�Q JLHYB>;dh/H�A>?4�/W/CIQR?�WLB>H�?�JLHYB>;dh/H E HGQRh/HV<@;>DEGFCIH�QRHLJLNPa=CIA�l
:"?�cL;=JLH�C�?I<@B.CG<!cGCIWLB.CI_G?�W/< u�BIr?�QR\o<@?YNPB>;dad;��ICGJLH�QYNP;dB>H�JPCG<'-"ZU< u�B.CIWLB>HkadNP_VCIA���B>A.CIW/<@;>DEGFCIH

E HGQRH*CG<fJL?*CIadB>H!W�[g cV?�a � E HGadHGA>;=JPCG< u E HGWLB>A>HGa=CGJPCG< uL?�B>;=jVNP?�B.CGJPCG< u E HGQ B>?�QRh/HGA>;��IC/DEGFCIH*WP?�OPNPadHV<>C �jVNP?�BIr?�Q�<@?YB>HGA>W/CGJLH�Q�CI;=<'N/<@N/CI;=<*h/CIA.C�C E HGQRh/C E B.C/DEGFCIHR? E HGQRhPA>?�?�W/< FCIHRJLHV<!QRHLJL?�adHV<"JLHV<zL^U:*<�� ���!|S����� z��!| / ��� zVA>?I|S1���� ]*:*|�3���� � �*|S7��ouGad?�cGCIW/JLHG\qWPHV<'C!OPN/< E CIA'C E HGW E ?�h�DEGFCIH�JL? E HGWLB>A>HG\a=CGJLHGA>?I<!h/CIA.C�HV<�QR?I<@QRHV<'?Vu E HGW/<@?Ij��NP?�WLB>?�QR?�WLB>?Vu E ?IJL?�W/JLH�Q�CI;=<*CIad_GNPQ�CG< E HGWLB>A>;dOPNP;>DEGFHG?I<YSC
��?�HGA>;=C�JL?�TUHGWLB>A>HGad?�zVNPh/?�A>cL;=<P[HGA>;dH � �"T'z�� � -�� 6G|��ol
m A>?�hPA>?I<@?�WLB.C/DEGFCIH JLHV<kzL^U:*<�h/HGA�;dWLB>?�A>Q%[?IJL;dHKJPCG< -"ZU< u*B>?�Q�NPQ�C,_GA.CIW/JL?KNPB>;dad;=JPCGJL?

WPHXQYNPW/JLHXA>?ICIaou*JL?�cL;=JLH CIH%C�cGCIW�DE H B>? E WPHGaI[HG_G; E H E HGQRhPNPB.C E ;dHGW/CIaou'?�Q�jVNP?,?�W E HGWLB>A.CIQRHV<<@HIpqB �'CIA>?I< E HGQ ;dWLB>?�A@poC E ?I<�`PHGQR?�QR\qQ%[CGjVNP;dW/C'JL?"CIadB>H*W�[g cV?�aouIHGW/JL?'h/HLJL?�QRHV< E A>;=CIA�NPQ QRHLJL?�adHJL?kNPQ�JL?�B>?�A>QR;dW/CGJLHK<@;=<@B>?�Q�CkcL;=C -"Z�?k?��L? E NPB/[CI\qadHPu'HGN <@? 	>CLu'poC���?�A�<@;dQYNPa=C/DEGFHG?I<�CIB>A.C�cf[?I<JL?I<@B.CR;dWLB>?�A@poC E ?�?RJL?Y`/CIA.J �'CIA>?I<�CGJL; E ;dHGW/CI;=<!jVNP?�ad;d_GNP?�Q�NPQ E HGQRhPNPB.CGJLHGA�jVNP?Y<@;dQYNPad?!NPQ<@NPh/?�A>cL;=<@HGA�uUCkNPQ HGNPB>A>HKjVNP?�<@;dQYNPad?YNPQ�C�hPa=CIWLB.C E HGWLB>A>HGa=CGJPCLuUHGNXQR?I<@QRH�C�NPQ <@;=<@B>?�Q�C
A>?ICIaol m jVNP?I<@B FCIH,JPC,<@;dQYNPa=C/DEGFCIH3[?kJL?�CIadB.C�hPA>;dHGA>;=JPCGJL?VufJL?I<>JL?�jVNP?Rh/HLJL?�QRHV<�HGO/<@?�A>cGCIAYW/C?��L? E N�DEGFCIH*JLH�QRHLJL?�adH*JL?"NPQ <@;=<@B>?�Q�C'B>HLJLH�<@?�N E HGQRh/HGA>B.CIQR?�WLB>H"CIWLB>?I<UJL?'h�rHG\qadH�?�Q hPA/[CIB>; E CLu?�cL;dB.CIW/JLH!hPA>HGOPad?�Q�CG<UJL?"HGA.JL?�Q�<@NPh/?�A>;dHGA E HGQRH�C E ;=JL?�WLB>?I<�HGNR_VCG<@B>HV<'JL?I<@WP? E ?I<><P[CIA>;dHV< lfTUHGQRHH*`/CIA.J �'CIA>?"JLH E HGQRhPNPB.CGJLHGA�h/HLJL?*<@? E HGQYNPWP; E CIA E HGQ H*QYNPW/JLH"?��LB>?�A>;dHGA�uG?�WLB FCIHPuVC"h/CIA>B>;dAUJL?
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+ $ 	 1!3�.8$ ?VuIadHG_GH�CIh"[HV< u *91!'�K!$ l�^U<@B.C"QR?�W/<>CI_G?�Q B>?�A>;=C"JL?'<@?�A�B>A.CIW/<opqHGA>Q�CGJPC"Q�CIB>?�Q�CIB>; E CIQY?�WLB>?h/CIA.CRjVNP?�H�<@;=<@B>?�Q�C � OPA.C/DE HRA>HGO"[HGB>; E H �'A>?ICIad;��ICG<><@?�CYHGA.JL?�Qkl*TfCG<@H�HV<"?�cV?�WLB>HV<'CG<><@H E ;=CGJLHV<�C?I<@B>?'<@;=<@B>?�Q�CUpqHV<><@?�Q A>?�hPA>?I<@?�WLB.CGJLHV<�h/HGA�n + $ 	 1!3�.01!/�� � ? *91!'�K,1!/�� � uVC"HGA.JL?�Q Q�CIB>?�Q3[CIB>; E C



� ��� �� 	�������(�� � � 	�������� ������ 6
W/CUpqHGA>Q�C'JL?Uad;dWP_GN/CI_G?�Q pqHGA>Q�CIaV<@?�A>;=C �
� uI?UW/CfpqHGA>Q�C'JL?UaI[HG_G; E CfB>?�QRh/HGA.CIaouI<@?�A>;=C ��� � l�^U<@B.CG<ad;dWP_GN/CI_G?�W/<'<@?�A FCIHY?��LhPad; E ;dB.CGJPCG<UWPHV< E CIh�[g B>NPadHV< / ? 3PuPA>?I<@h/? E B>;dcGCIQR?�WLB>?Vl

�k[C"?I<@B>N/JLHV<U<@?�W/JLH*pq?�;dB>HV<�WP?I<@B.C,[CIA>?ICLu E HGQRH*?�W E HGWLB>A.CIQRHV<�?�Q �*WP;d_G`LB�?*Z�CG<><@;dWPH � �!ZU|S���ou
O/CG<@?ICIW/JLHG\o<@?'W/C";dW E adN/< FCIH*JPC"aI[HG_G; E C"B>?�QRh/HGA.CIa
SC �"T'z/uGJL?I<>JL?'jVNP?'CGjVNP?�a=C'h/HLJL?"<@?�A�cL;dW E NPa=CGJPCSCG<UA>?IJL?I<fJL?!Z�?�B>A>;�� -"w'|V}��ouV?*B.CIQYO'[?�Q h/HGA'QR?�;dH!JLHV<'CINPBGrHGQ�CIB>HV<f<@?Ij��N�r?�W E ;=CI;=<fJL?!w �N E `P;
?!JPCt�Z&�'t ��� ')35$21!/��
/  :  %�'�.0'  3�1 +&� $4( :  /21 + �  6!')- �.u E HGQRH�CIhPA>?I<@?�WLB.CGJLHYh/HGA*b E `P;d`P;dA.C*? �"HGWP;d\JL?�W	� b �*|S���ouPjVNP?*<@?�CIhPad; E CIQ�SC�A>?IJL?I<fJL?!Z�?�B>A>;
jVNP?*B>?�WP`/CIQ�?�Q NPQ JPCGJLH�;dW/<@B.CIWLB>?VuPCIh/?�W/CG<NPQ�C [NPWP; E C�B>A.CIW/<@;>DEGFCIHk`/CIOP;dad;dB.CGJPC � E HGW/JL;>DEGFCIH,JL?R?�cV?�WLB>H�<@;dWP_GNPa=CIA �.lC0U?�A>?�QRHV<*?�Q <@?�_GNP;=JPCLu
jVNP?Rh/CIA.C�NPQ�C�A>?IJL?�JL?�Z�?�B>A>;fQ�CI;=<*_G?�WP?�A.CIad;��ICGJPCLu�HGN <@? 	>CLufjVNP?�CGJLQR;dB.C�C�A>?�hPA>?I<@?�WLB.C/DEGFCIHJL? E HGW E HGA>AIr?�W E ;=CG<U? ��HGN E HGW��/;dB>HV< uPC�TF�'t ���  ( : � .01,.0'  3 � /9$9$ �  6!')- ��[?*Q�CI;=<�;dW/JL; E CGJPC!h/HG;=<B>A.CIO/CIad`/C E HGQ C E HGW/JL;>DEGFCIH�JL?�?�Q5NPQ JPCGJLHRQRHGQR?�WLB>HPuP`/C�cV?�A"Q�CI;=<'JL?�NPQ�C�B>A.CIW/<@;>DEGFCIHR`/CI\OP;dad;dB.CGJPCLl m aI[HG_G; E C�B>?�QRh/HGA.CIa 	P[C�pqHG;'?I<@B>N/JPCGJPC,JL?I<>JL?RQYNP;dB>H�B>?�QRh/HPl,^�W E HGWLB>A.CIQRHV<�O/HVCG<A>? pq?�AIr?�W E ;=CG<'?�Q M E M�;dada=CIW � M E Mk| / �fjVNP?�B>A.CIO/CIad`PHGN E HGQ�H�hPA>HGOPad?�Q�CRJPCR?��LhPadHV< FCIH�JL?Y?I<@\B.CGJLHV< u�NPB>;dad;��ICIW/JLH�CRcV?�A>;�� E C/DEGFCIH�<@;dQYO"[HGad; E C�JLH�QRHLJL?�adHPu�JPCIW/JLH�NPQ�CYcL;=< FCIH�_G?�A.CIaUJPCRB>?�HGA>;=CJPC E a=CG<><@?*JL?!t![HG_G; E C���?�QRh/HGA.CIa E HGWP`P? E ;=JPC*h/HGA*TF�'t ���  ( : � .01,.0'  3 � /9$9$ �  6!')- �.l ��CIQYO'[?�Q?�Q wfyLA>WP?I< � wfyLA.|V} ��?�W E HGWLB>A.CIQRHV<'CRTF�'tKCIhPad; E CGJPCYCIHRJL?I<@?�WLcVHGadcL;dQR? WLB>H�JL?!NPQ hPA>HG_GA.CIQ�C
E `/CIQ�CGJLH	� $21,. � /9$�
43�.8$X6!/21,.  / u�H,jVN/CIa'CIh/CIA>?�WLB.C�?��Lh/CIW/JL;dA�C�pqNPW E ;dHGW/CIad;=JPCGJL?�JL?RNPQ�JPCGJLH
<@;=<@B>?�Q�CLuI;dWLB>?�_GA.CIW/JLH!NPQ E HGW
	@NPWLB>H�JL? E CIA.C E B>?�AI[g <@B>; E CG<�JL?�WLB>A>H�JL?I<@B>?*<@;=<@B>?�Q�CLuIh/CIA.C E A>;=CIA�NPQWPHIcVH,<@;=<@B>?�Q�C�?��Lh/CIW/JL;=JLH,h/CIA.C,<@?�AYcV?�A>;�� E CGJLHkh/?�adHkQRHLJL?�adHPlX^�Q�zLC$,GCIa=CIN/<�,GCI;dBP[? � zLC$,P|S7��
cV?�QRHV<�B>HLJPCRC�JL?I< E A>;>DEGFCIHYJPCYw'Z&�'t ��� /21!3�-9;�')3,6�
/  :  %�'�.0'  3�1 +&� $4( :  /21 + �  6!')- ��?�<@?�N�N/<@HW/C�A>?I<@HGadN�DEGFCIH,JLHk<@;=<@B>?�Q�CRW FCIHG\qhPA>? E ?�;dB>N/CIaol,TUHV<@B.C � TUHV<>| / �fWPHV<�J'[C�B>HLJLHkH�pqHGA>Q�CIad;=<@QRH�JPC
t![HG_G; E C�TUaI[CG<><@; E CRZ�A>HGh/HV<@; E ;dHGW/CIaU?Y<@N/CG<!CIhPad; E C/DEGFHG?I< u�CG<><@;dQ E HGQRH�]*CIadB>HGW � ]*CIa 6V}���? v <@B>A>H��� v <@B 6G|�� E HGQ�C!t![HG_G; E CM��?�QRh/HGA.CIaouGHGW/JL?"?I<@B>?k[NPadB>;dQRH!CIhPad; E C"?I<@B.C!C!<@;=<@B>?�Q�CG<�?�Q B>?�QRh/H*A>?ICIaolZ�HLJL?�QRHV< E ;dB.CIARCI;dW/JPCLu"]"A>NPQYO/?�A>_k?kt
HGWP_ � ]*t�|�3 �oufN/<>CIW/JLHXCKTF�'t h/CIA.C,cV?�A>;�� E C/DEGFCIHJLHYQRHLJL?�adHY?�cV?�A>;�� E C/DEGFCIH�QRHLJLNPa=CIA*JL?�hPA>H E ?I<><@HV<!JL?�?I<@B.CGJLHV<
�/WP;dB>HV< ��s"; E HGa=C�?#0fCGCIW/JLA.CI_VCIA� sD0!|S5��ou E HGQ�C�TF�'t � jVNP?X[?�NPQ�C�?��LB>?�W/< FCIH�JPC�TF�'t�u
h/CIA.CRB>A.CIO/CIad`/CIA E HGQ JLHG;=<*<@;=<@B>?�Q�CG<
E HGW E HGA>A>?�WLB>?I< � *�'�%9%�')( �!+ 1 N -PO1  � �L^�QR?�A.<@HGW�? �*CIadh/?�A>W � ^ � 6S7��/CIhPA>?I<@?�WLB.CIW/JLH*?fpoC���?�W/JLH!C E HGQR\h/CIA.C/DEGFCIH!JPC"w
�'t ��� /21!3�-9;�')3,6 � $4( :  /21 + �  6!')- �
?fJPC*t��
�'t ��� ')35$21!/ � ')(�$ � $4( :  /21 + �  6!')- �?�Q5hPA>HG_GA.CIQ�C/DEGFCIH E HGW E HGA>A>?�WLB>? � m O/CGJL;�?�MkCIWPW/C	� m MQ6V} �ou
JL?I< E A>?�cV?�W/JLHYNPQ�HGNPB>A>HRB>;dh/H�JL?ad;dWP_GN/CI_G?�Q JL?'hPA>HG_GA.CIQ�C/DEGFCIH!JL?'aI[HG_G; E C'B>?�QRh/HGA.CIaPJL?�WPHGQR;dW/CGJPC*JL? � L�� � ����� � h/CIA.C*;dW E adNP;dAhPA>HG_GA.CIQ�CG< E HGQ E HGW/<@B>A>N�DEGFHG?I<UB>?�QRh/HGA.CI;=< l��U[C�e�;dWP_G?�AU?!]*CIOPO/C�y�� e�]*|S1��ouV;dWLB>A>HLJLN���;dA.CIQ NPQ�C
QR?�B>HLJLHGadHG_G;=C'?�Q jVNP?fNPQ <@;=<@B>?�Q�C'aI[HG_G; E H*h/HLJL?*<@?�A�?�WPA>;=jVNP? E ;=JLH E HGQ E CIA.C E B>?�AI[g <@B>; E CG<�B>?�QRh/HG\A.CI;=<�h/CIA.C E A>;=CIA�NPQ WPHIcVH�<@;=<@B>?�Q�C"B>?�QRh/HGA>;��ICGJLH!<@?�Q QRHLJL;�� E CIAUCG<UhPA>HGhPA>;d?IJPCGJL?I<UJLH�<@;=<@B>?�Q�CaI[HG_G; E H�HGA>;d_G;dW/CIaolY^�Q e�;���?�]"A>NPQYO/?�A>_	� e�]*|S7��ou�?�W E HGWLB>A.CIQRHV<*H�?I<@B>N/JLHkJPCRcV?�A>;�� E C/DEGFCIH�JL?hPA>HGhPA>;d?IJPCGJL?I<�B>?�QRh/HGA.CI;=<�W/CKTF�'t3?�?�Q ]*CIadB>HGW � ]*CIa=|S7��'cV?�QRHV<!NPQ�?I<@B>N/JLH,O/CG<@?ICGJLHKWPH
hPA>;dW E [g hP;dH�JLH ���� 3 �8')3�.8$4/4(�')3,6 + ')3,6 � � jVNP?%[?�C,CIW"[CIad;=<@?�JL?�jVNP?�NPQ�C�JPCGJPCkhPA>HGh/HV<@;>DEGFCIH,W FCIH



� ��� �� 	�������(�� � � 	�������� ������ |
h/?�A>QR;dB.C*QYN/JPCIA"<@?�N�cGCIadHGA'cV?�A.JPCGJL?�;dA>HPuL;dW��/WP;dB.CG<'cV?���?I<U?�Q�NPQ h/?�AI[g HLJLHRJL?!B>?�QRh/HM�/WP;dB>HPlTUHGQRH!<@?�W/JLH!NPQ�Cfpq?�A>A.CIQR?�WLB.C"JL?"CIadB>H!h/HLJL?�AfJL?"JL?I< E A>;>DEGFCIH!Q�CIB>?�Q3[CIB>; E CLuIC!t![HG_G; E C���?�QR\h/HGA.CIafh/HLJL?RWPHV<!ad?�cGCIA�C�JL?�B>?�A>QR;dW/CIA"H E HGQRh/HGA>B.CIQR?�WLB>H�JL?I<@? 	>CGJLHkJLH�<@;=<@B>?�Q�CLl m QR?I<@Q�CB>A.CIO/CIad`/C E HGQ hPA>HGh/HV<@;>DEGFHG?I<�CIBGrHGQR; E CG<
? E HGWP? E B>;dcVHV<
O/HVHGad?ICIWPHV< uV_G?�A.CIW/JLH!CG<><@;dQ NPQ�CUpV[HGA>QYNPa=CLl^U<@B.C�pV[HGA>QYNPa=Ck[?�Q�CI;=<U?I<@h/? E [g � E C�?�CIOPA.CIWP_G?�WLB>?�h/CIA.CY?I<@B.C�JL?4�/WP;>DEGFCIHRJL? E HGQRh/HGA>B.CIQR?�WLB>H�JLHjVNP?�CG<�ad;dWP_GN/CI_G?�W/<�pqHGA>Q�CI;=< lX:"?�cV?�QRHV<*HGO/<@?�A>cGCIA�jVNP?VuUWP?I<@B>? E CG<@HPufNPQ�N/<@N"[CIA>;dHKJL?�cV?�B>?�A
NPQ�CYO/HVC E HGW E ?�h�DEGFCIH�JPC�Q�CIB>?�Q3[CIB>; E C�?RJPCRaI[HG_G; E CLu�JL?�pqHGA>Q�CRC�B>A.CIW/<opqHGA>Q�CIA!H E HGQRh/HGA>B.CI\QR?�WLB>H*hPA>H E NPA.CGJLH�?�Q NPQ�C"pV[HGA>QYNPa=C*JL?*aI[HG_G; E C!B>?�QRh/HGA.CIa/h/CIA.C�C!A>?I<@HGadN�DEGFCIHYJLH�hPA>HGOPad?�Q�C*JL?
E HGWLB>A>HGad?Vl:*CGJLHRH�QRHLJL?�adH�?YCY?I<@h/? E ;�� E C/DEGFCIHRJLH E HGQRh/HGA>B.CIQR?�WLB>HYJL?I<@? 	>CGJLHPu
h/HLJL?�QRHV<*CIW/CIad;=<>CIA*HpqNPW E ;dHGW/CIQR?�WLB>H�JLHY<@;=<@B>?�Q�C!?�Q�?I<@B>N/JLHPuPNPB>;dad;��ICIW/JLHG\qWPHV<'JPCY<@;dQYNPa=C/DEGFCIHPuLC�jVN/CIa![?!hPA>HLJLN���;=JPCC�h/CIA>B>;dA!JL? E HGQRhPNPB.CGJLHGA>?I< u/NPB>;dad;��ICIW/JLHRJL?Y<@HIpqB �'CIA>?I<";dWLB>?�A.CIB>;dcVHV< u E HGQ5;dWLB>?�A@poC E ?I<'`PHGQR?�QR\Q3[CGjVNP;dW/C�CIQR;d_U[CIcV?�aolR��?�QRHV<!?I<@B>N/JLHV<�W/C [CIA>?IC�JL?�<@;dQYNPa=C/DEGFCIHPu E HGQRH�JL?�QRHGW/<@B>A.C�w'CIW�,P< $9.
1 + � �Vw's*|S7��ou E HGQ B>HLJLH,NPQ�?I<@B>N/JLH,CIW/CIa@[g B>; E H�?R_GA/[C�� E H �*TU`P?�W � TU`P?I|S7��ou E HGQ�C�hPA>HGh/HV<@B.C
JL?*ad;dQR;dB.C/DEGFCIH!;dWLpq?�A>;dHGAfh/CIA.C�C�jVN/CIWLB>;�� E C/DEGFCIH�hPA>HGO/CIOP;da@[g <@B>; E C�JL? E HGW��
J�r?�W E ;=C�N/<>CGJPC�h/CIA.C�HGB>;d\QR;��IC/DEGFCIH!JL?!zL^U:*< uLNPB>;dad;��ICIW/JLH*B>?I<@B>?I<UWLNPQ%[?�A>; E HV< uI?*^�cGCIW/<�� ^�cGCG|S1�� E HGQ H�JL?I<@?�WLcVHGadcL;dQY?�WLB>HJPC*pq?�A>A.CIQR?�WLB.C � L�� � L � uPjVNP?*CIhPA>?I<@?�WLB.C!poC E ;dad;=JPCGJL?I<�h/CIA.C!;dW E HGA>h/HGA.CIA"C�A>?�hPA>?I<@?�WLB.C/DEGFCIH�JL?<@;=<@B>?�Q�CG<fJL?�CIadB.C E HGQRhPad?��L;=JPCGJL?Vlm �"T'z,B>?�cV?Y_GA.CIW/JL?�C�cGCIW�DE HkJL?I<>JL?�<@?�NK;dW�[g=E ;dHPu 	P[C�jVNP?R`"[C�QYNP;dB>HV<"h/?I<>jVNP;=<>CGJLHGA>?I<�JL;=<@\B>A>;dOPN�[g JLHV<�?�Q B>HLJLH�H!hPa=CIWP?�B.CLuLJL?I<@?�WLcVHGadcV?�W/JLH"?I<@B>N/JLHV<f<@HGOPA>?"?�a=CLuGWPHV<UQ�CI;=<�cGCIA>;=CGJLHV<fCG<@h/? E \B>HV< lUw'CIA>A>HV<@H � w'CIA.|S7��/?I<@B>N/JLHGN�CM�"T'z/u E HGadH E CIW/JLH�NPQ�C*WPHIcGC�CIO/HGA.JPCI_G?�Q�h/CIA.C�C�<�[g WLB>?I<@?"JL?<@NPh/?�A>cL;=<@HGA>?I<fC�?�cV?�WLB>HV<UJL;=< E A>?�B>HV<UNPB>;dad;��ICIW/JLHG\o<@?!JPCG< -'?IJL?I<fJL?!Z�?�B>A>; E HGQ ePNPW�DEGFCIH�JL? �*CIOP;d\ad;dB.C/DEGFCIH�JL?���A.CIW/<@;>DEGFHG?I< � -"ZUe�� � � � ZfTf| / �ol�^U<@B>?!B>A.CIO/CIad`PHGN E HGQ C�QRHLJL?�a=CI_G?�Q�JL?!<@;=<@B>?�Q�CG<h/HGA"QR?�;dH�JL?�A>?IJL?I<'JL?�Z�?�B>A>;�JL?�CIadB>HYW�[g cV?�aouLB.CI;=< E HGQRHPn�A>?IJL?I<"JL?�Z�?�B>A>; E HGQ ��?�QRh/HGA>;��IC/DEGFCIHs"?�OPNPadHV<>C�� e�;d_V|�3��ou�A>?IJL?I<*JL?RZ�?�B>A>;fTUHGadHGA>;=JPCG<!� �G?�W/| / �ou�?�WLB>A>?�HGNPB>A.CG< u�CIa�[?�Q JL?�QRHLJL?�a=CI_G?�Q
JL?Y<@;=<@B>?�Q�CG< E HGQRhPad?��LHV<'h/HGA!QR?�;dHRJL?Y<@;=<@B>?�Q�CG<"JL?R]"\os"?�B.<!� Z�?�A.|�3��ou
?�;dWLB>A>HLJLN���;dNkHV<!CIad_GHG\
A>;dB>QRHV< m M m A m � m ad_GHGA>;dB>QRH�M�HLJL;�� E CGJLH,JPC [m A>cVHGA>?RJL? m a E CIW�DE CIOP;dad;=JPCGJL? �*jVNP? E A>;=C�B>HLJPCC [CIA>cVHGA>?�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?RJLH,<@;=<@B>?�Q�CYQRHLJL?�a=CGJLH�h/?�a=C�A>?IJL?�JL?�Z�?�B>A>;ou�CkjVN/CIafB>?�Q E CI\h/C E ;=JPCGJL?��/WP;dB.CLu E HGQ�CkJL; pq?�A>?�W�DE C�JLH,CIad_GHGA>;dB>QRH�HGA>;d_G;dW/CIa"JL?�jVNP?�CIhPA>?I<@?�WLB.C�NPQ�h/CG<><@HKC
Q�CI;=<UW/CYJL;dA>?PDEGFCIHYJPCYJL?�B>?�A>QR;dW/C/DEGFCIH�JLHV<'?I<@B.CGJLHV<'W FCIHRh/?�A>QR;dB>;=JLHV< uLJL?*pqHGA>Q�C�C�B>?�A>QRHV<fCY<@?�\_GNPA.CIW�DE C�?*_VCIA.CIWLB>;=CYJPCG<"<@?Ij��N�r?�W E ;=CG<'JL?!?�cV?�WLB>HV<UW FCIHRC E ?�;dB/[CIcV?�;=< uV?!H m T']!z � m ad_GHGA>;dB>QRH�JPCTUHGW/<@B>A>N�DEGFCIH�JLH�]"?�A.CGJLHGA!JPC�zVNPhPA>?�Q�C�t
;d_GN/CI_G?�Q TUHGWLB>A>HGaI[CIcV?�a�\ � � : �  � � �.uPHGW/JL?�?I<@B>?!WPHV<JL?�cVHGadcV?Vu/CRh/CIA>B>;dA!JL?�NPQ�CRJL?�B>?�A>QR;dW/CGJPC�?I<@h/? E ;�� E C/DEGFCIH�JL?�?�WLB>A.CGJPCLu�CRQ3[C��L;dQ�C!ad;dWP_GN/CI_G?�Qh/HV<><�[g cV?�a � <@?Ij��N�r?�W E ;=C!JL?'?�cV?�WLB>HV< ��?�Q�jVNP?'H�<@;=<@B>?�Q�C"h/HLJL?!<@?�_GNP;dA�uV<@?�Q�jVNP?'`/C�	>C!hPA>HGOPad?�Q�CG< lv ?I<@B>N/JLH JLHV<�CIW'[?�;=<�� �*N E |L{ �ou 	P[CKNPB>;dad;��ICGJLHKW/CKB>?�HGA>;=C E aI[CG<><@; E CXJL? E HGWPB>A>HGad? � ^�QRA 6S���� ^ � 6 / �ou�[?"NPB>;dad;��ICGJLH"WPH�?I<@B>N/JLH�JPC��"T'z�?�Q t
;dO/?ICINPB�� t
;dO/|S7��ol m jVNP;ouI?�W E HGWLB>A.CIQRHV<�C!CIW"[CIad;=<@?



� ��� �� 	�������(�� � � 	�������� ������ {��
JLHV<!CIW'[?�;=< � /4')3,6�% �"?Y<@?�QR;d\oCIW'[?�;=< � %�$4(�' �8/4')3,6�% �.u�jVNP?Y< FCIH�pqHGA>Q�CG<*CIad_�[?�OPA>; E CG<*h/HGad;dWPHGQR;=CI;=<"JL?Q�CIB>A>;���?I< uL?YJL?I<@?�WLcVHGadcL;dQY?�WLB>HPuPCYh/CIA>B>;dA*JL?I<@B>?I< u�JL?�NPQ�C�pqHGA>Q�CYJL?YCIhPA>H��L;dQ�C/DEGFCIHRCIad_�[?�OPA>; E Ch/CIA.CRHV<!<@;=<@B>?�Q�CG<"JLH�B>;dh/H�CIhPA>?I<@?�WLB.CGJLHV<*h/HGA �*N E ?�A.C�� �*N E |L{ ��?*0*;=JLyLCG<>CI_VCIA � 0*;=J.6S5��ou
h/HGA
<@;=<@B>?�Q�CG<'ad;dWP?ICIA>?I< E aI[CG<><@; E HV< u�B>?�W/JLH E HGQRHRHGO 	@?�B>;dcVHPu�JPCIA!NPQ�CRJL?I< E A>;>DEGFCIH�CIad_�[?�OPA>; E CR<@;dQRhPad?I<? E HGQRhPad?�B.C�JPCG<*A>?IJL?I<"JL?YZ�?�B>A>;�B>?�QRh/HGA>;��ICGJPCG<'h/CIA.CYA>?IJLN�DEGFCIH�JLHV<"hPA>HGOPad?�Q�CG<"JL? E HGQ�CIW/JLH?�Q B>?�A>QRHV<�JL?�A>?I<@HGadN�DEGFCIH,JL?�?IjVN/C/DEGFHG?I<�?R;dWP?IjVN/C/DEGFHG?I< l��CIQYO'[?�Q�CGjVNP;ouUCG<�A>?IJL?I<�JL?�Z�?�B>A>;
< FCIHkNPB>;dad;��ICGJPCG< E HGQRH�Q%[?�B>HLJLHkJL?RQRHLJL?�a=CI_G?�Qkl �U[C,TUHG`P?�W $9.M1 + < � ]!TI0 6G|��UQRHV<@B>A.C E HGQRHCG<YA>?IJL?I<RJL?kZ�?�B>A>; E HGWP`P? E ;=JPCG<Yh/HGA 6!/21 Q� % � $�$ 	 $43�.  %�� h/HLJL?�Q�<@?�ARA>?�hPA>?I<@?�WLB.CGJPCG< E HGQRH<@;=<@B>?�Q�CG<Uad;dWP?ICIA>?I<'JL?�JL;dQR?�W/< FHG?I< �/WP;dB.CG<';dWLcGCIA>;=CIWLB>?I<fWPHRB>?�QRh/H E HGQ HYN/<@H�JLHV<"<@?�QR;d\oCIW'[?�;=< uh/CIA.CYC�cGCIad;=CIA"C�h/?�A@pqHGA>Q�CIW E ?�JL?�zL^U:*< lv NPB>A.CG<UA>? pq?�AIr?�W E ;=CG<�JL?"h/?I<>jVNP;=<>CG<fJL?I<@?�WLcVHGadcL;=JPCG<�?�Q �"T'zY< FCIHPn'zLCIQRh/CIB>`�� M,z��'|S5��ouLjVNP?
JL?I< E A>?�cV?'NPQ�C!CIhPA>H,�L;dQ�C/DEGFCIH!h/CIA.C�H�hPA>HGOPad?�Q�C!JL?*JL;=CI_GW"[HV<@B>; E HYJL?'poCIad`/CG<f?�Q zL^U:*< uL?!CIhPA>?�\<@?�WLB.C!NPQ hPA>H E ?IJL;dQR?�WLB>H�<@;=<@B>?�Q3[CIB>; E H!h/CIA.CYC�JL?�B>? E DEGFCIH�?!;=<@HGa=CIQR?�WLB>H�JL?*poCIad`/CG<'JL?!?�cV?�WLB>HV< upoC���?�W/JLHkHGO/<@?�A>cGC/DEGFHG?I<  3 � + ')35$ JLH E HGQRh/HGA>B.CIQR?�WLB>H�JLHK<@;=<@B>?�Q�C��f]"a=CG<><@?�A>Q�CIW � ]��!|S5��"jVNP?
B>A.CIO/CIad`PHGN E HGQ�CXCIW"[CIad;=<@?,JPCK?I<@B.CIOP;dad;=JPCGJL?kJL?KzL^U:*<�QRHLJL?�a=CGJLHV< E HGQRH,hPA>H E ?I<><@HV<�<@?�QR;d\MkCIA�,VHIcL;=CIWPHV<*_G?�WP?�A.CIad;��ICGJLHV<*?�TUHIpq?�A � T']*|S5��ou�jVNP?�NPB>;dad;���HGNP\o<@?RJPC�B>?�HGA>;=C � 1,.X.0')-4$ h/CIA.C�HGA>\JL?�W/CIA"CG<"<@?Ij��N�r?�W E ;=CG<"JL?!?�cV?�WLB>HV< � HGW/JL?�CIW/CIad;=<@HGN�H E HGQRh/HGA>B.CIQR?�WLB>H�JL?�zL^U:*<'?�Q E HGWLB>A>HGad?<@NPh/?�A>cL;=<P[HGA>;dH E HGQ B>?�QRh/H�A>?ICIaol ��CIQYO'[?�Q�B>?�QRHV<*NPQ�CRHGNPB>A.C E ;dB.C/DEGFCIH�;dQRh/HGA>B.CIWLB>?Vu�C�jVN/CIah/HLJL?"<@?�A�?�W E HGWLB>A.CGJPC"?�Q �*NPQ�CIA � � �*|S7��ouVjVNP?f?�Q <@?�N/<�?I<@B>N/JLHV< uG?I<@B>?�W/JL?�N�HV<�A>?I<@NPadB.CGJLHV<UJPC
�"T'z�h/?�a=C*;dWLB>A>HLJLN�DEGFCIHYJL?"NPQ CIad_GHGA>;dB>QRH*h/CIA.C E HGQRhPNPB.C/DEGFCIH�JLH E HGWLB>A>HGad?"Q,[g WP;dQRH"A>?I<@B>A>;dB>;dcVHPuHGW/JL?'H E HGQRh/HGA>B.CIQR?�WLB>H*JL?I<@? 	>CGJLH,[?"JPCGJLH�W/C"pqHGA>Q�C*JL?'ad;dWP_GN/CI_G?�W/<�A>?�_GNPa=CIA>?I< uVNPB>;dad;��ICIW/JLHG\o<@?JL?Yad;dWP_GN/CI_G?�W/<�JL?YA>?IJL?I<!JL?RZ�?�B>A>;U:"?�B>?�A>QR;dW�[g <@B>; E CG< u
h/CIA.C�A>?ICIad;��ICIA!C�QRHLJL?�a=CI_G?�Q JLH E HGQR\h/HGA>B.CIQR?�WLB>HkJPC�hPa=CIWLB.CLl m <!h/?I<>jVNP;=<>CG<�JL?kzL^U:*< uU?�W E HGWLB>A.CIQR\o<@?YB.CIQYO'[?�Q�WPHV< E `/CIQ�CGJLHV<<@;=<@B>?�Q�CG<U`�[g OPA>;=JLHV< u E HGQRH�h/HLJL?�QRHV<'cV?�Af?�Q�TUNPA>y $9.
1 + � �V^fTfs*|S7��ouPJPCIW/JLHRNPQ�C�QR?�B>HLJLHGadHG\
_G;=C"h/CIA.C*hPA>H
	@?�B>HV<�JL? E HGWLB>A>HGa=CGJLHGA>?I<UJL?I<@B>?I<�<@;=<@B>?�Q�CG< uIHV<UjVN/CI;=<�< FCIH�<@;=<@B>?�Q�CG<�jVNP?'B>A.CIO/CIad`/CIQ
E HGW
	@NPWLB.CIQR?�WLB>? E HGQ�zL^U:*<'?�<@;=<@B>?�Q�CG< E HGWLBI[g WLNPHV< l
����� � ��� � �&��	 ��� � ��
 � � � ����� 	����	 � � ���#� 	 ��	���� �
v HGO 	@?�B>;dcVH"hPA>;dW E ;dh/CIaPJL?I<@B>?fB>A.CIO/CIad`PHk[?"C�cGCIad;=CIA�H*?�QRhPA>?�_GH*JPC"aI[HG_G; E C"B>?�QRh/HGA.CIa � TF�'t � E HGQRHpq?�A>A.CIQR?�WLB.C�JL?�?I<@h/? E ;�� E C/DEGFCIH�JL? E HGQRh/HGA>B.CIQR?�WLB>HV<"JL?�NPQ JPCGJLHkzL^U:�u�jVNP?K[?�CRB.CIA>? poCRjVNP?
jVNP?�A>?�QRHV<"jVNP?�Hk<@;=<@B>?�Q�C�A>?ICIad;���?Vl�Z�A>? E ;=<>CIQRHV<�u ?�WLB FCIHPu�B>A.CGJLN���;dA�CR?I<@h/? E ;�� E C/DEGFCIH�JL?I<@? 	>CGJPCWLNPQ�C�pqHGA>Q�C�jVNP?R<@? 	>C E HGQRh/CIBI[g cV?�a E HGQ C�QR?�B>HLJLHGadHG_G;=C�JL?YhPA>H
	@?�B>H�CGJLHGB.CGJPCkh/CIA.C�C E HGWP\
E ?�h�DEGFCIH�JLHY<@NPh/?�A>cL;=<@HGA�l m jVNP;ouLNPB>;dad;��ICIQRHG\qWPHV<UJPC�QR?�B>HLJLHGadHG_G;=C�JL?!hPA>H
	@?�B>H�JL? E HGWLB>A>HGa=CGJLHGA>?I<h/CIA.C�zL^U:*< u�hPA>HGh/HV<@B.C�h/HGA�w'CIA>A>HV<@H � w'CIA.|S7��ol�:"?�pqHGA>Q�CYA>?I<@NPQR;=JPCLu
WP?I<@B.CRQR?�B>HLJLHGadHG_G;=CLu�H
QRHLJL?�adH�JLHY<@;=<@B>?�Q�C�C�<@?�A E HGWLB>A>HGa=CGJLHK[?�JL?I< E A>;dB>H�CIB>A.C�cf[?I<'JL?!NPQ�C*A>?IJL?�JL?!Z�?�B>A>;
?!C�<�[g WLB>?I<@?



� ��� �� 	�������(�� � � 	�������� ������ {G{
JLH�<@NPh/?�A>cL;=<@HGA�u�jVNP?�B>?�Q�CRQR?I<@Q�C!?I<@B>A>NPB>NPA.C�JLH�<@;=<@B>?�Q�CLu"[?�HGOPB>;=JPCY?��L? E NPB.CIW/JLHG\o<@?Vu
WLNPQ�ChPA>;dQR?�;dA.C�poCG<@?VuGH m ad_GHGA>;dB>QRH"M�HLJL;�� E CGJLH!JPC [m A>cVHGA>?fJL? m a E CIW�DE CIOP;dad;=JPCGJL? � m M m A m �/?fh/HV<@B>?�\A>;dHGA>QR?�WLB>?�H m ad_GHGA>;dB>QRH"h/CIA.C!TUA>;=C/DEGFCIH�JPC!zVNPhPA>?�Q�C"t
;dWP_GN/CI_G?�Q TUHGWLB>A>HGaI[CIcV?�a � m T']!z��.uIh/CIA.CJL?�B>?�A>QR;dW/C/DEGFCIH"JPC"Q3[C��L;dQ�Cf<@NPOP\qad;dWP_GN/CI_G?�Q E HGWLB>A>HGaI[CIcV?�aol�^U<@B>?'NPB>;dad;��ICfHV<UJPCGJLHV<�_G?�A.CGJLHV<�h/?�adHm M m A m ?RC�?I<@h/? E ;�� E C/DEGFCIHkJLH E HGQRh/HGA>B.CIQR?�WLB>H�JL?I<@? 	>CGJPCLlkZ�CIA.C�H�QR?I<@QRH�<@;=<@B>?�Q�CLu E CG<@HJL?I<@? 	@?�QRHV<�A>?ICIad;��ICIAUWPHIcGC�B.CIA>? poCLuPhPA>? E ;=<>CIQRHV<UCIh/?�W/CG<'A>?IJL?4�/WP;dA'C�?I<@h/? E ;�� E C/DEGFCIH�JLH E HGQRh/HGA>\B.CIQR?�WLB>H'?U?��L? E NPB.CIA�WPHIcGCIQR?�WLB>?�H m T']!z/lIs"HV<><@H!B>A.CIO/CIad`PH*B>A.CIB.CLu 	@N/<@B.CIQR?�WLB>?VuIJLH"hPA>HGOPad?�Q�CJPC�?I<@h/? E ;�� E C/DEGFCIH�JL? E HGQRh/HGA>B.CIQR?�WLB>HV<*JL?�zL^U: WPH E HGWLB>?��LB>H�JPC�QR?�B>HLJLHGadHG_G;=C�JL?YhPA>H
	@?�B>HJL?�ad;dWP?ICGJPC�C E ;dQ�CLl:"?4�/WP;=JLHYHRHGO 	@?�B>;dcVHYJL?I<@B>?�B>A.CIO/CIad`PHPu�HGA>_VCIWP;��ICIQRHG\qadHRJPCR<@?�_GNP;dWLB>?�Q�CIWP?�;dA.CLnUH E CIh�[g B>NPadH
/ pqHGA>Q�CIad;��ICRB>HLJPCG<YCG<�JL?4�/WP;>DEGFHG?I<!WP? E ?I<><P[CIA>;=CG<RSC E HGQRhPA>?�?�W/< FCIH�JLHkB>A.CIO/CIad`PHPuU;=JL?�WLB>;�� E CIW/JLHCG<"JL; pq?�A>?�W�DE CG< E CIA.C E B>?�AI[g <@B>; E CG<f?�WLB>A>?*HV<*<@;=<@B>?�Q�CG< E HGWLBI[g WLNPHV<f?!HV<*zL^U:*< u/?�JPCIW/JLH�CG<fpqHGA>Q�CG<JL?*QRHLJL?�a=CI_G?�Q h/CIA.C�HV<"zL^U:*< uPB.CIWLB>H�W/C!pqHGA>Q�CIad;��IC/DEGFCIH E aI[CG<><@; E C � m NPBGrHGQ�CIB>HV<U?!t
;dWP_GN/CI_G?�W/<ePHGA>Q�CI;=< �.uLjVN/CIWLB>HYW/C�A>?ICIad;��IC/DEGFCIH�JL?I<@B>?!B>A.CIO/CIad`PH � -'?IJL?I<'JL?�Z�?�B>A>; �.lv E CIh�[g B>NPadHC1�CIhPA>?I<@?�WLB.C E HGW E ?�;dB>HV<*O"[CG<@; E HV<�<@HGOPA>?�C ��?�HGA>;=C�JL?�TUHGWLB>A>HGad?�zVNPh/?�A>cL;=<P[HGA>;dH
E HGQRH!JL?I<@?�WLcVHGadcL;=JLH*h/HGA -"CIQ�CGJL_G?"? �,HGWP`/CIQ�� -�� 6G|��ouV? E HGQ A>?I<@h/?�;dB>HRSC�CIO/HGA.JPCI_G?�Q�pq?�;dB.Ch/HGA*w'CIA>A>HV<@H�� w'CIA.|S7��ol
s"H E CIh�[g B>NPadHO3�CIhPA>?I<@?�WLB.CIQRHV<"CRTF�'tX? E HGQRH�NPB>;dad;���[CI\qa=C 	@NPWLB.CIQR?�WLB>? E HGQ CG<�-'?IJL?I<'JL?

Z�?�B>A>;ouVh/CIA.CYJL?�B>?�A>QR;dW/C/DEGFCIH�JL?�<@?�N E HGQRh/HGA>B.CIQR?�WLB>HPuPJPCIW/JLHRCIad_GNPW/<'?��L?�QRhPadHV<�h/CIA.C�;=<@B>HPlv E CIh�[g B>NPadH�5 E HGWLBP[?�Q3HV<�CIad_GHGA>;dB>QRHV<
JL?f<�[g WLB>?I<@?UJLH"<@NPh/?�A>cL;=<@HGA�?�?��L?�QRhPadHV</JL?�QRHGW/<@B>A.CIW/JLH
E HGQRHK[?*pqHGA>Q�CIad;��ICGJPC�C�A>?I<@HGadN�DEGFCIHYJLHYhPA>HGOPad?�Q�C�JL? E HGWLB>A>HGad?Vls*CG< E HGW/<@;=JL?�A.C/DEGFHG?I<F�/W/CI;=< u/CIW/CIad;=<>CIQRHV<fH E HGWLB>?�[N/JLHRJLHYB>A.CIO/CIad`PH E HGQ A>?�a=C/DEGFCIHRCIHV<'HGO 	@?�\B>;dcVHV<UhPA>HGh/HV<@B>HV< u�CIa�[?�Q5JL?�CIhPA>?I<@?�WLB.CIA>QRHV<fCIad_GNPQ�CG<'<@NP_G?I<@B FHG?I<*JL?!B>A.CIO/CIad`PHV<fpqNPB>NPA>HV< l



� ��� �� � ��� � �

� � � � � 	 �<� � � ����<	�� � �

m hPA>?I<@?�WLB.CIQRHV<UWP?I<@B>? E CIh�[g B>NPadH�HV< E HGW E ?�;dB>HV<'?!?I< E a=CIA>? E ;dQR? WLB>HV<�_G?�A.CI;=< u/A>?�a=CIB>;dcVHV<fCIHR?I<@B>N/JLHJL?I<@?�WLcVHGadcL;=JLHPuLHGW/JL?YJL?4�/WP;dA>?�QRHV<f?�?��L?�QRhPad;�� E CIA>?�QYHV<UHV<*<@;=<@B>?�Q�CG<'JL;dW�rCIQR; E HV< E aI[CG<><@; E HV< u
HV<zL^U:*< u/CG<'A>?IJL?I<fJL?�Z�?�B>A>;�t
NP_VCIA�����A.CIW/<@;>DEGFCIH�?!A>?IJL?I<fJL?�Z�?�B>A>; E HGQ5ePNPW�DEGFHG?I<'JL? �*CIOP;dad;dB.C/DEGFCIHJL? ��A.CIW/<@;>DEGFHG?I< u*CG<�t
;dWP_GN/CI_G?�W/<�ePHGA>Q�CI;=<�?,HV< m NPBGrHGQ�CIB>HV<Y?K]"?�A.CGJLHGA>?I< u*?��LhPad; E ;dB.CIW/JLHKCJL; pq?�A>?�W�DE C!?�WLB>A>?*?I<@B>?I<'JLHG;=<k[NPadB>;dQRHV< l

� ��� � � � � ��� 	 � � �����	 � ��� ��� 	�� 	 � � �	�	���� �	� � �����
 � � 	 �

v <*zV;=<@B>?�Q�CG<':";dW�rCIQR; E HV<fCO0fCIA>;I[CIcV?�;=<'TUHGWLBI[g WLN/CG< � zL:�0!T �f< FCIH�<@;=<@B>?�Q�CG<'jVNP?�BIr?�Q B>HLJPCG<!CG<<@N/CG<*cGCIA>;I[CIcV?�;=<'?�Q5pqNPW�DEGFCIH�JLH�B>?�QRh/HPu/HGNK<@? 	>CLu�H�?I<@h/C/DE H�JL?Y?I<@B.CGJLHV<!JL?I<@B>?I< u
cGCIA>;=C�C E CGJPC;dW/<@B.CIWLB>?Vl*^U<@B>?I<"< FCIH�JL?I< E A>;dB>HV<"Q�CIB>?�Q�CIB>; E CIQY? WLB>?"h/HGA!NPQ E HGW
	@NPWLB>H�JL?�?IjVN/C/DEGFHG?I<*JL; pq?�A>?�WP\
E ;=CI;=<�jVNP?�A>?�hPA>?I<@?�WLB.CIQ�C,JL;dW�rCIQR; E C�JLHK<@;=<@B>?�Q�CLlK^�WLB FCIHK<@?�N E HGQRh/HGA>B.CIQR?�WLB>H3[?kJL?I< E A>;dB>Hh/HGA�NPQ�C�pqNPW�DEGFCIHkjVNP?YA>?�a=C E ;dHGW/CRH�?I<@B.CGJLH � cGCIA>;I[CIcV?�aUJL?�h/?�W/JL?�WLB>? � E HGQ H�B>?�QRh/H � cGCIA>;I[CIcV?�a
;dW/JL?�h/?�W/JL?�WLB>? � � v _VCG|S1��ol
Z�HLJL?�QRHV<"?��L?�QRhPad;�� E CIA'NPQ JL?I<@B>?I<!<@;=<@B>?�Q�CG<"h/HGA!NPQ OPA.C/DE H�A>HGO"[HGB>; E HPu�?�Q jVNP?YNPQ JL?�\

B>?�A>QR;dW/CGJLHkQRHIcL;dQR?�WVB>H,<@?�N�u�[?kNPQ�C E CIA.C E B>?�AI[g <@B>; E C,JL?kNPQ�zL:�0!T"uUh/HG;=<RHKQR?I<@QRHkcGCIA>;=C
E HGWLB>;dWLN/CIQR?�WLB>?�<@?�NK?I<@B.CGJLHkWPH�B>?�QRh/HPl�t
HG_GHPu�c�r?�\o<@?�jVNP?Y?I<@B.C�B>?�HGA>;=C�<@?RhPA>?�H E NPh/C E HGQ�C
A>?ICIad;��IC/DEGFCIH!p.[g <@; E C�JPCG<"CIB>;dcL;=JPCGJL?I<'JLHR<@;=<@B>?�Q�CLlv _GA/[C�� E HkA>?�a=C E ;dHGW/CGJLH SC�B>A.C�	@?�B/[HGA>;=C�JL?RNPQ zL:�0!T"u�?I<@B/[C�A>?�hPA>?I<@?�WLB.CGJLH�W/CR�/_GNPA.C / ld{Gu
HGW/JL?Yh/HLJL?�\o<@?RHGO/<@?�A>cGCIA�C E HGWLB>;dWLNP;=JPCGJL?�B>?�QRh/HGA.CIaUJPC�QR?I<@Q�CLu/?RCRQYN/JPCIW�DE CRJL?Y?I<@B.CGJLHkC
E CGJPC�;dW/<@B.CIWLB>?�JL?!B>?�QRh/HPl

{ /



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� {�1
x(t)

t(s)

dx/dt=f(x,u,t)
Trajetória

e�;d_GNPA.C / ld{GnF��A.C�	@?�B/[HGA>;=C�BI[g hP; E C�JL?!NPQ�zL:�0!T
� � � � � � � ��� 	 � �����	 � ��� ��� 	�� 	 � � �	�	���� � � � � � � � � 	 �

TUHGQ�H,CGJLcV?�WLB>H,JPCkB>? E WPHGadHG_G;=CkJL;d_G;dB.CIaou�HV<RzL:�0!Tf<�h/CG<><>CIA.CIQ�Ck<@?�A�?I<@B>N/JPCGJLHV<YJL;=< E A>?�B.CI\QR?�WLB>?Vu�;=<@B>H [?VufH,B>?�QRh/Hk?�HV<Y?I<@B.CGJLHV<RJLHK<@;=<@B>?�Q�Ck< FCIHXJL;=< E A>?�B>;��ICGJLHV< ufJL?�B.CIa'pqHGA>Q�CkjVNP?<@?Rh/HV<><>CkpoC���?�A�NPQ E HGWLB>A>HGad?�JL?�hPA>H E ?I<><@HV<�?�<@;dQYNPa=C/DEGFHG?I<!JL?�<@;=<@B>?�Q�CG<!h/HGA�;dWLB>?�A>Q%[?IJL;dH�JL?
E HGQRhPNPB.CGJLHGA>?I< ls"?I<@B>? E CG<@HPuVHV<fzV;=<@B>?�Q�C':";dW�rCIQR; E HV<�C 0fCIA>;I[CIcV?�;=<�:";=< E A>?�B.CG< � zL:�0!: � � ]*e�e �3| / �/JL; pq?�A>?�Q
JLHV<�zL:�0!Tf< uICIh/?�W/CG<�h/?�a=C'CIQRHV<@B>A.CI_G?�Q JLH"?I<@B.CGJLH*JL?fC E HGA.JLH E HGQ NPQ�C E HGW/<@B.CIWLB>?fJL?fB>?�QRh/HPuHGNk<@? 	>CLuP?�QYO/HGA.C�HR<@;=<@B>?�Q�C!B>?�WP`/CYC�QR?I<@Q�C E NPA>cGC E CIA.C E B>?�AI[g <@B>; E C E HGWLBI[g WLN/CLu/<@?�N�?I<@B.CGJLH�<P[H[?YHGO/?�A>cGCGJLH�?�Q E CGJPCR;dW/<@B.CIWLB>?YJL?YB>?�QRh/H���Z l�t
HG_GHPu�h/CIA.C�H�B>?�QRh/HSZ 	 u�B>?�QRHV<"C�CIQRHV<@B>A.CJPC E NPA>cGC,JL?k?I<@B.CGJLHXJLHX<@;=<@B>?�Q�C�WPHK?I<@B.CGJLHJE�	��fZ�CIA.C,HKB>?�QRh/H Z �

�
Z 	��	��Z ufB>?�QRHV<YC

CIQRHV<@B>A.C�E���uL?!CG<><@;dQ5<@N E ?I<><@;dcGCIQR?�WLB>?Vl v O/<@?�A>cGCIQRHV<U?�WLB FCIHPu/jVNP?*H�B>?�QRh/H�?I<@B/[C�JL;=< E A>?�B>;��ICGJLH?�CYHGO/<@?�A>cGC/DEGFCIH�JLHV<"?I<@B.CGJLHV<�[?!pq?�;dB.C�C E CGJPC�cGCIA>;=C/DEGFCIHRB>?�QRh/HGA.CIa
��Z uP?Vu E HGW/<@?Ij��NP?�WLB>?�QR?�WLB>?Vuh/?�A.JL?�QRHV<fCIad_GNPQ�C�;dWLpqHGA>Q�C/DEGFCIH�JLHR<@;=<@B>?�Q�C�JLNPA.CIWLB>?!?I<@B>?!;dWLB>?�A>cGCIadHPlm <!?IjVN/C/DEGFHG?I<�Q�CIB>?�Q3[CIB>; E CG<*jVNP?�A>?�_G?�Q ?I<@B>?I<�<@;=<@B>?�Q�CG< uU< FCIHKCIhPA>H��L;dQ�C/DEGFHG?I<*WLNPQ%[?�A>; E CG<JPCG<'?IjVN/C/DEGFHG?I<'JL; pq?�A>?�W E ;=CI;=<UjVNP?!A>?�_G?�Q HV<"<@;=<@B>?�Q�CG< E HGWLBI[g WLNPHV< l 0U?�QRHV<UW/CM�/_GNPA.C / l / u E HGQRH<@?!hPA>H E ?I<><>CY<@N/C�B>A.C�	@?�B/[HGA>;=CLuP?�Q E HGQRh/CIA.C/DEGFCIH E HGQ5C�B>A.C�	@?�B/[HGA>;=C�JLHV<*zL:�0!Tf<��Z�CIA.C,H E CG<@HXJL?I<@B>?I<Y<@;=<@B>?�Q�CG< u'jVN/CIWLB>H,QR?�WPHGA�pqHGARH,cGCIadHGA�JL?���Z ufQ�CI;=<�hPA/[H,�L;dQRH,JPCpqNPW�DEGFCIH�A>?ICIa�JLH E HGQRh/HGA>B.CIQR?�WLB>H�JLHR<@;=<@B>?�Q�CLu!� E CIA/[C�H�zL:�0!:�l



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� {43
u

u(kT)

e�;d_GNPA.C / l / n&��A.C�	@?�B/[HGA>;=C�BI[g hP; E C�JL?!NPQ�zL:�0!:�u E HGQRh/CIA.CGJLHYC�NPQ�zL:�0!T
� ��� � � � � ��� 	 � � �����	 � ��� ��� 	�� 	������ ��� � � � � � � � ���

TUHGQRH�QR?�W E ;dHGW/CGJLHRCIWLB>?�A>;dHGA>QR?�WLB>?VuVHV<!zL^U:*<*< FCIH�<@;=<@B>?�Q�CG<'jVNP?�cGCIA>;=CIQ�<@N/CYB>A.C�	@?�B/[HGA>;=C�;dWP\JL?�h/?�W/JL?�WLB>?�QR?�WLB>?RJLHKB>?�QRh/HPuU;=<@B>H [?Vu'CKJL; pq?�A>?�W�DE CkJLHV<�zL^U:*<Yh/CIA.C,HV<�zL:�0!:*< uR[?,jVNP?kCcGCIA>;=C/DEGFCIHRB>?�QRh/HGA.CIa�W FCIH%[?�NPQ�C E HGW/<@B.CIWLB>? ��Z uPQ�CG<'_G?�A.CIadQR?�WLB>?*;dA>A>?�_GNPa=CIA"?�JL?I< E HGWP`P? E ;=JPCLu
	P[CYjVNP?�W FCIHRB>?�QRHV<'H E HGWLB>A>HGad?�CIO/<@HGadNPB>H�JPCG<"cGCIA>;I[CIcV?�;=< l"Z�HGA"?��L?�QRhPadHPuPCR<@HGa=JPCI_G?�Q JL?�NPQ�C
h/?PDE CRpq?�;dB.CRh/HGA�NPQ OPA.C/DE H�A>HGO"[HGB>; E HkjVNP?�<@?�_GNPA.C�NPQ E ?�A>B>H�Q�C/DE CIA>; E HPu�cGCIA>;=C�JL?Rh/?PDE C�h/CIA.Ch/?PDE CLlYzV?Y?I<@B>?�B>?�QRh/HYpqHV<><@? E HGW/<@B.CIWLB>?Vu�h/HLJL?�A>;=CR`/C�cV?�A*hPA>HGOPad?�Q�CG<"h/HGA!NPQ�CYh/?PDE CRW FCIH�<@?�AO/?�Q <@HGa=JPCGJPCLl ��CIQYO'[?�Q <@?R?I<@B.CG<�h/?PDE CG<!?I<@B>;dcV?I<><@?�Q <@?�W/JLH E HGW/JLN���;=JPCG<!h/HGA�NPQ�CR?I<@B>?�;dA.CLuCG<YJL;=<@BGrCIW E ;=CG<�?�WLB>A>?�?�a=CG<�B>?�A>;=CIQ JL?�<@?�AY?��LB>A>?�Q�CIQR?�WVB>?YO/?�Q E CIa E NPa=CGJPCG< u'JL?�pqHGA>Q�CkC,<@?h�rHGA�u�?��PCIB.CIQR?�WLB>?�W/CRh/HV<@;>DEGFCIHkJL?R<@HGa=JPCI_G?�Qkl�:"?I<><>CRpqHGA>Q�CLu
c�r?�\o<@?RjVNP?�WPH E CG<@H�JLHV<�zL^U:*< uB>?�A>;=CIQ5JL?�`/C�cV?�A*<@?�W/<@HGA>?I<"jVNP?�;dW/JL; E CG<><@?�Q�CYh/HV<@;>DEGFCIH�JPCYh/?PDE C�h/CIA.CRjVNP?�HROPA.C/DE HRA>HGO"[HGB>; E HC�<@HGa=JPCG<><@?Vl m h"[HV<*;=<@B>HPu�A>HGa=CIA>;=C�CR?I<@B>?�;dA.CRh/CIA.C�ad?�cGCIA!WPHIcGCRh/?PDE C�h/CIA.C�<@HGa=JPCIA�u�?�W/jVN/CIWLB>H�Ch/?PDE C�	P[CR<@HGa=JPCGJPC�;dA>;=C�h/CG<><>CIA�h/HGA!NPQ�C E ?�A>B.CRCIW"[CIad;=<@?Vl�i@<@B>H�WPHV<*ad?�cGCYCRcV?�A*jVNP?YCR?�cVHGadN�DEGFCIHJL;dW�rCIQR; E C�JLHV<!zL^U:*<�[?YJPCGJPCRh/?�a=CY_G?�A.C/DEGFCIH�JL?�?�cV?�WLB>HV< u/;=<@B>H [?Vu
NPQ zL^U: [?�NPQ�_G?�A.CGJLHGA!JL?
?�cV?�WLB>HV<�p.[g <@; E HV< l[^ ;dQRh/HGA>B.CIWLB>? E HGW/<@;=JL?�A.CIA�jVNP?kHKpqNPW E ;dHGW/CIQR?�WLB>HKJL?kNPQ�zL^U:0[? E CIA.C E B>?�A>;��ICGJLHKh/?�a=CH E HGA>AIr?�W E ;=CXJL?,?�cV?�WLB>HV<Rh/?�A>B>?�W E ?�WLB>?I<RC JLN/CG< E a=CG<><@?I<�JL;=<@B>;dWLB.CG< n ?�cV?�WLB>HV< E HGWLB>A>HGaI[CIcV?�;=<R??�cV?�WLB>HV<
W FCIHG\ E HGWLB>A>HGaI[CIcV?�;=< l�b"Q ?�cV?�WLB>H*JL;dB>H E HGWLB>A>HGaI[CIcV?�aU[?'CGjVNP?�ad?fh/CIA.C*H!jVN/CIaL`"[CLuV?��LhPad; E ;dB.CI\QR?�WLB>?VuINPQ�C*Q�CIWP?�;dA.C"h/?�a=C�jVN/CIa
h/HLJL?�QRHV<Uh/?�A>QR;dB>;dA�HGNR;dQRh/?IJL;dAU<@N/C�H E HGA>AIr?�W E ;=CLl m ad;d_VC/DEGFCIHJL?RNPQ�CRQ3[CGjVNP;dW/CR?RH�?�WLcL;dHkJL?RNPQ�CRQR?�W/<>CI_G?�Q h/HLJL?�Q <@?�A E a=CG<><@;�� E CGJLHV< E HGQRH�?�cV?�WLB>HV<
E HGWLB>A>HGaI[CIcV?�;=< u�h/HG;=<�<@?�QRhPA>?�[?Uh/HV<><�[g cV?�aLW FCIH"ad;d_VCIA�C'Q3[CGjVNP;dW/CfHGN�W FCIH*?�WLcL;=CIA
NPQ�C'JPCGJPC"QR?�W/<>CI\



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� {�5
_G?�Qkl�Z�HGAUHGNPB>A>H!a=CGJLHPuVNPQ ?�cV?�WLB>H�[?"JL;dB>H*W FCIHG\ E HGWLB>A>HGaI[CIcV?�a
jVN/CIW/JLH�<@N/C*H E HGA>AIr?�W E ;=C"W FCIH!h/HLJL?<@?�Afh/?�A>QR;dB>;=JPC!HGN�;dWP;dOP;=JPCLuL;=<@B>HX[?VuPB.CIa�?�cV?�WLB>H�H E HGA>A>?�?I<@h/HGWLB.CIWP?ICIQR?�WLB>?Vl m jVNP?�OPA.C�JL?!NPQ�C?I<@B>?�;dA.CLuGH!BP[?�A>QR;dWPH*JLH!hPA>H E ?I<><>CIQR?�WLB>H!JL?'NPQ�C"Q3[CGjVNP;dW/C*JL? E HGQ�CIW/JLH*WLNPQ%[?�A>; E HPuGC E `P?�_VCGJPCWPH�A>? E ?�hPB>HGA"JL?!NPQ�C�QR?�W/<>CI_G?�Q�?�WLcL;=CGJPC�< FCIHY?��L?�QRhPadHV<UJL?!?�cV?�WLB>HV<fW FCIHG\ E HGWLB>A>HGaI[CIcV?�;=< lU^�QHGNPB>A>HV<'B>?�A>QRHV< uLNPQ�zL^U: JL?�h/?�W/JL?�JL?*poCIB>HGA>?I<"CIad`P?�;dHV<'CIHR<@;=<@B>?�Q�CLl

� N/CIW/JLH,H E HGA>A>?�NPQ�?�cV?�WLB>H�W FCIHG\ E HGWLB>A>HGaI[CIcV?�a*jVNP?Rad?�cGCkH,<@;=<@B>?�Q�C�CkNPQ�?I<@B.CGJLHK;dW/JL?�\
<@? 	P[CIcV?�aouf[?�WP? E ?I<><P[CIA>;dHRC�B>HGQ�CGJPCYJL?�JL? E ;=< FHG?I<fh/CIA.CRJL?I<@cL;=CIA"HYhPA>H E ?I<><@HPu
?�ad;dQR;dW/CIW/JLH�CYH E ;dHG\<@;=JPCGJL?Yh/CIA E ;=CIafJLHk<@;=<@B>?�Q�CLlRs"?I<@B>? E CG<@HPuUJPCGJLH E HGQRH�?��L?�QRhPadHYNPQ <@;=<@B>?�Q�CR;dWLB>?�_GA.CGJLH�JL?
Q�CIWLNLpoCIB>NPA.CLu�?�Q jVNP?UB>?�WP`/CIQRHV<�c'[CIA>;dHV<
OPA.C/DE HV<�A>HGO"[HGB>; E HV<�A>?ICIad;��ICIW/JLH"NPQ hPA>H E ?I<><@HPuVC"jVNP?�OPA.CJL?!NPQ�JL?�ad?I<f;dQRh FHG?!jVNP?!HGNPB>A>H�JL?�cGCYCIO/<@HGA>cV?�A"HYB>A.CIO/CIad`PH�CIWLB>?I<"JL?I<@?�WLcVHGadcL;=JLH�h/HGA!CGjVNP?�ad?Vu?�W/jVN/CIWLB>H�HYQR?I<@QRH*?I<@B/[CYCY<@?�A E HGW/<@?�A>B.CGJLHPls*C �/_GNPA.C�{Gld{GuLcV?�QRHV<UC�?�cVHGadN�DEGFCIH�JL;dW�rCIQR; E C!JL?!NPQ5zL^U:�uPHGW/JL?!h/HLJL?�QRHV<UHGO/<@?�A>cGCIA*jVNP?C*H E HGA>AIr?�W E ;=C�JL?"NPQ�?�cV?�WLB>Hk[?";dW/<@B.CIWLBGrCIWP?ICLuL? E CIN/<>C�NPQ�C"B>A.CIW/<@;>DEGFCIH�HGNRQYN/JPCIW�DE C*JL?"?I<@B.CGJLHWPHY<@;=<@B>?�Q�CLl

� N/CIW/JLHkH,zL^U:5<@?Y?�W E HGWLB>A.C�CIWLB>?I<�JPC�H E HGA>AIr?�W E ;=C�JLH�hPA>;dQR?�;dA>HR?�cV?�WLB>HPu�JL;���?�QRHV<!jVNP?H�QR?I<@QRHY?I<@B/[C�WPH�?I<@B.CGJLHk;dWP; E ;=CIaol v hPA>H E ?I<><@H,JL?�WPHGQR;dW/CGJLH /9$4')3�')-�')1 + '�T�1 N -PO1  � [?�jVN/CIW/JLHkH<@;=<@B>?�Q�CLuLCIh"[HV<"C�A>?ICIad;��IC/DEGFCIHYJL?!NPQ�C�JL?�B>?�A>QR;dW/CGJPC!B.CIA>? poCLuPA>?�B>HGA>W/CYCIHR<@?�N�?I<@B.CGJLHY;dWP; E ;=CIaolv ?I<@h/C/DE H�JL?*?I<@B.CGJLHV<fJL?*NPQ zL^U:�[?VuV_G?�A.CIadQR?�WLB>?'ad;dQR;dB.CGJLH!C!NPQ E HGW
	@NPWLB>H�?�WLNPQR?�A/[CIcV?�aouW FCIH,B>?�W/JLHkNPQ�CRpqNPW�DEGFCIH,_G?�A.CIa"jVNP?�A>?�a=C E ;dHGWP?�<@?�NX?I<@B.CGJLHKCIH,B>?�QRh/HPlKt
HG_GHPu'h/CIA.CkH E CG<@HJLHV<�QRHLJL?�adHV<!W FCIH,B>?�QRh/HGA>;��ICGJLHV< uf<@N/CkB>A.C�	@?�B/[HGA>;=C [?�A>?�hPA>?I<@?�WLB.CGJPC�h/HGARNPQ�C�<@?Ij��N�r?�W E ;=CkJL??�cV?�WLB>HV< uV?��LhPad; E ;dB.CGJLHV<fW/C!pqHGA>Q�C���� 	 � � � � � � � � � ��� �s"H E CG<@H�JLHV<!zL^U:�u
CYB>?�HGA>;=C�B>A.CIB.CRJLH E HGWLB>A>HGad?�JL?�CIB>;dcL;=JPCGJL?I<'?��L? E NPB/[CIcV?�;=<UWPH�<@;=<@B>?�Q�CLu<@?�Q JPCIA�;dQRh/HGA>BGrCIW E ;=C�C�A>?ICIad;��IC/DEGFCIHRp.[g <@; E CRJPCG<�QR?I<@Q�CG< � H�QRHIcL;dQY?�WLB>HYJLH�OPA.C/DE HkJLH�A>HGO/HW FCIHX[?�NPQ�C E CIA.C E B>?�AI[g <@B>; E C�JL?!NPQ�zL^U:�u/Q�CG<fCYC/DEGFCIHYQRHIcV?�A�u�[? �.lePHGA.CIQ�NPB>;dad;��ICGJLHV<'cGCIA>;=CGJLHV<*QRHLJL?�adHV<"h/CIA.CYHV<�zL^U:*< u E HGQRHYcL;=<@B>HRW/CY;dWLB>A>HLJLN�DEGFCIH�JL?I<@B.CJL;=<><@?�A>B.C/DEGFCIHPu E HGQ NPB>;dad;��IC/DEGFHG?I</?I<@h/? E [g � E CG< lUTUHGWLB>N/JLHPuVCG<�A>?IJL?I<�JL?'Z�?�B>A>;ouGCG<�jVN/CI;=<�B>A.CIB.CIA>?�QRHV<JL?�a=CG<�Q�CI;=<�CGJL;=CIWLB>?VuVBIr?�Q�<@?"B>HGA>W/CGJLH�Q�CI;=<�NPB>;dad;��ICGJPCG< uVJL?�cL;=JLH�CG<Uc'[CIA>;=CG<�cGCIWLB.CI_G?�W/<fjVNP?'?�a=CG<
HIpq?�A>? E ?�QkuI;dW E adN/<@;dcV?"jVN/CIW/JLH�ad?�cGCIQRHV<�?�Q E HGW/<@;=JL?�A.C/DEGFCIHYCG<fCIW"[CIad;=<@?I<'JL?!<@;=<@B>?�Q�CG<�NPB>;dad;��ICIW/JLH<@;dQYNPa=C/DEGFCIHPu E HGQ C�NPB>;dad;��IC/DEGFCIH�JL? E HGQRhPNPB.CGJLHGA>?I< uLh/HG;=<'h/HLJL?�QRHV< E HGW E ?�O/?�A'B>HLJPCYC�?�cVHGadN�DEGFCIHJLHkzL^U: ?�Q <@?�N,QRHGWP;dB>HGA!JL?�c�[g JL?�HPl���CIQYO'[?�Q�CRA>?ICIad;��IC/DEGFCIH�JL?�NPQ hPA>H E ?I<><@HPu�WPH E CG<@H�JL?
	@NPW�DEGFCIHYJL?I<@B>?I< E HGQ5<@;=<@B>?�Q�CG<f?�ad?�B>AGrHGWP; E HV< uLh/CIA.C�ad;d_U[CI\qadHV<'C�NPQ5<@;=<@B>?�Q�C*p.[g <@; E H�A>?ICIaol

� ��� 	 ��� � � 	 ����� ��
 ��� � 	�� �

m <fad;dWP_GN/CI_G?�W/<'pqHGA>Q�CI;=<f< FCIHRA>?�hPA>?I<@?�WLB.CGJPCG<'h/HGA!CIa poCIO/?�B>HV<*JL?�<�[g QYO/HGadHV< � ad?�B>A.CG<fHGN,J�[g _G;dB>HV< �.uHGW/JL?'NPQ JL?�B>?�A>QR;dW/CGJLH*<�[g QYO/HGadH�[?"NPQ�C'?�WLB>;=JPCGJL?fW FCIH�JL?4�/WP;=JPC'pqHGA>Q�CIadQR?�WLB>?Vl�TUHGWLB>N/JLHPuVNPQ



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� {�7
E HGW
	@NPWLB>H"W FCIH*cGC���;dH!JL?'<�[g QYO/HGadHV< uGJL?4�/WP?fNPQ CIa poCIO/?�B>HPuGH!jVN/CIaU[?'A>?�hPA>?I<@?�WLB.CGJLH"h/HGA�NPQ�C'ad?�B>A.C_GA>?�_VCYQ�CI;G[N/< E NPa=CLl�]"?�A.CIadQR?�WLB>?VuLNPB>;dad;��ICI\o<@?�CYad?�B>A.CY_GA>?�_VC��3h/CIA.CRJL?I<@;d_GW/CIA!NPQ�CIa poCIO/?�B>HPu�HjVN/CIaUh/HLJL?�<@?�A�?��L?�QRhPad;�� E CGJLHYh/HGA�� � � ��� ��� � ��� �Vu
HGW/JL?RB>?�QRHV<"HV<�<�[g QYO/HGadHV< � u � u ��u �jVNP?!< FCIHRHV<f?�ad?�QR?�WLB>HV<UJLHRCIa poCIO/?�B>H��"l

� N/CIW/JLHXB>?�QRHV<YNPQ�C 	@N/<@B.CIh/HV<@;>DEGFCIH#�/WP;dB.CXJL?K<�[g QYO/HGadHV< u"CIW/CIadHG_VCIQR?�WLB>? SCK_GA.CIQ3[CIB>; E CLuB>?�QRHV<!NPQ�C�h/CIa=C�cLA.CLlX:"?�C E HGA.JLH E HGQ�HKCIa poCIO/?�B>H,JPCGJLHXCIWLB>?�A>;dHGA>QR?�WLB>?Vu�?��L?�QRhPad;�� E CIQYHV<CIad_GNPQ�CG<fh/CIa=C�cLA.CG<*JPC�pqHGA>Q�CLn �
�
� u � � � u ��� � u/?�B E l'b"Q�C�h/CIa=C�cLA.CYjVN/CIa=jVNP?�A�u'[?�JL?I<@;d_GW/CGJPCh/HGA % lv E HGQRhPA>;dQR?�WVB>H�JL?!NPQ�C!h/CIa=C�cLA.CK[?�JL?4�/WP;=JLH E HGQRHPn
� $�� � & ����� �
 �- � -  ( :P/4')(�$43�.  R� $ � (�1M:�1 + 1 	 /21 < �F/9$0:P/9$2%�$43�.01 �! :5$ + 1R-91!/ � ')3�1 + ' � 1 � $�� C � �
"$M'76 � 1 + 1  3 "� (�$4/  S� $ % "�)(�*  ,+� %MI � $�1S-  ( : O $�<
^�WLB>A>?�B.CIWLB>HPu/B>?�QRHV<"CYh/CIa=C�cLA.CYWLNPa=CLu
CRjVN/CIa�[?�A>?�hPA>?I<@?�WLB.CGJPC�h/HGA��'?K[?YC3[NPWP; E CYh/CIa=C�cLA.CJL? E HGQRhPA>;dQR? WLB>H!WLNPadHPlfzV?�W/JLHYCG<><@;dQku���	
 � h/HG;=<�[?!NPQ�C!h/CIa=C�cLA.CLuP?!W FCIHYNPQ5<�[g QYO/HGadHPl
��?�QRHV<!W/C���?�HGA>;=CkJL?�t
;dWP_GN/CI_G?�W/<�HV< E HGW
	@NPWLB>HV<�JL?�h/CIa=C�cLA.CG< uUHV<�jVN/CI;=<�< FCIHKJL?4�/WP;=JLHV<

E HGQRH�<@?�_GNP?Vn
� $�� � & ����� �
 �  �M1 �! �� 
� � � $43  .01 �X%�$F:  / ���  -  3�� � 3�.  S� $ .  �� 1�% 1�%F:�1 + 1 	 /21�%F%  *�/9$ �
- � �  -  ( :P/4')(�$43�.  "$M'76 � 1 + 1 � <

t
HG_GHPu
JL?�C E HGA.JLH E HGQ5CYJL?4�/WP;>DEGFCIHPuPB>?�QRHV<fjVNP?VuPJPCGJLH�� � � ��� � �Vn
� �
�
��� � �

� 	
�
� ��� � � �

� �
�
� �
��� � � � � ��� � � � �

� �
�
� �
�
��� �
� � � � � ��� � � � � � � � � � � ��� � � � � � �
� � �

��CIQYO'[?�Q�JL?4�/WP;dQRHV<fJLHG;=< E HGW
	@NPWLB>HV<'?I<@h/? E ;=CI;=< uPjVNP?�< FCIH����k?�� ��uPHGW/JL?
���

� � ���� 	
���
�
� 	 � � � � � � �������

� �
� � ���� �

���
�
� � � � 	 � � � � � � ������� � � � � ��� �

TUHGQRh/CIA.CIB>;dcGCIQR?�WLB>?Vu����X<@?�A>;=CRH�JL; E ;dHGW"[CIA>;dH�JLH�CIa poCIO/?�B>H��"l m jVNP;ou
JL?4�/WP;dQRHV<"jVNP?�NPQ
E HGW
	@NPWLB>H�JL?"h/CIa=C�cLA.CG<�pqHGA>Q�CGJLH E HGQ HV<'<�[g QYO/HGadHV<�JL?"NPQ�CIa poCIO/?�B>H��"uf[?"NPQ�C*ad;dWP_GN/CI_G?�QkuGHGN<@? 	>CLn
� $�� � & ����� �
 � 8 �M1 �! S� ( 1 + Q 1!*4$9.  � � D "$ � (�1 + ')3,6 � 1�6�$4( %  *�/9$ � %�$�$ % " %�$ � D���� � <
i@<@B>H�;dQRhPad; E C*jVNP?*NPQ�C!ad;dWP_GN/CI_G?�Q�B.CIWLB>H�h/HLJL?�<@?�A � � E HGQRH�! � � � � ad;dWP_GN/CI_G?�Q cGC���;=CLu

C�jVN/CIa![?�JL; pq?�A>?�WLB>?!JPC�ad;dWP_GN/CI_G?�Q"� � �.l
TUHGQRh/HGQRHV<Uh/CIa=C�cLA.CG<'h/HGA E HGW E CIB>?�W/C/DEGFCIHRJL?�JLN/CG<'HGN�Q�CI;=<Uh/CIa=C�cLA.CG< lfZ�HGA"JL?4�/WP;>DEGFCIHPn



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� {I}
� $�� � & ����� �
 � @ �M1 � 1�% �!� 1�%�:�1 + 1 	 /21�%�� $ G %  *�/9$ � ( 1 + Q 1!*4$9.  � � -  (�� � � 	�� � � � � $
G
�
� ��� 	 � � � � � � % � 1R-  3�-91,.8$43�1 N -PO1  "$

C
��� G � � 	 � � � � � � ��� 	 � � � � � � � / ld{ �

s*C���?�HGA>;=CYJL?�t
;dWP_GN/CI_G?�W/< u"[?�WP? E ?I<><P[CIA>;dHRJL?4�/WP;dA*C�WPH
DEGFCIH�JL?�hPA>?4�5�LHPu
jVNP?,[?�NPQ�C�h/CIA>B>?;dWP; E ;=CIa
JL? E HGQRhPA>;dQR?�WLB>H!CIA>OP;dB>A/[CIA>;dHRJL?!NPQ�C!h/CIa=C�cLA.CLn
� $�� � & ����� �
 � K � :P/9$�� K  #� $ � (�1 :�1 + 1 	 /21 < %  *�/9$ � ( 1 + Q 1!*4$9.  � "$�I � 1 + I � $4/S:�1 + 1 	 /21
� 
 � � I � $
:  %9%�1M%�$4/M-  ( : + $9.01 � 1R-  (  !� .0/21 :�1 + 1 	 /21 G 
 � � :�1!/21 Q� /4(�1!/ 1M:�1 + 1 	 /21 < l
Z�HGA"?��L?�QRhPadHPuLJPCRJL?4�/WP;>DEGFCIH / l 3Pu � [?�NPQ5hPA>?4�5�LHRJL? % cL;=<@B>H�� � G � � ��� 	 � � � � � � 
 � �"B.CIajVNP?Vu � G � CVl
:"?I<><>C�pqHGA>Q�CLuL?�W E HGWLB>A.CIQRHV<UNPQ E HGW
	@NPWLB>HRJL?!hPA>?4�5�LHV<'JL?!NPQ�C�JPCGJPC�h/CIa=C�cLA.C % lft
HG_GHPn

� $�� � & ����� �
 � � �M1 � 1 � (�1�:�1 + 1 	 /21 < u � $43  .01 �X%�$ :  / Z�A>? � < �  -  3�� � 3�.  S� $�.  ��! %  %
:P/9$��
� K  % � $ < �
')3�- +�� ')3 �! 1�:�1 + 1 	 /21 	 1�T�')1 � <
m a�[?�Q JLHYQ�CI;=< uLH E HGW
	@NPWLB>HYB>HGB.CIaouPHRjVN/CIa�;dW E adNP;
B>HLJPCG<*CG<"h/CIa=C�cLA.CG<"JL?�NPQ�C!ad;dWP_GN/CI_G?�Q

D�� � �'?!B>HLJLHV<"HV<"<@?�N/<fhPA>?4�5�LHV<R[?Vn
� $�� � & ����� �
 � � � :P/9$�� K  � Q $2-9;�1!(�$43�.  �  !� Q $2-9;�1!(�$43�.  R� $ D � "$ � 1 �! :  /
	

D
�
� � n���G 
 � �� � G 
 D � � � / l / �

 !� %�$ ��1 � � $2% � $�I � $M.8$43!;�1!(  % � (�1 + ')3,6 � 1�6�$4( D ��� � � $2K,'�%4.8$ � (�1 + ')3,6 � 1�6�$4( 1�%9%  -�')1 � 1
1 D � � $43  .01 � 1�:  / D �&1�I � 1 +�"$ Q� /4(�1 � 1
:5$ + 1�%F:�1 + 1 	 /21�% � $ D $&:  /
.  ��! %  %
%�$ � %F:P/9$�� K  %�<
�  6  �&-  3�- +�� ')(  %�I � $ D�� D <

b"B>;dad;��ICIQRHG\qWPHV<�JL?*CIad_GNPQ�CG<�?��LhPA>?I<>< FHG?I<�h/CIA.C!?I<@B>N/JLHV<UO/CG<@?ICGJLHV<U?�Q ad;dWP_GN/CI_G?�W/<�pqHGA>Q�CI;=< u
E HGQRH�CIhPA>?I<@?�WLB.CGJLHYh/HGA �"HGh E A>HIpqB'?�b"adadQ�CIW�� �*b!}I|��olfz FCIHY?�a=CG< n

� � � \�A>?�hPA>?I<@?�WLB.C�C�A>?�h/?�B>;>DEGFCIHYJLHY<�[g QYO/HGadH � � h/HGA 3 cV?���?I< �
� C � \UA>?�hPA>?I<@?�WLB.C�C�A>?�h/?�B>;>DEGFCIHYJPC�h/CIa=C�cLA.C % uPh/HGA 3 cV?���?I< �
� � �'\�A>?�hPA>?I<@?�WLB.C�C�A>?�h/?�B>;>DEGFCIHYJLHR<�[g QYO/HGadH � � h/HGA"NPQ W*[NPQR?�A>HYCIA>OP;dB>A/[CIA>;dHRJL?!cV?���?I< �
� C �'\UA>?�hPA>?I<@?�WLB.C�C�A>?�h/?�B>;>DEGFCIHYJPC�h/CIa=C�cLA.C %�� h/HGA"NPQ W*[NPQR?�A>HYCIA>OP;dB>A/[CIA>;dHYJL?!cV?���?I< �
� � \"<�[g QYO/HGadHY?�QRhPA>?�_VCGJLH E HGQRHRH�HGh/?�A.CGJLHGA�aI[HG_G; E H  !� u
;dW/JL; E CIW/JLH�NPQ�CYHGh�DEGFCIH�?�WLB>A>?JLN/CG<"HGN�Q�CI;=<Uh/HV<><@;dOP;dad;=JPCGJL?I< l



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� {�6
^U<@B.CG<"WPHGB.C/DEGFHG?I<'poC E ;dad;dB.CIQ W/CYA>?�hPA>?I<@?�WLB.C/DEGFCIH��/WP;dB.C�h/CIA.CYad;dWP_GN/CI_G?�W/<'pqHGA>Q�CGJPCG<'h/HGA*NPQW*[NPQR?�A>HY;dW��/WP;dB>HRJL?�h/CIa=C�cLA.CG< u
;=<@B>H [?Vu E HGQRh/C E B.CIQ5?�Q NPQ�C%[NPWP; E C�pV[HGA>QYNPa=CLl'Z�HGA*?��L?�QRhPadHPuWPHXCIa poCIO/?�B>H �

�
� ��� � �Vu E HGQ NPQ�Ckad;dWP_GN/CI_G?�Q hPA>?4�5�LHG\=pq? E `/CGJPC � ? E HGQ HV<�<�[g QYO/HGadHV<H E HGA>A>?�W/JLHRCIadB>?�A>W/CGJPCIQR?�WLB>?Vu E HGQ � H E HGA>A>?�W/JLHRhPA>;dQR?�;dA>HPuGB>?�QRHV< n
D
�
��� � ��� �
��� �
�
��� �
�
�
��� � � ���

�

��
� � ���� ��� � � / l21 �
JL?�HGW/JL?Rh/HLJL?�QRHV<*cV?�A!jVNP? �
� h/HLJL?RW FCIH�H E HGA>A>?�A�u�HGNKH E HGA>A>?�A!NPQ W*[NPQR?�A>H�CIA>OP;dB>A/[CIA>;dH�JL?
cV?���?I<"?Vu�adHG_GH,CIh"[HV< u � H E HGA>A>?Vu�HGN � � ;=<@B>H3[?Vu�W/CGJPCLl���CIQYO'[?�Q JL?�cV?�QRHV<"HGO/<@?�A>cGCIAYjVNP? � [?
<@NPO E HGW
	@NPWLB>H�hPA/[HGhPA>;dH,JPC�ad;dWP_GN/CI_G?�Q � �

�
� � � � � � � uUjVNP? E HGWLBP[?�Q CG<�h/CIa=C�cLA.CG<�JL? � ?�CG<

h/CIa=C�cLA.CG< �
�
� u �
�
� u �
� u �
� uL?�B E uPjVNP?!W FCIHR< FCIHYh/CIa=C�cLA.CG<"JL? � uPJL?�cL;=JLH�SCY<@N/CYJL?4�/WP;>DEGFCIHPl
� ��� � � � �� � 	�� ���

v <!CINPBGrHGQ�CIB>HV<!< FCIH�QRHLJL?�adHV<*Q�CIB>?�Q3[CIB>; E HV<"JL?�Q3[CGjVNP;dW/CG<!jVNP?�BIr?�Q ?�WLB>A.CGJPCG<*?R<>CP[g JPCG<�JL;=<@\
E A>?�B.CG<'?�jVNP?�A>? E HGWP`P? E ?�Q NPQ E HGW
	@NPWLB>H�JL?�h/CIa=C�cLA.CG<*<@HGOPA>?�NPQ�JPCGJLH�CIa poCIO/?�B>HPl!t
HG_GHPu
NPQCINPBGrHGQ�CIB>HRh/HLJL?R<@?�A*cL;=<@B>H E HGQRHYNPQ�CY?�WLB>;=JPCGJL?�JL? E HGWLB>A>HGad?�jVNP?�a@r?Vu�JL?�pqHGA>Q�CY<@?Ij��NP?�W E ;=CIaouNPQ�C*ad;=<@B.C!JL?!<�[g QRO/HGadHV<�?�Q NPQ CIa poCIO/?�B>HPuPC E ?�;dB.CIW/JLH�NPQ�C!JL?�B>?�A>QR;dW/CGJPC"h/CIa=C�cLA.CLuPJL?I<>JL?!jVNP?C�QR?I<@Q�C*h/?�A>B>?�W�DE C�CIH E HGW
	@NPWLB>HRJL?!h/CIa=C�cLA.CG<fA>? E HGWP`P? E ;=JPCG< lv <fCINPBGrHGQ�CIB>HV<fh/HLJL?�Q�<@?�A&�/WP;dB>HV<fHGN�;dW��/WP;dB>HV< uPCIa�[?�Q JL?!JL?�B>?�A>QR;dW�[g <@B>; E HV<�HGN�W FCIHRJL?�B>?�A>\QR;dW�[g <@B>; E HV<U?Vu
<@?�N�?I<@B.CGJLH�CIB>N/CIa � E HGW��/_GNPA.C/DEGFCIH�;dWLB>?�A>W/CYJLHYQRHLJL?�adHY?�Q5NPQ�JPCGJLH�;dW/<@B.CIWLB>? �[?!NPQ�C!<�[g WLB>?I<@?!JPCG<f;dWLpqHGA>Q�C/DEGFHG?I<UJL?!?I<@B.CGJLHV<'CIWLB>?�A>;dHGA>?I< uLHV<'jVN/CI;=<'< FCIH�WP? E ?I<><P[CIA>;dHV<fW/C�JL?�B>?�A>\QR;dW/C/DEGFCIH�JLHV<'?I<@B.CGJLHV<fpqNPB>NPA>HV< ls"H�B>H E CIWLB>?�CIHRCINPBGrHGQ�CIB>HM�/WP;dB>HPuP?I<@B>? E HGW/<@;=<@B>?�JL?!NPQ E HGW
	@NPWLB>HM�/WP;dB>HYJL?!?I<@B.CGJLHV< u/;=<@B>H[?Vu�C�jVN/CIWLB>;=JPCGJL?�JL?�?I<@B.CGJLHV<k[?�?�WLNPQR?�A/[CIcV?�aouL?�NPQ E HGW
	@NPWLB>H�JL?�B>A.CIW/<@;>DEGFHG?I< l�^U<@B>?I<"?I<@B.CGJLHV<< FCIH�JL?I<@;d_GW/CGJLHV<Uh/HGA��fuL?"H E HGW
	@NPWLB>H�JL?"B>A.CIW/<@;>DEGFHG?I<fJL?"?I<@B.CGJLHV<f< FCIH�JL?I<@;d_GW/CGJLHV<fh/HGA � l�^U<@B>?[NPadB>;dQRHPuLH E HGA>A>?�C�h/CIA>B>;dA"JL?�<�[g QYO/HGadHV<fJL?!?�WLB>A.CGJPC�?I< E HGad`P;=JLHV<'JL?�WLB>A>HYJL?!NPQ5CIa poCIO/?�B>H��"lv ?I<@B.CGJLH,;dWP; E ;=CIafJL?RNPQ�CINPBGrHGQ�CIB>H [?�JL?I<@;d_GW/CGJLH,h/HGA�� �Iu�?�CIad_GNPW/<�?I<@B.CGJLHV<��/W/CI;=< uUHGN
?I<@B.CGJLHV<�Q�CIA E CGJLHV< uUh/HGA��	�"lX^U<@B.C,<@?Ij��N�r?�W E ;=C,JL?�h/CIa=C�cLA.CG<�ad;=JPCG<,[?�A>? E HGWP`P? E ;=JPC�h/HGAYNPQCINPBGrHGQ�CIB>HYJL?*pqHGA>Q�C�jVNP?VuPjVN/CIW/JLHYhPA>H E ?I<><>CGJPCG< u
ad?�cGCIQR\qWPH�C�NPQ ?I<@B.CGJLHYQ�CIA E CGJLHPlb"Q�CINPBGrHGQ�CIB>H [?YJL;dB>H�JL?�B>?�A>QR;dW�[g <@B>; E HY<@?Vu
C E CGJPCR<�[g QYO/HGadHRJL?�?�WLB>A.CGJPCLu/`"[CRNPWP; E CIQR?�WLB>?NPQ�C"B>A.CIW/<@;>DEGFCIH�JL?!<>CP[g JPC�JL? E CGJPC!?I<@B.CGJLHPlfzV?*`PHGNPcV?�AUQ�CI;=<�JL?"NPQ�CLuVH�CINPBGrHGQ�CIB>H,[?!JL;dB>H!W FCIHJL?�B>?�A>QR;dW�[g <@B>; E HPlm JL?4�/WP;>DEGFCIH�pqHGA>Q�CIa�JL?!NPQ5CINPBGrHGQ�CIB>HX[?�CY<@?�_GNP;dWLB>?Vn
� $�� � & ����� �
 ��
 � ( 1 � .!U (�1,.  � $9.8$4/4(�')3 "��%4.0')-  �F3�'�.  �  !� %�')( : + $2%�(�$43�.8$ � ( 1 � .!U (�1,.  "$
� (�1SI �&"�)3�. � : + 1

V	�
�

� � � � ���
� � � � �	� �



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� {�|
 3 � $
	

� � "$ � ( -  3�� � 3�.  �F3�'�.  R� $�$2%4.01 �! % ���
� � "$  1 + Q 1!*4$9.  R !� -  3�� � 3�.  R� $ % "�)(�*  ,+� % ���
� � n ��� ��� � "$M1 Q�� 3 N -PO1  R� $�.0/21!3!%�' N -PO1  S� $M$2%4.01 �! %��  3 � $

� � � � � �
�
� $

� � � � � �
�
��� � :�1!/21 � � ��� 
 � $ � 
 � � � / l 3 �

� � � 
 � "$  $2%4.01 �! ')3�')-�')1 + �

� �	� � � "$  -  3�� � 3�.  R� $�$2%4.01 �! %�(�1!/2-91 �! %�<

v O/<@?�A>cGCIW/JLH�CYpqNPW�DEGFCIH�JL?YB>A.CIW/<@;>DEGFCIH�JL?�?I<@B.CGJLHV< u�cV?�QRHV<"jVNP?�����<P[H�<@?�A/[CRNPQ�?I<@B.CGJLHkJLHCINPBGrHGQ�CIB>H H � uLWPH E CG<@HRJL? �,<@?�A'NPQ�C!?�WLB>A.CGJPCYC E ?�;dB.C�h/HGA H � <v <'CINPBGrHGQ�CIB>HV<'< FCIHYA>?�hPA>?I<@?�WLB.CGJLHV<f_GA.C�� E CIQR?�WLB>?*h/HGA"NPQ�_GA.C�pqHRJL;dA>? E ;dHGW/CGJLHPuPHGW/JL?�<@?�N/<cf[?�A>B>; E ?I<*< FCIHkHV<�?I<@B.CGJLHV<�?YHV<�CIA E HV<�CG<*pqNPW�DEGFHG?I<�JL?RB>A.CIW/<@;>DEGFCIHPl v <!?I<@B.CGJLHV<�Q�CIA E CGJLHV<�< FCIHA>?�hPA>?I<@?�WLB.CGJLHV<Yh/HGA�cf[?�A>B>; E ?I<�?�Q ad;dWP`/CKJLNPhPa=C � E [g A E NPadHV< E HGW E r?�WLB>A>; E HV< ��?�HX?I<@B.CGJLHX;dWP; E ;=CIa;dW/JL; E CGJLHYh/HGA*NPQ�C�<@?�B.CRjVNP?�W FCIH%[?�<>CP[g JPCRJL?�WP?�WP`LNPQ5cf[?�A>B>; E ?Vl'Z�HLJL?�QRHV<'cV?�A'NPQ5?��L?�QRhPadHJL?I<@B>?*W/CM�/_GNPA.C / l21LuPHGW/JL?Vn
� � � ���� ��� � � �
� �

�

� � � { � / � �
� �	���� � �

�
{Gu �	���� { �

�
/ u �	���� / �

�
/ u �	���� � �

�
/ u �	���� { �

�
�Lu �	���� / �

�
{Gu

�	� � � { �
�
{Gu �	� � � / �

�
���

� � �
�
��?

� �	�
�
�V{ � / �Vl

v O/<@?�A>cGCIQRHV<fjVNP?!<@N/C E HGW/<@B>A>N�DEGFCIHX[?�JPCGJPC�h/?�a=CG<UpqNPW�DEGFHG?I<'JL?*B>A.CIW/<@;>DEGFCIHPuPHGW/JL? � ��� �
	 �![?�Ch/HV<@;>DEGFCIH�JL?fBP[?�A>QR;dWPHPuIHGNY<@? 	>CLuGh/CIA.C*HGW/JL?'H�CIA E H!JL;dA>? E ;dHGW/CGJLH!CIh/HGWLB.CLu K [?'NPQ�C'B>A.CIW/<@;>DEGFCIH!?��[?*H�adNP_VCIA'JL?*HGA>;d_G?�Q JLH�CIA E HPlf^�Q�HGNPB>A.CG<fh/CIa=C�cLA.CG< uP<@?�A/[C!HYCIA E H�jVNP?*;dW/JL; E C*NPQ�C!B>A.CIW/<@;>DEGFCIHjVNP?*cGCI;�JLH�?I<@B.CGJLH�Yh/CIA.C�H�?I<@B.CGJLH � ��� �
	 �.l
v hPA>H E ?I<><>CIQR?�WLB>H�JL?�h/CIa=C�cLA.CG<*?�Q�NPQ CINPBGrHGQ�CIB>H�JL? E HGA>A>?YJPC�JL?4�/WP;>DEGFCIH�C�<@?�_GNP;dA�u�jVNP??I<@B>?�W/JL?!C�;=Jf[?�;=C�JL?!B>A.CIW/<@;>DEGFCIHPl



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� / �

β

γ

α
α

β

β

γ

α

e�;d_GNPA.C / l21LnU^ �L?�QRhPadH�JL?!NPQ m NPBGrHGQ�CIB>H
� $�� � & ����� �
 ��� � $ ��1 � ( 1 � .!U (�1,.  MV	� � � � � � ���
� � � � �	� � $ %�$ ��1 � (�1 Q�� 3 N -PO1  R� $�.0/21!3!%�' �
N -PO1  $2%4.8$43 � ' � 1 � � �FI � $ "$M1 Q�� 3 N -PO1  

� � n � � � � �

� $ .01 +,Q� /4(�1SI � $
	
� � � � � � �

�
� $

� � � C�� � � �
�

� � � ��� � � C � � � � :�1!/21 � 
 � $ C 
 � � �
� / l25 �

:"?I<>JL?YjVNP? � � � � � � �
�

�	� � ��� � � C � � � �
�

�	� � � � �'h/CIA.CRH E CG<@H�?�Q jVNP?�C
�
� u
h/HLJL?�QRHV<

NPB>;dad;��ICIA�uV?�WLB FCIHPu � CIHY;dWLcf[?I<fJL? � � uPh/HGA"NPQ�C�jVNP?I<@B FCIHRJL? E HGWLcV?�WP;@r?�W E ;=CLlTUHGWP`P? E ;=JPCG<UC*pqNPW�DEGFCIH�JL?"B>A.CIW/<@;>DEGFCIH�?"H�?I<@B.CGJLH�CIB>N/CIa�JLH�CINPBGrHGQ�CIB>HPuU[?*h/HV<><�[g cV?�a/JL?�B>?�A>QR;d\W/CIA"<@?�N�?I<@B.CGJLHRCIh"[HV<'hPA>H E ?I<><>CIA>QRHV<fNPQ5<�[g QYO/HGadHYJPCGJLHPl m <><@;dQkuVhPA>H E ?I<><>CIW/JLHRNPQ�C!h/CIa=C�cLA.CCRh/CIA>B>;dA!JL?YNPQ JPCGJLH�?I<@B.CGJLHPu�h/HLJL?�A>?�QRHV< E HGW��/A>Q�CIA!<@?�H�?I<@B.CGJLHkCIa E CIW�DE CGJLH�h/?�A>B>?�W E ?�HGNW FCIHRCIH E HGW
	@NPWLB>HYJL?!?I<@B.CGJLHV<'Q�CIA E CGJLHV<	�	�'lft
HG_GHPn
� $�� � & ����� �
 �-�� �M1 �! � ( 1 � .!U (�1,.  SV	� � � � � � ���
� � � � �	� � ��1 + ')3,6 � 1�6�$4(�(�1!/2-91 � 1  !�
/9$2-  3!;5$2-�' � 1 � $ V	� � "$
	

D � � V	� �
�
��C�n!C 
 � � � �	� C � � � � 
 �	� � � � / l27 �

m ad;dWP_GN/CI_G?�Q�A>? E HGWP`P? E ;=JPC*h/HGA'NPQ CINPBGrHGQ�CIB>H�h/HLJL?�<@?�AU?�W E HGWLB>A.CGJPCLu/<@?�_GNP;dW/JLH�HV<'CIA E HV<WPH�_GA.C�pqH�JLH�QR?I<@QRHPl
� ��� � � � 	�� ��� � �

b"Q5_G?�A.CGJLHGAK[?�NPQ CINPBGrHGQ�CIB>HPu�jVNP?Vu
W FCIH�WP? E ?I<><>CIA>;=CIQR?�WLB>?Vu/<@?�_GNP?YB>HLJPCG<�CG<!<@?Ij��N�r?�W E ;=CG<!JL?B>A.CIW/<@;>DEGFHG?I<'JL?!?I<@B.CGJLHPu/JL?4�/WP;=JPCG< E HGQRH�W/C�pqNPW�DEGFCIHRJL?!B>A.CIW/<@;>DEGFCIHRJLHV<'CINPBGrHGQ�CIB>HV< lfs"HV<'_G?�A.CI\JLHGA>?I<'C!pqNPW�DEGFCIHYJL?!B>A.CIW/<@;>DEGFCIHYh/?�A>QR;dB>?'NPQ�C!A>?�hPA>?I<@?�WLB.C/DEGFCIHYJL?!NPQ <@NPO E HGW
	@NPWLB>HYhPA/[HGhPA>;dHYJL?



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� / {
� � l�^�WLB FCIHPu�hPA>? E ;=<>CIQRHV<"JL?4�/WP;dA"NPQ�_G?�A.CGJLHGA�u�h/CIA.C�JL?�B>?�A>QR;dW/CIA"<@N/C E HGQRh/CIB>;dOP;dad;=JPCGJL? E HGQC�A>?�hPA>?I<@?�WLB.C/DEGFCIHYJLHV<*zL^U:*< lfePHGA>Q�CIadQR?�WLB>?VuIB>?�QRHV< n
� $�� � & ����� �
 �-��� ( 6�$4/21 �! / "$ � (�1SI �&"�)3�. � : + 1

�
�

� � � � ���
� � � � �	� �

 3 � $  %�$ + $4(�$43�.  % � � � � � � � �	� � $ � .,U$4( 1 (�$2%�(�1 � $��F3�' N -PO1  ��! 1 � .!U (�1,.  �� <�� � -  ( �
� $��F3�' �! -  (  1 Q�� 3 N -PO1  � 6�$4/21 + (�$43�.8$ :�1!/2-�')1 + � � $ .0/21!3!%�' N -PO1  R� $M$2%4.01 �! %�<
TUHGQRH�h/HLJL?�QRHV<'cV?�A�uPCYJL; pq?�A>?�W�DE C!?��L;=<@B>?�WLB>?*?�WLB>A>?!HV<"CINPBGrHGQ�CIB>HV<'?!HV<"_G?�A.CGJLHGA>?I<�[?�jVNP?VuWPH E CG<@H,JLHV<�CINPBGrHGQ�CIB>HV< uUC�pqNPW�DEGFCIHkJL?RB>A.CIW/<@;>DEGFCIHkW FCIHkh/HLJL?�<@?�A�h/CIA E ;=CIa � JL?4�/WP;=JPC�CIh/?�W/CG<h/CIA.C�NPQ5<@NPO E HGW
	@NPWLB>HRJL?!?�cV?�WLB>HV<Uh/CIA.C E CGJPC�?I<@B.CGJLHRJLHY_G?�A.CGJLHGA �.lio_GN/CIadQR?�WLB>?*CIHV<*CINPBGrHGQ�CIB>HV< u/B>?�QRHV<fH E HGW
	@NPWLB>H�JL?!?�cV?�WLB>HV< u/C�pqNPW�DEGFCIH�JL?!B>A.CIW/<@;>DEGFCIHR?I<@\B>?�W/JL;=JPCLuV<@N/C!ad;dWP_GN/CI_G?�Q ?*<@N/C!ad;dWP_GN/CI_G?�Q Q�CIA E CGJPCLu E HGQRH*QRHV<@B>A.C!CG<f<@?�_GNP;dWLB>?I<�JL?4�/WP;>DEGFHG?I< n

� $�� � & ����� �
 �-. �M1 �! S� ( 6�$4/21 �! / � � � � � � ���
� � � � �	� � �F1�%9%  -�')1 �X%�$M1R-91 � 1R$2%4.01 �! � 

�  -  3�� � 3�.  R� $�$ 	 $43�.  % � $��F3�' �! % � � � � � � 1 �! :  /
	

� � � �
�
���kn � 
 � � �	� � � � ����� � / l } �

-  ( �
� � � � ��� ' � $43�.0' �F-91!3 �! I � $ � "$ � $��F3�' �! :�1!/21  :�1!/ � � � � � <
� $�� � & ����� �
 �-'8 � $ ��1 � ( 6�$4/21 �! / � �

� � � � ���
� � � � �	� � � � � 1 Q�� 3 N -PO1  � $�.0/21!3!%�' N -PO1  $2% �
.8$43 � ' � 1 � � $43  .01 � 1M:  / � � � "$ � (�1 Q�� 3 N -PO1  

� � n � � � � � �

.01 + I � $
	
� � � � � � �

�
�

� � � C�� � � �
�

�
� � ��� � � C � � � � � :�1!/21 � 
 � $ C 
 � � %�$4( :P/9$�I � $ ��� � � � � C � � �
$ � � � � � ��� � $2%4.0' 	 $4/9$4( 1!(�*  % � $��F3�' �! %

� / l26 �

� $�� � & ����� �
 �-'@ � $ ��1 � ( 6�$4/21 �! / � � � � � � ���
� � � � �	� � � � � 1 + ')3,6 � 1�6�$4( 6�$4/21 � 1 D � � � "$
	
D � � �

�
��C�n!C 
 � � � �	� C � � � ����� < � / l | �

:"?�WPHGB.CIQRHV<YC�pqNPW�DEGFCIHKJL?�B>A.CIW/<@;>DEGFCIH,?I<@B>?�W/JL;=JPCkh/HGA � ufCIHK;dWLcf[?I<�JL? � ��h/?�a=CG<�QR?I<@Q�CG<A.C�� FHG?I<'JLHV<"CINPBGrHGQ�CIB>HV< uPHGNk<@? 	>CLuPh/HGA E HGWLcV?�WP;@r?�W E ;=CLlv O/<@?�A>cGCIQRHV<'jVNP?!C�ad;dWP_GN/CI_G?�Q _G?�A.CGJPC �  � � h/?�adHY_G?�A.CGJLHGA�[? :P/9$�� K  � Q $2-9;�1 � 1 uP;=<@B>HX[?Vu
�	�

�

� � � � ���
� � � � �	� � �
D � � �

�
D � � �

� / ld{�� �
TUHGQ A>?�a=C/DEGFCIH!C"ad;dWP_GN/CI_G?�Q Q�CIA E CGJPC"JLH*_G?�A.CGJLHGA�uLCIW/CIadHG_VCIQR?�WLB>?'CIHV<�CINPBGrHGQ�CIB>HV< uVB>?�QRHV< n



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� /S/
� $�� � & ����� �
 �-.K �M1 �! R� ( 6�$4/21 �! / � � � � � � ���
� � � � �	� � � 1 + ')3,6 � 1�6�$4( (�1!/2-91 � 1 � $ ]�u
� $43  .01 � 1�:  / D � � � � � "$
	

D � � � �
�
��C�n!C 
 � � � �	� C � � � � 
 �	� � � � / ld{G{ �

��?�W/JLH�?I<><@?I< E HGW E ?�;dB>HV< u
hPA>? E ;=<>CIQRHV<*JL?4�/WP;dA!CRh/HV<@;>DEGFCIH�JLHV<�zL^U:*<*A>?�a=CIB>;dcGC,SCG<*h/CIa=C�cLA.CG<jVNP?�H�QR?I<@QRH�_G?�A.CLu�h/CIA.CR?�WLB>?�W/JL?�A>QRHV< E HGQRHYHV<*QR?I<@QRHV<fh/HLJL?�Q <@?�A*A>?�h/?I<@?�WLB.CGJLHV<*h/?�adHV<
_G?�A.CGJLHGA>?I< l
:"?I<>JL?*jVNP?"B>?�QRHV<UjVNP?"H E HGQRh/HGA>B.CIQR?�WLB>H!JL?"NPQ5zL^U:5[? E CIA.C E B>?�A>;��ICGJLH!h/?�a=C!H E HGA>AIr?�W E ;=CJL?�?�cV?�WLB>HV< u�;=<@B>H [?VuUNPQ�zL^U:5_G?�A.Ckh/CIa=C�cLA.CG<YJL? E HGQRhPA>;dQR?�WLB>H E A>?I< E ?�WLB>?Vu"SCkQR?IJL;=JPC�jVNP??�cVHGadNP;/?VuLJL?!C E HGA.JLH E HGQ�HYCIa poCIO/?�B>H�_G?�A.CGJLH�h/?�adHYzL^U:�uPh/HLJL?�QRHV<U?�W E HGWLB>A.CIA"<@?Ij��N�r?�W E ;=CG<fJL?<�[g QYO/HGadHV< uGHGNYh/CIa=C�cLA.CG<UjVNP?"W FCIH!A>?�hPA>?I<@?�WLB.CIQ <@?Ij��N�r?�W E ;=CG<fJL?'?�cV?�WLB>HV< �
<@; E CIQR?�WLB>?fh/HV<><�[g cV?�;=< lt
HG_GHPu/C�ad;dWP_GN/CI_G?�Q�_G?�A.CGJPC�h/?�adH�<@;=<@B>?�Q�Ck[?!NPQ <@NPO E HGW
	@NPWLB>H�hPA/[HGhPA>;dHYJL?�� ��lU:"?I<@B.C!pqHGA>Q�CLu?I<@B.C�ad;dWP_GN/CI_G?�Q _G?�A.CGJPC�;dW E adNP;ouLh/CIA.C E CGJPC�h/CIa=C�cLA.CLuPB>HLJLHV<"HV<"<@?�N/<'hPA>?4�5�LHV< lm ad;dWP_GN/CI_G?�Q :P/9$�� K  � Q $2-9;�1 � 1 A>?�hPA>?I<@?�WLB.CRH E HGQRh/HGA>B.CIQR?�WLB>HRaI[HG_G; E HkJL?YNPQ zL^U:�u�?�Q

jVNP?*W FCIHYH E HGA>A>?�Q5?�cV?�WLB>HV<f<@;dQYNPadBGrCIWP?�HV< l�:"?4�/WP;dQRHG\qa=C*pqHGA>Q�CIadQR?�WLB>?GuVJPCY<@?�_GNP;dWLB>?!Q�CIWP?�;dA.CLn
� $�� � & ����� �
 �- � H + ')3,6 � 1�6�$4( hPA>?4�5�LHG\=pq? E `/CGJPC I � $�/9$0:P/9$2%�$43�.01  -  ( :  /9.01!(�$43�.  S+!" 6!')-  
� $ � (�� L � "$ � $43  (�')3�1 � 1 � $ ad;dWP_GN/CI_G?�Q%_G?�A.CGJPC�JLHU<@;=<@B>?�Q�C��
?Vu

� $�� � & ����� �
 �- � HJ+ ')3,6 � 1�6�$4( I � $
/9$0:P/9$2%�$43�.01  -  3�� � 3�.  �� $&.01!/9$ Q 1�%
I � $ � ( � L � "$
-914:�1�T
� $M$2K!$2- � .01!/ � "$ � $43  (�')3�1 � 1 ad;dWP_GN/CI_G?�Q Q�CIA E CGJPC�JLHR<@;=<@B>?�Q�CLl
TUHGW/<@;=JL?�A.CIW/JLHRjVNP? � <@? 	>CYC�ad;dWP_GN/CI_G?�Q _G?�A.CGJPC�h/HGA"NPQ�<@;=<@B>?�Q�C!?MD � � <@N/C�ad;dWP_GN/CI_G?�Q

Q�CIA E CGJPCLuVB>?�QRHV< uLJL?!C E HGA.JLH E HGQ�?I<@B.CG<'JL?4�/WP;>DEGFHG?I< uLjVNP?!C�ad;dWP_GN/CI_G?�Q�Q�CIA E CGJPC�D � E HGWLBP[?�QCG<!h/CIa=C�cLA.CG<!_G?�A.CGJPCG<�h/?�adH,zL^U: jVNP?YB.CIQYO'[?�Q�_G?�A.C�B>HLJLHV<�HV<�<@?�N/<!hPA>?4�5�LHV< u�HGNX<@? 	>CLu�?I<@B>?
zL^U: hPA>HLJLN���CG<'h/CIa=C�cLA.CG< E HGWLB>;=JPCG<f?�Q D �*lU:"?I<@B.C�pqHGA>Q�CLuPC�ad;dWP_GN/CI_G?�Q Q�CIA E CGJPC�JLH�zL^U:W FCIHX[?�WP? E ?I<><>CIA>;=CIQR?�WLB>? :P/9$�� K  � Q $2-9;�1 � 1 l m <><@;dQkuVB>?�QRHV<'jVNP?

D � � D � � D
�
D �

t
HG_GHPu"[?!h/HV<><�[g cV?�a�A>?�hPA>?I<@?�WLB.CIA'NPQ�zL^U: JL?!ad;dWP_GN/CI_G?�Q5Q�CIA E CGJPC�D �%h/HGA"NPQ5CINPBGrHGQ�CIB>H H �B.CIa�jVNP?
D � � V	� �

�
D � �

MkCG< uLJL?I<>JL?*jVNP?"HV<'CINPBGrHGQ�CIB>HV<UW FCIH�BIr?�Q�C E CIh/C E ;=JPCGJL?*JL?"A>?�hPA>?I<@?�WLB.CIAfC!ad;dWP_GN/CI_G?�Q _G?�A.CGJPCh/?�adH�<@;=<@B>?�Q�CLuVA>?I<@B>A>;dWP_G;dQRHV<UC*pqNPW�DEGFCIHYJL?*B>A.CIW/<@;>DEGFCIHPu/JL?4�/WP;dW/JLHG\oC�CIh/?�W/CG<'h/CIA.C�CIad_GNPW/<fh/CIA>?I<
8$ 	 $43�.  ��$2%4.01 �! � JLH E HGW
	@NPWLB>H�� � ��l [^3CGjVNP;�jVNP?�?�W E HGWLB>A.CIQRHV<"CYh/HV<@;>DEGFCIHR?��LhPa@[g=E ;dB.C�jVNP?



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� / 1
pqHGA>Q�CIad;��IC�C�A>?�hPA>?I<@?�WLB.C/DEGFCIH,JLHV<RzL^U:*<�h/?�adHV<�_G?�A.CGJLHGA>?I< u'JL?I<>JL?�jVNP?RHV<�_G?�A.CGJLHGA>?I<�h/HLJL?�QA>?�hPA>?I<@?�WLB.CIA�CIQYO/CG<�CG<�ad;dWP_GN/CI_G?�W/<�CG<><@H E ;=CGJPCG<YCIHV<RzL^U:*< � W FCIHkh/HV<><�[g cV?�afWPHV<�CINPBGrHGQ�CIB>HV< �.u;=<@B>HK[?VuLNPQ5zL^U: E HGQ�ad;dWP_GN/CI_G?�Q�_G?�A.CGJPC � ?*ad;dWP_GN/CI_G?�Q Q�CIA E CGJPCMD �"uf[?*A>?�hPA>?I<@?�WLB.CGJLH�h/HGANPQ _G?�A.CGJLHGA�u/JL?!B.CIa
pqHGA>Q�C�jVNP?MD � � �

�
DX?MD � � � �

�
D �

v <'_G?�A.CGJLHGA>?I< u/h/HGA!<@N/CYhPA/[HGhPA>;=CRJL?4�/WP;>DEGFCIHPuPW FCIHRBIr?�Q5A>?I<@B>A>;>DEGFHG?I<!SCY<@N/CY?I<@B>A>NPB>NPA.CLl"t
HG_GHPuCG<*JL?4�/WP;>DEGFHG?I<*C�<@?�_GNP;dA�u�< FCIH�JL?�;dQRh/HGA>BGrCIW E ;=C�pqNPW/JPCIQR?�WLB.CIa�h/CIA.C�CRJL?4�/WP;>DEGFCIH�JL?�?I<@B>A>NPB>NPA.CLuJL?�cL;=JLH�SC�;dQRh/HV<@;>DEGFCIHYJPC�CIW"[CIad;=<@?�JPCG< E HGQRh/HGWP?�WLB>?I<fJL?!C E ?I<><@;dOP;dad;=JPCGJL?*?�JL? E HVC E ?I<><@;dOP;dad;=JPCGJL?JLHV<fQR?I<@QRHV< l
� $�� � & ����� �
 �- 
 H -  ( :  35$43�.8$S1!-4$2%9% "� 	 $ +
� $ � ( 6�$4/21 �! / � �

� � � � ���
� � � � �	� � � � $43  �
.01 � 1�:  / V�� � � � "$
	

V�� � � �
�

� � ��� � � ��� ��� � � � � � ����� � � �  3 � $
� ��� �

� ��n���C 
 � �� �	� C � � � � � � ���
� ����� � �

� ����� �	� �
� ��� �

� � � ��� � ��� � �

m jVNP;ou � ��� [?�CYpqNPW�DEGFCIH � A>?I<@B>A>;dB.C�CIHkJLHGQ,[g WP;dH���� � ��� � m <><@;dQku
NPQ _G?�A.CGJLHGA � [?RJL;dB>H
C E ?I<><�[g cV?�aouVW/C E HGW/JL;>DEGFCIH3[NPWP; E CYJL? � � V�� � � �.l
� $�� � & ����� �
 �-�� �M1 �! R� ( 6�$4/21 �! / � � � � � � ���
� � � � �	� � � $2%4.8$�%�$4/ "1 -  1!-4$2%9% "� 	 $ + %�$�$�% " 
%�$ �&.  �� 1�:�1 + 1 	 /21R$4( D � � � Q� / � ( :P/9$�� K  S� $ � (�1�:�1 + 1 	 /21R$4( D � � � � �F'�%4.  "$
	

D � � � � D � � � ��� � / ld{ / �
:"?I<@B.C%JL?4�/WP;>DEGFCIH cV?�QRHV<�jVNP?,?�Q�NPQ�_G?�A.CGJLHGA E HVC E ?I<><�[g cV?�aou*?��L;=<@B>?,h/?�adH%QR?�WPHV<RNPQ�C<@?Ij��N�r?�W E ;=C�JL?!?�cV?�WLB>HV<fjVNP?!ad?�cGCI\qHRC�NPQ ?I<@B.CGJLHYQ�CIA E CGJLHPlv <f_G?�A.CGJLHGA>?I<"jVNP?!< FCIHPu
CIHYQR?I<@QRH!B>?�QRh/HPuPC E ?I<><�[g cV?�;=<�? E HVC E ?I<><�[g cV?�;=< uL< FCIH�JL?�WPHGQR;dW/CGJLHV<C�	@N/<@B.CGJLHV<'HGN .0/4')( l

� �
	 � ��� � � � ��� � � � �

-'?IJL?UJL?fZ�?�B>A>; � -"Z	�"[?UNPQ�CUpq?�A>A.CIQR?�WLB.C�NPB>;dad;��ICGJPCfh/CIA.C'QRHLJL?�a=CIA�<@;=<@B>?�Q�CG<
JLHV<�Q�CI;=</cGCIA>;=CGJLHV<
B>;dh/HV< l5^U<@B.CG<�< FCIH%_GA.C�pqHV<�JL;dA>? E ;dHGW/CGJLHV<�OP;d\qh/CIA>B>;=JLHV<�?,h/HGW/JL?�A.CGJLHV< E HGQ�NPQ�CKQ�CIA E C/DEGFCIH;dWP; E ;=CIaou�HGN%?I<@B.CGJLH,;dWP; E ;=CIaol m E HGW/JL;>DEGFCIH,OP;d\qh/CIA>B>;=JLHKJL?4�/WP?�jVNP?�NPQ�C&-"Z B>?�Q JLHG;=<�B>;dh/HV<
JL?*W"[HV< u/jVNP?�< FCIHYJL?�WPHGQR;dW/CGJLHV<fadNP_VCIA>?I<f?*B>A.CIW/<@;>DEGFHG?I< l v <'CIA E HV<"< FCIHYJL;dA>? E ;dHGW/CGJLHV<'<@?�QRhPA>?*JL?NPQ adNP_VCIA*h/CIA.CYNPQ�C�B>A.CIW/<@;>DEGFCIHR?�JL?�NPQ�C�B>A.CIW/<@;>DEGFCIH�<@?�QRhPA>?!h/CIA.C�NPQ5adNP_VCIA�l"s"HYhPA>;dQR?�;dA>H



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� / 3

E CG<@HPu"JL?�WPHGQR;dW/CIQRHV<!adNP_VCIA�JL?�?�WLB>A.CGJPC,JPC,B>A.CIW/<@;>DEGFCIHK?VufB>A.CIW/<@;>DEGFCIHXJL?k<>CP[g JPCKJLHKadNP_VCIA�u'?cL; E ?�\qcV?�A.<>CLuVWPHR<@?�_GNPW/JLH E CG<@HPlm A>?�hPA>?I<@?�WLB.C/DEGFCIH�_GA/[C�� E C,JLHV<!adNP_VCIA>?I<�?�Q NPQ�C -"Z < FCIH E [g A E NPadHV< u�?�CG<�B>A.CIW/<@;>DEGFHG?I<�< FCIHO/CIA>A.CG<!HGN,A>?�BGrCIWP_GNPadHV< lRb"Q CIA E H E HGQ�h/?I<@H��kA>?�hPA>?I<@?�WLB.C��,CIA E HV<*h/CIA.CIad?�adHV<!ad;d_VCIW/JLH�JLHG;=<W"[HV< l m Q�CIA E C/DEGFCIHYJL?!NPQ�C)-"Z%CIB>A>;dOPNP;�C E CGJPC�adNP_VCIA�uPNPQ W*[NPQR?�A>HY;dWLB>?�;dA>H�W FCIHYWP?�_VCIB>;dcVH 3 uJL?�HGW/JL?R<@?YJL;��YjVNP?�H�adNP_VCIA E HGQ�Q�CIA E C/DEGFCIH 3 B>?�Q 3 � E `/CG< u�CG<!jVN/CI;=<!< FCIH�A>?�hPA>?I<@?�WLB.CGJPCG<h/HGA"h/?IjVNP?�WPHV< E [g A E NPadHV<fhPA>?�B>HV< lm Q�CIA E C/DEGFCIH [?YJL?I<@;d_GW/CGJPC�h/HGA!NPQ�cV?�B>HGA�� �

� [ 	 � [ � � [ � � � � � � [ � �'HGW/JL?��3[?YHRW*[NPQR?�A>HJL?!adNP_VCIA>?I<'JPC�A>?IJL?VuL?M[���HYW*[NPQR?�A>HYJL? � E `/CG<'WPH�adNP_VCIA ' lm < -"ZKh/HLJL?�Q5<@?�A'JL? E CIh/C E ;=JPCGJL?*;dW��/WP;dB.C � E CGJPC�adNP_VCIAfh/HLJL? E HGWLB>?�AfNPQ�W*[NPQR?�A>H�;dad;dQR;d\B.CGJLHRJL? � E `/CG< �UHGNkJL? E CIh/C E ;=JPCGJL? �/WP;dB.C � W*[NPQR?�A>HRJL? � E `/CG<fad;dQR;dB.CGJLH!h/CIA.C E CGJPC�adNP_VCIA �.l^U<@B.CG<�A>?IJL?I<RCGjVNP;!B>A.CIB.CGJPCG< u�< FCIH B.CIQYO'[?�Q JL?4�/WP;=JPCG<�h/HGA -"Z5t
NP_VCIA�����A.CIW/<@;>DEGFCIH � -"Zt
����A �.l
m < -"Z < FCIHRJL?4�/WP;=JPCG<'Q�CIB>?�Q�CIB>; E CIQY? WLB>? E HGQRHPn

� $�� � & ����� �
 �  � � (�1S/9$ � $ � $�� $9.0/4' "$ � (�1�%�$2K�. � : + 1
�	�

�

� � ��
 � V ��� �� � � � �

 3 � $
	
� �

�
�9@ 	 � @ � � � � � @ � � "$ � ( -  3�� � 3�.  �F3�'�.  R� $ +�� 6!1!/9$2% �

� 

�
��Z 	 � Z � � � � � � Z � � "$ � ( -  3�� � 3�.  �F3�'�.  R� $�.0/21!3!%�' N -PO $2% �

� V � � � � 
 � � ��
 ��� � "$ � ( -  3�� � 3�.  � $�1!/2-  % �

� � n����  � ��� � "$M1 Q�� 3 N -PO1  R� $M-914:�1!-�' � 1 � $ �

�  n V �  � "$M1 Q�� 3 N -PO1  R� $
:  3 � $4/21 N -PO1  ��

� � �*n����  "$
1 Q�� 3 N -PO1  �� $
(�1!/2-91 N -PO1  ')3�')-�')1 + � I � $F%�1,.0'�% Q 1�T � @ 
 � n�� � � @���� � � @�� �
:"?�WPHGQR;dW/CIQRHV<U?I<@B>A>NPB>NPA.CYJL?'-"Z�u/NPQ�C�A>?IJL?�<@?�Q5Q�CIA E C/DEGFCIH�;dWP; E ;=CIa�?�JL?�WPHGB.CIQRHG\qa=C�h/HGA

=����
�

� � ��
 � V ��� �� � �

� $�� � & ����� �
 �   H 	 1!/4')1 N -PO1  �� 1�(�1!/2-91 N -PO1  �� 1�/9$ � $ � $�� $9.0/4'P%�$X6 � $�1�% %�$X6 � ')3�.8$2%M/9$X6!/21�% � $
� '�%8:�1!/  �� 1�%�.0/21!3!%�' N -PO $2% 	
� < � (�1�.0/21!3!%�' N -PO1  Z "$ � '�.01S$2%4.01!/
;�1!*�' + '�.01 � 1 �:P/  3�.01 :�1!/21 � '�%8:�1!/21!/ ��$4( � (�1�(�1!/2-91 N -PO1  
� %�$�$ % " %�$

� @ 
 � I � $ "$�$43�.0/21 � 1 � $ Z'n  � @ � Z ����� � @��
� @ 
 � I � $ "$ %�1 "� � 1 � $ Zfn�� � @���� � � @����  � Z � @�� �



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� / 5
� < � (�1S.0/21!3!%�' N -PO1  ;�1!*�' + '�.01 � 1M:  �� $  !� 3FO1  R� '�%8:�1!/21!/ �

� < � � '�%8:�1!/  S� $ � (�1 .0/21!3!%�' N -PO1  Z 
 
 �F;�1!*�' + '�.01 � 1�3�1 (�1!/2-91 N -PO1  � � "$�')3!%4.01!3�.!U1!35$21$
/9$2% �!+ .01 $4( � (�1S3  	 1R(�1!/2-91 N -PO1  ��� � 1S/9$ � $ � 1 � 1�:5$ + 1 $2I � 1 N -PO1  	

� � � @��
�
� � @�� �  � @ � Z � �  � Z � @�� � � @ 
 � � � / ld{�1 �

� < H  -  /4/5U$43�-�')1 �! �� '�%8:�1!/  �� $ Z �&I � $ (  �� ' �F-91�1�(�1!/2-91 N -PO1  � � 1�/9$ � $ :�1!/21 � (�1�3  	 1
(�1!/2-91 N -PO1  ��� � "$ � $43  .01 � 1 :  / � � Z�� ��� �  !� ��� � � � Z � � � ��-  (  1!3�1 +� 6!')1��1
Q�� 3 N -PO1  � $F:P/ " K,')(  $2%4.01 �! R�! %M1 � .!U (�1,.  %�<

:*CIQRHV<"CIO/CI;��LHRNPQ5?��L?�QRhPadH�JL?�NPQ�C'-"Z E HGQ5Q�CIA E C/DEGFCIHY;dWP; E ;=CIa � �
�

� / � � � � �.u/?�<@N/C
WPHIcGC�Q�CIA E C/DEGFCIHPu/CIh"[HV<'HRJL;=<@h/CIA>HRJPC�B>A.CIW/<@;>DEGFCIH . n

p1

p2

p3

t

2

(a)

p1

p2

p3

t

2

(b)

e�;d_GNPA.C / l 3Pnf^ �L?�QRhPadH�JL?!NPQ�C)-'?IJL?�JL?�Z�?�B>A>;�CIWLB>?I<'?�CIh"[HV<'HRJL;=<@h/CIA>HRJL?�<@N/C�B>A.CIW/<@;>DEGFCIH
v O/<@?�A>cGCIQRHV<"jVNP?�CIh"[HV<"H�JL;=<@h/CIA>H�JL? . u�C�WPHIcGCYQ�CIA E C/DEGFCIH [? � 	

�

� { � / � { �'?Vu
jVNP?�?I<@B.C
Q�CIA E C/DEGFCIH�?I<@B/[CYJL?�C E HGA.JLH E HGQ5C�A>?�_GA.C*1YJL?�JL;=<@h/CIA>HRJPCG<'B>A.CIW/<@;>DEGFHG?I< lv hPA>H E ?I<><@HkJL?�?��L? E N�DEGFCIH�JL?RJL;=<@h/CIA>HV<!JL?YB>A.CIW/<@;>DEGFHG?I<*?�Q�NPQ�C�-"Z3h/HLJL?�<@?�A E HGWLBI[g WLNPHPuJL?I<>JL?�jVNP?*`/C�	>CLu/h/?�adH�QR?�WPHV<UNPQ�C�B>A.CIW/<@;>DEGFCIHY`/CIOP;dad;dB.CGJPC�?�Q E CGJPC�Q�CIA E C/DEGFCIHYCIB>;dWP_G;=JPCLl
� $�� � & ����� �
 �  � � $ ��1 � � =���� � � � � �  -  3�� � 3�.  � $S(�1!/2-91 N -PO $2%R1 + -91!3 N - "1 	 $4'�% � $ � (�1 /9$ � $
� $�� $9.0/4'&1�:�1!/9.0')/ � $ � � �&.01 + I � $
	

� � 
 � � =���� � � ��� $ �

� %�$ � 	 
 � � =���� � � ��� "$
:�1!/21 � (�1 � 1 � 1�.0/21!3!%�' N -PO1  Z 
 
 � � 	�� Z�� � � � $43�.,O1  

� � 
 � � =���� � � ��� �

^U<@B.C�JL?4�/WP;>DEGFCIH�WPHV<f;dW/JL; E C�jVNP?*B>HLJPC�Q�CIA E C/DEGFCIH�CIa E CIW�DE CGJPCYC�h/CIA>B>;dA'JLHYJL;=<@h/CIA>HRJL?*NPQ�CB>A.CIW/<@;>DEGFCIH . uPB.CIQYO'[?�Q�h/?�A>B>?�W E ?!CIH E HGW
	@NPWLB>HRJL?!Q�CIA E C/DEGFHG?I<fCIa E CIW�DE [CIcV?�;=<fJPC�-"Z�l



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� / 7
� N/CIW/JLH'poC���?�QRHV<
NPQ�Cf<@?Ij��N�r?�W E ;=C"JL?fJL;=<@h/CIA>HV<�JL?UB>A.CIW/<@;>DEGFHG?I< uI?�W E HGWLB>A.CIQRHV<
NPQ�Cf<@?Ij��N�r?�WP\

E ;=C�JL?!Q�CIA E C/DEGFHG?I<fh/HV<><�[g cV?�;=< uPHRjVNP?!B>HGA>W/C�h/HV<><�[g cV?�a�Q�CIh/?ICIA'B>HLJPCG<*CG<'Q�CIA E C/DEGFHG?I<fh/HV<><�[g cV?�;=< uHYjVN/CIa![?�JL?�WPHGQR;dW/CGJLHYJL?!_GA.C�pqHRJL?�CIa E CIW�DE CIOP;dad;=JPCGJL?Vl0U?�QRHV< uU?�WLB FCIHKjVNP?�?I<@B.Ckpq?�A>A.CIQR?�WLB.CkC�	@N/JPC,W/C,cL;=<@N/CIad;��IC/DEGFCIHKJL?k<@;=<@B>?�Q�CG<�QRHLJL?�a=CGJLHV<CIa�[?�Q�JL?�poC E ;dad;dB.CIA"W/C E HGQRhPA>?�?�W/< FCIHRJL?Y<@?�N E HGQRh/HGA>B.CIQR?�WLB>HRJL;dW�rCIQR; E HPl ��CIQYO'[?�QkuLh/HGA�<@?�ANPQ�C�pq?�A>A.CIQR?�WLB.CYQ�CIB>?�Q3[CIB>; E CLu/h/HLJL?�QRHV<*N/<>CIA�?IjVN/C/DEGFHG?I<!JL?Y?I<@B.CGJLHPu�?IjVN/C/DEGFHG?I<�CIad_�[?�OPA>; E CG< uHGN�QR?I<@QRH�JL?!ad;dWP_GN/CI_G?�W/<fpqHGA>Q�CI;=<UHGN�aI[HG_G; E C�B>?�QRh/HGA.CIaouLh/CIA.CRJL?I< E A>?�cV?�AUH E HGQRh/HGA>B.CIQR?�WLB>HJL;dW�rCIQR; E H�JLHR<@;=<@B>?�Q�CLls"HkhPA/[H,�L;dQRH�B/[HGhP; E HPufB>A.CIB.CIQRHV<�JPCG<YA>?IJL?I<�JL?�Z�?�B>A>; E HGQ ePNPW�DEGFHG?I<�JL? �*CIOP;dad;dB.C/DEGFCIH,JL?
��A.CIW/<@;>DEGFHG?I< uLJL?I<>JL?*jVNP?'NPB>;dad;��ICIQRHV<�?I<@B.CG<Uh/CIA.C�C*QRHLJL?�a=CI_G?�Q JLH�<@NPh/?�A>cL;=<@HGAUWP?I<@B>?"B>A.CIO/CIad`PHPl
� ��� � ��� � � � � � � � � � � � � 
 � � ����	 � � ��� 	 � �����4� 	����	 � � �

�#� 	 � � � ����� � �
b"Q�C�JPCG<"pqHGA>Q�CG<*JL? E HGWLB>A>HGa=CIA!NPQ�C�-"Z�u*[?�h/HGW/JLH�A>?I<@B>A>;>DEGFHG?I<�SCG<*`/CIOP;dad;dB.C/DEGFHG?I<"JL?RCIad_GNPQ�CG<B>A.CIW/<@;>DEGFHG?I<�WP?�a=CLuU;=<@B>H [?VufNPQ�C�JL?�B>?�A>QR;dW/CGJPC�B>A.CIW/<@;>DEGFCIHK<P[H,?I<@B.CIA/[Ck`/CIOP;dad;dB.CGJPCLuf<@?�B>HLJLHV<YHV<h/CIAGrCIQR?�B>A>HV<!JL?YNPQ�C�pqNPW�DEGFCIH�;dQRh/HV<@B.C�C�?�a=CLu�<>CIB>;=<opoC/DE CIQ�C E HGW/JL;>DEGFCIH�cV?�A.JPCGJL?�;dA>HPu�HGNK<@? 	>CLuH�cGCIadHGA�{ � NPQ �.lk:"?I<><>CkQ�CIWP?�;dA.CLu�?�QYO/HGA.CRW/CG< E HGW/JL;>DEGFHG?I<!WPHGA>Q�CI;=< u�;=<@B>H [?Vu�NPQ adNP_VCIAYJL?
?�WLB>A.CGJPC�JPC�B>A.CIW/<@;>DEGFCIHYB>?�WP`/C�H�W*[NPQR?�A>HY<@N�� E ;d?�WLB>?*JL? � E `/CG<f?��L;d_G;=JLH�h/?�adH�CIA E HRjVNP?*HV<'ad;d_VCLu?�a=C!W FCIHR?I<@B.CIA/[C�`/CIOP;dad;dB.CGJPCY<@?!?I<@B>?!W*[NPQR?�A>H�W FCIHR<>CIB>;=<0�5��?�A"C�pqNPW�DEGFCIHYJL?�`/CIOP;dad;dB.C/DEGFCIHPl
� $�� � & ����� �
 �  .8 � (�1 /9$ � $ � $ � $9.0/4'F-  ( � � 3 N -PO1  �� $���1!*�' + '�.01 N -PO1  �� $ � /21!3!%�' N -PO1  � "$ � (�1
I �&"�)3�. � : + 1

�	����� 

�

� =���� ��� � > � � � �
	 �

$4( I � $

� =����
�

� � ��
 � V �� � "$ � (�1R$2%4.0/ � . � /21 � $���� �

� � n����  � ��� � "$M1 Q�� 3 N -PO1  R� $M-914:�1!-�' � 1 � $ �

� >�n 
 � � � "$M1 Q�� 3 N -PO1  I � $�$9.0')I � $9.01 1�%�.0/21!3!%�' N -PO $2%��  3 � $ � "$ � ( 1 + Q 1!*4$9.  ��

� � � "$M1S(�1!/2-91 N -PO1  ')3�')-�')1 + � -  (  S� $��F3�' �! :�1!/21�1�%����&% �

� 	 � �� 	 � � � � �  � ��n�� � =���� � � ��� � ��� � { � "$�1 Q�� 3 N -PO1  R� $ ;�1!*�' + '�.01 N -PO1  � 1�%�.0/21!3!%�' N -PO $2%��
I � $�(�14:5$4')1  -  3�� � 3�.  R� $M(�1!/2-91 N -PO $2%M1 + -91!3 N - "1 	 $4'�%S$4(��  !� � �

zVN/C�A>?�_GA.C�JL?�JL;=<@h/CIA>H [?�JL?4�/WP;=JPC�CG<><@;dQkn



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� / }
� $�� � & ����� �
 �  .@ � $2%4.01 �! �  !� (�1!/2-91 N -PO1  � � $ � (�1 ��� � � � 	 1!/4')1 � $�1!-  / �! -  ( 1S%�$��
6 � ')3�.8$M/9$X6!/21 � $ � '�%8:�1!/  �� 1�%�.0/21!3!%�' N -PO $2% 	
� < � (�1S.0/21!3!%�' N -PO1  Z � "$ � '�.01�;�1!*�' + '�.01 � 1 �:�1!/21 � '�%8:�1!/21!/ ��$4( � %�$M$ % " %�$

� @ 
 � I � $ "$�$43�.0/21 � 1 � $ Z � n  � @ � Z � ��� � � @�� �
� @ 
 � I � $ "$ %�1 "� � 1 � $ Z � n�� � @���� � � @����  � @ � Z � � �
 � � {��

� < � (�1S.0/21!3!%�' N -PO1  ;�1!*�' + '�.01 � 1M:  �� $  !� 3FO1  R� '�%8:�1!/21!/ �

� < � � '�%8:�1!/  S� $ � (�1R.0/21!3!%�' N -PO1  Z � 
 
 �&;�1!*�' + '�.01 � 1 3�1 (�1!/2-91 N -PO1  � � "$�')3!%4.01!3�.!U1!35$21 $
/9$2% �!+ .01 $4( � (�1S3  	 1R(�1!/2-91 N -PO1  ��� � 1 � 1�:5$ + 1 $2I � 1 N -PO1  	

� � � @��
�
� � @�� �  � @ � Z � � �  � Z � � @�� � � @ 
 � � � / ld{43 �

� < H  -  /4/5U$43�-�')1 �! M� '�%8:�1!/  � $ Z � � I � $ (  �� ' �F-91M1M(�1!/2-91 N -PO1  � � 1M/9$ � $ :�1!/21 � (�1�3  	 1
(�1!/2-91 N -PO1  ��� � "$ � $43  .01 �! :  / � � Z � ��� �  !� 8$4( 1!3�1 +� 6!')1 �1 Q�� 3 N -PO1  � $ :P/ " K,')(  
$2%4.01 �! � �! %M1 � .!U (�1,.  % � ��� � � � Z � � � � �

m < -"ZUe�� �'<
BIr?�Q NPQ�C�pqNPW�DEGFCIH*CIW"[CIadHG_VC�SCG<�A>?IJL?I<�JL?fZ�?�B>A>;PTUHGWPB>A>HGa=CGJPCG< � -"ZfTUB>a � � �*A>H%6V}��ouh/HG;=<�?�ad;dQR;dW/CIQ3H E A>?I< E ;dQR?�WPB>H'HGN�QRHVJL;�� E C/DEGFCIH*JPC"A>?IJL?VuG?�Q jVNP?'B>?�WLB.CIQRHV<
?�cL;dB.CIA�OPadHLjVNP?�;dHV< uHGN�jVN/CIW/JLH�JL?I<@? 	>CIQRHV<UjVNP?!C!QR?I<@Q�C"<@;d_VC!NPQ�C!JPCGJPC�<@?Ij��N�r?�W E ;=C�JL?*JL;=<@h/CIA>HV<'JL?"B>A.CIW/<@;>DEGFHG?I< lzVN/C�JL; pq?�A>?�W�DE CRO"[CG<@; E C�?�W E HGWLB>A.CI\o<@?RW/C�pqHGA>Q�C�JL? E HGWLB>A>HGad?Vu�HGN <@? 	>CLu�?�W/jVN/CIWLB>HkCG<'-"ZfTUB>a=<NPB>;dad;��ICIQR\o<@?�JL?kadNP_VCIA>?I<RJL? E HGWLB>A>HGad?kh/CIA.C,?I<@B>? �/QkufHGW/JL?kB>?�QRHV<YCG<�� E `/CG<YWP?I<@B>?I< u'h/CIA.C
E HGWLB>A>HGa=CIA�<@N/CX?�cVHGadN�DEGFCIHPu"CG< -"ZUe�� �'<RN/<>CIQ pqNPW�DEGFHG?I<RJL?4�/WP;=JPCG<R?�Q�<@N/CG<RB>A.CIW/<@;>DEGFHG?I< u!CG<jVN/CI;=< E A>;=CIQ E HGW/JL;>DEGFHG?I<U?I<@h/? E [g � E CG< uPJL?!C E HGA.JLH E HGQ CG< � E `/CG<f?�Q�JL?�B>?�A>QR;dW/CGJLHV<�adNP_VCIA>?I<'JPCA>?IJL?Vu
h/CIA.C�<@N/CR?��L? E N�DEGFCIHPlY^�Q�HGNPB>A>HV<!B>?�A>QRHV< u
hPA>HLJLN���?�Q H�QR?I<@QRHY? pq?�;dB>HRh/HGA!Q�CIWP?�;dA.CG<
JL; pq?�A>?�WLB>?I< l�:";=<@B>HYA>?I<@NPadB.C�?�Q NPQ�C!A>?�a=C/DEGFCIHRJL?!?IjVNP;dcGCIa@r?�W E ;=C!?�Q jVNP?VuP?�W/jVN/CIWLB>HYCG<�-"ZfTUB>a=<BIr?�Q�NPQ�C�JL?I< E A>;>DEGFCIH�Q�CI;=<fCIad_�[?�OPA>; E CLuPCG<�-"ZUe�� �'<'< FCIHYQ�CI;=<UaI[HG_G; E CG< uPHYjVNP?�<@? E HGadH E C E HGQRH
E HGW/JL;>DEGFCIHYJL?!QR?�ad`PHGA'CIadB>?�A>W/CIB>;dcGC�h/CIA.C�HV<'WPHV<><@HV<"hPA>HGh"[HV<@;dB>HV< lb"Q�?��L?�QRhPadHkJL?�-"ZUe�� ��?I<@B/[CkQRHV<@B>A.CGJLHKW/C��/_GNPA.C / l25Lu'HGW/JL?�W/C,B>A.CIW/<@;>DEGFCIH . u'?I<@B/[CJL?4�/WP;=JPC�C!pqNPW�DEGFCIHRJL?!`/CIOP;dad;dB.C/DEGFCIHRJPCGJPC�h/HGA


�

� � � @ 	 ��� / � � � @ ����� � � � � @ � �
�
��� �

s"?I<@B>?k?��L?�QRhPadHPufcV?�QRHV<RjVNP?kh/?�a=CKpqNPW�DEGFCIH JL?,`/CIOP;dad;dB.C/DEGFCIH �u*WPH E CG<@H%JPC�/_GNPA.C / l25
� B�� � CRB>A.CIW/<@;>DEGFCIH . ?I<@B/[CR`/CIOP;dad;dB.CGJPCYh/HLJL?�W/JLHkJL;=<@h/CIA.CIA�u�cL;=<@B>HRB>HLJLHV<*HV<*h/CIAGrCIQR?�B>A>HV<*<@?�A>?�QcV?�A.JPCGJL?�;dA>HV< uLB>HGA>W/CIW/JLH�C�pqNPW�DEGFCIH  � {Gl m h"[HV<'HRJL;=<@h/CIA>HPu��/_GNPA.C / l25 � W �.uPHV<"JLHG;=<'hPA>;dQR?�;dA>Hh/CIAGrCIQR?�B>A>HV<!JPCRpqNPW�DEGFCIHk< FCIHkcV?�A.JPCGJL?�;dA>HV< u E HGWLB>N/JLH�H�B>?�A E ?�;dA>H � � @ � ���

�
�Lu�HkjVNP?YB>HGA>W/CkC

pqNPW�DEGFCIH  � �Lu/JL?I<>CIOP;dad;dB.CIW/JLHYC�B>A.CIW/<@;>DEGFCIH . l



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� / 6

(a) (b)

p1

p2

t p3

p1

p2

t p3

φ φ

e�;d_GNPA.C / l25Lnf^ �L?�QRhPadH�JL?!NPQ�C'-"ZUe�� �
� ��� 	 ��� � � 	 ����� � � � � ��� � � � � � � � � �

m ad;dWP_GN/CI_G?�Q5_G?�A.CGJPC�h/HGA"NPQ�C!A>?IJL?�JL?�Z�?�B>A>;*[?�A>?�a=CIB>;dcGC�CIHRJL;=<@h/CIA>HRJL?!B>A.CIW/<@;>DEGFHG?I<'jVNP?�< FCIH?�B>;=jVNP?�B.CGJPCG< E HGQ�<�[g QYO/HGadHV<'JL?�NPQ�JPCGJLH�CIa poCIO/?�B>HPl m ?�B>;=jVNP?�B.C/DEGFCIHYJPCG<"B>A.CIW/<@;>DEGFHG?I<*JPCYA>?IJL?
E HGQ�HV<'<�[g QYO/HGadHV<fJLHRCIa poCIO/?�B>HX[?*pq?�;dB.C�CIB>A.C�cf[?I<'JPC!pqNPW�DEGFCIHYJL?!?�B>;=jVNP?�B.CI_G?�Q ; JL?4�/WP;=JPC E HGQRH

A�n 
 � ���

:"?I<@B.C*pqHGA>Q�CLuVNPQ�C*A>?IJL?*JL?*Z�?�B>A>;
jVNP?"B>?�WP`/C!?I<@B.C E CIA.C E B>?�AI[g <@B>; E Ck[? E `/CIQ�CGJPC!JL?"A>?IJL?*JL?Z�?�B>A>;V^�B>;=jVNP?�B.CGJPC � Z�?�B 6L{ O�� � �VCIW�6V}��ol m <�<@?�_GNP;dWLB>?I<�JL?4�/WP;>DEGFHG?I<�CIhPA>?I<@?�WLB.CGJPCG< uV< FCIH"WP? E ?I<><P[CIA>;=CG<h/CIA.C�h/HLJL?�A>QRHV<'JL?4�/WP;dAfpqHGA>Q�CIadQR?�WLB>?'NPQ�C!ad;dWP_GN/CI_G?�Q5JL?)-"Z'n
� $�� � & ����� �
 �  �K � $ ��1 
 � ( -  3�� � 3�.  �F3�'�.  �� $�.0/21!3!%�' N -PO $2% � $ � (�1 ��� < ��$43  .01 �X%�$�:  /

 �  -  3�� � 3�.  J� $ .  �� 1�% 1�% %�$2I��� U$43�-�')1�% �F3�'�.01�% � $ .0/21!3!%�' N -PO $2% � '�%8:�1!/ "1 	 $4'�%��S')3�- +�� ')3 �! 1
%�$2I��� U$43�-�')1 	 1�T�')1 
 � �
%  *�/9$ 
 $�:  / 
 �  -  3�� � 3�.  �� $�.  �� 1�%�1�%�%�$2I��� U$43�-�')1�%R')3 �F3�'�.01�% � $
.0/21!3!%�' N -PO $2% � '�%8:�1!/ "1 	 $4'�%�<

� $�� � & ����� �
 �  � � (�1�%�$2I��� U$43�-�')1 � $S.0/21!3!%�' N -PO $2%�� 
 
 � "$ -9;�1!(�1 � 1 � (�1 %�$2I��� U$43�-�')1 � $
� '�%8:�1!/  %F:�1!/21 � (�1R/9$ � $ � $�� $9.0/4' �F%�$�1�%�$2I��� U$43�-�')1 � $ � '�%8:�1!/  % � $M.0/21!3!%�' N -PO $2% "$ :5$4/4(�'�.0' � 1
:5$ + 1S/9$X6!/21 � $ � '�%8:�1!/  % � 1�%�.0/21!3!%�' N -PO $2%�3�1R/9$ � $ � $�� $9.0/4' �	� $ � (�1�%�$2I��� U$43�-�')1 ')3 �F3�'�.01 � $
.0/21!3!%�' N -PO $2%�� 
 
 � "$ � (�1M%�$2I��� U$43�-�')1R')3 �F3�'�.01 � $ � '�%8:�1!/  % � $ .0/21!3!%�' N -PO $2%�� %�$ .  ��! :P/9$�� K  "$
� (�1�%�$2I��� U$43�-�')1 � $ � '�%8:�1!/  %�<

� $�� � & ����� �
 �  � � -  3�� � 3�.  S� $
.  �� 1�% 1�%
%�$2I��� U$43�-�')1�%�F3�'�.01�% � $ � '�%8:�1!/  % � 1�/9$ � $ � $�� $9.0/4'
�	� "$ � $43  .01 �! :  / � � �	� � $  -  3�� � 3�.  � $�.  �� 1�%�1�%�%�$2I��� U$43�-�')1�%R')3 �F3�'�.01�% � $ � '�%8:�1!/  %
� 1S/9$ � $ � $�� $9.0/4' �	� "$ � $43  .01 �! :  / �

�
� �	� � l

:"?I<><>C�pqHGA>Q�CLu E HGWP`P? E ?�W/JLHG\o<@?�?I<@B.CG<*JL?4�/WP;>DEGFHG?I< uPpqHGA>Q�CIad;��ICIQRHV<fNPQ�C�ad;dWP_GN/CI_G?�Q�JL?�-"Z�uJLHY<@?�_GNP;dWLB>?!QRHLJLHPn



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� / |
� $�� � & ����� �
 �  
 D � �	� � "$ � (�1 + ')3,6 � 1�6�$4( � $ � (�1S/9$ � $ � $�� $9.0/4' %�$

D � �	� ��� �,A � � � � � 
 � � �	� � �

$ D
�
� �	� � "$ � (�1 + ')3,6 � 1�6�$4( ')3 �F3�'�.01 � $�/9$ � $ � $�� $9.0/4' � 6�$4/21 � 1 � 1S/9$ � $ � $�� $9.0/4' �	� �&%�$

D
�
� �	� ��� �,A � � � � � 
 �

�
� �	� � � �

 3 � $ A � � � "$ 1 Q�� 3 N -PO1  �� $ $9.0')I � $9.01�6�$4( � 1�%F%�$2I��� U$43�-�')1�% � $F.0/21!3!%�' N -PO $2% I � $
.0/21!3!% Q� /4(�1!( �83�1�%
$4( � (�1 + ')3,6 � 1�6�$4(�<

TUHGQRhPad?�QR?�WVB.CIQYHG\qa=CG< E HGQ5CYJL?4�/WP;>DEGFCIHYJL? � ')3,6 � 1�6�$4( � $X6 �!+ 1!/ � $ � $ � $ � $�� $9.0/4' l
� $�� � & ����� �
 �  � � ')3,6 � 1�6�$4( /9$X6 �!+ 1!/ � $ /9$ � $ � $ � $9.0/4' D�� � � �

�
� �	� ��� D

�
� �	� � "$ � (�1

+ ')3,6 � 1�6�$4( ')3 �F3�'�.01S/9$X6 �!+ 1!/ � $ /9$ � $ � $�� $9.0/4' I � $ % � : O $ 1�-  3 � ' N -PO1  S� $ /9$X6 �!+ 1!/4' � 1 � $
	F%�$4( �
:P/9$�I � $ � (�1S.0/21!3!%�' N -PO1  Z "$M')3 �F3�'�.01!(�$43�.8$M;�1!*�' + '�.01 � 1 � $43�.,O1  1S.0/21!3!%�' N -PO1  Z $ 	 $43�. � 1 + (�$43�.8$
� '�%8:�1!/21!/ "1�<

m JL?4�/WP;>DEGFCIH / l / |K[?!C�jVNP?"WPHV<f_VCIA.CIWLB>?!NPQ�C E HGWP?�� FCIH�?�WLB>A>?!CG<UA>?IJL?I<fJL?!Z�?�B>A>;/?!C E a=CG<><@?JL?!aI[HG_G; E C�B>?�QRh/HGA.CIa�JL?�WPHGQR;dW/CGJPC�t�Z&�'t�u/?I<@B>N/JPCGJPC�h/HGA*b E `P;d`P;dA.C!? �"HGWP;=JL?�W � b �*|S���ol
TUHGQRH"?��L?�QRhPadHPu�<@? 	>C*C�-"Z�W/C
�/_GNPA.C / l27Ll m <�B>A.CIW/<@;>DEGFHG?I<�?I<@B FCIH*?�B>;=jVNP?�B.CGJPCG<�h/HGAFA � Z 	 � �

� ?�A � Z � �
�

� lUt
HG_GHPu E HGQRH�h/HLJL?�QRHV<fcV?�A�uPCY<@?Ij��N�r?�W E ;=C�JL?�JL;=<@h/CIA>HV<"JPCG<'B>A.CIW/<@;>DEGFHG?I<R[?
��� Z 	8Z �8Z 	2Z ��� � �

jVNP?!CIB>A.C�cf[?I<"JPC!pqNPW�DEGFCIHRJL?!?�B>;=jVNP?�B.CI_G?�Q A � � �.uPB>A.CIW/<opqHGA>Q�CI\oC�W/C�ad;dWP_GN/CI_G?�Q
A � � � � �
�
�
� � � �

jVNP?*h/HLJL?�QRHV<"CIOPA>?�cL;=CIA'h/HGA ��
� ��� u/jVNP?k[?�C�ad;dWP_GN/CI_G?�Q _G?�A.CGJPCYh/?�a=C'-"Z�l
� ����� � � � � ��� � � 	����� � � � � � 	�� �

m pqHGA>Q�CIad;=<@QRH*CIhPA>?I<@?�WLB.CGJLH�WP?I<@B>? E CIh�[g B>NPadHPuU[?*WP? E ?I<><P[CIA>;dHRSC E HGQRhPA>?�?�W/< FCIH�JLH�?I<@B>N/JLH�JL?I<@?�WP\cVHGadcL;=JLHPuVHYjVN/CIa�<@?*A>? pq?�A>?�SC�CIO/HGA.JPCI_G?�Q�JPC�<�[g WLB>?I<@?*JL?!<@NPh/?�A>cL;=<@HGA>?I<'JL?�zL^U:*< uPW/C�B>?�HGA>;=C�JL?
E HGWLB>A>HGad?!<@NPh/?�A>cL;=<P[HGA>;dH � �"T'z��.u/jVNP?!B>A.CIB.CIA>?�QRHV<fWPH�hPA/[H,�L;dQRH E CIh�[g B>NPadHPl:"?�WLB>A>H�JPCG<fJL?4�/WP;>DEGFHG?I<UJPCGJPCG< u/CIW/CIad;=<>CIQRHV<�OPA>?�cV?�QR?�WLB>?UHV<f<@;=<@B>?�Q�CG< uG?"B.CIQYO'[?�Q ?I<@B>N/JPCI\QRHV<fCIad_GNPQ�CG<UA>?IJL?I<'JL?�Z�?�B>A>;olUTUHGW/<@;=JL?�A.CIQRHV<fJL?�CIadB.C�A>?�ad?�c�rCIW E ;=C�C E HGQRhPA>?�?�W/< FCIH�`P;=<@B/[HGA>; E CJPC�?�cVHGadN�DEGFCIHYJLHV<"<@;=<@B>?�Q�CG<U?!<@N/CG<'pqHGA>Q�CG<fJL?!QRHLJL?�a=CI_G?�QkuVh/CIA.C�?�WLB>?�W/JL?�A>QRHV<�H�h/HGA.jVN�r?�JPC;dWLB>A>HLJLN�DEGFCIH!JPCG<�A>?IJL?I<�JL?'Z�?�B>A>;VWPH E HGWLB>?��LB>H*JPC �"T'z/uVJL?I<>JL?'jVNP?'CG<�QR?I<@Q�CG</B>?�Q <@?fB>HGA>W/CGJLHNPQ h/CIA.CGJL;d_GQ�C�QYNP;dB>H�C E ?�;dB>H�W/C�QRHLJL?�a=CI_G?�Q JLHV<*zL^U:*< u/h/CIA.CYC�<�[g WLB>?I<@?�JLHY<@NPh/?�A>cL;=<@HGA�l



� ��� �� 	�������� � � �
� � ��� 	��$��� ��$��� � �$� 1S�

α

β

p1 p2

t1

t2

e�;d_GNPA.C / l27LnU^ �L?�QRhPadH�JL?!NPQ�C!A>?IJL?�JL?�Z�?�B>A>;�jVNP?!_G?�A.CYC�ad;dWP_GN/CI_G?�Q ��
� ���



� ��� �� � ��� � �

� � � �
	 � ��� � � � �
�<� � � ��� � � ��� 	�� �� �
	��

m ��?�HGA>;=C�JL?kTUHGWLB>A>HGad?�zVNPh/?�A>cL;=<P[HGA>;dH � �"T'z��*pqHG;"JL?I<@?�WLcVHGadcL;=JPCRh/HGA�-"CIQ�CGJL_G?R? �,HGWP`/CIQ� -�� 6G|��
O/CG<@?ICGJPC�W/C�B>?�HGA>;=C�JL?*ad;dWP_GN/CI_G?�W/<UpqHGA>Q�CI;=<U?*WPHV<'CINPBGrHGQ�CIB>HV< lUs"?I<@B.CLuL?�W E HGWLB>A.CIQRHV<HV<RzL^U:*<RA>?�hPA>?I<@?�WLB.CGJLHV<�h/HGAR_G?�A.CGJLHGA>?I< u'HGW/JL?,<@N/C,ad;dWP_GN/CI_G?�Q _G?�A.CGJPC [?�D � � �
�

D ?kC
ad;dWP_GN/CI_G?�Q Q�CIA E CGJPC,[?MD � � � � � D �"l
v E HGWLB>A>HGad?�<@NPh/?�A>cL;=<P[HGA>;dHRJ'[CI\o<@?�W/CG< E HGW/JL;>DEGFHG?I<'JL? E HGadH E CIA>QRHV<'NPQ E HGWLB>A>HGad?!?��LB>?�A>WPHYCIH_G?�A.CGJLHGA�uLJL?UpqHGA>Q�C*C*CG<><@?�_GNPA.CIA'jVNP?fH!_G?�A.CGJLHGA�W FCIH�<@? 	>C*NPQ _G?�A.CGJLHGAU?I<@h/HGWLBGrCIWP?�H�JL? E CGJL?�;=CG<JL?U?�cV?�WLB>HV< l�:"?I<@B.CfpqHGA>Q�CLuI;dQRh/HGQRHV< E HGW/JL;>DEGFHG?I<
h/CIA.C*jVNP?UH!zL^U:XB>?�WP`/C'NPQ E HGQRh/HGA>B.CIQR?�WLB>HB.CIaou
jVNP?�A>?ICIad;���?!NPQ�C�B.CIA>? poCY?I<@h/? E [g � E CLu/;dWP;dOP;dW/JLH�CYH E HGA>AIr?�W E ;=CYJL?YCIad_GNPQ�CG<"<@?Ij��N�r?�W E ;=CG<*JL??�cV?�WLB>HV<F�
<@; E CIQR?�WLB>?�h/HV<><�[g cV?�;=< u
B>HLJPC�cL;=CLu�;dW/JL?I<@? 	P[CIcV?�;=< l�t
HG_GHPu�hPA>? E ;=<>CIQRHV<*JL?I<>CIOP;dad;dB.CIA*B.CI;=<?�cV?�WLB>HV<�JLH!<@;=<@B>?�Q�CfjVN/CIW/JLH"pqHGAUJL?I<@? 	>CGJLHPuVC"h/CIA>B>;dA�JL?I<><@? E HGWLB>A>HGad?Vl�zV?�W/JLH!CG<><@;dQkuIJL;dcL;=JL;dQRHV<H�CIa poCIO/?�B>H �K_G?�A.CGJLH�h/?�adH!_G?�A.CGJLHGA'?�Q�JLN/CG< E CIB>?�_GHGA>;=CG< lU^U<@B>?I<f< FCIH�HV<U?�cV?�WLB>HV< E HGWLB>A>HGaI[CIcV?�;=<?UHV<�?�cV?�WLB>HV<
W FCIH E HGWLB>A>HGaI[CIcV?�;=< u�A>?�hPA>?I<@?�WLB.CGJLHV<�h/HGA�� � ? ���fA>?I<@h/? E B>;dcGCIQR?�WLB>?Vl m <><@;dQku B>?�QRHV<jVNP?*HRCIa poCIO/?�B>H�� [?�C�NPWP; FCIHY?�WLB>A>?�� � ?���� � HGNk<@? 	>C

�
�
� � � ��� �

^U<@B>?I<*JLHG;=<*CIa poCIO/?�B>HV<!JL?4�/WP;=JLHV<*JL?�WLB>A>HRJLH�CIa poCIO/?�B>H�� � W FCIH�BIr?�Q5?�cV?�WLB>HV< E HGQYNPW/< uP;=<@B>H[?Vu/<@N/C�;dWLB>?�A.<@?PDEGFCIHK[?!H E HGW
	@NPWLB>HYcGC���;dHPuLHGN
� � � ��� � ! �

v <!?�cV?�WLB>HV< E HGWLB>A>HGaI[CIcV?�;=<*?�Q � � < FCIH,CGjVNP?�ad?I<�jVNP?Rh/HLJL?�Q <@?�A�`/CIOP;dad;dB.CGJLHV<�HGN JL?I<>CIOP;d\
ad;dB.CGJLHV<!?�Q jVN/CIa=jVNP?�A!QRHGQR?�WLB>HPu
?�W/jVN/CIWLB>HkjVNP?RHV<!?�cV?�WLB>HV<!W FCIH E HGWLB>A>HGaI[CIcV?�;=<*?�Q ���RW FCIH<@HIpqA>?�Q�C/DEGFCIH�JL? E HGWLB>A>HGad?Vu E HGQRH [?�H E CG<@H�JPC�jVNP?�OPA.CYJL?�NPQ�C�Q3[CGjVNP;dW/CLuPHGN�poCIadB.CRJL?�?�WP?�A>\_G;=C�?�a�[?�B>A>; E CLl v hPA>H E ?I<><@H E HGWLB>A>HGaI[CIcV?�a
h/HLJL?Y<@?�A'?��L?�QRhPad;�� E CGJLH�h/?�adHY;dW�[g=E ;dH�JPCYHGh/?�A.C/DEGFCIH�JPCQ3[CGjVNP;dW/CLl�t
HG_GHPu/?I<@B.C�NPWP; FCIH�?�WLB>A>?!?�cV?�WLB>HV<UA>? �/?�B>?�Q E CIA.C E B>?�AI[g <@B>; E CG<'JL?�<@;=<@B>?�Q�CG<UA>?ICI;=< lv <!?�cV?�WLB>HV< E HGWLB>A>HGaI[CIcV?�;=<!< FCIH�`/CIOP;dad;dB.CGJLHV<�HGNXJL?I<>CIOP;dad;dB.CGJLHV<!h/?�a=C�?�WLB>A.CGJPC�JL? E HGWLB>A>HGad?jVNP?k[?�JL?4�/WP;=JPC!pqHGA>Q�CIadQR?�WLB>?'h/HGA�n

1L{



� ��� �� 	�������� � ���
�
��������� � �
� 	���� ��� " �$� �����$��� ��
����� 1 /
� $�� � & ����� �<8 �- �M1 �! � ( 6�$4/21 �! / � �

� � � � ���
� � � � �	� � � - � �  1 + Q 1!*4$9.  "$�:�1!/9.0')-�'  3�1 �! 
$4( �

�
� � � ��� �  -  3�� � 3�.  � $M$43�.0/21 � 1�% � $�-  3�.0/  ,+ $M1�%9%  -�')1 �! 1 � "$ � 1 �! :  /
	

�
�
� �kn ����� ��� � � �

v <*?�cV?�WLB>HV<*JL?�����< FCIH�W FCIH E HGWLB>A>HGaI[CIcV?�;=< u�;=<@B>H3[?Vu�?I<@B FCIHk<@?�QRhPA>?�`/CIOP;dad;dB.CGJLHV< u�h/HG;=<*W FCIH<@HIpqA>?�Q ;dW��/N�r?�W E ;=C�JPCYC/DEGFCIHRJL? E HGWLB>A>HGad?VlTUHGQRH�?I<@B.CIQRHV<U;dWLB>?�A>?I<><>CGJLHV<'WPHY_G?�A.CGJLHGA E HGWLB>A>HGa=CGJLHPu/JL?4�/WP;dQRHG\qadH�JLHR<@?�_GNP;dWLB>?*QRHLJLHPn
� $�� � & ����� �<8 �  �M1 �! ��� /�� -  (  %�$43 �! � -  3�� � 3�.  �� $�$43�.0/21 � 1�% � $ -  3�.0/  ,+ $ � � $��F35$��X%�$
� ( 6�$4/21 �! /M-  3�.0/  ,+ 1 �! � � -  (  R� ( :�1!/ � � � � �  3 � $ � "$ � ( 6�$4/21 �! /�-  ( 1 + Q 1!*4$9.  � �
:�1!/9.0')-�'  3�1 �! $4( $ 	 $43�.  %S-  3�.0/  ,+!"1 	 $4'�% � � $�$ 	 $43�.  %S3FO1  -  3�.0/  ,+!"1 	 $4'�% ��� � $2I � ' :�1 �! -  (
� ( -  3�� � 3�.  R� $�$43�.0/21 � 1�% � $M-  3�.0/  ,+ $ � �

:"?�WPHGQR;dW/CIQRHV< : + 1!3�.01 u'HkQRHLJL?�adH,JLHK<@;=<@B>?�Q�C�C,<@?�A E HGWLB>A>HGa=CGJLHPu'<@?�QR?�ad`/CIWLB>?�QY?�WLB>?�SCB>?�HGA>;=C E aI[CG<><@; E C!JL? E HGWLB>A>HGad?Vl v E HGQRh/HGA>B.CIQR?�WLB>H!JLH�<@;=<@B>?�Q�C"W/C�CIN/<�r?�W E ;=C!JL?!jVN/CIa=jVNP?�AUC/DEGFCIHJL? E HGWLB>A>HGad?,[?YJL?4�/WP;=JPC E HGQRH + ')3,6 � 1�6�$4( � 1M: + 1!3�.01 u�CRjVN/CIa�A>?�hPA>?I<@?�WLB.C�H E HGQRh/HGA>B.CIQR?�WLB>HJLHY<@;=<@B>?�Q�CLl
:"?I<>JL?RjVNP?RCIhPad;=jVNP?�QRHV<'NPQ�CR?�WLB>A.CGJPC�JL? E HGWLB>A>HGad? �XCRNPQ�CRhPa=CIWLB.CLu�?I<@B.C�;dA/[C�<@? E HGQR\h/HGA>B.CIA E HGQRH�<@?�HV<�?�cV?�WLB>HV<*;dWP;dOP;=JLHV<*pqHV<><@?�Q ?�ad;dQR;dW/CGJLHV<!JL?�<@N/C�?I<@B>A>NPB>NPA.CkJL?RB>A.CIW/<@;>DEGFCIHPl:"?I<><>C�pqHGA>Q�CLu�?�Q NPQ _G?�A.CGJLHGA E N
	@HkCIa poCIO/?�B>H [?Rh/CIA>B>; E ;dHGW/CGJLHk?�Q ?�cV?�WLB>HV< E HGWLB>A>HGaI[CIcV?�;=<!?W FCIH E HGWLB>A>HGaI[CIcV?�;=< u
CYpqNPW�DEGFCIH�JL?�B>A.CIW/<@;>DEGFCIH�JL?I<@B>?�_G?�A.CGJLHGA!W FCIH�?I<@B/[C�JL?4�/WP;=JPCYh/CIA.CRHV<*?�cV?�WP\B>HV<�;dWP;dOP;=JLHV<!h/HGA�NPQ�C�JPCGJPC�?�WLB>A.CGJPCkJL? E HGWLB>A>HGad?�jVNP?�<@? 	>C�CIhPad; E CGJPCkCIHk_G?�A.CGJLHGAY?�Q NPQ

JL?�B>?�A>QR;dW/CGJLH�;dW/<@B.CIWLB>?VlUt
HG_GHPu E HGQRH�?I<@B>?,[?!HYQR? E CIWP;=<@QRH�JL? E HGWLB>A>HGad?�CGJLHGB.CGJLH�h/?�a=C��"T'z/uWP? E ?I<><@;dB.CIQRHV< uP?�WLB FCIHPu E `/C�cV?ICIA*CG<*?�WLB>A.CGJPCG<*JL? E HGWLB>A>HGad?�h/CIA.CR?I<@h/? E ;�� E CIA�u
CRh/CIA>B>;dA!JPCRad;dWP\_GN/CI_G?�Q5_G?�A.CGJPCLu
JL?�B>?�A>QR;dW/CGJPCG<UB.CIA>? poCG<*CY<@?�A>?�Q�A>?ICIad;��ICGJPCG< l'^U<@B>?!QR? E CIWP;=<@QRH�JL? E HGWLB>A>HGad?WPHV<fad?�cGC�SCG<"JL?4�/WP;>DEGFHG?I<'JL?�<@NPh/?�A>cL;=<@HGA"?�<@N/CG< E HGW/JL;>DEGFHG?I<'JL?!?��L;=<@BIr?�W E ;=CLl
����� � � 
� � 	 � � ��� � � � � � ����� ����� � � � � ����� � � ������ ��	

m H"pqNPW/JPCIQR?�WLB.CIA>QRHV<�C!;=Jf[?�;=C*JL?'_G?�A.CGJLHGA>?I< E HGWLB>A>HGa=CGJLHV< uL?I<@B.CIQRHV<�;dWLB>?�A>?I<><>CGJLHV<�?�Q E `/C�cV?ICIAC*?�WLB>A.CGJPC!JL? E HGWLB>A>HGad?'?�Q A>?I<@h/HV<@B.CRSC E CGJL?�;=C!JL?'?�cV?�WLB>HV<�hPA>?�cL;=CIQR?�WLB>?U_G?�A.CGJPC!h/?�adH*_G?�A.CGJLHGA
� l"^U<@B>? E `/C�cV?ICIQR?�WLB>H,[?!pq?�;dB>HYh/?�adH�<@NPh/?�A>cL;=<@HGA�u
jVNP?K[?�H�CI_G?�WLB>?�?��LB>?�A>WPHRjVNP?�JL?�B>?�A>QR;dW/C�CC/DEGFCIHRJL? E HGWLB>A>HGad?Vlb"Q <@NPh/?�A>cL;=<@HGA�[?�JL?4�/WP;=JLH�pqHGA>Q�CIadQR?�WLB>? E HGQRHPn
� $�� � & ����� �<8 � 8 � ( % � :5$4/ 	 '�%  /F:�1!/21 � ( 6�$4/21 �! / -  3�.0/  ,+ 1 �! � � � � � � � � "$ � ( :�1!/ ; �
�
	���� � �&-  ( :  %4.  �� $ � ( 6�$4/21 �! / 	 � � � �� ��� �
� � �� � � $ � $ � ( (�14:�1 � $ -  3�.0/  ,+ $ � �F$4(
I � $
	



� ��� �� 	�������� � ���
�
��������� � �
� 	���� ��� " �$� �����$��� ��
����� 1S1
� � "$  (�$2%�(  1 + Q 1!*4$9.  R� $ � �
�  "$ � ( -  3�� � 3�.  R� $�$2%4.01 �! % �

� � n � � �  �  "$ � (�1 Q�� 3 N -PO1  R� $�.0/21!3!%�' N -PO1  :�1!/2-�')1 + $2%4.8$43 � ' � 1 �

� � � 
  "$  $2%4.01 �! ')3�')-�')1 + �

�  � �  "$  -  3�� � 3�.  R� $�$2%4.01 �! %M(�1!/2-91 �! % �

� � n  � � "$ � (�1 Q�� 3 N -PO1  I � $R1�%9%  -�')1�1 -91 � 1 � 
  � (�1 $43�.0/21 � 1 � $S-  3�.0/  ,+ $
� 
 � <

0U?�QRHV<�W/C��/_GNPA.CO1Lld{Gu E HGQRH,[?!A>?�hPA>?I<@?�WLB.CGJLH�HY<@;=<@B>?�Q�C E HGQRh/HV<@B>H�h/?�adH�_G?�A.CGJLHGA E HGWLB>A>HG\a=CGJLH � � <@NPh/?�A>cL;=<@;dHGW/CGJLH*h/?�adH!<@NPh/?�A>cL;=<@HGA ; uG?�Q Q�CIad`/Cfpq? E `/CGJPCLl�s"?I<@B.C
�/_GNPA.C"h/HLJL?�QRHV<�cV?�AjVNP?UH'_G?�A.CGJLHGA E HGWLB>A>HGa=CGJLH"A>? E ?�O/?UC"C/DEGFCIH!JL? E HGWLB>A>HGad?U?UA>?ICIad;dQR?�WLB.C�H*<@NPh/?�A>cL;=<@HGA E HGQ HV<�<@?�N/<?�cV?�WLB>HV<U_G?�A.CGJLHV< l'zV?�W/JLHRCG<><@;dQkuLH�_G?�A.CGJLHGA*<@?�_GNP?�C�?I<@h/? E ;�� E C/DEGFCIHRJPCGJPC�h/?�adHY<@NPh/?�A>cL;=<@HGA�l

S Gcontrole     γ

eventos gerados    σ

e�;d_GNPA.CO1Lld{GnfzVNPh/?�A>cL;=< FCIHRJL?!NPQ�zL^U:
:"?RC E HGA.JLH E HGQ CkJL?4�/WP;>DEGFCIH�JL?�<@NPh/?�A>cL;=<@HGA�u�cV?�QRHV<*jVNP?�C�C/DEGFCIHkJL? E HGWLB>A>HGad?YQRHLJL;�� E CCG<"ad;dWP_GN/CI_G?�W/<*CG<><@H E ;=CGJPCG<!CIHR_G?�A.CGJLHGA�u�h/HG;=<"h/HLJL?�;dWP;dOP;dA"<@?Ij��N�r?�W E ;=CG<*JL?�?�cV?�WLB>HV<'jVNP?�CIWLB>?I<h/HLJL;=CIQ5H E HGA>A>?�A�lUt
HG_GHPu�<@N/C�ad;dWP_GN/CI_G?�QkuVh/HLJL?�<@?�A*CG<><@;dQ5JL?4�/WP;=JPCLn

� $�� � & ����� �<8 � @ �M1 �! % � ( 6�$4/21 �! / � � $ � ( % � :5$4/ 	 '�%  / � �S1 + ')3,6 � 1�6�$4( 6�$4/21 � 1�:5$ +� 
%�'�%4.8$4(�1�% � :5$4/ 	 '�%�'  3�1 �! � � $43  .01 � 1M:  / D � ; 	 � � � "$�.01 + I � $

� 
 D � ; 	 � � $
C�� 
 D � ; 	 � � %�$�$ % " %�$ C 
 D � ; 	 � � � C�� 
 D � � � � � 
 � � � � C �
� � � � �

 3 � $ � "$  (�14:�1 � $ -  3�.0/  ,+ $ I � $ 1�%9%  -�')1�1�-91 � 1�$2%4.01 �! � 
  � (�1S$43�.0/21 � 1 � $ -  3�.0/  ,+ $
� 
 � �
I � $ "$�14: + ')-91 � 1S1 ]�l
v O/<@?�A>cGCIQRHV< u�?�WLB FCIHPuVjVNP?Vu�h/?�a=C"JL?4�/WP;>DEGFCIHD1Ll 3PuV<@HGQR?�WLB>?�HV<�?�cV?�WLB>HV<�jVNP?U?I<@B FCIH"`/CIOP;dad;dB.CGJLHV<?�Q E CGJPC�?I<@B.CGJLHPu'[?�jVNP?!H E HGA>A>?�Q�<@HGO�<@NPh/?�A>cL;=< FCIHPl



� ��� �� 	�������� � ���
�
��������� � �
� 	���� ��� " �$� �����$��� ��
����� 1�3
:"?�cV?�QRHV<�cV?�AfjVNP?VuPJPCGJLHYNPQ�C*h/CIa=C�cLA.C�C�jVNP?*h/?�A>B>?�W�DE C�C�D � ; 	 � � � B.CIQYO'[?�Q h/?�A>B>?�W E ?!C

D � � � � HYjVNP?!WPHV<"J'[C
D � ; 	 � ��� D � � � �

^�WLB FCIHPuUB>?�QRHV<�jVNP? D � ; 	 � �K[?�NPQ�C�ad;dWP_GN/CI_G?�Q�hPA>?4�5�LHG\=pq? E `/CGJPCLuUcL;=<@B>H,jVNP?�NPQ�C�h/CIa=C�cLA.C
C�� 
 D � ; 	 � ��<@HGQR?�WLB>?'<@? C 
 D � ; 	 � �.lU:"?I<@B.C"pqHGA>Q�CLuVC*ad;dWP_GN/CI_G?�Q E HGWLB>A>HGa=CGJPC!JLH�<@;=<@B>?�Q�C<@NPh/?�A>cL;=<@;dHGW/CGJLHX[?�JL?4�/WP;=JPC�h/HGA

D � � ; 	 � � � D � ; 	 � � � D � � � � � � 1Lld{ �
HGNX<@? 	>CLu D � � ; 	 � �k[?�C�h/CIA>B>?�JPC�ad;dWP_GN/CI_G?�Q Q�CIA E CGJPCRHGA>;d_G;dW/CIa'<@HGOXC/DEGFCIH,JL? E HGWLB>A>HGad?RjVNP?A>?�hPA>?I<@?�WLB.CXCG<�B.CIA>? poCG<�jVNP?K< FCIH E HGQRhPad?�B.CGJPCG<R<@HGO <@NPh/?�A>cL;=< FCIHPl�t
HG_GHPu�;=<@B>HX;dQRhPad; E CkW/CG<
E HGW/JL;>DEGFHG?I< n

D � � ; 	 � ��� D � ; 	 � �
?

D � � ; 	 � ��� D � � � �
:";=<><@HRJL? E HGA>A>?!jVNP?�C�ad;dWP_GN/CI_G?�Q Q�CIA E CGJPC�JLHY<@;=<@B>?�Q�C,[?

D � � ; 	 � � � D � � ; 	 � � � D � � 	 � � 1Ll / �
��?�W/JLH�?�Q cL;=<@B.C�?I<@B.CG<'h/CIA>B>; E NPa=CIA>;=JPCGJL?I< u E HGW E adN�[g QRHV<fjVNP?

D � � ; 	 � ���JD � � ; 	 � ���JD � ; 	 � ��� D � � � �

HGN�<@? 	>CLu
C�ad;dWP_GN/CI_G?�Q D � ; 	 � � � jVNP?,[?!_G?�A.CGJPCYh/?�adHY<@;=<@B>?�Q�C E HGQRh/HV<@B>HYh/?�adHY<@NPh/?�A>cL;=<@HGA"?!H_G?�A.CGJLHGA E HGWLB>A>HGa=CGJLH ; 	 � � uPh/HLJL?�<@?�A';dWLB>?�A>hPA>?�B.CGJPC E HGQRH!H E HGW
	@NPWLB>HYJL?*B>HLJPCG<"CG<'h/HV<><�[g cV?�;=<<@?Ij��N�r?�W E ;=CG<&�/WP;dB.CG<"JL?!?�cV?�WLB>HV<fjVNP?!BIr?�Q�h/HV<><@;dOP;dad;=JPCGJL?�JL?!H E HGA>A>?�A'WPHR<@;=<@B>?�Q�CLlZ�A>? E ;=<>CIQRHV<U_VCIA.CIWLB>;dA*jVNP?�HV<'?�cV?�WLB>HV<fWPHR<@NPh/?�A>cL;=<@HGA ; <P[HRJL?�cGCIQ5H E HGA>A>?�A�u
jVN/CIW/JLHY?�ad?I<B.CIQYO'[?�Q H E HGA>A>?�A>?�Q ?�Q � � ?*?I<@B>;dcV?�A>?�Q `/CIOP;dad;dB.CGJLHV<Uh/HGA � lUZ�CIA.C!B.CIWLB>HPuf[?*WP? E ?I<><P[CIA>;dH�jVNP?Vuh/CIA.C�B>HLJLHSC 
 � ��uP? � 
 �"u/CG<"<@?�_GNP;dWLB>?I< E HGW/JL;>DEGFHG?I<'<@? 	>CIQ cV?�A.JPCGJL?�;dA.CG< n
C 
 D � ; 	 � � �
C�� 
 D � � � ?
� 
 � � � � C �
� � � � �

jVNP? 	@NPWLB.CG<';dQRhPad; E CIQ W/C E HGW/JL;>DEGFCIHRJL?�jVNP?
� � C �
� � ��� � ;=<@B>HX[?Vu � � C �
� � � [?�JL?4�/WP;=JLHPl

^U<@B.C,A>?�a=C/DEGFCIH,pq?�;dB.C [?kC E HGW/JL;>DEGFCIHXJLHX<@NPh/?�A>cL;=<@HGA ; <@?�A�JL;dB>H E HGQRhPad?�B>Hk?�Q A>?�a=C/DEGFCIHXCNPQ�_G?�A.CGJLHGA E HGWLB>A>HGa=CGJLH � � l%i@<@B>H,WPHV<RJL;���jVNP?Vuf<@?�C [?�NPQ�C�h/CIa=C�cLA.C,jVNP?�h/HLJL?kH E HGA>A>?�A



� ��� �� 	�������� � ���
�
��������� � �
� 	���� ��� " �$� �����$��� ��
����� 1S5
WPH�<@;=<@B>?�Q�CY<@NPh/?�A>cL;=<@;dHGW/CGJLH�?�HR?�cV?�WLB>H�� [?�NPQ�C E HGWLB>;dWLN/C/DEGFCIH��
<@; E CIQR?�WLB>?!h/HV<><�[g cV?�aUJL?I<@B.Ch/CIa=C�cLA.CLuV?"?I<@B>?"?�cV?�WLB>H*?I<@B/[C!`/CIOP;dad;dB.CGJLHPuV?�WLB FCIH�C*h/CIa=C�cLA.CMC���JL?�cV?'?I<@B.CIAfJL?4�/WP;=JPC!W/C*pqNPW�DEGFCIHJL?!B>A.CIW/<@;>DEGFCIHYJLHR<@NPh/?�A>cL;=<@HGA�lioQRh/HGQRHV</Q�CI;=<�JLN/CG<�A>?I<@B>A>;>DEGFHG?I<�C*<@?�A>?�Q <>CIB>;=<opq?�;dB.CG<�h/?�a=CG<�ad;dWP_GN/CI_G?�W/< D � ; 	 � � � D � � ; 	 � �?�D � � ; 	 � � � jVNP?!< FCIHPn
� $�� � & ����� �<8 � K � ( % � :5$4/ 	 '�%  / � "$ � '�.  3FO1  * +� I � $ "1 	 $ + %�$�$ % " %�$

D � � ; 	 � � � D � ; 	 � � � 1Ll21 �
?Vu

� $�� � & ����� �<8 � � � ( % � :5$4/ 	 '�%  / � "$ � '�.  3FO1  /9$ ��$4'�. "1 	 $ + %�$�$ % " %�$
D � � ; 	 � � � D � � ; 	 � � � � 1Ll 3 �

:"?I<@B.CG<'JLN/CG<'JL?4�/WP;>DEGFHG?I< uVh/HLJL?�QRHV<fcV?�AfjVNP?*NPQ <@NPh/?�A>cL;=<@HGAR[?*OPadHLjVNP?�[CIcV?�a
<@?*?��L;=<@B>;dAUh/?�adHQR?�WPHV<�NPQ�C!h/CIa=C�cLA.C��
<@; E CIQR?�WLB>?'h/HV<><�[g cV?�a
?�Q D � ; 	 � �fjVNP?*W FCIH [?*hPA>?4�5�LHYJL?�jVN/CIa=jVNP?�AUh/CI\a=C�cLA.C'?�Q D � � ; 	 � �.uG;=<@B>Hk[?VuGH�<@;=<@B>?�Q�CfWLNPW E C"h/HLJL? E HGQRhPad?�B.CIA�NPQ�C'B.CIA>? poC"?I<@h/? E ;�� E CGJPCLl�Z�HGAHGNPB>A>HRa=CGJLHPu/NPQ�<@NPh/?�A>cL;=<@HGA�[?�A>? 	@?�;dB/[CIcV?�a E CG<@HR?��L;=<@B.CYCIHRQR?�WPHV<fNPQ�C�h/CIa=C�cLA.C�?�Q D � � ; 	 � �A>?�hPA>?I<@?�WLB.CIW/JLHRNPQ�CYh/CIa=C�cLA.C E HGQRhPad?�B.CGJPCLu E HGWLB>N/JLH�jVNP?�W FCIH�h/?�A>B>?�W E ?YCRad;dWP_GN/CI_G?�Q�Q�CIA>\
E CGJPC D � � ; 	 � �.lUs"?I<@B>?�[NPadB>;dQRH E CG<@HPu�[?'h/HV<><�[g cV?�a/CIB>;dWP_G;dA�NPQ ?I<@B.CGJLH*?�Q jVNP?fWP?�WP`LNPQ�C'B.CIA>? poC<@? 	>C'A>? E HGWP`P? E ;=JPCLl�Z�CIA.C!C"<�[g WLB>?I<@?'JLH!<@NPh/?�A>cL;=<@HGAU<@?�A E HGQRhPad?�B.CLu�;dQRh/HGQRHV<�jVNP?f?�ad?fW FCIH*B>?�WP`/CWP?�WP`LNPQ JL?I<><@?I<!hPA>HGOPad?�Q�CG< u�H,jVNP?YWPHV<�ad?�cGC�CkJL?4�/WP;>DEGFCIHkJL?�<@NPh/?�A>cL;=<@HGA�hPA/[HGhPA>;dHPuUjVNP?%[?�C<@?�_GNP;dWLB>?Vn
� $�� � & ����� �<8 � � � ( % � :5$4/ 	 '�%  / -  ( : + $9.  �F3FO1  * +� I � $ "1 	 $ + $ 3FO1  /9$ ��$4'�. "1 	 $ + � "$ � '�.  %�$4/ � (
% � :5$4/ 	 '�%  / :P/ " :P/4'  < L ( -  3!%�$2I��� U$43�-�')1 � � ( % � :5$4/ 	 '�%  / :P/ " :P/4'  "$ � ( % � :5$4/ 	 '�%  / -  ( : + $9.  
.01 + I � $

D � � ; 	 � � � D � � ; 	 � � � D � ; 	 � � � � 1Ll25 �
0*;=<@B>HY;=<@B>HPu E `P?�_VCIQRHV<*CIHRhPA>HGOPad?�Q�C�hPA>;dW E ;dh/CIa�JPCS�"T'z/u�H�jVN/CIa�?�W E HGWLB>A.CI\o<@?�?�Q5QRHLJL;d\

� E CIA*H E HGQRh/HGA>B.CIQR?�WLB>HRJL?�NPQ zL^U: � l�Z�CIA.CRB.CIWLB>HPu�JL?4�/WP;dA>?�QRHV<"JLHG;=< E HGW E ?�;dB>HV<"O"[CG<@; E HV<WP? E ?I<><P[CIA>;dHV< n
� $�� � & ����� �<8 ��
 � $ ��1!( �!� 1�% + ')3,6 � 1�6�$43!% � � D � � � � � "$ � '�.01 Q $2-9;�1 � 1�$4( /9$ + 1 N -PO1  1 D �
 !� D���� E � A�B��!B %�$�$ % " %�$

�
�

� � D

?Vu



� ��� �� 	�������� � ���
�
��������� � �
� 	���� ��� " �$� �����$��� ��
����� 1S7
� $�� � & ����� �<8 ��� �M1 � 1�% �!� 1�% + ')3,6 � 1�6�$43!% � � D�� � � $ � ( 1 + Q 1!*4$9.  � � � � � ��� � � '�T �X%�$
I � $ � "$ D � ��� [5Z2Y � >G[B�G�E�> %�$M$ % " %�$

� ��� � D�� � �

^U<@B.CG<'JL?4�/WP;>DEGFHG?I<f< FCIH�HV< E HGW E ?�;dB>HV< E HGWP`P? E ;=JLHV<fh/HGA Q $2-9;�1!(�$43�.  ? -  3�.0/  ,+ 1!*�' + ' � 1 � $ uPA>?I<@\h/? E B>;dcGCIQR?�WLB>?Vl
-'?I<@B.CI\qWPHV<�CI_GHGA.CLufJL?�B>?�A>QR;dW/CIA!CG< E HGW/JL;>DEGFHG?I<�JL?Y?��L;=<@BIr?�W E ;=CRJLHk<@NPh/?�A>cL;=<@HGA�h/CIA.CkC�A>?ICI\ad;��IC/DEGFCIH�JL?!NPQ�C�JPCGJPC�B.CIA>? poCLl [^ JPCGJPCLu/?�WLB FCIHPu/C�<@?�_GNP;dWLB>?!hPA>HGh/HV<@;>DEGFCIHPn

B ����=I��( & ����� �<8 �- � $ ��1 ; � ( % � :5$4/ 	 '�%  /R-  ( : + $9.  :�1!/21 � � � L 3�.,O1  D � ; 	 � � "$�:P/9$�� K  �
Q $2-9;�1 � 1R$ D � � ��� ��� [5Z2Y � >G[B�G�E�> �

��CIQYO'[?�Q [?*WP? E ?I<><P[CIA>;dH�?I<@B.CIO/?�ad? E ?�AUCG< E HGW/JL;>DEGFHG?I<UJL?"?��L;=<@BIr?�W E ;=C!JL?*<@NPh/?�A>cL;=<@HGA>?I<Uh/CIA.C�HV<hPA>HGOPad?�Q�CG<�pqHGA>QYNPa=CGJLHV<f?�Q B>?�A>QRHV<'JL?!ad;dWP_GN/CI_G?�W/<'_G?�A.CGJPCG<"?�Q�CIA E CGJPCG< lf:*CIQRHV<'h/CIA.C�;=<@B>HHV<fB>?�HGA>?�Q�CG<'C�<@?�_GNP;dA�n
9 $ ��� $'H � 8 �- �M1 �! % � (J6�$4/21 �! / � .01 + I � $ D � � � /9$0:P/9$2%�$43�.8$&%�$ � -  ( :  /9.01!(�$43�.  � %�')-91 �
(�$43�.8$ :  %9% "� 	 $ + $ � (�1 + ')3,6 � 1�6�$4( $2%8:5$2-�' �F-91 � 1 � �JD � � � �&$2K,'�%4.8$ � ( % � :5$4/ 	 '�%  /
-  ( : + $9.  
� .01 + I � $ D � ; 	 � � � � %�$�$ % " %�$ � Q� /F:P/9$�� K  � Q $2-9;�1 � 1 $ D � � � �8-  3�.0/  ,+!"1 	 $ + <

9 $ ��� $'H � 8 �  �M1 �! % � ( 6�$4/21 �! / � .01 + I � $ D � � � � /9$0:P/9$2%�$43�.8$ 1�%
.01!/9$ Q 1�% I � $ :  �� $4( %�$4/
-  ( : + $9.01 � 1�%�:5$ +� %�'�%4.8$4(�1�3�1�1 � %PU$43�-�')1 � $�I � 1 + I � $4/S1 N -PO1  �� $�-  3�.0/  ,+ $S$ � (�1 + ')3,6 � 1�6�$4(
$2%8:5$2-�' �F-91 � 1 � � D � � � � $43�.,O1  

� < L K,'�%4.8$ � ( % � :5$4/ 	 '�%  /�3FO1  * +� I � $ "1 	 $ + � .01 + I � $ D � � ; 	 � � � � %�$R$�% " %�$ � Q� /
D � � �o\ � E � A�B��!B $ D � � �o\ ��� [5Z2Y � >G[B�G�E�> �

� < � % � :5$4/ 	 '�%  / � %�$4/ "1 :P/ " :P/4'  %�$�$F% " %�$  6�$4/21 �! / 	 � � � �� ��� �
� � �� � � Q� /
.01 + I � $
 �

�

 �

:"?�cV?�QRHV<�A>?I<@HGadcV?�A'CG<'?IjVN/C/DEGFHG?I<
D � 	 �

�

� ? � 1Ll27 �
� � � �

�
�kn � 
 � � ����� 	

�
� � � �

�
� �

! � 1Ll } �
h/CIA.C"?�W E HGWLB>A.CIA�H*_G?�A.CGJLHGA ; ?fH*Q�CIh/C"JL? E HGWLB>A>HGad? � uVJL?I<>JL?'jVNP?fH!<@NPh/?�A>cL;=<@HGA�[?'CG<><@?�_GNPA.CGJLHh/?�a=CG< E HGW/JL;>DEGFHG?I<'JLHS��?�HGA>?�Q�C#1Lld{Gls*C�?IjVN/C/DEGFCIH 1Ll }Vu/B>?�QRHV< � �� E HGQRHY<@?�W/JLHRH E HGW
	@NPWLB>HRJL?�?�cV?�WLB>HV< ��uPh/HV<><�[g cV?�;=<"JL?�H E HGA>\A>?�A>?�Q �
<@; E CIQR?�WLB>?�CIh"[HV<�C 
 � ?SC�� 
 � u�C�<@?�A>?�Q JL?I<>CIOP;dad;dB.CGJLHV<�jVN/CIW/JLH�Hk<@;=<@B>?�Q�CR<@?



� ��� �� 	�������� � ���
�
��������� � �
� 	���� ��� " �$� �����$��� ��
����� 1V}
?�W E HGWLB>A.CIA'WPHY?I<@B.CGJLH K u/HGNk<@? 	>CLuPW FCIH�JL?�cV?�Q�h/?�A>B>?�W E ?�A"CIHYQ�CIh/C � ��� �.uP?�W/jVN/CIWLB>HRjVNP?�� 	�[?!H E HGW
	@NPWLB>HYJL?*?�cV?�WLB>HV< ��uPjVNP?!< FCIH E HGWLB>;dWLN/C/DEGFHG?I<fJPCG<'h/CIa=C�cLA.CG< % B.CI;=<'jVNP?MC�� 
 � uL?�jVNP?JL?�cV?�Q ?I<@B.CIA"`/CIOP;dad;dB.CGJLHV<'jVN/CIW/JLH % <@?!?�W E HGWLB>A.CIA'WPHY?I<@B.CGJLH K l

� N/CIW/JLH!C'ad;dWP_GN/CI_G?�Q�� W FCIH!<>CIB>;=<opoC��'CG< E HGW/JL;>DEGFHG?I<�?��L;d_G;=JPCG<USC'?��L;=<@BIr?�W E ;=C'JLH*<@NPh/?�A>cL;=<@HGA�uWP? E ?I<><@;dB.CIQRHV<�?�W E HGWLB>A.CIAUNPQ�C!<@NPOPad;dWP_GN/CI_G?�Q ��� � � uPC!jVN/CIa"[?*<@?�QRhPA>?fh/HV<><�[g cV?�a/?*<>CIB>;=<opoC��B>HLJPCG<*CG< E HGW/JL;>DEGFHG?I<'A>?I<@B>A>;dB>;dcGCIQR?�WLB>?Vl�^U<@B.CR<@NPOPad;dWP_GN/CI_G?�Q�[? E HGWP`P? E ;=JPC�h/HGA � � :P/9$4(�1 � ')3 �
6 � 1�6�$4( �  3�.0/  ,+!"1 	 $ + ��� � HGN � � : �  � � uVjVNP?"<@HGadN E ;dHGW/C*H�hPA>HGOPad?�Q�C"JLH�<@NPh/?�A>cL;=<@HGA�u E HGWLB>N/JLHA>?I<@B>A>;dWP_G?!<@?�N/<fA>?I<@NPadB.CGJLHV<'CIHYQ,[g WP;dQYHPuVJL?"pqHGA>Q�C�C�?�cL;dB.CIAfhPA>HGOPad?�Q�CG<�W/C�?��L? E N�DEGFCIH�JL?*NPQ�CB.CIA>? poC�JL?�cL;=JLHYC�?�cV?�WLB>HV<fCIad`P?�;dHV<f?!;dW/JL?I<@? 	P[CIcV?�;=<fCIHR<@;=<@B>?�Q�CLl
��� � ��� ��� � 	 ����� 
�	 � 	 � �
 ��� � � � � � � � 
� � 	 � � ��� � � 
 ���

� ��� � � � ��� � � � �

w'CIA>A>HV<@H!� w'CIA.|S7��PJL?I< E A>?�cV?fNPQ�C'HGNPB>A.C"pqHGA>Q�C"JL?"CIO/HGA.JPCI_G?�Q�h/CIA.C*C!<�[g WLB>?I<@?'JL?"<@NPh/?�A>cL;=<@HGA>?I<NPB>;dad;��ICIW/JLHG\o<@?"JPCG<fA>?IJL?I<UJL?*Z�?�B>A>;Ph/CIA.C�C*QRHLJL?�a=CI_G?�Q�JLH!_G?�A.CGJLHGA � ?*JLH�<@NPh/?�A>cL;=<@HGA ; uLJL?�\cL;=JLH�SCG<�cGCIWLB.CI_G?�W/<UCIhPA>?I<@?�WLB.CGJPCG<�h/HGAU?I<@B.CG< uVh/HG;=<�h/?�A>QR;dB>?�Q NPQ�C"JL?I< E A>;>DEGFCIH*Q�CI;=<�JL?�B.CIad`/CGJPCJLH�<@;=<@B>?�Q�C�CIa�[?�Q�JPC�<�[g WLB>?I<@?*QRHLJLNPa=CIA'JL?!<@;=<@B>?�Q�CG< E HGQRh/HV<@B>HV<Uh/HGA*<@NPO/<@;=<@B>?�Q�CG<U;dWLB>?�A.CI_G?�WP\B>?I< l�:"?�cV?�QRHV<�HGO/<@?�A>cGCIA*jVNP?VuLWP?I<@B.C�CIO/HGA.JPCI_G?�QkuPw'CIA>A>HV<@H�� w'CIA.|S7��
NPB>;dad;��IC!B.CIQYO'[?�Q�JL?*NPQ�C
<@;=<@B>?�Q3[CIB>; E CUQRHLJLNPa=CIA�h/CIA.C*C*JL?�B>?�A>QR;dW/C/DEGFCIH'JLH!<@NPh/?�A>cL;=<@HGA�uGO/CG<@?ICGJLH*?�Q <@;=<@B>?�Q�CG<�JL? � �835$9.)%� Z�?�A.|�3�� 	@NPWLB.CIQR?�WLB>? E HGQ � $ � $2% � $ � $9.0/4'F-  ( � $4( :  /4'�T�1 N -PO1  � $4* �!+� %�1 � -"Z&�'s � � e�;d_V|�3��
h/CIA.CYCG<fhPA>HGhPA>;d?IJPCGJL?I<"JL?!B>HGad?�AGrCIW E ;=CG<'C�poCIad`/CG<"JL?�h/?�W/JL?�WLB>?I<fJLHYB>?�QRh/HPlZ�HLJL?�QRHV<'cV?�A'W/C��/_GNPA.CN1Ll / u
H�JL;=CI_GA.CIQ�C�?�Q5OPadH E HV<*jVNP?�WPHV<*QRHV<@B>A.CYCYNPB>;dad;��IC/DEGFCIHYJPCG<A>?IJL?I<UJL?!Z�?�B>A>;/W/C�QRHLJL?�a=CI_G?�QkuGCIW"[CIad;=<@?*? E HGWLB>A>HGad?*JL?*NPQ5zL^U:�lPs"?�a=CLuVcV?�QRHV<�jVNP?VuPC!h/CIA>B>;dAJLH"QRHLJL?�adH"JLH*<@;=<@B>?�Q�CLuI<@;dWLB>?�B>;��ICI\o<@?UH E HGWLB>A>HGa=CGJLHGA�O/CG<@?ICGJLH*?�Q NPQ�CfHGN�Q�CI;=<
?I<@h/? E ;�� E C/DEGFHG?I<JL?UB.CIA>? poCG<�C"<@?�A>?�Q A>?ICIad;��ICGJPCG<�h/?�adH*<@;=<@B>?�Q�C'<@HGO�<@NPh/?�A>cL;=< FCIHPlU:"?I<><>C'pqHGA>Q�CLu�?I<@B.C*CIO/HGA.JPCI_G?�Q<@?�B>HGA>W/C�Q�CI;=< �/?���[g cV?�aou/cL;=<@B>H�jVNP?Vu�JPCGJLH�H�QRHLJL?�adH�JL?�A>?IJL?I<!JL?RZ�?�B>A>;UJLH�<@;=<@B>?�Q�CLu
c'[CIA>;=CG<B.CIA>? poCG<!h/HLJL?�Q <@?�A�?I<@h/? E ;�� E CGJPCG<!?�Q�JL; pq?�A>?�WLB>?I<"B>?�QRh/HV< u�hPA>HIcVH E CIW/JLHkQYN/JPCIW�DE CG<!CIh/?�W/CG<WPH�<@NPh/?�A>cL;=<@HGA�lU^�WLB FCIHPuLH!hPA>HGOPad?�Q�C"?�W E HGWLB>A.CI\o<@?"W/C!?�B.CIh/C�JL?*<�[g WLB>?I<@?"JLH�<@NPh/?�A>cL;=<@HGA�uPC!jVN/CIa?I<@B/[C�CIhPA>?I<@?�WLB.CGJPCkW/CR�/_GNPA.C<1Ll21Lu�HGW/JL?�cV?�QRHV<!jVNP?R?�a=C3[?�A>?ICIad;��ICGJPC�B>?�W/JLH E HGQRHkJPCGJLHV<�HQRHLJL?�adH�JLHR<@;=<@B>?�Q�C!?�<@?�N E HGQRh/HGA>B.CIQR?�WLB>H�JL?I<@? 	P[CIcV?�aolm ?I<@h/? E ;�� E C/DEGFCIHfpqNPW E ;dHGW/CIaouIB>?�Q3h/HGA�O/CG<@?VuG?��LhPad; E ;dB.CIA/NPQ�CfB.CIA>? poCUp.[g <@; E Cfh/HGA�QR?�;dH'JL?UNPQ�Cad;dWP_GN/CI_G?�Qku E HGQRH 	P[C�JL;dB>HYCIWLB>?�A>;dHGA>QR?�WLB>?Vl�:"?�cV?�QRHV<�?�WLB>A.CIA E HGQ�HY?I<@h/C/DE HYJL?!?I<@B.CGJLHV< u
jVNP?[?�C [CIA>cVHGA>?�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?�JPC�A>?IJL?�JL?�Z�?�B>A>;�jVNP?!QRHLJL?�a=C�HY<@;=<@B>?�Q�CLuL?�C�?I<@h/? E ;�� E C/DEGFCIHJL? E HGQRh/HGA>B.CIQR?�WLB>H�A>?IjVNP?�A>;=JPC�h/CIA.CYH�CIad_GHGA>;dB>QRHYjVNP?�;dA/[CYJL?�B>?�A>QR;dW/CIA"<@?�B.CIa�?I<@h/? E ;�� E C/DEGFCIH[?*poC E BI[g cV?�aPHGN�jVN/CIa�<@N/CYCIhPA>H��L;dQ�C/DEGFCIH!QR?�WPHV<UA>?I<@B>A>;dB>;dcGCLuV;=<@B>HX[?VuPC�?I<@h/? E ;�� E C/DEGFCIH�h/HV<><�[g cV?�aouLHGN<@NPhPA>?�Q�CYad;dWP_GN/CI_G?�Q E HGWLB>A>HGaI[CIcV?�aou E HGQRHRh/HLJL?�QRHV<*cV?�A*W/CS�/_GNPA.CC1Ll21LlY:";=<@B>HPu�hPA>H E ?IJL?�QRHV<



� ��� �� 	�������� � ���
�
��������� � �
� 	���� ��� " �$� �����$��� ��
����� 1S6
SCRJL?�B>?�A>QR;dW/C/DEGFCIHYJPCG<'pqNPW�DEGFHG?I<*JL?�B>A.CIW/<@;>DEGFCIH�jVNP?�;dA FCIH E HGQRh/HGA*CYA>?IJL?�JL?YZ�?�B>A>;�<@NPh/?�A>cL;=<@HGA.C
� -"ZUe�� � �.l
s"?I<@B>?�B>A.CIO/CIad`PH�CGJLHGB.CIQRHV<*CRQR?I<@Q�C�CIO/HGA.JPCI_G?�Q hPA>HGh/HV<@B.C�h/HGA�w'CIA>A>HV<@H � w'CIA.|S7���h/CIA.C

CR<�[g WLB>?I<@?�JLH�<@NPh/?�A>cL;=<@HGA�l�^�WLB>A>?�B.CIWLB>HPu�JL?!pqHGA>Q�C�Q�CI;=<'?I<@h/? E [g � E CYWPHV<><@H�B>A.CIO/CIad`PH�HGO 	@?�B>;dcGCpqHGA>Q�CIad;��ICIA"CR?I<@h/? E ;�� E C/DEGFCIH�JLH E HGQRh/HGA>B.CIQR?�WLB>HRJL?I<@? 	>CGJLH�CIB>A.C�cf[?I<!JLHR?�QRhPA>?�_GH�JPCRt![HG_G; E C
��?�QRh/HGA.CIa � t�� �.l m pqHGA>Q�CIad;��IC/DEGFCIHRJL?I<@B.CY?I<@h/? E ;�� E C/DEGFCIHRCIB>A.C�cf[?I<*JPCRt�� hPA>HGh/HGA E ;dHGW/CIA/[CRNPQ�CQ�CI;dHGA E HGW/<@;=<@BIr?�W E ;=C�JLH,<@NPh/?�A>cL;=<@HGA 	P[C�jVNP?RCG<�CIQYOP;d_ �NP;=JPCGJL?I<!;dWP?�A>?�WLB>?I<*JPC�ad;dWP_GN/CI_G?�Q W/CI\
B>NPA.CIa�< FCIHR?�ad;dQR;dW/CGJPCG< l'Z�HGA*HGNPB>A>HRa=CGJLHPu E CG<@H�JL?I<@? 	@?�QRHV<fA>?IJL?4�/WP;dA"CY?I<@h/? E ;�� E C/DEGFCIHPu
CIh/?�W/CG<?�WLB>A.CIQRHV< E HGQ5CYWPHIcGCY?I<@h/? E ;�� E C/DEGFCIHRJLH E HGQRh/HGA>B.CIQR?�WLB>HYJL?I<@? 	>CGJLHY?�Q�t��*u/?�?��L? E NPB.CIQRHV<WPHIcGCIQR?�WLB>?fH�CIad_GHGA>;dB>QRH!jVNP?"WPHV<fJPCIA/[C�CG<�WPHIcGCG<�pqNPW�DEGFHG?I<fJPCG<UB>A.CIW/<@;>DEGFHG?I<UJPC)-"ZUe�� � <@NPh/?�A>\cL;=<@HGA.CLu/<@?�Q�QRHLJL;�� E CIA'H�QRHLJL?�adHYJLH�zL^U:�lm <><@;dQku E HGQRH E HGadH E CGJLHRCIWLB>?�A>;dHGA>QR?�WLB>?VuVNPB>;dad;��ICIA>?�QRHV<UJPCRt![HG_G; E C���?�QRh/HGA.CIa � t�� � E HGQRHpqHGA>Q�CRJL?R?I<@h/? E ;�� E CIA E HGQRh/HGA>B.CIQR?�WLB>HV<!JL?YNPQ JPCGJLHKzL^U:�u�CIB>A.C�cf[?I<�JPCkTF�'t�l m ;=Jf[?�;=CRJL?
NPB>;dad;��ICIA"C�TF�'t�u*[?�jVNP?�?I<@B.C�h/HLJL?RJL?4�/WP;dA"NPQ JL?�B>?�A>QR;dW/CGJLH E HGQRh/HGA>B.CIQR?�WLB>H E HGQ5?�cV?�WLB>HV<jVNP?UH E HGA>A.CIQ ?�Q h/CIA.CIad?�adH � E HGW E HGA>AIr?�W E ;=C �.uIH*jVNP?UW FCIH�[?Uh/HV<><�[g cV?�a E HGQ CG<�ad;dWP_GN/CI_G?�W/<
pqHGA>Q�CI;=< l:"?�cV?�QRHV< E HGW/<@;=JL?�A.CIA�jVNP?Vu�?�QYO/HGA.CRC�t�� <@? 	>C�QYNP;dB>HRQ�CI;=<*CIOPA.CIWP_G?�WLB>?Vu�?�a=CR?��L;d_G?�NPQ
E HGWP`P? E ;dQR?�WLB>H'QYNP;dB>H"?I<@h/? E [g � E H!?'NPQ B>A.CIB.CIQR?�WLB>H*Q�CI;=<�aI[HG_G; E H!?"Q�CIB>?�Q3[CIB>; E H'h/HGAfh/CIA>B>?*JLHN/<@N"[CIA>;dHPu�H�jVNP?�W FCIH�C E HGWLB>? E ? E HGQ CG<"ad;dWP_GN/CI_G?�W/<"pqHGA>Q�CI;=< u�jVNP?�< FCIH�Q�CI;=<"<@;dQRhPad?I<f?�Q�<@N/C
E HGW E ?�h�DEGFCIHPl:"?4�/WP;=JLH�C�?I<@h/? E ;�� E C/DEGFCIH*pqNPW E ;dHGW/CIaouVHGN�JL? E HGQRh/HGA>B.CIQR?�WLB>H!JL?I<@? 	>CGJLHPuLhPA>? E ;=<>CIQRHV<�hPA>HG\
E ?IJL?�AYSCG< E HGW/JL;>DEGFHG?I<!JL?Y?��L;=<@BIr?�W E ;=CYJLHk<@NPh/?�A>cL;=<@HGA�h/CIA.C�NPQ JPCGJLH,zL^U:�l�TUHGQRH 	P[CRcL;=<@B>HPu�C
E HGW/JL;>DEGFCIH!WP? E ?I<><P[CIA>;=C"?*<@N�� E ;d?�WLB>?fh/CIA.C�C*?��L;=<@BIr?�W E ;=C"JL?'NPQ�<@NPh/?�A>cL;=<@HGAfJL?"NPQ�zL^U:5[?"H E HGWP\
E ?�;dB>H"JL? E HGWLB>A>HGa=CIOP;dad;=JPCGJL?VuI?�Q jVNP?fNPQ _G?�A.CGJLHGA E HGWLB>A>HGa=CGJLH � � _G?�A.C"NPQ�Cfad;dWP_GN/CI_G?�QkuIC"jVN/CIa[?!hPA>?4�5�LHYJPC�ad;dWP_GN/CI_G?�Q JLHY_G?�A.CGJLHGA"W FCIH E HGWLB>A>HGa=CGJLH � l/TUHGQRH�B>?�QRHV<fjVNP?*?I<><@?I<f_G?�A.CGJLHGA>?I<?I<@B FCIH�QRHLJL?�a=CGJLHV<fh/HGA�-"ZU< uPH�_G?�A.CGJLHGA E HGWLB>A>HGa=CGJLH � � B>?�Q�NPQ E HGW
	@NPWLB>H�hPA/[HGhPA>;dHRJL?!B>HLJPCG<CG<Y<@?Ij��N�r?�W E ;=CG<YJL?�B>A.CIW/<@;>DEGFHG?I<YjVNP?�h/HLJL?�Q JL;=<@h/CIA.CIAR?�jVNP?�<@?�QRhPA>?�<@?�A/[CkNPQ <@NPO E HGW
	@NPWLB>HJLH E HGW
	@NPWLB>HYJL?�<@?Ij��N�r?�W E ;=CG<'JL?!B>A.CIW/<@;>DEGFHG?I<'JL;=<@h/CIA/[CIcV?�;=<fJLHY_G?�A.CGJLHGA"W FCIH E HGWLB>A>HGa=CGJLH � lPi@<@B>HJ'[CI\qWPHV<!CYh/HV<><@;dOP;dad;=JPCGJL?�JL?�?��L? E N�DEGFCIHR<�[g W E A>HGW/CRJPC -"Z%jVNP?�QRHLJL?�a=C�H�<@;=<@B>?�Q�C 	@NPWLB.CIQR?�WLB>?
E HGQ H�QR?I<@QRHPuLJL?�C E HGA.JLH E HGQ5CG<'A>?I<@B>A>;>DEGFHG?I<f;dQRh/HV<@B.CG<'CIHR<@?�N E HGQRh/HGA>B.CIQR?�WLB>H�JL;dW�rCIQR; E HPls"?I<@B>? E CG<@HPu�?I<><>CG<�A>?I<@B>A>;>DEGFHG?I<�< FCIH,JPCGJPCG<�h/?�a=CG<!pqNPW�DEGFHG?I<�JL?R`/CIOP;dad;dB.C/DEGFCIHkJL?RB>A.CIW/<@;>DEGFHG?I<�;dQR\h/HV<@B.CG<kSCG<YB>A.CIW/<@;>DEGFHG?I<�W/C�-"ZUe�� � <@NPh/?�A>cL;=<@HGA.CLu"JL?RpqHGA>Q�C,Ck?�cL;dB.CIA�NPQ E HGQRh/HGA>B.CIQR?�WLB>HW FCIHRJL?I<@? 	>CGJLHPl m <><@;dQkuLC�A>?IJL?!<@NPh/?�A>cL;=<@HGA.CY<@?�_GNP?�NPQ�C�<@?Ij��N�r?�W E ;=C�JL?!B>A.CIW/<@;>DEGFHG?I<'A>?IjVNP?�A>;=JPCLu;dQRh/?IJL;dW/JLH!OPadHLjVNP?�;dHV<fHGN E HGQRh/HGA>B.CIQR?�WLB>HV<�W FCIHYh/?�A>QR;dB>;=JLHV<fCIHY<@;=<@B>?�Q�CLuVpoC���?�W/JLH E HGQ5jVNP?H�QR?I<@QRH!A>?ICIad;���?*NPQ�C!B.CIA>? poCYJL?I<@? 	>CGJPCLl
v <Y?I<@B>N/JLHV<RO/CG<@?ICGJLHV<�WP?I<><>CXCIO/HGA.JPCI_G?�Q�;dW E adNP;'H H + 6  /4'�.0(  �  �� ' �F-91 �! #� 1 "H / 	  /9$

� $ H + -91!3 N -�1!*�' + ' � 1 � $ � m M m A m �*?�H H + 6  /4'�.0(  :�1!/21 1 �  3�.0/ �!N-PO1  #� 1 � � :P/9$4(�1 � ')3,6 � 1 �



� ��� �� 	�������� � ���
�
��������� � �
� 	���� ��� " �$� �����$��� ��
����� 1G|

 Etapa de 
Concepção

Sistema
Operando

Etapa de
Síntese do
Supervisor

Concepção
do Sistema Modelo RP

Propriedades
 Qualitativas

Desempenho

Escalonamento

     Sistema
Implementado

SUPERVISOR

Monitorização em
    Tempo Real

 

Especificação
   Funcional

Síntese do
Supervisor

e�;d_GNPA.CN1Ll / n"b"B>;dad;��IC/DEGFCIHRJL?�A>?IJL?I<"JL?YZ�?�B>A>;�?�B>?�HGA>;=CRJL? E HGWLB>A>HGad?YzVNPh/?�A>cL;=<P[HGA>;dHRh/CIA.C�C E HGWP\
E ?�h�DEGFCIHPuPCIW"[CIad;=<@?!? E HGWLB>A>HGad?�JL?!NPQ�zL^U:

Modelo RP Algoritmo p/ construir
o espaço de estado

Algoritmo p/ encontrar
a especificação possível

Especificação
   funcional

       RPFHT
SUPERVISORA Funções de transição

Síntese do Supervisor

e�;d_GNPA.C*1Ll21Lnf:";=CI_GA.CIQ�C�?�Q�OPadH E HV<"JLHYhPA>H E ?IJL;dQR?�WLB>H�JL?�<�[g WLB>?I<@?!JLHR<@NPh/?�A>cL;=<@HGA



� ��� �� 	�������� � ���
�
��������� � �
� 	���� ��� " �$� �����$��� ��
����� 3%�

6�$4( �  3�.0/  ,+!"1 	 $ + � m T']!z��.u�jVNP?R< FCIH,HV<�CIad_GHGA>;dB>QRHV<!A>?I<@h/HGW/<P[CIcV?�;=< u�A>?I<@h/? E B>;dcGCIQR?�WLB>?Vu
h/?�a=C
E HGW/<@B>A>N�DEGFCIH�JPC3[CIA>cVHGA>?�JL?YCIa E CIW�DE CIOP;dad;=JPCGJL?�CG<><@H E ;=CGJPC,SC -"Z3jVNP?�QRHLJL?�a=C�H�<@;=<@B>?�Q�C�?�h/?�a=C
E HGW/<@B>A>N�DEGFCIHRJPCRzVNPhPA>?�Q�C�t
;dWP_GN/CI_G?�Q TUHGWLB>A>HGaI[CIcV?�a � � : �  � � jVNP?�<@?�A/[CYCIhPad; E CGJLHRC�-"ZUe�� �<@NPh/?�A>cL;=<@HGA.C�h/HGA*;dWLB>?�A>Q%[?IJL;dH�JPCG<'pqNPW�DEGFHG?I<"JL?!`/CIOP;dad;dB.C/DEGFCIHRJL?�B>A.CIW/<@;>DEGFHG?I< l"^U<@B>?I<"CIad_GHGA>;dB>QRHV<<@?�A FCIH�QR?�ad`PHGAf?��LhPad; E ;dB.CGJLHV<UWPH E CIh�[g B>NPadHO5YJL?I<@B.C�JL;=<><@?�A>B.C/DEGFCIHPl:"?�cV?�QRHV<LpoC���?�A�CIadN/< FCIH!C"jVNP?Vu�NPQ�C'CIO/HGA.JPCI_G?�Q JL?I<@B>?UB>;dh/H"CIhPA>?I<@?�WLB.C'_GA.CIW/JL?I<�cGCIWLB.CI_G?�W/<h/CIA.CRCIhPad; E C/DEGFHG?I<';dW/JLN/<@B>A>;=CI;=< u
cL;=<@B>H�jVNP?�W/CG<�-"ZU< u�JL?�cL;=JLH�CR<@N/CRCIB>N/CIa�;dWLB>?�A@poC E ? E HGQRhPNPB.CI\
E ;dHGW/CIaouVh/HLJL?�QRHV<fcV?�AUB>HLJLHV<'HV<f?I<@B.CGJLHV<';dQR?IJL;=CIB>HV<UJLHY<@;=<@B>?�Q�CLuVJPCIW/JLHYQR?�ad`PHGAUcL;=<@N/CIad;��IC/DEGFCIH?�C E HGQRh/CIWP`/CIQR?�WLB>H�B>HGB.CIa�JPC�?��L? E N�DEGFCIHYJL?!NPQ�C!B.CIA>? poCLu/HYjVNP?!W FCIH [?�h/HV<><�[g cV?�a�WPH E CG<@HRJLHV<CINPBGrHGQ�CIB>HV< l



� ��� �� � ��� � �

� � ��� � ��� � � �
�
	 � � �� 	 	�� � � � � � � �
� �

� ��� � ��� �&� � � ����	 �
s*CS�/adHV<@H��
CLuUB>?�QRHV<!NPQ�CRA.CIQR;�� E C/DEGFCIH E HGWP`P? E ;=JPC�h/HGA�aI[HG_G; E CLuUjVNP?RB>?�Q h/HGA�HGO 	@?�B>;dcVH�pqHGA>\
Q�CIad;��ICIA'H�A.C E ;dH E [g WP;dHR`LNPQ�CIWPHPu
h/?�A>QR;dB>;dW/JLHYB>A.CIB.CIA�JL?�hPA>HGOPad?�Q�CG<*JLH E HGB>;=JL;=CIWPH E ;d?�WLBI[g � E HPuNPB>;dad;��ICIW/JLHfQ%[?�B>HLJLHV<�<@;=<@B>?�Q3[CIB>; E HV</h/CIA.C'?��LhPA>?I<><>CIA�;=Jf[?�;=CG< E HGQ hPA>? E ;=< FCIH'?f<@?�Q CIQYOP;d_ �NP;=JPCGJL?I< uQR?�ad`PHGA.CIW/JLH�H E HGWP`P? E ;dQR?�WLB>H�jVNP?!<@?�B>?�Q JLHYQYNPW/JLH�CIHYWPHV<><@HRA>?IJLHGA�lm aI[HG_G; E C [?kB>A.CIB.CGJPC,h/HGA�JLHG;=<�?�WLpqHLjVNP?I<RJL; pq?�A>?�WLB>?I< n�C,aI[HG_G; E CkQ�CIB>?�Q3[CIB>; E C�?kCkaI[HG_G; E CJL;=CIa�[?�B>; E CLl m aI[HG_G; E CRJL;=CIa�[?�B>; E CY<@?YH E NPh/C�JPCRA>?�hPA>?I<@?�WLB.C/DEGFCIH�JLH E HGWP`P? E ;dQR?�WLB>H�h/HGA!QR?�;dHRJPCad;dWP_GN/CI_G?�Q W/CIB>NPA.CIaouUN/<>CIW/JLH,BP[? E WP; E CG<�JL?�CIA>_GNPQR?�WLB.C/DEGFCIHPu�?�CIh/?�a=CIW/JLHkpqHGA>B>?�QR?�WLB>?�h/CIA.CkH
E HGWP`P? E ;dQR?�WLB>H�`P?�NPAI[g <@B>; E H�JLH�HGO 	@?�B>H�JL?�?I<@B>N/JLH�?�Q jVNP?I<@B FCIHPlRs FCIH�B>A.CIB.CIA>?�QRHV<*JL?�a=C�CGjVNP;olv E NPh/CIA>\qWPHV<@\q?�QRHV<!CIh/?�W/CG< E HGQ CRaI[HG_G; E CRQ�CIB>?�Q3[CIB>; E CLuPQ�CI;=<,[NPB>;da�WPH�B>A.CIB.CIQR?�WLB>H�JLHV<!hPA>HG\OPad?�Q�CG<UjVNP?�<@?�<@?�_GNP;dA FCIHPl^�Q5TUHGhP; � TUHGh�7S6��ouLaI[HG_G; E C,[?�JL?4�/WP;=JPC E HGQRH!HY?I<@B>N/JLHYJLHV<fQ%[?�B>HLJLHV<f?*hPA>;dW E [g hP;dHV<UN/<>CGJLHV<h/CIA.CYJL;=<@B>;dWP_GNP;dAfHYA.C E ;dH E [g WP;dH E HGA>A>?�B>HYJLHY;dW E HGA>A>?�B>HPlZ�CIA.C�?��LhPA>?I<><>CIA�<@?�WLB>?�W�DE CG<�JL? E a=CIA.CIB>;dcGCG<!jVNP?R?�W E ?�A>A>?�Q�?�Q <@;fNPQ <@?�WLB>;=JLH E HGQRhPad?�B>HR?CG<YjVN/CI;=<�<@?�h/HV<><>CIQ�CIB>A>;dOPNP;dA�NPQ cGCIadHGA�aI[HG_G; E H,h/HGAYcV?�� � cV?�A.JPCGJL?�;dA>HkHGNXpoCIa=<@H �.ufQ�CG<!W FCIHCIQYO/HV< � hPA>;dW E [g hP;dHkJLHkB>?�A E ?�;dA>Hk?�� E adN�[g JLH �.u�N/<>CIQRHV<�hPA>HGh/HV<@;>DEGFHG?I< l Z�HGA�?��L?�QRhPadHPu 135$ 	 $ "$
*�/21!3�-91 uU[?*NPQ�C!hPA>HGh/HV<@;>DEGFCIHPu
JL;dB.C!B.CIQYO'[?�Q hPA>HGh/HV<@;>DEGFCIHRCIBGrHGQR; E CLuVpV[HGA>QYNPa=C!CIBGrHGQR; E CLuGpV[HGA>QYNPa=CHGN�<@;dQRhPad?I<@QR?�WVB>?VuU[CIB>HGQRHV< l
m h/CIA>B>;dA�JL?YhPA>HGh/HV<@;>DEGFHG?I< u�h/HLJL?�QRHV< E A>;=CIA!hPA>HGh/HV<@;>DEGFHG?I< E HGQRh/HV<@B.CG<!N/<>CIW/JLH E HGWP? E B>;dcVHV<aI[HG_G; E HV< l�^ �L?�QRhPadHV<
JL?�hPA>HGh/HV<@;>DEGFHG?I< E HGQRh/HV<@B.CG<�< FCIHPn 1 35$ 	 $ "$F*�/21!3�-91�$  - "$ � $2%4. "1M$43�-  *4$4/9.  l

��?�QRHV<!CGjVNP;ouUH E HGWP? E B>;dcVH $�< s*C�aI[HG_G; E C�hPA>HGh/HV<@; E ;dHGW/CIaoufN/<>CIQRHV<!HV<Y<@?�_GNP;dWLB>?I< E HGWP? E B>;dcVHV<aI[HG_G; E HV< n�� � s v � �.u � � m s*: �.u�� � v - �.u � � ;dQRhPad; E C �*?	� � <@?�?,<P[HX<@? �.l ^U<@B>?I< E ;dW E H
E HGWP? E B>;dcVHV<UaI[HG_G; E HV<fh/HLJL?�Q�<@?�A'N/<>CGJLHV<"h/CIA.C E HGQRh/HGA'hPA>HGh/HV<@;>DEGFHG?I<*C�h/CIA>B>;dA*JL?!hPA>HGh/HV<@;>DEGFHG?I< uJL?!Q�CIWP?�;dA.C!A>? E NPA.<@;dcGCLu E HGWLpqHGA>QR?!CIO/CI;��LHPn

3P{



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 3 /
� $�� � & ����� �<@ �- � " /4( �!+ 1�%�$4( +!" 6!')-91�:P/  :  %�')-�'  3�1 + �&%PO1  � $��F3�' �! %�/9$2- � /2%�' 	 1!(�$43�.8$�-  (  
%�$X6 � $
	
� < � (�1M:P/  :  %�' N -PO1  1,.!U (�')-91 "$ � (�1 QF" /4( �!+ 1 �

� < � $�� "$ � (�1 QF" /4( �!+ 1 � $43�.,O1  � � "$ � (�1 QF" /4( �!+ 1 �

� < � $��#$ A %PO1  
QF" /4( �!+ 1�%��
$43�.,O1  � � A ��� ��A ��� � A $	� � A � %PO1  
QF" /4( �!+ 1�%
� < �� �� 1�%M1�% QF" /4( �!+ 1�%�%PO1  6�$4/21 � 1�%M14: + ')-91!3 �! �X%�$M1�%M/9$X6!/21�%�1!-�')(�1�<
m HGA.JL?�Q E A>?I< E ?�WLB>?*JL?!hPA>;dHGA>;=JPCGJL?!W/C�? pq?�B>N/C/DEGFCIHYJPCG<'HGh/?�A.C/DEGFHG?I<�[?Vn

� � � � � � � � �
?*A>?IjVNP?�A"jVNP?!H E HGWP? E B>;dcVH�JL?!Q�CI;=<fCIadB.C�HGA.JL?�Q5<@? 	>C�C�cGCIad;=CGJLHYhPA>;dQR?�;dA>HPl m <><@;dQkuLC�pV[HGA>QYNPa=C

@ � � � Y
� E C

� @ � � � � Y � �
?

@ � � � � Y�� C
<@?�A/[C

� @ � � � � � � � Y � � C � � � �
� $�� � & ����� �<@ �  � (�1R')3�.8$4/0:P/9$9.01 N -PO1  � $ � (�1 QF" /4( �!+ 1 "$�1 1 	 1 + ')1 N -PO1  � $�%�$ � 	 1 +� / +!" 6!')-91 �
� (�1 	 $2T $2%4.01!*4$ + $2-�' �! %  % 	 1 +� /9$2% +!" 6!')-  % � 1�% QF" /4( �!+ 1�% -  ( :  35$43�.8$2%�� 1�I � 1 + :  �� $ .8$4/ 	 1 +� /
	 $4/ � 1 � $4')/  � !� Q 1 + %  �
(�1�%M3FO1  1!(�*  %�<
� $�� � & ����� �<@ � 8 � (�1 QF" /4( �!+ 1 "$ � '�.01�%�$4/S-  3!%�'�%4.8$43�.8$ ��I � 1!3 �! $ + 11�%9% � (�$ 	 1 +� / 	 $4/ � 1 �
� $4')/  $4( :5$ +� (�$43  % � (�1R')3�.8$4/0:P/9$9.01 N -PO1  S� $ % � 1S.01!*4$ + 1 	 $4/ � 1 � $�<
� $�� � & ����� �<@ � @ � (�1 QF" /4( �!+ 1 "$ � '�.01�')3�-  3!%�'�%4.8$43�.8$ I � 1!3 �! $ + 11�%9% � (�')/ 	 1 +� / Q 1 + %  $4(
.  �� 1�%�1�%�')3�.8$4/0:P/9$9.01 N -PO $2% � $ % � 1S.01!*4$ + 1 	 $4/ � 1 � $�<
� $�� � & ����� �<@ � K � (�1 QF" /4( �!+ 1 "$ � '�.01 %�$4/ 	 "1 + ' � 1 �  !�M� (�1 .01 � .  ,+� 6!')1 � I � 1!3 �! 1�%9% � (�$ 	 1 +� /
+!" 6!')-  	 $4/ � 1 � $4')/  $4( .  �� 1�%�1�%�')3�.8$4/0:P/9$9.01 N -PO $2% � $ % � 1S.01!*4$ + 1 	 $4/ � 1 � $�<
zV?�`PHGNPcV?�A�[KhPA>HGh/HV<@;>DEGFHG?I<�CIBGrHGQR; E CG<*JL;=<@B>;dWLB.CG<"W/CYpV[HGA>QYNPa=CLu
B>?�A>?�QRHV< / � ;dWLB>?�A>hPA>?�B.C/DEGFHG?I<JL;=<@B>;dWLB.CG<'JPC!pV[HGA>QYNPa=CLl
s"H E CG<@H�JPCRad;dWP_GN/CI_G?�Q W/CIB>NPA.CIaou�?�W E HGWLB>A.CIQRHV<'H�hPA>HGOPad?�Q�CRJPC�CIQYOP;d_ �NP;=JPCGJL?Vu
WP? E ?I<><@;d\B.CIW/JLH�JPC�<@N/CRA>?I<@HGadN�DEGFCIHkCIWLB>?I<!JL?Y<@N/CRpqHGA>Q�CIad;��IC/DEGFCIHPu E HGQRHRWPH�?��L?�QRhPadH�
IB>HLJLHV<�HV<*Q�CIA>;d\WP`P?�;dA>HV<�BIr?�Q NPQ�C'Q�CGJLA>;dWP`/C�
LuVjVNP?fh/HLJL?*<@;d_GWP;�� E CIA�jVNP? E CGJPC*NPQ B>?�Q C*<@N/C*Q�CGJLA>;dWP`/CLuIQ�CG<B.CIQYO'[?�Q5jVNP?YB>HLJLHV<!BIr?�Q�NPQ�C3[NPWP; E CRQ�CGJLA>;dWP`/CLl�^U<@B>? E CG<@H�W FCIHk<@?YCIhPad; E C,SCG<*hPA>HGh/HV<@;>DEGFHG?I<Q�CIB>?�Q3[CIB>; E CG< uLJL?I<>JL?�jVNP?!?�a=CG< 	P[C�<@?�CIhPA>?I<@?�WLB.CIQ5<@?�QR; pqHGA>Q�CIad;��ICGJPCG< l



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 3%1
� � � 	 �� �����
	 � ����
 ��� 	�� � � � � ��� � �R� � � 	 � � ��� � � � � � ���

� � �

m t![HG_G; E CM��?�QRh/HGA.CIa � t�� �.uU[?"NPQ�C*h/HLJL?�A>HV<>C!pq?�A>A.CIQR?�WLB.C 	P[C E HGWP`P? E ;=JPC*JL?I<>JL?"QYNP;dB>H*B>?�QRh/HPlZ�WLNP?�ad; � Z�WLN
}G}��ou�hPA>HGh�rHV<�<@N/C'NPB>;dad;��IC/DEGFCIH'?�Q jVNP?I<@B FHG?I<�JL?UhPA>HG_GA.CIQ�CG< E HGW E HGA>A>?�WLB>?I< l m QR?I<@Q�ChPA>HGh/HGA E ;dHGW/C*C'O/CG<@?UpqHGA>Q�CIaVh/CIA.C*C"JL?I< E A>;>DEGFCIH"?UA.C E ;dH E [g WP;dH"A>?�a=CIB>;dcVHV<�CIH E HGQRh/HGA>B.CIQR?�WLB>H E HGA>\A>?�B>H�JL?!<@;=<@B>?�Q�CG< uG?I<@h/? E ;=CIadQR?�WLB>?'JL?!<@;=<@B>?�Q�CG<�W FCIHY<@?Ij��NP?�W E ;=CI;=< uL?��LhPA>?I<><>CIW/JLH�hPA>HGhPA>;d?IJPCGJL?I<A>?�a=CIB>;dcGCG<!SC�H E HGA>AIr?�W E ;=CYJL?!?�cV?�WLB>HV<UWPHYB>?�QRh/HPl^ �L;=<@B>?�Q O/CG<@; E CIQR?�WLB>?�JLN/CG<�cV?�A.< FHG?I<�JL?�aI[HG_G; E CkB>?�QRh/HGA.CIa'jVNP?�< FCIHXCkaI[HG_G; E C�B>?�QRh/HGA.CIaad;dWP?ICIAU?*C�aI[HG_G; E C*B>?�QRh/HGA.CIa
JL?*B>?�QRh/H!A.CIQR;�� E CGJLHPl�s*C!aI[HG_G; E C!B>?�QRh/HGA.CIa/ad;dWP?ICIA E HGW/<@;=JL?�A.CI\o<@?jVNP?�CG<�?��L? E N�DEGFHG?I<�JLHK<@;=<@B>?�Q�CLuUCG<YjVN/CI;=<�A>?�hPA>?I<@?�WLB.CIQ�<@?�N E HGQRh/HGA>B.CIQR?�WLB>H�?�< FCIHKA>?�hPA>?�\<@?�WLB.CGJPCG<�B.CIWLB>Hkh/HGAY<@?Ij��N�r?�W E ;=CG<�JL?R?�cV?�WLB>HV<!HGA.JL?�W/CGJLHV<�WPHkB>?�QRh/H�HGNXh/HGAR<@?Ij��N�r?�W E ;=CG<�JL??�cV?�WLB>HV<�?�Q HGA.JL?�Q E CIN/<>CIaouPW FCIHR< FCIHYA>?�a=C E ;dHGW/CGJPCG< lfZ�HGA'HGNPB>A>H�a=CGJLHPuPW/C�aI[HG_G; E C�B>?�QRh/HGA.CIa
JL?B>?�QRh/H*A.CIQR;�� E CGJLH�CG<f?��L? E N�DEGFHG?I<�JLH�<@;=<@B>?�Q�C!< FCIH�A>?�hPA>?I<@?�WLB.CGJPCG<Uh/HGA"<@?Ij��N�r?�W E ;=CG<fJL?"?�cV?�WLB>HV<HGA.JL?�W/CGJLHV<�WPH*B>?�QRh/H"HGN�h/HGAU<@?Ij��N�r?�W E ;=CG<�JL?'?�cV?�WLB>HV<�?�Q HGA.JL?�Q E CIN/<>CIaP?f?I<@B FCIH!A>?�a=C E ;dHGW/CGJPCG<WLNPQ�C!?I<@B>A>NPB>NPA.C�?�Q�[CIA>cVHGA>? E HGQ A.CIQRHV<'jVNP?!;dW/JL; E CIQ CIadB>?�A>W/CIB>;dcGCG<f? E HGW��/;dB>HV< l
m aI[HG_G; E CYB>?�QRh/HGA.CIa�hPA>HIc�r?�NPQ�C�BP[? E WP; E CYh/CIA.CR?I<@h/? E ;�� E CIA!<@;=<@B>?�Q�CG< u
?I<@h/? E ;=CIadQR?�WLB>?!<@;=<@\B>?�Q�CG<fW FCIH�<@?Ij��NP?�W E ;=CI;=< u/?�h/CIA.C�pqHGA>QYNPa=CIA'?�hPA>HIcGCIA*hPA>HGhPA>;d?IJPCGJL?I<"JL?I<@B>?I<"<@;=<@B>?�Q�CG< l"i@<@B>HR<@?A>? pq?�A>?YSCY<@?�QKrCIWLB>; E C!HGh/?�A.C E ;dHGW/CIa�h/CIA.CYCYjVN/CIa E HGW/<@;=JL?�A.CI\o<@?�jVNP? E CGJPC�?��L? E N�DEGFCIHYJLH�<@;=<@B>?�Q�C[?YA>?�hPA>?I<@?�WLB.CGJPCYh/HGA�<@?Ij��N�r?�W E ;=CG<!JL?�?I<@B.CGJLHV<!?�B>A.CIW/<@;>DEGFHG?I< l m <"hPA>HGhPA>;d?IJPCGJL?I<!JL?Y<@?�_GNPA.CIW�DE C

� %�1 Q $9. � ��?�cL;dcGC E ;=JPCGJL? � + ' 	 $435$2%9% ��h/HLJL?�Q�<@?�A E CIA.C E B>?�A>;��ICGJPCG<YCIB>A.C�cf[?I<YJL?RpV[HGA>QYNPa=CG<YTF�'t�ls*C!hPA>HGhPA>;d?IJPCGJL?!JL?!<@?�_GNPA.CIW�DE C�HGO 	@?�B>;dcGCI\o<@?!<@?�h/CIA.CIA'HV<f?I<@B.CGJLHV<'JL?I<@? 	P[CIcV?�;=<UJLHV<f;dW/JL?I<@? 	P[CIcV?�;=<?�W/jVN/CIWLB>HkjVNP?YW/C�hPA>HGhPA>;d?IJPCGJL?�JL?RcL;dcGC E ;=JPCGJL?YhPA>H E NPA.CI\o<@?�JL?�B>?�A>QR;dW/CIA!<@?�CIad_GNPW/<�?I<@B.CGJLHV<JL?I<@? 	>CGJLHV<'<@?�A FCIHRCIa E CIW�DE CGJLHV< lm <><@;dQkuVC!h/CIA>B>;dA'JPC�t��*uLh/HLJL?�QRHV<fJL?I< E A>?�cV?�A�H E HGQRh/HGA>B.CIQR?�WLB>H!JL;dW�rCIQR; E H!JL?*NPQ�C*A>?IJL?JL?�Z�?�B>A>;ol!s"HV<><@H�B>A.CIO/CIad`PHPu�?�WLB FCIHPu E HGW/<@;=<@B>?�?�Q JL?I< E A>?�cV?�A"CG<"pqHGA>Q�CG<*JL? E A>;=C/DEGFCIH�?�CIW"[CIad;=<@?JL?RpV[HGA>QYNPa=CG<�?�Q t��*ufJL?�Q�CIWP?�;dA.CkjVNP?�h/HV<><>CIQRHV<RJL?�B>?�A>QR;dW/CIA�H E HGQRh/HGA>B.CIQR?�WLB>HkJL?�NPQJL?�B>?�A>QR;dW/CGJLH�<@;=<@B>?�Q�C�jVNP?!?I<@B>? 	>C�QRHLJL?�a=CGJLH�h/HGA"NPQ�C!A>?IJL?�JL?�Z�?�B>A>;ol
s*C�t��*u�CG<!QRHLJPCIad;=JPCGJL?I<*B>?�QRh/HGA.CI;=<"h/HLJL?�Q�<@?�A E HGQYOP;dW/CGJPCG<"h/CIA.C�?��LhPA>?I<><>CIA!A>?�_GNPa=CIA>\QR?�WLB>?�C��/A>Q�C/DEGFHG?I<!<@HGOPA>?YhPA>?I<@?�WLB>?Vu�h/CG<><>CGJLHk?�pqNPB>NPA>HkJL?YNPQ�CYhPA>HGh/HV<@;>DEGFCIH,JPCGJPCLu�CRh/CIA>B>;dAJL?RNPQ JL?�B>?�A>QR;dW/CGJLH�?I<@B.CGJLHk?�Q jVNP?RNPQ <@;=<@B>?�Q�C�<@?R?�W E HGWLB>A>?VlKs"H E HGWLB>?��LB>H,JPC���?�HGA>;=CJL?�TUHGWLB>A>HGad?�zVNPh/?�A>cL;=<P[HGA>;dHPu�?I<@B>?Y?I<@B.CGJLH [?RHk?I<@B.CGJLHk;dWP; E ;=CIa � ��u�HGN C�Q�CIA E C/DEGFCIH�;dWP; E ;=CIafJPCA>?IJL?YJL?RZ�?�B>A>;UjVNP?YQRHLJL?�a=CYH�<@;=<@B>?�Q�CLu�� ��u�cL;=<@B>H�jVNP?�?I<@B.CIQRHV<*;dWLB>?�A>?I<><>CGJLHV<*?�Q QRHLJL?�adHV<

JL?�<@;=<@B>?�Q�CG<fJL?�CINPB>HGQ�C/DEGFCIH�;dW/JLN/<@B>A>;=CIaolm E a=CG<><@?Rt�� jVNP?RCGjVNP;UNPB>;dad;��ICIQRHV< u"[?�CRaI[HG_G; E C�JL?YB>?�QRh/H�A.CIQR;�� E CGJLH E HGWP`P? E ;=JLH E HGQRH
�  ( : � .01,.0'  3 � /9$9$ �  6!')- � TF�'t �.u/W/CRjVN/CIa�HV<"HGh/?�A.CGJLHGA>?I<"B>?�QRh/HGA.CI;=<fH E HGA>A>?�Q�CIh/?�W/CG<*CIHV<



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 3S3
h/CIA>?I< E HGW/<@;=<@B>;dW/JLH�JL? H � � WP? E ?I<><>CIA>;=CIQR?�WLB>? �PHGNRL � � h/HV<><@;dcV?�adQR?�WLB>? �.u�<@?�_GNP;=JLH!h/HGA�� � � ?�cV?�WP\B>N/CIadQR?�WLB>? �.u � � � <@?�QRhPA>? �.u � � CIBP[?�jVNP? �*HGN�� � hPA/[H,�L;dQRH �.l m jVNP;ou�HGh/?�A.CGJLHGA>?I<�JL?RB>?�QRh/H
h/CG<><>CGJLHKW FCIHX< FCIHKh/?�A>QR;dB>;=JLHV<!?Vu'CIa�[?�Q JLHKQ�CI;=< u�HV<YHGh/?�A.CGJLHGA>?I<�pqHGA>Q�CI;=<�W FCIHKh/HLJL?�Q <@?�A
E HGQYOP;dW/CGJLHV<"JL;dA>?�B.CIQR?�WLB>? E HGQ�HV< E HGWP? E B>;dcVHV<'hPA>HGh/HV<@; E ;dHGW/CI;=< l�^�WLpoCIB>;��ICIQRHV<*jVNP?�HRHGh/?�A.CI\JLHGA�B>?�QRh/HGA.CIa � � B>A.CGJLN��"C";dWLpqHGA>Q�C/DEGFCIH*JL?"jVNP?fNPQ�CfpV[HGA>QYNPa=CLuIB>?�Q h/?�adH*QR?�WPHV<�NPQ E CIQR;dWP`PHh/HV<><�[g cV?�a�JL?�<@?�A"<@?�_GNP;=JLHPlZ�A>? E ;=<>CIQRHV<'JL?�B>?�A>QR;dW/CIA"CR<@;dWLB.C��L?!?YCR<@?�QKrCIWLB>; E C�JPC�TF�'t�u
h/CIA.CRh/HLJL?�A>QRHV<'B>A.CIO/CIad`/CIA
E HGQ C�QR?I<@Q�CLlm <@;dWLB.C��L?�JL?*pV[HGA>QYNPa=CG<'TF�'t [?�JL?4�/WP;=JPC E HGQRH�<@?�<@?�_GNP?Vn
� $�� � & ����� �<@ � � � (�1 QF" /4( �!+ 1R$4( � � � � "$�-  3!%4.0/ �&"� � 1 � $

� < � ( -  3�� � 3�.  R� $
:P/  :  %�' N -PO $2%�1,.!U (�')-91�% 	

Z�A>HGh
�
�9@ 	 � @ � � � � �����

� < �  35$2-4.0' 	  % +!" 6!')-  % 	 �  H�� ��� � �  � � � � �  � � � � �

� < � :5$4/21 �! /9$2% .8$4( :  /21!'�% 	  035$2K�. � � �  � 3�.0' + ��<

:"?I<><@?!QRHLJLHPu/CG<'A>?�_GA.CG<"JL?!pqHGA>Q�C/DEGFCIHYJL?*pV[HGA>QYNPa=CG<'< FCIHPu
JL?�C E HGA.JLH E HGQ�C�JL?4�/WP;>DEGFCIHO3Pld{JL?*pV[HGA>QYNPa=C*?�Q aI[HG_G; E C�hPA>HGh/HV<@; E ;dHGW/CIaon
� $�� � & ����� �<@ � � � $ ��1 Z�A>HGh � ( -  3�� � 3�.  �F3�'�.  < � -  3�� � 3�.  D � Z�A>HGh � "$  (�$43  /F-  3�� � 3�.  
� $ QF" /4( �!+ 1�%
:P/  :  %�')-�'  3�1!'�% .8$4( :  /21!'�% � $��F3�' �! %M%  *�/9$ Z�A>HGh .01!'�%MI � $

&�� Z�A>HGh��JD � Z�A>HGh � �
&-&�� � $ � 
 D � Z�A>HGh � $43�.,O1  � � � � � � � V �  � � � � � �� � 
 D � Z�A>HGh � �
&-&-&�� � $ p � _ 
 D � Z�A>HGh � $43�.,O1  � � � � � � � � = � � � � � � � V � � � � � � � � � � 
 D � Z�A>HGh � �
^�WLB FCIHPu/JL?!C E HGA.JLH E HGQ5C�JL?4�/WP;>DEGFCIH*3Pl }Vu/< FCIH�pV[HGA>QYNPa=CG<fTF�'t,B>HLJPCG<'?�jVN/CI;=<>jVNP?�A 	@NPW�DEGFHG?I<h/HV<><�[g cV?�;=<U?�WLB>A>?!HV< E HGWP? E B>;dcVHV<UaI[HG_G; E HV< uPHGh/?�A.CGJLHGA>?I<'B>?�QRh/HGA.CI;=<f?*pV[HGA>QYNPa=CG<'TF�'t�l0U?�QRHV<!?�WLB FCIHPu'jVNP?�h/CIA.CKJL?4�/WP;dA�NPQ�C�pV[HGA>QYNPa=C,TF�'t�ufWP? E ?I<><@;dB.CIQRHV<�JL?�NPQ E HGW
	@NPWLB>HJL?KhPA>HGh/HV<@;>DEGFHG?I<kCIBGrHGQR; E CG< � HGN pV[HGA>QYNPa=CG< � �
/  : � � @ 	 � @ � � � � � �.u E HGWP? E B>;dcVHV<�aI[HG_G; E HV< � � �

V �� � � ��� � � � �  � 
 �f?!HV<'HGh/?�A.CGJLHGA>?I<'B>?�QRh/HGA.CI;=<	� 035$2K�. � ? �  � 3�.0' + � lv <fHGh/?�A.CGJLHGA>?I< � � ? � � < FCIHRCIOPA>?�cL;=C/DEGFHG?I<fh/CIA.C
Z2Y � E � � ?
� � � �



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 3%5
A>?I<@h/? E B>;dcGCIQR?�WLB>?VuPW/CG<*pV[HGA>QYNPa=CG< � � Q ? � � Q u�<@?�W/JLH Q NPQ�C�pV[HGA>QYNPa=C�TF�'t�l ��CIQYO'[?�Q5B>?�QRHV<jVNP?*H E HGWP? E B>;dcVH�aI[HG_G; E H � � HGN �UW/C�pV[HGA>QYNPa=C

� � �
CIOPA>?�cL;=C

� � � � � � � � �
?!CG<fpV[HGA>QYNPa=CG<

��� � ?
��� �CIOPA>?�cL;=CIQ�A>?I<@h/? E B>;dcGCIQR?�WLB>? � � � � ?

� ��� � � � � � � � � �

E HGQ Q ? 6 <@?�W/JLHKhPA>HGh/HV<@;>DEGFHG?I<RCIBGrHGQR; E CG<�HGN pV[HGA>QYNPa=CG<YTF�'t�l't
HG_GHPu"h/HLJL?�QRHV<�B>A.CIO/CIad`/CIACIh/?�W/CG< E HGQ�H E HGW
	@NPWLB>H �
/  : u
HV< E HGWP? E B>;dcVHV<"aI[HG_G; E HV< � ? �%?YHV<*HGh/?�A.CGJLHGA>?I< � u �!u H � ?
L � � h/HG;=<'HV<'HGNPB>A>HV<'h/HLJL?�Q�<@?�A"JL?IJLN���;=JLHV<'C�h/CIA>B>;dA"JL?I<@B>?I< lm cV?�A.C E ;=JPCGJL?fHGN�poCIa=<@;=JPCGJL?*JL?fpV[HGA>QYNPa=CG<![?*JL?4�/WP;=JLH E HGQ A>?I<@h/?�;dB>H�CIH!QRHLJL?�adH!JL? �*A>;dh�,V?Vu
h/HGAP[?�Q [?�W FCIHG\qh/CGJLA FCIHPu'HGW/JL?VuUh/CIA.C,CKTF�'t�uUHkQRHLJL?�adH [?�NPQ�C�B>A>;dhPa=C  � ��� � � � u�HGW/JL? �[?RH E HGW
	@NPWLB>HkJL?R?I<@B.CGJLHV< u � [?�C�A>?�a=C/DEGFCIHkJL?YB>A.CIW/<@;>DEGFCIHk? � [?�C�C�cGCIad;=C/DEGFCIHPl m A>?�a=C/DEGFCIH�JL?B>A.CIW/<@;>DEGFCIH [?�H E HGW
	@NPWLB>HRJL?�B>HLJLHV<*HV<'h/CIA>?I< 0I�� I � � � B.CIa�jVNP? I �*[?�NPQ�<@N E ?I<><@HGA*;dQR?IJL;=CIB>H�JL?
I�< m <@?�QKrCIWLB>; E CUh/CIA.C*TF�'t [?fJL?�B>?�A>QR;dW/CGJPCfC'h/CIA>B>;dA�JLH'QRHLJL?�adH"JL? �*A>;dh�,V?Vl�b"Q E CIQR;dWP`PH'JL?NPQ QRHLJL?�adH*JL? �*A>;dh�,V? ���  � � � � � � [?'NPQ�C"<@?Ij��N�r?�W E ;=C";dW��/WP;dB.C"JL?'?I<@B.CGJLHV<  � � � ��	 � � � � � 
 � �B.CIa�jVNP? E CGJPCRh/CIA!<@N E ?I<><@;dcVHRJL?�?I<@B.CGJLHV< 0I � � ��� � 	 � [?�NPQ�?�ad?�QR?�WLB>H�JL? � � ? � � [?YJL?4�/WP;=JLH
E HGQRH�H E HGW
	@NPWLB>HYJL?!B>HLJLHV<*CG<"<@?Ij��N�r?�W E ;=CG<'JL?!?I<@B.CGJLHV<"h/HV<><�[g cV?�;=< ls*C�<@?�QKrCIWLB>; E C!JPCRTF�'t�u/N/<>CIQRHV<'C�WPHGB.C/DEGFCIH

� � ��� � �

<@;d_GWP;�� E CIW/JLHRjVNP? � [?�cV?�A.JPCGJL?�;dA>H�WPHR?I<@B.CGJLH��YJLHRQRHLJL?�adHYJL? �*A>;dh�,V? � l m ;dWLB>?�A>hPA>?�B.C/DEGFCIHJL?*NPQ�C*pV[HGA>QYNPa=C�TF�'t � E HGQ�A>?�a=C/DEGFCIHYCIHYJL?*QRHLJL?�adH�JL? �*A>;dh�,V?VuU[?!JPCGJLHR<@HGOPA>?�C�?I<@B>A>NPB>NPA.C
JPCG<UpV[HGA>QYNPa=CG< � M E Mk| / �ols"H�WPHV<><@H�B>A.CIO/CIad`PHPu�W FCIH�NPB>;dad;��ICIQRHV<"JPC�<@?�QKrCIWLB>; E CYJL?4�/WP;=JPC E HGQ A>?I<@h/?�;dB>H�CIH�QRHLJL?�adH
JL? �*A>;dh�,V?VuPh/HG;=<"CIh/?�W/CG<"WP? E ?I<><@;dB.CIQRHV<'JL?�cV?�A>;�� E CIA"C�cGCIad;=JPCGJL?�JPC�pV[HGA>QYNPa=C�<@HGOPA>?�C [CIA>cVHGA>?JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?!JPC�A>?IJL?!JL?�Z�?�B>A>;�jVNP?*QRHLJL?�a=C�HY<@;=<@B>?�Q�CLl:"?KC E HGA.JLH E HGQ�C <@;dWLB.C��L?KJPC%TF�'t�u"h/HLJL?�QRHV<R?��L?�QRhPad;�� E CIARCIad_GNPQ�CG<YpV[HGA>QYNPa=CG< u"JL?C E HGA.JLH E HGQ5C�<@?�QKrCIWLB>; E C�JPCRTF�'t�n
{Gl = � ��� <@;d_GWP;�� E C�jVNP?�C�hPA>HGh/HV<@;>DEGFCIH �K[?!h/HV<><@;dcV?�adQR?�WLB>?'cV?�A.JPCGJL?�;dA.C��



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 3%7
/ l V � ���3;dQRhPad; E C!jVNP?�C�hPA>HGh/HV<@;>DEGFCIH �K[?!WP? E ?I<><>CIA>;=CIQR?�WLB>?"cV?�A.JPCGJL?�;dA.C��
1Ll � � � � jVNP?�A"JL;���?�A'jVNP?�C�hPA>HGh/HV<@;>DEGFCIH � [?�cV?�A.JPCGJL?�;dA.C�CIBP[?�jVNP? � <@? 	>C��
3Pl  @ � ;dQRh FHG?!jVNP?�C�hPA>HGh/HV<@;>DEGFCIH�@3[?!cV?�A.JPCGJL?�;dA.C!h/CIA.C�HYhPA/[H,�L;dQRH�?I<@B.CGJLH �
5Ll V �  � @ � � � ����WP? E ?I<><>CIA>;=CIQR?�WLB>?VufWPHXhPA/[H,�L;dQRHK?I<@B.CGJLHPu
@3?,CXWP?�_VC/DEGFCIH%JL? �Lu*< FCIHcV?�A.JPCGJL?�;dA>HV< �
7Ll � � ��� C�hPA>HGh/HV<@;>DEGFCIH��,[?�<@?�QRhPA>?*cV?�A.JPCGJL?�;dA.C��
}Vl = � � � ��� h/HV<><@;dcV?�adQR?�WLB>?Vu � [?�<@?�QRhPA>?"cV?�A.JPCGJL?�;dA.C � h/?�adH�QR?�WPHV<U?�Q�NPQ E CIQR;dWP`PH�h/?�A>\
E HGA>A>;=JLH � �

6Ll V � � � Z�� WP? E ?I<><>CIA>;=CIQR?�WLB>? ZY[?�<@?�QRhPA>?"cV?�A.JPCGJL?�;dA.C��
|Ll = � � � @ � WPHV<"JL;��!jVNP?VuLh/HV<><@;dcV?�adQR?�WLB>?Vu�@�h/HLJL?�<@?�A"cV?�A.JPCGJL?�;dA.C��
{��Ll = �  � � � � � � @�� ���X?��LhPA>?I<><>C"jVNP?VuIh/HV<><@;dcV?�adQR?�WLB>?�H"hPA/[H,�L;dQRH'?I<@B.CGJLH!JL? �R[?fcV?�A.JPCGJL?�;dA>HPuCIBP[?�jVNP? ��? @
u/CIHYQR?I<@QRH!B>?�QRh/HPuP<@? 	>CIQ B.CIQYO'[?�Q��
{G{Gl � � � � � �  � ��� ?�cV?�WLB>N/CIadQR?�WLB>?Vu � [?!cV?�A.JPCGJL?�;dA.C�CIBP[?�jVNP?!H�hPA/[H,�L;dQRH�?I<@B.CGJLH�JL? � <@? 	>CpoCIa=<@HPufHGN <@? 	>CLu � [?�cV?�A.JPCGJL?�;dA.CLuUCIBP[?�H,hPA/[H,�L;dQRH�?I<@B.CGJLHKJL? � lX^�Q�HGNPB>A>HV<�B>?�A>QRHV< u

?��L;=<@B>?�CIHYQR?�WPHV<UNPQ E CIQR;dWP`PH�jVNP?!B>HGA>W/CYC!pV[HGA>QYNPa=C!cV?�A.JPCGJL?�;dA.CLl
v O/<@?�A>cV?�QRHV</jVNP?VuIC'JL; pq?�A>?�W�DE Cf?�WLB>A>?UC'CIW"[CIad;=<@?fJL;dA>?�B.Cf?UC"JL?4�/WP;>DEGFCIH"JLH'QRHLJL?�adH'JL? �*A>;dh�,V?Vu

[?YQ,[g WP;dQ�CLu/h/HG;=<!WPH E CG<@HkJLH�;dB>?�Q�{Gu�B>?�AI[g CIQRHV<*CIh/?�W/CG< � � C��#= � �Lu�jVNP?R<@;d_GWP;�� E C�jVNP? � [?h/HV<><@;dcV?�adQR?�WLB>?�cV?�A.JPCGJL?�;dA.C,WPHX?I<@B.CGJLHJCVl�t
HG_GHPu!W/CX?I<@h/? E ;�� E C/DEGFCIHXJL? E HGQRh/HGA>B.CIQR?�WLB>HV< ujVNP? [?RH�WPHV<><@HkHGO 	@?�B>;dcVHPu�NPB>;dad;��ICIA>?�QRHV<*C�CIW"[CIad;=<@?�JL;dA>?�B.C�JPCRpV[HGA>QYNPa=CLu�JL?I<>JL?�jVNP?YH�?I<@B.CGJLH
E HGW/<@;=JL?�A.CGJLH�h/CIA.C�HV<'WPHV<><@HV<"hPA>HGh"[HV<@;dB>HV<�[?�<@?�QRhPA>?"HY?I<@B.CGJLHY;dWP; E ;=CIa � ��l0U?�QRHV< uL?�WLB FCIHPu
jVNP?!h/HLJL?�QRHV<fpoC���?�A"NPQ�C�C�cGCIad;=C/DEGFCIHRJL?�B>HLJPCRC�QYN/JPCIW�DE C�WPHRB>?�QRh/HPuPJL?hPA>HGh/HV<@;>DEGFHG?I<"JPCGJPCG< u
C�h/CIA>B>;dA*JPCG<fpV[HGA>QYNPa=CG<'TF�'t�lZ�CIA.C�poC���?�A>QRHV<fNPQ�C E HGWP?�� FCIH�JPCRt�� E HGQ�CG<�-"ZU< u/NPB>;dad;��ICIQRHG\qWPHV<'JL?I<@B.C E a=CG<><@?�JL?�t��*uh/HG;=<,[?R?�a=C�jVNP?�J'[CI\qWPHV<�CG<�h/HV<><@;dOP;dad;=JPCGJL?I<�JL?�JL? E ;=< FCIH�?�WLB>A>?RHV<!c'[CIA>;dHV<�A.CIQRHV<�JLH�_GA.C�pqH,JL?CIa E CIW�DE CIOP;dad;=JPCGJL?�JPC�-"Z�u/CIa�[?�Q�JL?!h/HLJL?�A!JL?4�/WP;dA'hPA>HGhPA>;d?IJPCGJL?I< E HGW E HGA>A>?�WLB>?I<f? E HGW��/;dB.CIWLB>?I<
W/C�QR?I<@Q�CLuLHGW/JL?�h/HLJL?�QRHV<'`/CIOP;dad;dB.CIA"Q�CI;=<'JL?�NPQ�C�B>A.CIW/<@;>DEGFCIH�CIHYQR?I<@QRH�B>?�QRh/HPuPHGN�poC���?�ANPQ�C�JL? E ;=< FCIH�?�Q NPQ E HGW��/;dB>HPuPHGN E HGW E HGA>AIr?�W E ;=C�JPC�A>?IJL?Vls"H E CG<@H�JPC*t�Z&�'t�uL<@N/C*NPB>;dad;��IC/DEGFCIH�[?'O/CG<@; E CIQR?�WLB>?fh/CIA.C*?I<@B>A>NPB>NPA.CG<�jVNP?'W FCIH�CIhPA>?I<@?�WLB>?�Q
E HGW E HGA>AIr?�W E ;=CG<�?�WLB>A>?"CG<UB>A.CIW/<@;>DEGFHG?I< uV;=<@B>Hk[?VuL<P[H�`/C�	>C*NPQ�C,[NPWP; E C!B>A.CIW/<@;>DEGFCIH!`/CIOP;dad;dB.CGJPC*?�Q NPQJL?�B>?�A>QR;dW/CGJLH!;dW/<@B.CIWLB>? � -  3 � ' N -PO1  R� $M$ 	 $43�.  %�')3,6 �!+ 1!/ � � b �*|S���olUZ�CIA.C�?I<@B.CG< uPHV<"CINPBGrHGQ�CIB>HV<
<@?Ij��NP?�W E ;=CI;=<!JL?Rw �N E `P;f< FCIHkNPB>;dad;��ICGJLHV< E HGQRH�;dWLB>?�A>ad;d_VC/DEGFCIHPl�TUHGQRH�WPHV<><@HkhPA>HGOPad?�Q�C [?YQ�CI;=<



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 3L}
CIOPA.CIWP_G?�WLB>?Vu�h/CG<><>CIA>?�QRHV<�C�?I<@B>N/JPCIA�C,TF�'t%jVNP?R?�WLcVHGadcV?�B>HLJPC�NPQ�CR_VCIQ�C�JL?YhPA>HGOPad?�Q�CG<
Q�CI;=<UA>?ICI;=<!SC��"T'z/l
:"?4�/WP;dQRHV<fC�ad;dWP_GN/CI_G?�Q _G?�A.CGJPCYJL?!NPQ�C*pV[HGA>QYNPa=C�TF�'tKJPCY<@?�_GNP;dWLB>?*pqHGA>Q�CLn

� $�� � & ����� �<@ ��
 � $ ��1 � � (�1 QF" /4( �!+ 1 � � � < D � � � � "$ � (�1 + ')3,6 � 1�6�$4( 6�$4/21 � 1 � 1 QF" /4( �!+ 1
� � � � I � $M/9$0:P/9$2%�$43�.01�%�$2I��� U$43�-�')1�% � $
:P/  :  %�' N -PO $2%F:5$4/9.8$43�-4$43�.8$2%�1  -  3�� � 3�.  Z�A>HGh��
^�WLB FCIHPu�h/HLJL?�QRHV<*hPA>H E ?IJL?�A�SCRad;d_VC/DEGFCIHkJPCG<)-"ZU< E HGQ CkTF�'t�l�:"?I<><>CRpqHGA>Q�CLu�JL?4�/WP;dQRHV<

pqHGA>Q�CIadQR?�WVB>?fC!ad;d_VC/DEGFCIH�JPCG< -"ZU< E HGQ�C�TF�'t�uLh/?�a=C E HGW/JL;>DEGFCIH�JPCG<f<@?Ij��N�r?�W E ;=CG<fJL?"B>A.CIW/<@;>DEGFHG?I<JL?!NPQ�C)-"Z E HGQ B>A.CIW/<@;>DEGFHG?I<'?�B>;=jVNP?�B.CGJPCG< uPJPCY<@?�_GNP;dWLB>?*pqHGA>Q�CLn
� $�� � & ����� �<@ ��� � $ ��1 �	� � � � ��
 � V �� � � � � � (�1 /9$ � $ � $�� $9.0/4'P$ Z�A>HGh � 
 � ( -  3�� � 3�.  
� $ .0/21!3!%�' N -PO $2%�I � $�$2%4. "1R-  3�.0' �! $4( � (�1 QF" /4( �!+ 1 � � � � < L 3�.,O1  

D � �	� � � ��� D
�
� �	� � � D � � � �

 3 � $ D
�
� �	� � "$M1 + ')3,6 � 1�6�$4( 6�$4/21 � 1 � 1S/9$ � $ � $�� $9.0/4'&$9.0')I � $9.01 � 1

�	�
�

� � ��
 � V �� ��� � � � �

-  ( � n 
 � Z�A>HGh �
$ D � � � � "$M1 + ')3,6 � 1�6�$4( 6�$4/21 � 1 � 1 QF" /4( �!+ 1 � � � � <

^�WLB FCIHPuUC�ad;dWP_GN/CI_G?�Q�JPC -"Z ?�B>;=jVNP?�B.CGJPC	� �VCIW�6V}���� Z�?�B 6L{ O � E HGQ�<�[g QYO/HGadHV<!JLH E HGW
	@NPWLB>HZ�A>HGh�uPB>?�A/[C�<@N/C�ad;dWP_GN/CI_G?�Q A>?�a=C E ;dHGW/CGJPC E HGQ5C�ad;dWP_GN/CI_G?�Q5JPC�pV[HGA>QYNPa=C�TF�'t�l:"?�cV?�QRHV<'HGO/<@?�A>cGCIAYjVNP?Y?I<@B.CRWPHIcGC�ad;dWP_GN/CI_G?�Q�D � �	� � � �!?I<@B/[C�JL?4�/WP;=JPCRh/HGA�jVNP?Vu�WP?�Q
<@?�QRhPA>?VuUWP? E ?I<><>CIA>;=CIQR?�WLB>?VuUB>HLJPCG<�CG<RB>A.CIW/<@;>DEGFHG?I<RJPC,A>?IJL?,JL?,Z�?�B>A>;"?I<@B FCIHKad;d_VCGJPCG<�C,NPQ�ChPA>HGh/HV<@;>DEGFCIH�CIBGrHGQR; E C�JLH E HGW
	@NPWLB>H�Z�A>HGh�u/;=<@B>H [?Vu/CIad_GNPQ�CG<'h/HLJL?�Q <@?�A';dWLcL;=<�[g cV?�;=< uVh/CIA.CYNPQ�CJPCGJPC�pV[HGA>QYNPa=C�TF�'t ��l
v <@?�_GNP;dWLB>?�B>?�HGA>?�Q�CYWPHV<!_VCIA.CIWLB>?�C�JL? E ;=JL;dOP;dad;=JPCGJL?�JLH�hPA>HGOPad?�Q�CRJL?YWLNPad;=JPCGJL?YJPC�ad;dWP\_GN/CI_G?�Q _G?�A.CGJPCRJPC!pV[HGA>QYNPa=C�TF�'t ��l

9 $ ��� $'H � @ �- �
1!/21 � (�1 � 1 � 1 /9$ � $ � $� $9.0/4' �	� �

� � ��
 � V �� � � � � $ � (�1 QF" /4( �!+ 1
� � � � -  ( :  %4.01 � $ � ( -  3�� � 3�.  �� $ :P/  :  %�' N -PO $2%
1,.!U (�')-91�% Z�A>HGh �  :P/  * + $4(�1 � $
3 �!+ ' � 1 � $
� $ D � �	� � � � "$ � $2-�' � "� 	 $ + <

v hPA>HGOPad?�Q�CkJL? 3 �!+ ' � 1 � $ [?kJL?4�/WP;=JLH E HGQRH,C,C�cGCIad;=C/DEGFCIHXJPCk?I<@h/? E ;�� E C/DEGFCIHKJPCGJPC E HGQCYpV[HGA>QYNPa=CRTF�'t%<@HGOPA>?YNPQ�C�-"Z�l�^�Q�HGNPB>A>HV<!B>?�A>QRHV< u�<@?Y?��L;=<@B>?�NPQ�CR<@?Ij��N�r?�W E ;=CRc'[CIad;=JPCRJL?JL;=<@h/CIA>HV<"JL?!B>A.CIW/<@;>DEGFHG?I<fW/C�-"Z jVNP?�<>CIB>;=<opoC/DE CYC�?I<@h/? E ;�� E C/DEGFCIH�?�Q5TF�'t���l
��?�W/JLH"?I<@B.CG<�JL?4�/WP;>DEGFHG?I<
pqHGA>Q�CIad;��ICGJPCG< uIh/HLJL?�QRHV<�CIW/CIad;=<>CIA�NPQ ?��L?�QRhPadHPu�HGW/JL?fNPB>;dad;��ICIQRHV<CYTF�'t�u E HGQRH�cV?�A>;�� E C/DEGFCIHYJL? E HGQRh/HGA>B.CIQR?�WLB>H�JLHYQRHLJL?�adHPuLh/CIA.C�QR?�ad`PHGA'<@;dB>N/CIA"<@?�N�N/<@HPn



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 3%6
PDR�$'H =�:-�C@ �- �  3!%�' � $4/9$�1 ��� (  %4.0/21 � 1 3�1 � 6 � /21 � < � < L %4.01 /9$ � $ � .8$4( %�$ � 6!/21 Q� �� $
1 + -91!3 N -�1!*�' + ' � 1 � $ ��(  %4.0/21 �! 3�1 � 6 � /21 � < � < � $ � $��F3�')/4(  %R1�%�.0/21!3!%�' N -PO $2% Z 	 � Z � $ Z � -  (  
%�$43 �! 1�%�:P/  :  %�' N -PO $2%�1,.!U (�')-91�%��F:  �� $4(  % 	 $4/4' �F-91!/M%�$ � (�1 QF" /4( �!+ 1 � � � "$ 	 $4/ � 1 � $4')/21 �
� $�1!-  / �! -  (  I � $ %�$ %�$X6 � $
	

� � $ � $2%�$ ��1!/4(  % I � $�1/9$ � $�%�'76!1 %�$4( :P/9$  % � '�%8:�1!/  % � $R.0/21!3!%�' N -PO $2% Z 	 $ Z � ��35$2%4.01
 / � $4( ��1 QF" /4( �!+ 1 � � � I � $ � $ 	 $4(  %-  ,+� -91!/ � � $ 	 $ %�$4/ � � � Z 	 � Z � � � � $2% � $�I � $�1
+ ')3,6 � 1�6�$4( 6�$4/21 � 1M:  /�$2%4.01 QF" /4( �!+ 1 "$ � Z 	2Z � � � $M.01!(�* "$4( � 1R(�$2%�(�1�:5$4/9.8$43�-4$�1 + ')3 �
6 � 1�6�$4( 6�$4/21 � 1 � 1S/9$ � $ � $�� $9.0/4' �

� � $ I � '�%�$4/4(  % I � $ 1 /9$ � $�.8$43!;�1  -  ( :  /9.01!(�$43�.  $2%8:5$4-�' �F-91 �! ��-  (  Z 	2Z �8Z � � :  �
/ "�)1!(  %R1 QF" /4( �!+ 1 -  (  RV � � Z 	 � Z � � �  � Z 	 �  Z ��� � �  3�. ���! �  *9%�$4/ 	 1!(  % I � $R1
QF" /4( �!+ 1�3FO1  "$ :  %9% "� 	 $ + :�1!/21R1 (�1!/2-91 N -PO1  ')3�')-�')1 +F� 1 � 1 �&:  '�%S$2%4.01R%�$2I��� U$43�-�')13FO1  "$
:  %9% "� 	 $ + � ')/9$9.01!(�$43�.8$ �F-  (  :  �� $4(  % 	 $4/�3�1 "1!/ 	  /9$ � $�1 + -91!3 N -�1!*�' + ' � 1 � $ � 1�(�$2%�(�1�<
� *9%�$4/ 	 $4(  %�I � $ �F1 :�1!/9.0')/ �! $2%4.01 �! ')3�')-�')1 + 0(�1!/2-91 N -PO1  ')3�')-�')1 +P� 1�/9$ � $ �M1�%�$2I��� U$43�-�')1
Z 	2Z �8Z � � 3FO1  $2K,'�%4.8$�< �  6  ��1 + ')3,6 � 1�6�$4( 6�$4/21 � 1 � 1 QF" /4( �!+ 1 3FO1  $2%4. "1 -  3�.0' � 1 3�1
+ ')3,6 � 1�6�$4( � 1 ��� �

� � (�1�%�$2I��� U$43�-�')1 � 1 Q� /4(�1 � Z 	8Z �8Z 	2Z �8Z � ��� �5:  �� $&%�$4/ $2%8:5$2-�' �F-91 � 1�-  (  �� %  �� 1 QF" /4( �!+ 1
� � � � Z 	 �  Z � � �  Z ��� � � *9%�$4/ 	 $4(  %R1!I � ' � I � $ �M1�:P/4')(�$4')/21M:�1!/9.8$ � 1 $2I � 1 N -PO1  3  % � "1
� (�1')( :  %�' N -PO1  � $ I � $ � Z 	 � $ 	 $ � '�%8:�1!/21!/ � %�$X6 � ' � 1 �! � '�%8:�1!/  �� $ Z � < �� �� 1 	 ')1 �  
� '�%8:�1!/  S� $ Z � %�$4/ "1  *�/4'76!1,. " /4'  �
14: " %�3  	  R� '�%8:�1!/  �� 1�%�$2I��� U$43�-�')1 Z 	8Z � � I � $M.  /43�1 Z �
;�1!*�' + '�.01 � 1 �

� H $2%8:5$2-�' �F-91 N -PO1  � $ � (�1S%�$2I��� U$43�-�')1�$4( I � $ �
.8$43!;�1!(  %�(�1!'�% � $ � (�1S.0/21!3!%�' N -PO1  ;�1 �
*�' + '�.01 � 1 � $ � (�1 "� 3�')-91 	 $2T�� "$ Q $4'�.01�-  ( 1 QF" /4( �!+ 1 V � � Z 	 � Z � � � V � � Z � � Z � � < � $2%4.01
$2%8:5$2-�' �F-91 N -PO1  � ;�1!*�' + '�.01!(  % Z 	 1,. "$ I � $ Z � %�$ ��1�;�1!*�' + '�.01 � 1�<���$0:  '�% � $ �!� 1�%
%�$2I��� U$43�-�')1�%
� $2%4.01 � 1 .0/21!3!%�' N -PO1  Z � $2%4. "1R;�1!*�' + '�.01 � 1 $ � -  (  � '�%8:�1!/  S� $ Z 	 � 3  	 1!(�$43�.8$ � Z � $ Z � �
:  �� $4( � '�%8:�1!/21!/ -  3�� � 3�.01!(�$43�.8$�<

:"?I<><@?�pqHGA>Q�CLu E HGW E adN�[g QRHV<"jVNP?�NPQ�C�pV[HGA>QYNPa=CX[?�NPQ�CR<@?�WLB>?�W�DE CRjVNP?Y<@?�A/[CRcV?�A.JPCGJL?�;dA.CY<@?`PHGNPcV?�AfNPQ E CIQR;dWP`PHPuLW/C [CIA>cVHGA>?�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?!JPC�-"Z�uPh/HV<><�[g cV?�a�JL?�<@?�A"<@?�_GNP;=JLHPlb"Q�C*JPCG<�pqHGA>Q�CG<UJL?"ad;d_VC/DEGFCIH�?�WLB>A>?*CG< -'?IJL?I<UJL?*Z�?�B>A>;/?*C�TF�'t�uf[?*JPCGJPC�h/?�adHV< E HGW E ?�;dB>HV<JL?�^U<@B>A>NPB>NPA.CG<!JL?YZ�A>?IJL; E CGJLHV< � ^UZ	�.u�CG<!jVN/CI;=<*< FCIH�N/<>CGJPCG< E HGQRHYA>?�hPA>?I<@?�WLB.C/DEGFCIHR<@;dQYO"[HGad; E CJLH E HGW
	@NPWLB>H�JL?�Q�CIA E C/DEGFHG?I<"JL?�NPQ�C�-"Z�u 	@NPWLB>H�CYNPQ E HGW
	@NPWLB>H�JL?�HGh/?�A.C/DEGFHG?I<!CG<><@H E ;=CGJPCG< u
E HGQRHKJL?�QRHGW/<@B>A.C�-"C E adH,�k?,wfN E `/< � -"w'|V}��ou'HGN3M E M�;dada=CIW � M E Mk| / �ou E HGQ�C,cV?�A>;�� E C/DEGFCIH<@;dQYO"[HGad; E C�JLH�QRHLJL?�adHPu�jVNP?X[?YA>?I<@B>A>;dB>HKSC�<@;=<@B>?�Q�CG<*JL?Y?I<@B.CGJLHV<��/WP;dB>HV< lR^U<@B.C3[?YN/<>CGJPC�h/CIA.C_G?�A.CIA�?'hPA>HIcGCIA�hPA>HGhPA>;d?IJPCGJL?I<UJL?"<@;=<@B>?�Q�CG<�O/CG<@?ICGJLHV<�?�Q B>A.CIW/<@;>DEGFHG?I< uVjVNP?�[?'H E CG<@H�JLHV<fzL^U:*< ls"?I<@B.CLuP<@?�W/JLHYJPCGJPC�NPQ�C'-"Z E HGQ <@?�N E HGW
	@NPWLB>HYJL?!Q�CIA E C/DEGFHG?I< uVh/HLJL?�QRHV<"CIW/CIad;=<>CIA"<@?!NPQ�C



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 3V|
JL?�B>?�A>QR;dW/CGJPC�pV[HGA>QYNPa=CXTF�'t�[?,cV?�A.JPCGJL?�;dA.CLl TUHGWLB>N/JLHPu!WPH E HGWLB>?��LB>H JPC �"T'z/u'h/HLJL?�QRHV<
hPA>H E ?IJL?�A'SC*cV?�A>;�� E C/DEGFCIH*JPC"cV?�A.C E ;=JPCGJL?'JL?'NPQ�CfpV[HGA>QYNPa=C*TF�'t�uVCIh/?�W/CG< E HGQ A>?�a=C/DEGFCIHYSCk[CIA>cVHGA>?JL?RCIa E CIW�DE CIOP;dad;=JPCGJL?�JLHk<@;=<@B>?�Q�CRQRHLJL?�a=CGJLH�h/HGA�A>?IJL?RJL?�Z�?�B>A>;ou�JL?I<>JL?�jVNP?RB>?�QRHV< 	P[C�B>HLJLHH E HGW
	@NPWLB>H JL?,Q�CIA E C/DEGFHG?I<Yh/HV<><�[g cV?�;=< u*?,B.CIQYO'[?�QkuUB>HLJPCG<kCG<�<@?Ij��N�r?�W E ;=CG<�jVNP?,h/HLJL?�Q�<@?�A
<@?�_GNP;=JPCG<!W/C�A>?IJL?Vl�:"?I<><>C�pqHGA>Q�CLu�CG<!hPA>HGh/HV<@;>DEGFHG?I<�CIBGrHGQR; E CG<*NPB>;dad;��ICGJPCG<!?�Q NPQ�CYpV[HGA>QYNPa=CLu
?I<@B FCIHYQ�CIh/?ICGJPCG<"JL;dA>?�B.CIQR?�WLB>?�SCG<'B>A.CIW/<@;>DEGFHG?I<"JLHYQRHLJL?�adHPuP;=<@B>HX[?Vu E CGJPC�hPA>HGh/HV<@;>DEGFCIH�CIBGrHGQR; E CTF�'t�uPA>?�hPA>?I<@?�WLB.C�NPQ�C!B>A.CIW/<@;>DEGFCIHYWPH E HGW
	@NPWLB>HYJL?�B>A.CIW/<@;>DEGFHG?I<'JPC�-"Z�uPHGN�<@? 	>CLu

Z�A>HGh
�

� ��
 � �

HGW/JL? � [?,NPQ�HGh/?�A.CGJLHGA,jVNP?kQ�CIh/?�;=C E CGJPCKB>A.CIW/<@;>DEGFCIH%JPCXA>?IJL? E HGQ�NPQ�CXJL?�B>?�A>QR;dW/CGJPC
hPA>HGh/HV<@;>DEGFCIHRCIBGrHGQR; E C�JLH E HGW
	@NPWLB>HRZ�A>HGh�uP;=<@B>HX[?

� n 
 � Z�A>HGh
HGW/JL?"h/HLJL?�QRHV<fJL?4�/WP;d\qa=C E HGQRH�C"pqNPW�DEGFCIH�JL?*?�B>;=jVNP?�B.C/DEGFCIH�JPCG<UB>A.CIW/<@;>DEGFHG?I<�WPH E HGW
	@NPWLB>H�Z�A>HGh�u
E HGQRH 	P[C�QRHV<@B>A.CGJLHRCIWLB>?�A>;dHGA>QR?�WLB>?'W/CYJL?4�/WP;>DEGFCIH*3Pl |Ll

p1

2

3

1 2

3

t

p

p

t

t

2

e�;d_GNPA.C#3Pld{Gn -'?IJL?!JL?�Z�?�B>A>;�NPB>;dad;��ICGJPC!WPHY?��L?�QRhPadH#1Lld{
b"Q�CkhPA>HGh/HV<@;>DEGFCIH%CIBGrHGQR; E Ck?�Q�TF�'t�u'B>?�Q NPQ�C,A>?�a=C/DEGFCIH E HGQ NPQ�C -"Z�u'JPCX<@?�_GNP;dWLB>?

pqHGA>Q�CLn
� b"Q�C"hPA>HGh/HV<@;>DEGFCIHYCIBGrHGQR; E C � � Z ��[?"cV?�A.JPCGJL?�;dA.C*<@?"?*<P[H�<@?*C*B>A.CIW/<@;>DEGFCIHMZ�?I<@B/[C*`/CIOP;dad;dB.CGJPCHGNkJL;=<@h/CIA.CLl
^�WLB FCIHPuLWPHV<><@HYB>A.CIO/CIad`PH�?I<@B/[C!?�Q JL?4�/WP;dA'C!?I<@h/? E ;�� E C/DEGFCIH�JL? E HGQRh/HGA>B.CIQR?�WLB>HV<UJL?�zL^U:*< lm <><@;dQkuGh/CIA.C!WPHV<><@HV<'hPA>HGh"[HV<@;dB>HV< u/jVNP?�[?*HYJL?"?I<@B.CIA>QRHV<U;dWLB>?�A>?I<><>CGJLHV<fCIh/?�W/CG<fW/CG<'<@?Ij��N�r?�W E ;=CG<



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 5S�

(1 0 0)

(0 1 0)

(1 0 1)

(0 1 1)

(1 0 2)

(1 0 0) (0 1 2)

(1 0 1)

(1 0 3)

(0 1 3)

(1 0 4)

(1 0 2)(0 1 w)

(1 0 w)

(1 0 w)

(1 0 0)(1 0 1)

old

old

oldold

old

t 1

t 2

t3

t 1

t1

t 1

t 1

t 2

t 2

t 2

t3

t 3

t3

t3

t 3

t2

(w par)

(w ímpar)

old

e�;d_GNPA.C*3Pl / n [m A>cVHGA>?�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?!JPC�-"Z�u/JLH�?��L?�QRhPadH#1Lld{Gl



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 5L{
JL?"JL;=<@h/CIA>HV<fJL?"B>A.CIW/<@;>DEGFHG?I<UjVNP?";dQRhPad; E CfW/C!?��L? E N�DEGFCIH!JL?"NPQ�C"B.CIA>? poC*?I<@h/? E ;�� E CLuV;=<@B>H,[?VuLC*?I<@\h/? E ;�� E C/DEGFCIH�JLH E HGQRh/HGA>B.CIQR?�WLB>HPuGWPHV<><@HYB>A.CIO/CIad`PHY;dA/[C�<@? E HGQRh/HGA"JPC E HGW/<@;=JL?�A.C/DEGFCIHRJL?!jVNP?*H
E HGW
	@NPWLB>H�JL?*hPA>HGh/HV<@;>DEGFHG?I<fCIBGrHGQR; E CG<U<@? 	>C�JL?�B>?�A>QR;dW/CGJLH!CIh/?�W/CG<fh/?�adH E HGW
	@NPWLB>H�JL?"B>A.CIW/<@;>DEGFHG?I<JPC�-"Z�u
jVNP?�QRHLJL?�a=C�H�<@;=<@B>?�Q�C�?�Q5?I<@B>N/JLHPu E HGQRH�QRHV<@B>A.CGJLHRWPHR?��L?�QRhPadH#3Pld{Gl*t
HG_GHPu�CIh"[HV<?�WLB>A.CIA>QRHV< E HGQ CYpV[HGA>QYNPa=CRTF�'t�u�h/CIA.C�?I<@h/? E ;�� E CIA*H E HGQRh/HGA>B.CIQR?�WLB>HYJLH�<@;=<@B>?�Q�CLu
hPA>H E ?�\JL?�QRHV<�SC�cV?�A>;�� E C/DEGFCIH�?YcGCIad;=JPC/DEGFCIH,JPCRpV[HGA>QYNPa=CLu E HGQRH�cV?�A>?�QRHV<*CGJL;=CIWLB>?Vu�WPHV<!?��L?�QRhPadHV<*JLHhPA/[H,�L;dQRH E CIh�[g B>NPadHPlm h/CIA>B>;dA'JL?!NPQ�QRHLJL?�adH�?�Q -"Z�uL?!JPCGJPCY<@N/CX[CIA>cVHGA>?!JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?VuVNPQ�C*pV[HGA>QYNPa=CTF�'tkh/HLJL?�<@?�A"C�cGCIad;=CGJPC�h/CIA.C�JL?�B>?�A>QR;dW/CIAf<@?k[?!h/HV<><�[g cV?�a�<@?�<@?�_GNP;dA"CG<'<@?Ij��N�r?�W E ;=CG<'JL?!B>A.CIW/<@;d\DEGFHG?I<'jVNP?�C�QR?I<@Q�C*?��LhPad; E ;dB.CLl:*CGJLH*NPQ�zL^U: QRHLJL?�a=CGJLH"h/HGA�NPQ�C�-"Z�uIhPA>? E ;=<>CIQRHV<
B>HGA>W/CIAfC"?I<@h/? E ;�� E C/DEGFCIH*JL? E HGQRh/HGA>\B.CIQR?�WLB>HPuGC!jVN/CIaf[?'pq?�;dB.C"?�Q NPQ�C'ad;dWP_GN/CI_G?�Q W/CIB>NPA.CIa
JL?4�/WP;dW/JLH!NPQ�C'B.CIA>? poC!C!<@?�A�A>?ICIad;��ICGJPCLu
?�Q NPQ�C�pV[HGA>QYNPa=C"TF�'t�lGZ�CIA.C'B.CIWLB>HPuGB>HGA>W/CI\o<@?fWP? E ?I<><P[CIA>;dH*C E HGQRhPA>?�?�W/< FCIH"JL? E HGQRHfH!<@;=<@B>?�Q�C;dA/[C�HGh/?�A.CIA�u
HGN,<@? 	>CLu E HGQRHY<@?�J'[CYCYh/CG<><>CI_G?�Q JL?�?I<@B.CGJLHYh/CIA.CY?I<@B.CGJLHR?�Q E CGJPCYH E HGA>AIr?�W E ;=CJL?'NPQ ?�cV?�WLB>HPuVJL?*C E HGA.JLH E HGQ H�jVNP?"<@?*JL?I<@? 	>CLlU:*CP[g u�[?*jVNP?";dWP; E ;=CIQRHV<�H!hPA>H E ?I<><@HYJL?'B>A.CIW/<@\pqHGA>Q�C/DEGFCIH�JPC�ad;dWP_GN/CI_G?�QkuV?�Q pV[HGA>QYNPa=C�TF�'t�l
^U<@B.CLu'[?*pq?�;dB.C!h/HGA";dWLB>?�A>Q%[?IJL;dH!JPCG<'ad;d_VC/DEGFHG?I<fW/CpqA.CG<@?'jVNP?fHGO 	@?�B>;dcGC'H E HGQRh/HGA>B.CIQR?�WLB>H'A>?IjVNP?�A>;=JLHPuI;=<@B>H�[?Vu E CGJPC"cV?�A>O/H�[?fNPQ�C"C/DEGFCIH � E CGJPC"C/DEGFCIH[?"NPQ ?�cV?�WLB>H*?Vu E CGJPC*?�cV?�WLB>Hk[?'NPQ�C"B>A.CIW/<@;>DEGFCIHPl m h"[HV<�;=<@B>HPuGpq?�;dB.C*C"pqHGA>QYNPa=C/DEGFCIH!JPC!<@?Ij��N�r?�W E ;=CJL?!?�cV?�WLB>HV< u/JL?�cV?�\o<@? E HGadH E CIA*HV<"CGJLcf[?�A>OP;dHV<'ad;d_VCGJLHV< E HGQ�<@?�N/<'A>?I<@h/? E B>;dcVHV<fHGh/?�A.CGJLHGA>?I<"B>?�QR\h/HGA.CI;=< u
HGNk<@? 	>CLu�<@?�B>?�QRHV<'jVNP?�Q�CIW/JPCIA*jVNP?!NPQ�JL?�B>?�A>QR;dW/CGJLH�hPA>HG_GA.CIQ�CR<@?�QRhPA>?*?��L? E NPB>?Vuad;d_VCIQRHV<'H�cV?�A>O/H�?��L? E NPB.CIA E HGQRHRNPQ�?�cV?�WLB>HPu�JL;d_VCIQRHV<*jVNP? � <@? 	>CRH�?�cV?�WLB>H�CG<><@H E ;=CGJLHPu�?HRCGJLcf[?�A>OP;dH�<@?�QRhPA>?Vu E HGQ5HRHGh/?�A.CGJLHGA*B>?�QRh/HGA.CIa � � l*t
HG_GHPu�C�pV[HGA>QYNPa=C�jVNP?�JL?I< E A>?�cV?!H�jVNP?A>?IjVNP?�A>?�QRHV< uVJL?�cV? � E CIA�n � � � uP;=<@B>H [?VuP<@?�QRhPA>?*?��L? E NPB>?Vu E HGQRHYJL?I<@? 	P[CIcGCIQRHV< lm <><@;dQku�h/HLJL?�QRHV<�?��LhPad; E ;dB.CIA E HGQRHk?��L?�QRhPadHPu�NPQ <@NPh/HV<@B>HX<@;=<@B>?�Q�CkJL?�B>A.CIW/<@QR;=<>< FCIH,?A>? E ?�h�DEGFCIH�JL?�JPCGJLHV< l'^U<@B>?!?I<@B/[CYCIhPA>?I<@?�WLB.CGJLHYW/CM�/_GNPA.C*3Pl21LuPQRHLJL?�a=CGJLH�h/HGA*NPQ�C)-"Z�l/s"?I<@B>?<@;=<@B>?�Q�CLu/H�B>A.CIW/<@QR;=<><@HGA*?I<@B/[C�<@?�QRhPA>?�hPA>HGWLB>H�h/CIA.C�?�WLcL;=CIA"NPQ�CYQR?�W/<>CI_G?�Q jVNP?YJL?�cV?�h/CG<@\
<>CIA!h/HGA�NPQ * ��� $4/ CIWLB>?I<!JL?R<@?�A!B>A.CIW/<@QR;dB>;=JPCYh/?�adH E CIW/CIaou�?YH�A>? E ?�hPB>HGA�JL?�cV?�?�WLcL;=CIA*NPQ�CQR?�W/<>CI_G?�Q JL?RA>?�B>HGA>WPHPuUC�cL;=<>CIW/JLHkJL?�<@N/C�A>? E ?�h�DEGFCIHPlkTUHGWLB>N/JLHPu�WPHIcGC�QR?�W/<>CI_G?�Q <P[H�h/HLJL?
<@?�A"?�WLcL;=CGJPCLu
<@?�`PHGNPcV?�A"H�C�cL;=<@H�JL?�A>? E ?�h�DEGFCIHPl*:"?I<@? 	>CIQRHV<fpqHGA>QYNPa=CIA'NPQ�C�?I<@h/? E ;�� E C/DEGFCIHRJL?
E HGQRh/HGA>B.CIQR?�WLB>HU?�Q NPQ�Cfad;dWP_GN/CI_G?�Q W/CIB>NPA.CIaouI?UpqHGA>Q�CIad;���[CI\qa=CU?�Q NPQ�CUpV[HGA>QYNPa=C'TF�'t�lGZ�A>? E ;d\<>CIQRHV< uL?�WLB FCIHPu/JPCX[CIA>cVHGA>?�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?!JLHR<@;=<@B>?�Q�CLuLCYjVN/CIa
?I<@B/[C�QRHV<@B>A.CGJPC�W/C��/_GNPA.C3Pl 3PufHGW/JL?�B>?�QRHV<!B>HLJLHV<RHV< E CIQR;dWP`PHV<�h/HV<><�[g cV?�;=< u'<@?�_GNP;dW/JLH,HV<RJL;=<@h/CIA>HV<YJPCG<YB>A.CIW/<@;>DEGFHG?I< l mh/CIA>B>;dA�JL?I<@B>?�_GA.C�pqHPufcGCIad;=JPCIQRHV<�C�pV[HGA>QYNPa=CkTF�'t�uUjVN/CIW/JLH,?�W E HGWLB>A.CIQRHV<!h/?�adHkQR?�WPHV<!NPQ�C<@?Ij��N�r?�W E ;=C�jVNP?�C�<>CIB>;=<opoC/DE CLlm <><@;dQku'jVNP?�A>?�QRHV<RjVNP?Vu'?I<@B>?K<@;=<@B>?�Q�CLu'?I<@B>? 	>CX<@?�QRhPA>?�hPA>?�h/CIA.CIW/JLH WPHIcGCG<�QR?�W/<>CI_G?�W/<
h/CIA.C�<@?�A!?�WLcL;=CGJPCG<!CIH�A>? E ?�hPB>HGA�u�;dW/JL; pq?�A>?�WLB>?�QY?�WVB>?�JL?R<@N/C�B>A.CIW/<@QR;=<>< FCIHPlY^�WLB FCIHPu�JL?�cV?�QRHV<



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 5 /

    Nova
mensagem

t t t

t

1
2

3

p

p

p

p

1

2

3

4

4

Pronta
 para
enviar Envia

buffer

Transmite

Recebe

Confirma
recepção

Pronto
  para
receber

e�;d_GNPA.C#3Pl21Ln'zV;=<@B>?�Q�C�JL?M��A.CIW/<@QR;=<>< FCIH��$-'? E ?�h�DEGFCIH�QRHLJL?�a=CGJLH�h/HGA�-'?IJL?�JL?�Z�?�B>A>;

(0 0 0 1)

(1 0 0 1)

(w 0 0 1) (0 1 0 0)

(1 1 0 0)

(w 1 0 0)

(0 0 1 0)

(1 0 1 0)

(w 0 1 0)

(0 0 0 1)
old

(1 0 0 1)
old

t1 2t

3t

4t

t1

t1

t1 t1

t1

4t

e�;d_GNPA.C*3Pl 3Pn [m A>cVHGA>?�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?!JPC�-"Z�uPh/CIA.C�HY<@;=<@B>?�Q�CM��A.CIW/<@QR;=<>< FCIH��$-'? E ?�h�DEGFCIH



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 5S1
HGO/<@?�A>cGCIA'jVNP?*h/CIA.C�;=<@B>HPuPJL?�cV?�QRHV<�`/CIOP;dad;dB.CIAU?!JL;=<@h/CIA.CIA�u/<@?�QRhPA>?
Z 	�uL;=<@B>H,[?VuPJL?�cV?�QRHV<UJL?4�/WP;dA
E HGQ C�?I<@h/? E ;�� E C/DEGFCIH

� � Z 	��
zV?*H�WPHV<><@HRJL?I<@? 	@H!pqHGA"JL?!jVNP?"NPQ�C!QR?�W/<>CI_G?�Q�<@? 	>C!hPA>?�h/CIA.CGJPCYJL?*cV?��"?�Q�jVN/CIW/JLHPuP;=<@B>H

[?VuP?�cV?�WLB>N/CIadQR?�WLB>?GuGh/CIA.CY<@?�A'?�WLcL;=CGJPCLuP?�WLB>A.CIQRHV< E HGQ5C�pV[HGA>QYNPa=C
� � Z 	 �

Q�CG<�<@?"jVNP;=<@?�A>QRHV<�;dQRh/HGA�jVNP?'?I<@B.C"QR?�W/<>CI_G?�Q <P[H�<@? 	>C"hPA>?�h/CIA.CGJPC!<@?'H�<@;=<@B>?�Q�C'A>? E ?�O/?�A�NPQ�CQR?�W/<>CI_G?�Q5JL?�A>?�B>HGA>WPHPu 	P[CY;dQRh/HGQRHV<"jVNP?MZ Iu�<@? 	>CRJL;=<@h/CIA.CGJPCLl�t
HG_GHPu�CYpV[HGA>QYNPa=CYTF�'t�uP� E CJPC!pqHGA>Q�C
V � Z 	 �  � � Z 	 � V � Z  � �

JL?I<>JL?�jVNP? Z 	"JL?�cV?!<@?�A'OPadHLjVNP?ICGJPCYCIBP[?�jVNP?�Z  � QR?�W/<>CI_G?�Q JL?!A>? E ?�h�DEGFCIH�?�WLcL;=CGJPC �UJL;=<@h/CIA>?Vlb"Q�C!HGNPB>A.C�pqHGA>Q�C�JL?�JPCIA>QRHV<fNPQ�C�?I<@h/? E ;�� E C/DEGFCIHPuP<@?�A>;=C
� � � Z 	 � Z � � � V � � � �  � � Z 	 � Z ��� � � Z 	 � Z  � � � �

^U<@B.C�pV[HGA>QYNPa=CLu�;dW/JL; E CkjVNP?VuU?�cV?�WLB>N/CIadQR?�WVB>?Vu�NPQ�C�QR?�W/<>CI_G?�Q�<@? 	>C�hPA>?�h/CIA.CGJPCLu"CIBP[?�jVNP?�C
QR?I<@Q�C!<@? 	>CY?�WLcL;=CGJPCLuP?�CIh"[HV<*?I<@B>? [NPadB>;dQRH�?�cV?�WLB>H � ?�WLcL;dHYJPCYQR?�W/<>CI_G?�Q

�
JL;=<@h/CIA>H�JL?MZ � �.u

WP? E ?I<><>CIA>;=CIQR?�WLB>?VuP<@?�QRhPA>?*HRhPA/[H,�L;dQRHY?I<@B.CGJLHRB>?�Q�JL?�<@?�A*HYhPA>?�h/CIA>H�JL?�WPHIcGCG<"QR?�W/<>CI_G?�W/< u?�W/jVN/CIWLB>H�CRQR?�W/<>CI_G?�Q�[?YB>A.CIW/<opq?�A>;=JPC�JLH * ��� $4/ h/CIA.C�H�A>? E ?�hPB>HGA�u�HGNXjVN/CIW/JLH�H�A>? E ?�hPB>HGAQ�CIW/JPC!HRC�cL;=<@HYJL?!QR?�W/<>CI_G?�Q�A>? E ?�OP;=JPCLl
��CIQYO'[?�Qku h/HLJL?�QRHV<�JL?4�/WP;dA E HGQRH"?I<@h/? E ;�� E C/DEGFCIH*JL? E HGQRh/HGA>B.CIQR?�WLB>H'C*<@;dB>N/C/DEGFCIH*?�Q jVNP?Vuh/CIA.C E CGJPC�QR?�W/<>CI_G?�Q�hPA>?�h/CIA.CGJPCLu/?I<@B.CYJL?�cGC�<@?�A"?�WLcL;=CGJPC�;dQR?IJL;=CIB.CIQY?�WLB>?VuG?!?I<@h/?�A.CIA"CIBP[?�C

E `P?�_VCGJPC�JL?YNPQ�CRA>?I<@h/HV<@B.CkJLH�A>? E ?�hPB>HGA�l�^�Q HGNPB>A>HV<�B>?�A>QRHV< u�jVNP?�A>?�QRHV<";dQRh/HGA�jVNP?YNPQ�C
HGNPB>A.CYQR?�W/<>CI_G?�Q�<P[H�<@?�A/[CYhPA>?�h/CIA.CGJPC�<@?�`PHGNPcV?�A*NPQ�C�QR?�W/<>CI_G?�Q�JL?�A>?�B>HGA>WPH�JLHRA>? E ?�hPB>HGA�u;=<@B>H�[?VuGJL?I<@? 	>CIQRHV<�jVNP?fH*<@;=<@B>?�Q�C'<@?'Q�CIWLB>?�WP`/C'<@?�QRhPA>?U?�Q ?I<@B.CGJLH!JL?f?I<@h/?�A.C*CIBP[?"<@?�A�C�cL;=<>CGJLH
JL?!jVNP?�<@N/C�QR?�W/<>CI_G?�Q pqHG;�A>? E ?�OP;=JPCLl�^�WLB FCIHPu
JL?�cV?�QRHV<UCG<><@?�_GNPA.CIA*jVNP?�Z 	fB>?�Q5jVNP?�JL;=<@h/CIA.CIA?VuUadHG_GHXCIh"[HV< u Z � uFZ �R? Z �u'JL?�cV?�Q JL;=<@h/CIA.CIA�u'HGOPA>;d_VCIB>HGA>;=CIQR?�WLB>?VuUWP?I<@B.C,<@?Ij��N�r?�W E ;=CLl3:"?I<><>CpqHGA>Q�CLuL?�WLB>A.CIQRHV< E HGQ5C!pV[HGA>QYNPa=C�TF�'tXJL?4�/WP;=JPC�h/HGA

� � � � � Z 	 � V �  � � Z � � Z ��� � Z  � �

:*CGJLHV<!?I<@B>?I<*?��L?�QRhPadHV< u/h/HLJL?�QRHV<*cV?�A E HGQRH�<@?�poC��RCRB>A.CIW/< E A>;>DEGFCIH�JLH E HGQRh/HGA>B.CIQR?�WLB>HJL?I<@? 	>CGJLH,JPCkA>?IJL?�JL?�Z�?�B>A>;ouUh/CIA.CkNPQ�CRpV[HGA>QYNPa=CkTF�'t�uUNPB>;dad;��ICIW/JLH,JL?�<@?�N/<�HGh/?�A.CGJLHGA>?I<Y?
E HGWP? E B>;dcVHV< lm jVNP;��/W/CIad;��ICIQRHV<�C!;=Jf[?�;=C*JL?"NPB>;dad;��IC/DEGFCIH�JPC�TF�'t E HGQRH*pqHGA>Q�C*JL?"?I<@h/? E ;�� E C/DEGFCIH�JL? E HGQR\h/HGA>B.CIQR?�WLB>HV<�h/CIA.C,NPQ�C&-"Z�uUCIB>A.C�cf[?I<YJL?k<@N/C [CIA>cVHGA>?kJL?kCIa E CIW�DE CIOP;dad;=JPCGJL?VuUjVNP?3[?�WPHXjVNP?



� ��� �� 	�������� � � �$����������� �$	���� ��� ������ � � ����!�� �
��� � 5�3
?I<@B.CIQRHV<";dWLB>?�A>?I<><>CGJLHV< lY:*CGjVNP;ou E HGQ�H�N/<@HkJPCG< -"ZU<*h/CIA.C�CRQRHLJL?�a=CI_G?�Q JL?RzL^U:*< u�C�t��*u
E HGQRH�QRHV<@B>A.CGJPCLu"[?�JL?�QYNP;dB>H�Q�CI;=<fcGCIWLB.CI_G?�W/<"WP?I<@B>? E HGWLB>?��LB>HPu/h/HG;=< u E HGQRH 	P[CY?��LhPad; E ;dB.CGJLHPuCG<�ad;dWP_GN/CI_G?�W/<�pqHGA>Q�CI;=<�BIr?�Q <@N/CG<�ad;dQR;dB.C/DEGFHG?I<
W/C*JL?I< E A>;>DEGFCIH!JL? E HGQRh/HGA>B.CIQR?�WLB>HV<�JL?I<@B>?I<�<@;=<@B>?�\Q�CG< l v O/<@?�A>cV?�QRHV<UjVNP? E HGQ5CYTF�'t�u/h/HLJL?�QRHV<'JL?4�/WP;dA E CIQR;dWP`PHV<UWPHYQRHLJL?�adH�JLH�zL^U:�u/jVNP?h/HLJL?�Q�B>?�A!CIBP[?�Q�CI;=<*JL?�NPQ�C�B>A.CIW/<@;>DEGFCIH�`/CIOP;dad;dB.CGJPCYHGNKJL;=<@h/CIA.CIW/JLH E HGW
	@NPWLB.CIQR?�WLB>?Vl*^U<@B.C<@;dB>N/C/DEGFCIHYW FCIH [?�h/HV<><�[g cV?�a�W/CG<"ad;dWP_GN/CI_G?�W/<fpqHGA>Q�CI;=< uPh/HG;=<"C�QR?I<@Q�Ck[?�<@?Ij��NP?�W E ;=CIaouPW FCIH E HGW/<@?�\_GNP;dW/JLH�A>?�hPA>?I<@?�WLB.CIAU?I<@B.C E HGW/JL;>DEGFCIHPuLH�jVNP?"WPHV<Uad?�cGC!C!;dWLB>A>HLJLN���;dAfC�t�� WPH�?I<@B>N/JLH�JPCM��?�HGA>;=CJL?"TUHGWLB>A>HGad?"zVNPh/?�A>cL;=<P[HGA>;dH"h/CIA.C*QR?�ad`PHGA
B>A.CIO/CIad`/CIA>QRHV< E HGQ <@;dQYNPa=C/DEGFHG?I</?'CIhPA>H��L;dQ�CIA>QRHG\qWPHV<JL?!NPQ5<@;=<@B>?�Q�C!A>?ICIaouL;=<@B>HX[?Vu/JL?!NPQ�C�CIhPad; E C/DEGFCIHY;dW/JLN/<@B>A>;=CIaol



� ��� �� � ��� � �

� ��� � � � � �
� 
��� � ��� � � � 	 � �
	 � � � � �
��� � � � � � �

m <�[g WLB>?I<@?YJL?Y<@NPh/?�A>cL;=<@HGA>?I<!JL?RzL^U:*<*NPB>;dad;��ICIW/JLH -"ZU<"h/CIA.C�QRHLJL?�a=CI_G?�Q�JLHV<!<@;=<@B>?�Q�CG< u/WP?�\
E ?I<><@;dB.C,JLHV<RCIad_GHGA>;dB>QRHV<�CIhPA>?I<@?�WLB.CGJLHV<Rh/HGA�w'CIA>A>HV<@H � w'CIA.|S7��oufHV<RjVN/CI;=<�?�Q <@N/C,?��L? E N�DEGFCIH
E A>;=CIQ5C%[CIA>cVHGA>?�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?�JPC�-"Z � m M m A m ��?�JL?�B>?�A>QR;dW/CLuPCYh/CIA>B>;dA*JL?I<@B>?�_GA.C�pqHPu
	@NPWLB.CIQR?�WLB>? E HGQ�C!?I<@h/? E ;�� E C/DEGFCIH!A>?IjVNP?�A>;=JPCLuGB>HLJPCG<'CG<�pqNPW�DEGFHG?I<fjVNP?*JL?�cV?�Q <@?�AfCIhPad; E CGJPCG<*SCG<B>A.CIW/<@;>DEGFHG?I<fJLH�<@NPh/?�A>cL;=<@HGAfQRHLJL?�a=CGJLHPuLh/CIA.C�jVNP?*H�<@;=<@B>?�Q�C*W FCIH�?�WLB>A>?"?�Q * +� I � $4'  � m T']!z��.l^�WLB>A>?�B.CIWLB>HPufWPHKN/<@H JPC,aI[HG_G; E CkB>?�QRh/HGA.CIa"h/CIA.CKCKJL?�B>?�A>QR;dW/C/DEGFCIH,JPC,?I<@h/? E ;�� E C/DEGFCIHXJLH
E HGQRh/HGA>B.CIQR?�WLB>H�JL?I<@? 	>CGJLHPuUB>HGA>W/CI\o<@?�WP? E ?I<><P[CIA>;dH,CkCIW"[CIad;=<@?�JPCk<@;dWLB.C��L?�JL?YpV[HGA>QYNPa=CG<�TF�'t�uJL?�pqHGA>Q�CRC�jVNP?Vu�NPQ�C�JL?�B>?�A>QR;dW/CGJPC�pV[HGA>QYNPa=CRjVNP?Y?I<@h/? E ;��
jVNP?�?I<@B>? E HGQRh/HGA>B.CIQR?�WLB>HPu�<@? 	>CCIW/CIad;=<>CGJPC E HGA>A>?�B.CIQR?�WLB>?VuVCIhPA>?I<@?�WLB.CIW/JLHRjVN/CI;=<>jVNP?�A'h/HV<><�[g cV?�;=<f?�A>A>HV< lm hPA>?I<@?�WLB.CIQRHV<
WP?I<@B>? E CIh�[g B>NPadHPuG?I<@B>?I<�CIad_GHGA>;dB>QRHV<�? E HGQR?�WLB/[CIA>;dHV<�C"A>?I<@h/?�;dB>H!JLHV<�QR?I<@QRHV< uh/CIA.C�Q�CI;dHGA>?I<U?I< E a=CIA>? E ;dQR? WLB>HV< uVNPB>;dad;��ICIW/JLH�h/CIA.C�;=<@B>HPu/JL?�CIad_GNPW/<'?��L?�QRhPadHV< l

� ��� � � � ��� �4� � ��� � ������
	�� � � 	 �� � 	 ��� � � � � ���
	 � ��
	 � � �
����� 	�� �

^U<@B>?�CIad_GHGA>;dB>QRH�\ m M m A m \"B>?�Q NPQ�CRQRHLJL;�� E C/DEGFCIHk<@;dQRhPad?I< E HGQ A>?I<@h/?�;dB>HkCIH,CIad_GHGA>;dB>QRH
HGA>;d_G;dW/CIaouUjVNP? [?�NPQ h/CG<><@HKC�Q�CI;=<*W/CkJL?�B>?�A>QR;dW/C/DEGFCIH�JL?�?I<@B.CGJLHV<�W FCIH,h/?�A>QR;dB>;=JLHV< � A.CIQRHV<JPC [CIA>cVHGA>? E HGQ E A>?I< E ;dQR?�WLB>H!;dW��/WP;dB>H �.lf^U<@B.C�QYN/JPCIW�DE C�WPHRCIad_GHGA>;dB>QRHX[?�JL?�B>?�A>QR;dW/CIWLB>?"h/CIA.CQRHLJL?�a=CI_G?�Q JL?�zL^U:*< uUcL;=<@B>HkjVNP?R?I<@B>?I< u�h/CIA.C,<@?�A>?�Q �
<@; E CIQR?�WLB>?�A>?ICIad;���[CIcV?�;=< u�BIr?�Q JL?�B>?�A
E CIh/C E ;=JPCGJL?��/WP;dB.CLl [^ WP?I<@B>?Rh/HGWLB>HkHGW/JL?RH m M m A m ad;=<@B.C�B>HLJLHV<�HV<!?I<@B.CGJLHV<�h/HV<><�[g cV?�;=<!JL?<@?�A>?�Q CIa E CIW�DE CGJLHV<�h/?�adH�<@;=<@B>?�Q�CLu 	@NPWLB.CIQR?�WLB>? E HGQ CG<f<@?Ij��N�r?�W E ;=CG<UJL?"B>A.CIW/<@;>DEGFHG?I<UJL;=<@h/HGW�[g cV?�;=<C�h/CIA>B>;dAYJL? E CGJPC�?I<@B.CGJLHPl v O/<@?�A>cGCIQRHV< u�?�WLB FCIHPuUjVNP?RHkQR?I<@QRH%[?�c'[CIad;=JLH�h/CIA.C�A>?IJL?I< E HGQ

5S5



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 5S7

E CIh/C E ;=JPCGJL?!ad;dQR;dB.CGJPC*HGNR�/WP;dB.CLl
LN:-G���� & � H �< m M m A m

� 
43 "�)-�'  
� < -'HGB>NPad?�C�Q�CIA E C/DEGFCIH�;dWP; E ;=CIa � � E HGQRH�A.CI;��!?!?�B>;=jVNP?�B>?�\oC E HGQRH 3  	 1 �
� < ^�W/jVN/CIWLB>HY?��L;=<@B>;dA>?�Q�Q�CIA E C/DEGFHG?I< 3  	 1 poC/DE CLn
� � zV?�ad? E ;dHGWP?*NPQ�C!Q�CIA E C/DEGFCIH 3  	 1 � �
� � zV?���pqHGA';=J�r?�WLB>; E C!C�NPQ�C!HGNPB>A.C�Q�CIA E C/DEGFCIH 	P[C�?��L;=<@B>?�WLB>?"WPH E CIQR;dWP`PH�JPC�A.CI;��!CIBP[?

� uP?�B>;=jVNP?�B>?�\oC E HGQRH 1!3�.0'76!1 �
� � zV?!WP?�WP`LNPQ�C!B>A.CIW/<@;>DEGFCIH�?I<@B/[C�`/CIOP;dad;dB.CGJPC�?�Q � uP?�B>;=jVNP?�B>?�� E HGQRH * +� I � $21 � 1 �
� � ^�W/jVN/CIWLB>H�?��L;=<@B>;dA>?�Q B>A.CIW/<@;>DEGFHG?I<*`/CIOP;dad;dB.CGJPCG<*?�Q � u
poC/DE CRH�<@?�_GNP;dWLB>?�h/CIA.C E CGJPCB>A.CIW/<@;>DEGFCIHY`/CIOP;dad;dB.CGJPCLn

& � v OPB>?�WP`/CYC�Q�CIA E C/DEGFCIH ����jVNP?*A>?I<@NPadB.CYJLHYJL;=<@h/CIA>HRJL?�Zf?�Q � �
&-& � zV?�C E CIh/C E ;=JPCGJL?kJL?�CIad_GNPQ adNP_VCIAM@�[?�?�� E ?IJL;=JPC�W/CkQ�CIA E C/DEGFCIH�� � � ?�WLB FCIH<@NPO/<@B>;dB>N/C ��� � @��fh/HGA�� �
&-&-& � ioWLB>A>HLJLN��IC ��� E HGQRH*NPQ W"[H�JPCK[CIA>cVHGA>?VuVad;d_GNP?'NPQ�CIA E HPu E HGQ A/[HGB>NPadH�Z uLJL?	�h/CIA.C ����?�?�B>;=jVNP?�B>? ��� E HGQRH 3FO1  ��:5$4/4(�'�.0' � 1 <@?RC E CIh/C E ;=JPCGJL?RJL?RCIad_GNPQadNP_VCIA'pqHG;�?�� E ?IJL;=JPCLuLJL?!HGNPB>A.C�pqHGA>Q�CLuL?�B>;=jVNP?�B>?�\oC E HGQRH 3  	 1 l

� � ')(�<
b"Q ?��L?�QRhPadH!JLH�N/<@H�JL?I<@B>?*CIad_GHGA>;dB>QRH!?I<@B/[C!;dadN/<@B>A.CGJLH�h/CIA.C!H E CG<@H�JLH�<@;=<@B>?�Q�C*A>?�hPA>?I<@?�WP\B.CGJLHYW/C��/_GNPA.CN5Lld{Gu E N
	@HYQRHLJL?�adHY?�Q#-"Z [?�JL?�NPQ�<@;=<@B>?�Q�C!hPA>HLJLNPB>HGA�� E HGW/<@NPQR;=JLHGA�l*s"?I<@B>?

E CG<@HPuPC�NPB>;dad;��IC/DEGFCIH�JL?I<@B>?!CIad_GHGA>;dB>QRHPuVA>?I<@NPadB.C!W/CX[CIA>cVHGA>?!JL?!CIa E CIW�DE CIOP;dad;=JPCGJL?*CIhPA>?I<@?�WLB.CGJPC�W/C
�/_GNPA.CN5Ll / u
HGW/JL?�HV<"?I<@B.CGJLHV<*QRHV<@B>A.CGJLHV<'WPHV<*cV?�B>HGA>?I< u
< FCIHRA>?�a=CIB>;dcVHV<"CIHRcV?�B>HGA*JL?�Q�CIA E C/DEGFCIH
� �  : 	 : � : � :  :�� � l v O/<@?�A>cGCIQRHV<fjVNP?Vu/JL?�cL;=JLH�SCY<@?Ij��N�r?�W E ;=C �� 	 � 	 ��� uPHY<@;=<@B>?�Q�C�CIB>;dWP_G?NPQ�C�Q�CIA E C/DEGFCIH 3FO1  ��:5$4/4(�'�.0' � 1 u�h/HG;=<�H,adNP_VCIA�@ � ;dA/[C�B>?�A�NPQ CINPQR?�WLB>HkJL?I< E HGWLB>A>HGa=CGJLH,WPHW*[NPQR?�A>H�JL?�� E `/CG< lk^U<@B.Ck<@?Ij��N�r?�W E ;=C�JL?�cV?R<@?�A�?�cL;dB.CGJPC�h/?�a=C�C/DEGFCIH,JL? E HGWLB>A>HGad?R?��LB>?�A>WPH�CIH<@;=<@B>?�Q�CLl
� � � � � � ��� �4� � � 
�	 � 	 	 � � � � � � � ����	 � � � � � � 	�� ��� � 	

� � 
 �
	 	��
m jVNP;
B>?�QRHV<UNPQ5CIad_GHGA>;dB>QRH�jVNP?!B>A.CIO/CIad`/C E HGQ5C�NPB>;dad;��IC/DEGFCIHYJLHV<"JPCGJLHV<'A>? pq?�A>?�WLB>?I<*SCX[CIA>cVHGA>?JL?YCIa E CIW�DE CIOP;dad;=JPCGJL?Y_G?�A.CGJPC�h/?�adH m M m A m ?RJPCR?I<@h/? E ;�� E C/DEGFCIH�JLH E HGQRh/HGA>B.CIQR?�WLB>H�jVNP?Y<@?



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 5V}

P1

P2

P5

P3

P4

t1

t2

t3

t4β2

α2α1

β1

Produtor Consumidor

Buffer

e�;d_GNPA.CO5Lld{GnUM�HLJL?�adHRJLHY<@;=<@B>?�Q�C!hPA>HLJLNPB>HGA�� E HGW/<@NPQR;=JLHGA"cL;=C'-"Z
JL?I<@? 	>C�h/CIA.C�H,<@;=<@B>?�Q�CLlkt
HG_GHPuf?I<@B>?�CIad_GHGA>;dB>QRHk<P[Hkh/HLJL?k<@?�A�?��L? E NPB.CGJLHkCIh"[HV<YC�?��L? E N�DEGFCIHJLH m M m A m ?kJPCk?�WLB>A.CGJPCKJL?I<@B.Ck?I<@h/? E ;�� E C/DEGFCIHPu'CKjVN/CIa�[?�pq?�;dB.CkCIB>A.C�cf[?I<YJLH :�1!/2%�$4/ h/CIA.CJL?�B>?�A>QR;dW/CIAf<@?�C!pV[HGA>QYNPa=C!?I<@B/[C�JL?�cL;=JPCIQR?�WLB>? E HGA>A>?�B.C�? E HV?�A>?�WLB>? E HGQ HV<"JPCGJLHV<"JLHR<@;=<@B>?�Q�CQRHLJL?�a=CGJLHPl�:"?Yh/HV<><@?RJL?I<@B>?I<!JPCGJLHV< u�CR?��L? E N�DEGFCIHRJLH m T']!zkJ'[CI\qWPHV<!NPQ�CYad;=<@B.CRJL?�?�cV?�WLB>HV<jVNP?'JL?�cV?�Q <@?�AfJL?I<>CIOP;dad;dB.CGJLHV<�WPHV<UJL?�cL;=JLHV<�?I<@B.CGJLHV< uPJL?�B>?�A>QR;dW/CIW/JLH*C�zVNPh
T � t �.uV? E HGQ ?I<@B.CG<<>CP[g JPCG< u
;dQRhPad?�QY? WLB.CIQY\o<@?!CG<'pqNPW�DEGFHG?I<"JL?�`/CIOP;dad;dB.C/DEGFCIHRjVNP?�WP? E ?I<><@;dB.CIQ�<@?�A";dQRh/HV<@B.CG<�SCG<"A>?I<@\h/? E B>;dcGCG<�B>A.CIW/<@;>DEGFHG?I<�h/CIA.C";dQRh/?IJL;dA�jVNP?UH!<@;=<@B>?�Q�Cf?�WLB>A>?U?�Q OPadHLjVNP?�;dH"HGNY<@;d_VC*C'?I<@h/? E ;�� E C/DEGFCIHJL?I<@? 	>CGJPCLu E CG<@HY?I<@B.C�<@? 	>C�h/HV<><�[g cV?�a <
LN:-G���� & � H �Q m T']!z

� 
43 "�)-�'  

� < TUA>;=CIA'NPQ�C!ad;=<@B.C�JL;dW�rCIQR; E CLu + '�%4.01 �8* +� - u/?*;dW E adNP;dAfW/C�QR?I<@Q�C"HV<f?I<@B.CGJLHV<'HGN�Q�CIA E C/DEGFHG?I<OPadHLjVNP?ICGJPCG< u/;dW E adNP;dW/JLHYCG<'Q�CIA E C/DEGFHG?I<fJLHYB>;dh/H 3FO1  ��:5$4/4(�'�.0' � 1 uPHGW/JL?Vn
�0n�� � Z � � � � [?!NPQ�C�Q�CIA E C/DEGFCIH�OPadHLjVNP?ICGJPCY?
�0n�� � @�� �

���
[?!NPQ�C!Q�CIA E C/DEGFCIH�W FCIHG\qh/?�A>QR;dB>;=JPC��



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 5S6

(1 0 1 0 0)

(0 1 1 0 1)

(1 0 1 0 w)

(0 1 1 0 w)

(1 0 1 0 w) (0 1 0 1 w)

(1 0 0 1 w) (0 1 1 0 w)

(1 0 0 1 w)

(0 1 0 1 w)

(1 0 1 0 w)

(0 1 0 1 0)

(1 0 0 1 0)

(0 1 0 1 w)

(1 0 1 0 0)

(0 1 1 0 0)

(1 0 1 0 0)

α1

β1

α1

β1 α2

β1 β2

α2

α1
β2

α1

β2

β1

α2

β2

β1

e�;d_GNPA.C*5Ll / n [m A>cVHGA>?!JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?!JLHR<@;=<@B>?�Q�C!hPA>HLJLNPB>HGA�� E HGW/<@NPQR;=JLHGA"QRHLJL?�a=CGJLH�h/HGA
-"Z�u E HGQ NPB>;dad;��IC/DEGFCIHYJLH m M m A m



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 5G|
� < m JL; E ;dHGW/CIA�SC + '�%4.01 �8* +� - HV<'?I<@B.CGJLHV< u/W FCIHYQ�CIA E CGJLHV< u E N
	>C%[NPWP; E C�B>A.CIW/<@;>DEGFCIHY`/CIOP;dad;dB.CGJPCLu<@?�JL;=<@h/CIA.CGJPCLu/ad?�cGC�HY<@;=<@B>?�Q�C�C�NPQ ?I<@B.CGJLHYOPadHLjVNP?ICGJLHPuPHGNk<@? 	>CLn

� n�� � Z � � ��� � Z � [?X[NPWP; E C�B>A.CIW/<@;>DEGFCIHY`/CIOP;dad;dB.CGJPC�?�Q � �

� 	
 �	� ? ��� 
 + '�%4.01 �8* +� - �

� < TUA>;=CIAfNPQ�C"ad;=<@B.CLu + '�%4.01 ��:5$4/4'76  u E HGQ HV<U?I<@B.CGJLHV<fCIWLB>? E ?I<><@HGA>?I<UJLHV<U?�ad?�QR?�WLB>HV< � ?I<@B.CGJLHV< �JPC + '�%4.01 �8* +� - u 	@NPWLB.CIQR?�WLB>? E HGQ H�?�cV?�WLB>H�jVNP?YHV<!ad;d_VCLu�JL?I<>JL?RjVNP?YHkCIWLB>? E ?I<><@HGA!W FCIH?I<@B>? 	>CYW/CRad;=<@B.CI\qOPadH E l�^U<><@?I<*?�cV?�WLB>HV<"JL?�cV?�A FCIHR?I<@B.CIA!<@?�QRhPA>?�JL?I<>CIOP;dad;dB.CGJLHV<*jVN/CIW/JLH�H<@;=<@B>?�Q�C�<@?�?�W E HGWLB>A.CIA'WP?I<><@?I<f?I<@B.CGJLHV< u/HGNk<@? 	>CLn
� � 
 � � � > � Z � � � � ? � � Z � � � � � ? � 	
 + '�%4.01 �8* +� - ? � � 
 + '�%4.01 �8* +� - �

� < m JL; E ;dHGW/CIA�SC + '�%4.01 ��:5$4/4'76  HV<�?I<@B.CGJLHV<�WPHV<�jVN/CI;=<�?��L;=<@B.C�h/?�adHkQR?�WPHV<!NPQ�C�B>A.CIW/<@;>DEGFCIH`/CIOP;dad;dB.CGJPCLu
?�B>;=jVNP?�B.CGJPC�h/HGA*NPQ5?�cV?�WLB>HYW FCIH E HGWLB>A>HGaI[CIcV?�aou E N
	@H�JL;=<@h/CIA>H�JPCYB>A.CIW/<@;>DEGFCIHad?�cV?*HR<@;=<@B>?�Q�C!h/CIA.C�NPQ�C!Q�CIA E C/DEGFCIH�W/C + '�%4.01 �8* +� - u/HGNk<@? 	>C
� � 
 ��� � > � Z � � � � ? � � Z � � � � � � � 
 + '�%4.01 �8* +� - �

� < :*CGJPCXCK?I<@h/? E ;�� E C/DEGFCIHKJL?I<@? 	>CGJPCKh/CIA.C,H <@;=<@B>?�Q�CLuU?�W E HGWLB>A>?kCK<@NPhPA>?�Q�Ckad;dWP_GN/CI_G?�Q
E HGWLB>A>HGaI[CIcV?�a
\'zVNPh
T � t � �

� < m JL; E ;dHGW/CIA"SC + '�%4.01 ��:5$4/4'76  HV<�?I<@B.CGJLHV<U?"<@?�N/<�A>?I<@h/? E B>;dcVHV<�?�cV?�WLB>HV<�JL?"<>CP[g JPC�C*<@?�A>?�Q JL?�\<>CIOP;dad;dB.CGJLHV<fh/CIA.C�jVNP?*C!ad;dWP_GN/CI_G?�Q�?��L? E NPB.CGJPCLuLJL?I<>JL?!jVNP?"?I<@B>?I<�?I<@B.CGJLHV<fW FCIH�?I<@B>? 	>CIQCI;dW/JPC�W/CYad;=<@B.C � h/?�A>;d_GH/uLHGNk<@? 	>CLn
� � 
 � � � > � Z � � � � ? � � Z � � � � � ? � 	
 + '�%4.01 ��:5$4/4'76  ? � � 	
 � � zVNPh�� � D	� � �

� � ')(�<

s"?I<@B>?!CIad_GHGA>;dB>QRHPuLHYh/CG<><@HN5Y<@?!hPA>H E ?I<><>CYJPCY<@?�_GNP;dWLB>?*pqHGA>Q�CLn
LN:-G���� & � H �C8 Z�CG<><@H 5�JLH m T']!z

� �M1 �! %  6�$4/21 �! / B>A>;dQ $  6�$4/21 �! /�� 8$2%8:5$2-�' �F-91 N -PO1  � � Q 1 N -�1�	

� < m JL; E ;dHGWP?YSC + '�%4.01 �8* +� - HV<'?I<@B.CGJLHV<"jVNP?!W FCIHR<>CIB>;=<opoC���?�Q
� ��� � � � � � ������� ��� � �

� < Z�CIA.C E CGJPC�?I<@B.CGJLH����ouPW/C + '�%4.01 �8* +� - u�CGJL; E ;dHGWP?RSC + '�%4.01 �8* +� - n



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 7S�
� � � HV<'?I<@B.CGJLHV<

� � n � � � � 
 ��� � � � � � � � � �
� � � �
� � � HV<f?I<@B.CGJLHV<

� � n � � � � 
 � � � � � � � � � � �
� � � � � � 	
  � � � � ��� � � � � {��
� < L 3�-  3�.0/9$M1R-  ( :  35$43�.8$M1!-4$2%9% "� 	 $ + �! 6�$4/21 �! / /9$2% �!+ .01!3�.8$�<

m jVNP;ou/h/HLJL?�QRHV<*cV?�A!jVNP?Vu�CR?I<@h/? E ;�� E C/DEGFCIH�JL?I<@? 	>CGJPC%[?�NPQ�CY?�WLB>A.CGJPCYpq?�;dB.CYh/?�adH :�1!/2%�$4/�<
��CIQYO'[?�QkuVcV?�QRHV<'jVNP?�WPHRh/CG<><@H,{Gu�CGJL; E ;dHGW/CI\o<@?�SC + '�%4.01 �8* +� - B>HLJLHV<*HV<"?I<@B.CGJLHV<*?�Q�jVNP?VuPNPQ?�cV?�WLB>H�W FCIH E HGWLB>A>HGaI[CIcV?�aou/jVNP?K[?M�
<@; E CIQR?�WLB>?*h/HV<><�[g cV?�aou/W FCIH%[?YJL?4�/WP;=JLHYW/CY?I<@h/? E ;�� E C/DEGFCIH �
WPHh/CG<><@H / hPA>H E ?I<><>CI\o<@?Y?�;dW E A>?�QR?�WLB.CI\o<@?!CYad;=<@B.C�?Vu/h/HGA �/QkuPWPHRh/CG<><@HC1Lu
A>?�QRHIcV?�\o<@?!jVN/CIa=jVNP?�A?I<@B.CGJLHR;dW/C E ?I<><�[g cV?�a�JL?�;��PCGJLHYh/?�adHV<"h/CG<><@HV<!CIWLB>?�A>;dHGA>?I< l m a�[?�Q5JLHYQ�CI;=< u/CR<@?�_GNPW/JPCYh/CIA>B>?YJLHh/CG<><@H / hPA>?I<@?�A>cGC,C E HVC E ?I<><@;dOP;dad;=JPCGJL?Vl s"H��/W/CIa*JL?I<@B.CG<YHGh/?�A.C/DEGFHG?I< u'B>?�QRHV<!HK_G?�A.CGJLHGA�JPC<@NPhPA>?�Q�C!ad;dWP_GN/CI_G?�Q E HGWLB>A>HGaI[CIcV?�a
h/CIA.CYC�?I<@h/? E ;�� E C/DEGFCIHYJPCGJPCLls*C�A>?IJL?!QRHV<@B>A.CGJPC�W/C��/_GNPA.CN5Lld{Gu/C�NPB>;dad;��IC/DEGFCIHYJLH m T']!z/u/JPCIA>\qWPHV<@\q;=CRCY<>CP[g JPCLu/jVNP?�< FCIHCG<�pqNPW�DEGFHG?I<�JL?'`/CIOP;dad;dB.C/DEGFCIH!JL?fB>A.CIW/<@;>DEGFHG?I<�jVNP?f;dQRh/?IJL?�Q jVNP?fH!<@;=<@B>?�Q�C"<@?fh/HGWP`/C*?�Q ?I<@B.CGJLHV<W FCIH�h/?�A>QR;dB>;=JLHV<*HGNKOPadHLjVNP?ICGJLHV< l,:"?RC E HGA.JLH E HGQ NPQ�CR?I<@h/? E ;�� E C/DEGFCIHkJLH�B>;dh/H � 	 � 	 � � � ��u?I<@B.CG<YpqNPW�DEGFHG?I<R<@?�A>;=CIQ�� 	

�
@ � u�� � � ��� � ��

�
{Gl�s"?I<@B.C E HGW/JL;>DEGFCIHPu*C,pqNPW�DEGFCIH JL?`/CIOP;dad;dB.C/DEGFCIHYJPC�B>A.CIW/<@;>DEGFCIH : 	"<@;d_GWP;�� E CYjVNP?!?I<@B.CY<P[HYh/HLJL?YJL;=<@h/CIA.CIA*<@?!W FCIHR`PHGNPcV?�A>?�Q � E `/CG<WPH�adNP_VCIAF@ � uPHGNk<@? 	>CLu�� 	 � {�<@? � � @ � � � �Lls*CM�/_GNPA.CN5Ll21Lu
?�W E HGWLB>A.CIQRHV<'NPQ5?��L?�QRhPadH�hPA/[CIB>; E H�JPC E A>;=C/DEGFCIH�JPCR<@NPhPA>?�Q�C�ad;dWP_GN/CI_G?�Q

E HGWLB>A>HGaI[CIcV?�afC�h/CIA>B>;dAYJPC�?I<@h/? E ;�� E C/DEGFCIH,JPCGJPCLuUH,jVNP?YpoC E ;dad;dB.C�C�cL;=<@N/CIad;��IC/DEGFCIHkJLH,hPA>H E ?I<><@HPlZ�HLJL?�QRHV<�cV?�AYjVNP?VufJPCGJLHKHX]"?�A.CGJLHGAR?kCk?I<@h/? E ;�� E C/DEGFCIHPuf?�HV<Y?�cV?�WLB>HV< � 	 � � ��? � uUHGW/JL?HV<�JLHG;=<!hPA>;dQR?�;dA>HV<!< FCIH E HGWLB>A>HGaI[CIcV?�;=<*?RH [NPadB>;dQRH3[?�W FCIHG\ E HGWLB>A>HGaI[CIcV?�aou�HV<�h/CG<><@HV<YJL?�hPA>H E ?I<@\<>CIQR?�WLB>H�JLH m T']!z�h/CIA.C�C�JL?�B>?�A>QR;dW/C/DEGFCIH�JPCkzVNPh
T � t �.u�<@?�_GNP?�QR\o<@?YC�h/CIA>B>;dA�JPC�<@;dB>N/C/DEGFCIH?�Q jVNP?Vu/CIHRCIB>;dWP_G;dA'HY?I<@B.CGJLH / u/JL?�C E HGA.JLH E HGQ5C�?I<@h/? E ;�� E C/DEGFCIHPuPHY<@;=<@B>?�Q�C�JL?�cV?�A>;=C!h/CIA.CIA�lTUHGWLB>N/JLHPuPJL?�cL;=JLHRSC E HGW/JL;>DEGFCIH�JL?*jVNP?"H�?�cV?�WLB>H � [?*W FCIHG\ E HGWLB>A>HGaI[CIcV?�aouVH�<@;=<@B>?�Q�C"W FCIHY<@?�_GNP;dA/[C
E HGA>A>?�B.CIQR?�WLB>?�CR?I<@h/? E ;�� E C/DEGFCIHPlY:"?I<><>CYpqHGA>Q�CLu�JL?�cV?�QRHV<'?�ad;dQR;dW/CIA"H�?I<@B.CGJLH / lY:*C�QR?I<@Q�CpqHGA>Q�CLuVWPHY<@?�_GNPW/JLH�h/CG<><@HRJPC�?��L? E N�DEGFCIH�JLH m T']!z/uLH�?I<@B.CGJLH�{Guf[?�CIB>;dWP_G;=JLH�h/?�a=C!H E HGA>AIr?�W E ;=CJLH*?�cV?�WLB>H � 	 uVH�jVN/CIa'[? E HGWLB>A>HGaI[CIcV?�aouIQ�CG<�ad?�cGC"H�<@;=<@B>?�Q�C"C*NPQ ?I<@B.CGJLH!?�Q jVNP?fh/HLJL?*H E HGA>A>?�AHR?�cV?�WLB>H � u
ad?�cGCIW/JLHRWPHIcGCIQR?�WLB>?�CIH�?�A>A>H�JPCY?I<@h/? E ;�� E C/DEGFCIHPl�t
HG_GHPu E HGQRH � 	�[?�NPQ�?�cV?�WLB>H
E HGWLB>A>HGaI[CIcV?�aou/h/HLJL?�QRHV<";dQRh/HGA*jVNP?�H�?I<@B.CGJLH,{�W FCIHk<@? 	>CRCIB>;dWP_G;=JLH E HGadH E CIW/JLH�NPQ�CYC/DEGFCIH�JL?
E HGWLB>A>HGad?*?��LB>?�A>WPHPl m <><@;dQkuLCRzVNPh
T � t �.uPB>HGA>W/CI\o<@? � � � ���



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 7L{

0

1 2 3

4

α1
β β

β

β
α2

Gerador

0

1 2

4

α1
β

β
α2

Especificação

0

1

4

α1

β
α2

0

4 β
α2

supC(L)

Passo 1 

Passo 2

e�;d_GNPA.CO5Ll21LnU^ �L?�QRhPadH�JPC E HGW/<@B>A>N�DEGFCIHRJPCY<@NPh
T � t �'h/?�adH m T']!z



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 7 /
� ��� � � � ��� �4� � � � � � 	 � � � � 
�	 � 	 	 �� �����
	 � ����
 ��� 	��
^U<@B>?,[?�H�CIad_GHGA>;dB>QRHYjVNP?Vu/C�h/CIA>B>;dA*JPCY?�WLB>A.CGJPCYJL?�NPQ�C!pV[HGA>QYNPa=C�TF�'t�u�CIW/CIad;=<>CI\oCYOPN/< E CIW/JLH?�A>A>HV<*A>?�a=CIB>;dcVHV<*CRQ�CIa�?I<@B>A>NPB>NPA.C/DEGFCIHk<@;dWLB/[CIB>; E CRJPCRpV[HGA>QYNPa=C�TF�'t�u�O/?�Q E HGQRH�<@N/C E HGWP?�� FCIHJL?�WLB>A>H"JLH"<@;=<@B>?�Q�CUQRHLJL?�a=CGJLHPl v QR?I<@QRHf<P[H*JL?�h/?�W/JL?fJPC'?��L? E N�DEGFCIH'JLH m M m A m u.h/HG;=<�CIh/?�W/CG<?I<@B>N/JPC�C E HV?�AIr?�W E ;=C�<@;dWLB/[CIB>; E C�JPC�pV[HGA>QYNPa=C�TF�'t,? E HGQRh/CIA.C E CGJPC�hPA>HGh/HV<@;>DEGFCIHRCIBGrHGQR; E C E HGQCG<�B>A.CIW/<@;>DEGFHG?I<�JPC�-"ZkjVNP?fQRHLJL?�a=CfH*<@;=<@B>?�Q�CLuICIa�[?�Q JL?'CIW/CIad;=<>CIA�<@?'C"<@?Ij��N�r?�W E ;=C"jVNP?fC'pV[HGA>QYNPa=C?��LhPA>;dQR?'?��L;=<@B>?*W/C [CIA>cVHGA>?�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?Vl
LN:-G���� & � H �C@ m ZUt��

� 
43 "�)-�'  

� < ^�WLB>A>? E HGQ5C�pV[HGA>QYNPa=C�TF�'t��
� < e/C/DE C�NPQ�C!ad?�;dB>NPA.C E CIA.C E B>?�A>?!C E CIA.C E B>?�A>?�JPC!pV[HGA>QYNPa=C�TF�'t��
� < TUHGWLB>?*H�W*[NPQR?�A>H�JL?*h/CIAIr?�WLB>?I<@?I<UCIOPA>;dW/JLH�\ 
 � 
!\ � WPh/C �U?"h/CIAIr?�WLB>?I<@?I<�pq? E `/CIW/JLH�\ 
 � 
\ � WPhLp �.lfioW/JL;=jVNP?*?�A>A>H E CG<@HYWPh/C �� WPhLp �
� < m E CGJPC � 3�.0' +  � � ufA>?�B>HGA>WP? E HGQ ?�A>A>H <@?k?��L;=<@B>;dA�u"CIWLB>?I<RJL?�ad?Vu'h/CIAIr?�WLB>?I<@?,CIOPA>;dW/JLHPu
HGh/?�A.CGJLHGAUaI[HG_G; E H*HGN E HGWP? E B>;dcVH"aI[HG_G; E HPuVJL?�h/HG;=<�JL?�ad?fh/CIAIr?�WLB>?I<@?Upq? E `/CIW/JLH*?'JL? E HGWP? E B>;dcVHaI[HG_G; E HR<P[HYh/HLJL?�B>?�A � � �  � � �

� < m E CGJPC � $2K�.  � � uUCIh/HGWLB>?�?�A>A>H,<@?�`PHGNPcV?�A�uUCIWLB>?I<�JL?�ad?Vu .0/ � $ u Q 1 + %�$ HGN hPA>HGh/HV<@;>DEGFCIHCIBGrHGQR; E CLuP?�CIh"[HV<"?�ad?Vu/<P[HYh/HLJL?�B>?�A"NPQ�C�hPA>HGh/HV<@;>DEGFCIH�CIBGrHGQR; E CLu E HGWP? E B>;dcVH�aI[HG_G; E H � � �
 � � uPHGN�h/CIAIr?�WLB>?I<@?�CIOPA>;dW/JLHY\ 
 � 
��

� < Z�CIA.C E CGJPCKhPA>HGh/HV<@;>DEGFCIH CIBGrHGQR; E CLu'JL? E a=CIA>?�?�A>A>HX<@?k?�a=C,W FCIHX?��L;=<@B>;dAYWPH E HGW
	@NPWLB>HXJL?B>A.CIW/<@;>DEGFHG?I< � JPC�A>?IJL?�JL?�Z�?�B>A>;�jVNP?!QRHLJL?�a=C�HY<@;=<@B>?�Q�C��
� < TUA>;d?"NPQ�C*ad;=<@B.CLu + '�%4.01 �X%�$2I u/jVNP?";dA/[C*_GN/CIA.JPCIA E CGJPC�<@?Ij��N�r?�W E ;=C!JL?*B>A.CIW/<@;>DEGFHG?I<�h/HV<><�[g cV?�a/W/CJPCGJPC�pV[HGA>QYNPa=C��
��< TUHGW��/A>QR?�<@?�W/C3[CIA>cVHGA>?�JL?YCIa E CIW�DE CIOP;dad;=JPCGJL?�?��L;=<@B>?�CIad_GNPQ�CY<@?Ij��N�r?�W E ;=CRJL?�B>A.CIW/<@;>DEGFHG?I<jVNP?�<>CIB>;=<opoC/DE CYC�pV[HGA>QYNPa=C�TF�'t��
� < Z�CIA.C E CGJPCR<@?Ij��N�r?�W E ;=CY?��L;=<@B>?�WLB>?Vu E HGadHLjVNP?�\oCRW/C + '�%4.01 �X%�$2I u E HGQRHYNPQ�CYJPCG<!<@?Ij��N�r?�W E ;=CG<jVNP?�C�pV[HGA>QYNPa=C!?��LhPA>;dQR? �
� �!< TfCG<@H�W FCIH�`/C�	>CYWP?�WP`LNPQ�CY<@?Ij��N�r?�W E ;=CRJL?�B>A.CIW/<@;>DEGFHG?I<*jVNP?Y<@? 	>CY?��LhPA>?I<><>CYh/?�a=CYpV[HGA>QYNPa=CW/C [CIA>cVHGA>?�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?�JPCkA>?IJL?VuUJL? E a=CIA>?�jVNP?�C�pV[HGA>QYNPa=C%[?�;dWLc'[CIad;=JPC�h/CIA.C,CQ�CIA E C/DEGFCIH � � <



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 7S1
� � ')(�<

s"?I<@B>?*h/CIA.<@?�A�u/CIh"[HV<"C�?�WLB>A.CGJPCYJL?*NPQ�C*pV[HGA>QYNPa=C�TF�'t�u/h/HLJL?�QRHV<fcV?�A'<@?�C�QR?I<@Q�C!CIhPA>?�\
<@?�WLB.C'?�A>A>HV<�HGN�W FCIHPuV?'<@?'C*<@?Ij��N�r?�W E ;=CLuGHGNY<@?Ij��N�r?�W E ;=CG<�JL?'B>A.CIW/<@;>DEGFHG?I<�jVNP?"CfpV[HGA>QYNPa=C'?��LhPA>?I<><>CLu?��L;=<@B>?*W/C [CIA>cVHGA>?�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?�JPC�A>?IJL?�JL?�Z�?�B>A>;�jVNP?!QRHLJL?�a=C�H�zL^U:�l/Z�HGA"?��L?�QRhPadHPu<@? 	>C,C�-"Z JPC��/_GNPA.C
5Ll 3Pl zV?�N E HGW
	@NPWLB>HKJL?�B>A.CIW/<@;>DEGFHG?I<K[? 
 �

��B � W � � �Gl m HK<@?�?�WLB>A.CIA
E HGQ5NPQ�C�pV[HGA>QYNPa=CYTF�'t�u
HRh/CIA.<@?�A*;dA/[CYCIW/CIad;=<P[CI\qa=CRJL?�cVHGadcV?�W/JLHYQR?�W/<>CI_G?�W/<"JL?�?�A>A>HPu
HGN,jVNP?C!pV[HGA>QYNPa=C!?I<@B/[C E HGA>A>?�B.CLuPJPCY<@?�_GNP;dWLB>?!Q�CIWP?�;dA.CLn

� � B � W � � � � � � W � � � � � � B�� � ?�A>A>H�WPHYW*[NPQR?�A>HYJL?!h/CIAIr?�WLB>?I<@?I< �
� � B � � � � � � � � � ����?�A>A>H�JL?YhPA>HGh/HV<@;>DEGFCIH,CIBGrHGQR; E CY;dWP?��L;=<@B>?�WLB>?�WPH E HGW
	@NPWLB>H �
/  : � HjVN/CIa*[?*?IjVNP;dcGCIad?�WLB>?*CIH E HGW
	@NPWLB>H�JL?*B>A.CIW/<@;>DEGFHG?I< � JPC�A>?IJL?*JL?!Z�?�B>A>;ouVHGN�<@? 	>CLuL`"[C�NPQ�ChPA>HGh/HV<@;>DEGFCIH�CIBGrHGQR; E C�jVNP?!W FCIHR<@?�ad;d_VC�C�WP?�WP`LNPQ�C!B>A.CIW/<@;>DEGFCIH �
� B  �&W � ?�A>A>H E HGQ H�N/<@HRJLHYHGh/?�A.CGJLHGA � $2K�. �
� B �  � W � ?�A>A>H E HGQ5C�NPB>;dad;��IC/DEGFCIH�JLHYHGh/?�A.CGJLHGA � $2K�. �
� ��� � W � � � � � � ?�A>A>H E HGQ HYN/<@HRJLH�HGh/?�A.CGJLHGA � 3�.0' + �
� � B �  W � �  � ��CGjVNP;�B>?�QRHV<fNPQ5?�A>A>H�JL?�<@?Ij��N�r?�W E ;=CYJL?�B>A.CIW/<@;>DEGFHG?I< u
h/HG;=<*C�pV[HGA>QYNPa=C;dW/JL; E CkjVNP?�JL?�cV?�<@?�AR<@?�_GNP;=JPC,Ck<@?Ij��N�r?�W E ;=C B�W � uUJL?I<>JL?kjVNP?�B>?�QRHV<�jVNP?�CkB>A.CIW/<@;>DEGFCIH
B�B>?�Q JL?Y<@?�A*cV?�A.JPCGJL?�;dA.CRCIBP[?RjVNP?YCRB>A.CIW/<@;>DEGFCIH�W!WPH�hPA/[H,�L;dQRHY?I<@B.CGJLHPu�<@? 	>C � H�jVNP?X[?cV?�A.JPCGJL? �U?!WPHYhPA/[H,�L;dQRH�?I<@B.CGJLHPu/C�B>A.CIW/<@;>DEGFCIH � B>?�Q JL?�JL;=<@h/CIA.CIA � HRjVNP?k[?�;dQRh/HV<><�[g cV?�aWP?I<@B.C�Q�CIA E C/DEGFCIH �.lUt
HG_GHR?I<@B.C�<@?Ij��N�r?�W E ;=C�JL?�JL;=<@h/CIA>HV<'W FCIH [?!h/HV<><�[g cV?�a�h/CIA.CYC�A>?IJL?VuLHGN<@? 	>CLuP?�a=CK[?!;dWP?��L;=<@B>?�WLB>?"W/C [CIA>cVHGA>?�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL? �

� � � � B � W � � � � ��pV[HGA>QYNPa=C E HGA>A>?�B.CLu�h/HG;=<!?��LhPA>;dQR?�C�<@?Ij��N�r?�W E ;=C�JPCGJPC�h/HGA � B�W ���!jVNP??��L;=<@B>?!WPH�_GA.C�pqH�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?!JPC�-"Z�l
Z�CIA.C CG<kJLN/CG< [NPadB>;dQ�CG<YpV[HGA>QYNPa=CG< u*h/HLJL?�QRHV< E HGQRh/CIA.CIAkCG<k<@?Ij��N�r?�W E ;=CG<�JL?KB>A.CIW/<@;>DEGFHG?I<h/HV<><�[g cV?�;=<'JL?�<@?�A>?�Q5<@?�_GNP;=JPCG<'W/C�A>?IJL?Vu/CYjVN/CIa�?I<@B/[C�QRHV<@B>A.CGJPC�W/CM�/_GNPA.CO5Ll25Lu/HGW/JL?!B>?�QRHV<'CQ�CIA E C/DEGFCIH�;dWP; E ;=CIa � �

�

� � � � �.u/<@?�W/JLH�H E HGW
	@NPWLB>HYJL?!Q�CIA E C/DEGFHG?I<�� �

� : 	 : � : � �.lTUHGQRH�h/HLJL?�QRHV<!cV?�A*WP?I<@B>?I<!?��L?�QRhPadHV< u
H �
1!/2%�$4/ CIW/CIad;=<>C E CGJPC�HGh/?�A.CGJLHGA�? E CGJPC�hPA>HG\h/HV<@;>DEGFCIH�CIBGrHGQR; E CLu
<P[H�JL?�;��PCIW/JLHRh/CG<><>CIA�CYpV[HGA>QYNPa=CRTF�'t�u E CG<@H�?�a=CY?I<@B>? 	>C E HGA>A>?�B.CIQR?�WLB>?!?I<@\
E A>;dB.CLu E HGQ A>?�a=C/DEGFCIHYCIHY_GA.C�pqHRJL?�CIa E CIW�DE CIOP;dad;=JPCGJL?Vl



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 7�3

P

P

P

a b

c

1

2

3

e�;d_GNPA.CO5Ll 3PnfzV;dQRhPad?I<�A>?IJL?�JL?�Z�?�B>A>;
N/<>CGJPCYWPHY?��L?�QRhPadH�JLH�N/<@HRJLHYh/CIA.<@?�A

(1 0 0)

(0 1 0)

(1 0 0) (0 0 1)
old bloq

a

b c

e�;d_GNPA.CN5Ll25Ln [m A>cVHGA>?YJL? m a E CIW�DE CIOP;dad;=JPCGJL?�JPCRA>?IJL?YJL?YZ�?�B>A>;�N/<>CGJPCRWPH�?��L?�QRhPadHRJLH�N/<@H�JLHh/CIA.<@?�A



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 7S5
� ��� ��� ����
� ��� � 	�� �&������� 	����	 � � ��� � � � ��� �4� � ���

TUHGW/<@;=JL?�A>?YHk<@;=<@B>?�Q�CRJL?YQ�CIWLNLpoCIB>NPA.C E HGQ A>? E NPA.<@HV< E HGQRh/CIA>B>;dad`/CGJLHV<*QRHLJL?�a=CGJLH�h/HGA�A>?IJL?JL?YZ�?�B>A>;ou
CIhPA>?I<@?�WLB.CGJLH�W/C��/_GNPA.C 5Ll27Lu�?�Q�jVNP?Y<@N/CRQ�CIA E C/DEGFCIHR;dWP; E ;=CIa�<@? 	>C � � �  � � � �
� � ��� l!^U<@B>?Y<@;=<@B>?�Q�C�A>?�hPA>?I<@?�WLB.CRCYhPA>HLJLN�DEGFCIHkJL?�[g B>?�W/<"NPB>;dad;��ICIW/JLHRA>? E NPA.<@HV< u
HV<!jVN/CI;=<*< FCIHA>?�hPA>?I<@?�WLB.CGJLHV<�h/?�a=C!Q�CIA E C/DEGFCIH*WPH�adNP_VCIA :�� l�:"?I<@? 	>CIQRHV<�WP?�ad?VuLJL?�B>?�A>QR;dW/CIA�;dWP; E ;=CIadQR?�WVB>?f<@N/C[CIA>cVHGA>?*JL?*CIa E CIW�DE CIOP;dad;=JPCGJL?VuVh/CIA.C�?�Q�<@?�_GNP;=JPC�JL?4�/WP;dA>QRHV<�NPQ�C*?I<@h/? E ;�� E C/DEGFCIH�JL? E HGQRh/HGA>B.CI\QR?�WLB>H*?!JL?�B>?�A>QR;dW/CIA>QRHV<�CG<UpqNPW�DEGFHG?I<fJL?*`/CIOP;dad;dB.C/DEGFCIH�JPCG<fB>A.CIW/<@;>DEGFHG?I<fjVNP?*?��L? E NPB>?*C!QR?I<@Q�CLu;dQRh/?IJL;dW/JLH�HR<@;=<@B>?�Q�C�JL? E CI;dA'WLNPQ ?I<@B.CGJLHR;dW/JL?I<@? 	P[CIcV?�aouL;=<@B>H [?VuPOPadHLjVNP?ICGJLHPu E HGQRHK[?�H E CG<@HJPC�<@?Ij��N�r?�W E ;=CYJL?�JL;=<@h/CIA>HV<"JPCG<'B>A.CIW/<@;>DEGFHG?I<'JPCGJPCYh/HGA

. 	 . � . 	 . � . 	 . 	 . � . � . � . � . 	 �

jVNP?*ad?�cGC�C�A>?IJL?!CYCIB>;dWP_G;dA"C�Q�CIA E C/DEGFCIH ��� �  � � � � � � � � ?�Q jVNP?!WP?�WP`LNPQ�C!B>A.CIW/<@;>DEGFCIH?I<@B/[C�`/CIOP;dad;dB.CGJPCLl
m NPB>;dad;��IC/DEGFCIHKJLH m M m A m _G?�A.CXC [CIA>cVHGA>?,JL?kCIa E CIW�DE CIOP;dad;=JPCGJL?,JL?I<@B>?k<@;=<@B>?�Q�CLu'CKjVN/CIa_GN/CIA.JPCYB>HLJPCG<!CG<!<@?Ij��N�r?�W E ;=CG<"JL?�B>A.CIW/<@;>DEGFHG?I<"h/HV<><�[g cV?�;=<'?�B>HLJLHV<*HV<"?I<@B.CGJLHV<!CIa E CIW�DE CGJLHV<"h/?�adHQR?I<@QRHPuVJL;���?�W/JLH�h/CIA.C E CGJPCY<@?Ij��N�r?�W E ;=CLu/jVN/CIa�ad?�cGC�C�NPQ ?I<@B.CGJLHYOPadHLjVNP?ICGJLHYHGN�W FCIHPlTUHGQRH*JL?I<@? 	>CIQRHV<�?I<@h/? E ;�� E CIA�H E HGQRh/HGA>B.CIQR?�WLB>H"JL?I<@B>?'<@;=<@B>?�Q�CLuGJL;d_VCIQRHV<�jVNP?"jVNP?�A>?�QRHV<jVNP?�NPQ�C [NPWP; E CRh/?PDE C�<@? 	>CRhPA>H E ?I<><>CGJPC�h/HGA�cV?��Vu
NPB>;dad;��ICIQRHV<'H m Z&�'t�u�h/CIA.C�CR?�WLB>A.CGJPC�JPC?I<@h/? E ;�� E C/DEGFCIHRA>?IjVNP?�A>;=JPC�?�Q t![HG_G; E CR��?�QRh/HGA.CIaol m jVNP;ou/h/HLJL?�QRHV<!JL? E a=CIA.CIA!CY?I<@h/? E ;�� E C/DEGFCIH

E HGQRH
� � � V � Z 	 � Z � � � � � � � � Z 	 � Z � � �  Z ��� � � � � � � Z 	 � Z � � Z � � �  Z �� � V � Z � �

s"?I<@B.CLu�h/HLJL?�QRHV<!ad?�A�H,jVNP?�<@?�<@?�_GNP?VnRCIh"[HV<�H,JL;=<@h/CIA>H,JL? . 	�? . ��uUCG<�B>A.CIW/<@;>DEGFHG?I< . 	�?
. �"?I<@B.CIA FCIH�OPadHLjVNP?ICGJPCG< u�JL?�pqHGA>Q�CYCY;dQRh/HGA"jVNP?Y<P[H . �!<@? 	>CY`/CIOP;dad;dB.CGJPCLu
h/HLJL?�W/JLH�JL;=<@h/CIA.CIA�lm h"[HV<*<@?�NKJL;=<@h/CIA>HPu�;=<@B>H3[?Vu . ��u�B>HGA>W/CIQRHV<!CIh/?�W/CG< . �`/CIOP;dad;dB.CGJPCLu�?�W/jVN/CIWLB>H . 	�u . �*? . �!W FCIH?I<@B FCIHPl ^�Q HGNPB>A>HV<YB>?�A>QRHV< uf;dQRh/?IJL;dQRHV<�jVNP?kCG<YB>A.CIW/<@;>DEGFHG?I<RCIWLB>?�A>;dHGA>?I<YCKjVNP?kJL?I<@? 	>CIQRHV<`/CIOP;dad;dB.CIA�uP?I<@B>? 	>CIQ5W FCIHG\q`/CIOP;dad;dB.CGJPCG< l�Z�HGA
�/QkuP;dQRh/HGQRHV<'jVNP?MZ � <@? 	>CYJL;=<@h/CIA.CGJPCLl m <><@;dQkuPH<@;=<@B>?�Q�C�;dA/[CRB>A.CIO/CIad`/CIA!NPQ�C%[NPWP; E CRh/?PDE CYh/HGA!cV?��Vl v O/<@?�A>cGCIQRHV<*CP[g u�jVNP?YJL?�NPQ�C�pqHGA>Q�CYHGNJL?*HGNPB>A.CLu/CG<UB>A.CIW/<@;>DEGFHG?I<'jVNP?!JL?I<>CIOP;dad;dB.CIQRHV< uVW FCIH�WP? E ?I<><@;dB.CIQ�<@?�A"JL?I<>CIOP;dad;dB.CGJPCG< uPJL?I<>JL?!jVNP?Vu
E HGQRH�<P[HYB>?�QRHV<UNPQ�CX[NPWP; E C�h/?PDE C�<@?�W/JLHYhPA>H E ?I<><>CGJPCLu
<P[H�hPA>? E ;=<>CIQRHV<fJL?I<>CIOP;dad;dB.CIA . 	�uLh/HG;=<"CG<HGNPB>A.CG<UB>A.CIW/<@;>DEGFHG?I<f?I<@B FCIH�W/CIB>NPA.CIadQR?�WLB>?"JL?I<>CIOP;dad;dB.CGJPCG< lU:";=<@B>H�A>?I<@NPadB.C!jVNP?VuLh/HLJL?�QRHV<fJL?4�/WP;dA
E HGQRH�?I<@h/? E ;�� E C/DEGFCIHYJL? E HGQRh/HGA>B.CIQR?�WLB>H�JLHY<@;=<@B>?�Q�CLuPCIh/?�W/CG<"C�pqNPW�DEGFCIH

V � Z 	 � � � �  � � . 	 � V � Z � � � �
jVNP?*B>HGA>W/C . 	"JL?I<>CIOP;dad;dB.CGJPCLu/CIBP[?�jVNP? . � <@? 	>C�JL;=<@h/CIA.CGJPCLl



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 7S7

p7

p1

p2

t1

t2

p3

t3

p4

t4

t5

p5

p6

2

3

5

α1

α2

α3

α4

α5

e�;d_GNPA.CO5Ll27Ln"M�HLJL?�adHY?�Q -'?IJL?�JL?�Z�?�B>A>;�h/CIA.CRNPQ zV;=<@B>?�Q�C�JL?�MkCIWLNLpoCIB>NPA.C E HGQ -'? E NPA.<@HV<TUHGQRh/CIA>B>;dad`/CGJLHV<



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 7V}
:"?�cV?�QRHV<fad?�cGCIA*?�Q E HGW/<@;=JL?�A.C/DEGFCIHPu�jVNP?�h/CIA.CR?I<@B.CG<!JLN/CG<*?I<@h/? E ;�� E C/DEGFHG?I< u
h/CIA>B>?I<*JLH�<@;=<@\B>?�Q�C"?I<@B.CIA/[C!h/CIA.CGJLH�?�Q CIad_GNPQ�CG<Uh/HV<@;>DEGFHG?I< uL;=<@B>H,[?VuVW FCIH�`/C�cV?�A/[C*hPA>H E ?I<><>CIQR?�WLB>H�JL?"WP?�WP`LNPQHGNPB>A>HK[g B>?�Qku/?�W/jVN/CIWLB>HRH�jVNP?Y?I<@B>;dcV?�A*<@?�W/JLH�hPA>H E ?I<><>CGJLH�W FCIH E `P?�_VCIA!CIHR�/W/CIaou�HGNK<@? 	>CLu�WPHadNP_VCIA :�� lf^�Q5HGNPB>A>HV<"B>?�A>QRHV< uL;=<@B>HX[?�NPQ�C E HGW/JL;>DEGFCIH�;dW/JL?I<@? 	P[CIcV?�a
h/CIA.CYHR<@;=<@B>?�Q�CLuPJL?�cL;=JLH�SC<@N/C E CIh/C E ;=JPCGJL?�H E ;dHV<>CLu/h/HG;=<'h/?�a=CYJL?4�/WP;>DEGFCIHRJL?!A>?IJL?I<'JL?�Z�?�B>A>;ouLNPQ�C�B>A.CIW/<@;>DEGFCIHY`/CIOP;dad;dB.CGJPCh/HLJL?*HGN�W FCIHYJL;=<@h/CIA.CIA�lUt
HG_GHPu
<@?*HR[g B>?�Q�`/CIOP;dad;dB.CIAUNPQ�C*B>A.CIW/<@;>DEGFCIHPu/JL;d_VCIQRHV< . IuLW FCIH�_VCIA.CIWP\B>;dQRHV<U<@?�N�JL;=<@h/CIA>H�?Vu E HGW/<@?Ij��NP?�WLB>?�QR?�WLB>?VuVHY<@;=<@B>?�Q�C*;dA/[C�� E CIA'?�Q�?I<@B.CGJLHYJL?!?I<@h/?�A.CLlU:"?I<><>CpqHGA>Q�CLu
;dA/[C�� E CIA!h/CIA.CGJLHPlRZ�CIA.C�?I<@B.CR?I<@h/? E ;�� E C/DEGFCIHPu�H m T']!z�WPHV<�J'[CRNPQ�C�pqNPW�DEGFCIHPu�C�jVN/CIa?I<@B.CIA/[C�ad;d_VCGJPC�SC�B>A.CIW/<@;>DEGFCIH . 	��/^U<@B.C�pqNPW�DEGFCIH [?�JPCGJPC�h/HGA

� 	
�
� � � @ � � � 6 � �

CXjVN/CIa!;dQRh/?IJL?kjVNP?K<@? 	>CK;dWP; E ;=CGJLHXWPHIcVHXhPA>H E ?I<><>CIQR?�WLB>HPu"?�W/jVN/CIWLB>HXH [g B>?�Q�W FCIH ?I<@B>;dcV?�A
E HGQRhPad?�B.CIQR? WLB>?YB>?�A>QR;dW/CGJLHPl s"?I<@B>? E CG<@HPu"HX<@;=<@B>?�Q�C�QRHLJL?�a=CGJLHKh/HGARNPQ�C�-"ZUe�� �*u � E C
E HGQRH�QRHV<@B>A.CGJLH�W/CM�/_GNPA.CO5Ll }Vl

p7

p1

p2

t1

t2

p3

t3

p4

t4

t5

p5

p6

2

3

5

α1

α2

α3

α4

α5

ϕ1

e�;d_GNPA.C*5Ll }VnfM�HLJL?�adHY?�Q#-"ZUe�� �%h/CIA.C�NPQ�zV;=<@B>?�Q�C�JL?�MkCIWLNLpoCIB>NPA.C E HGQ#-'? E NPA.<@HV<*TUHGQR\h/CIA>B>;dad`/CGJLHV< uPh/CIA.C�A>?ICIad;��ICIA'H�hPA>H E ?I<><>CIQR?�WLB>HYJL?!NPQ�C [NPWP; E C�h/?PDE C�h/HGA"cV?��



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 7S6
Z�CIA.CY?I<@B>?�QR?I<@QRH�<@;=<@B>?�Q�CLu/h/HLJL?�AI[g CIQRHV<*JL?4�/WP;dA"NPQ�C�HGNPB>A.CR?I<@h/? E ;�� E C/DEGFCIH�JL? E HGQRh/HGA>\B.CIQR?�WLB>HPuGJL?'pqHGA>Q�C*C"poC���?�A>QRHV<�H�hPA>H E ?I<><>CIQR?�WLB>H*h/CIA.CIad?�adH�JL?"Q�CI;=<�JL?"NPQ�C"h/?PDE CLl m h/CIA>B>;dAJPC�?I<@h/? E ;�� E C/DEGFCIH

V � Z 	 � � � � Z 	 � Z � � �  � � Z 	 � V � Z � �
JL?�B>?�A>QR;dW/CIQYHV</jVNP?VuGC'B>A.CIW/<@;>DEGFCIH . 	�h/HLJL?"JL;=<@h/CIA.CIA�JLN/CG<�cV?���?I<
<@?�_GNP;=JPCG< uVJL?�;��PCIW/JLH"H*<@;=<@B>?�Q�CB>A.CIO/CIad`/CIW/JLHY?�Q h/CIA.CIad?�adHPlUi@<@B>H�WPHV<'ad?�cGC�C�_G?�A.CIA*CG<fpqNPW�DEGFHG?I<'JL?!`/CIOP;dad;dB.C/DEGFCIHYJL?!B>A.CIW/<@;>DEGFHG?I<

� 	
�
� � � @ � ��� 7 �

��
�
� � � @ � ��� 1 � �

jVNP? E HGWLB>A>HGa=CIA FCIH!H�<@;=<@B>?�Q�C'h/CIA.C!;dQRh/?IJL;dA�<@?�N/<�h/HV<><�[g cV?�;=<�OPadHLjVNP?�;dHV<�?"<@?�_GNP;dAfC*?I<@h/? E ;�� E C/DEGFCIHJPCGJPCLlf^U<@B>?!WPHIcVH�QRHLJL?�adHPuL?�W E HGWLB>A.CI\o<@?!W/CM�/_GNPA.CO5Ll26Ll

p7

p1

p2

t1

t2

p3

t3

p4

t4

t5

p5

p6

2

3

5

α1

α2

α3

α4

α5

ϕ1

ϕ4

e�;d_GNPA.C*5Ll26LnfM�HLJL?�adHY?�Q#-"ZUe�� �%h/CIA.C�NPQ�zV;=<@B>?�Q�C�JL?�MkCIWLNLpoCIB>NPA.C E HGQ#-'? E NPA.<@HV<*TUHGQR\h/CIA>B>;dad`/CGJLHV< uPh/CIA.C�A>?ICIad;��ICIA'H�hPA>H E ?I<><>CIQR?�WLB>HYJL?�JLN/CG<'h/?PDE CG<'?�Q�h/CIA.CIad?�adH
:"?�cV?�QRHV<fHGO/<@?�A>cGCIA!jVNP?Vu/W/CY?I<@h/? E ;�� E C/DEGFCIHRJL? E HGQRh/HGA>B.CIQR?�WLB>HYJPCGJPCYWPHRhPA>;dQR?�;dA>H E CG<@H

� NPQ�C [NPWP; E Ckh/?PDE C�h/HGARcV?�� �.u�?�Q�aI[HG_G; E C�B>?�QRh/HGA.CIaou�[?�QYNP;dB>H�Q�CI;=<�CIOPA.CIWP_G?�WLB>?kJLHKjVNP?�<@?



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� 7G|
pqHV<><@?�JPCGJPC�?�Q�ad;dWP_GN/CI_G?�W/<UpqHGA>Q�CI;=< uLh/HG;=<fWP?I<@B.CG< uPB>?�QRHV<UJL?�JL?I< E A>?�cV?�AUB>HLJPCYC�<@?Ij��N�r?�W E ;=C�JL?JL;=<@h/CIA>HV<"JL?!B>A.CIW/<@;>DEGFHG?I<'CY<@?�A"<@?�_GNP;=JPCLuPh/CIA.C�B>?�A>QRHV<UB.CIa E HGQRh/HGA>B.CIQR?�WLB>HPuV;=<@B>HX[?Vu

 Z 	8Z �2Z �2Z 2Z � � � �
s"H�<@?�_GNPW/JLH E CG<@HPuLHGN�<@? 	>CLuPJPCG<fJLN/CG<Uh/?PDE CG<U?�Q h/CIA.CIad?�adHPuVB>?�AI[g CIQRHV<�jVNP?*JL?�B>?�A>QR;dW/CIA�h/HGAjVN/CIaUJPCG<*Q�CIWP?�;dA.CG<';=<@B>H�B>?�A>;=CRJL?Y<@?�A*pq?�;dB>HPu
;=<@B>H%[?Vu�JL?YC E HGA.JLH E HGQ CYpV[HGA>QYNPa=CRTF�'t�u�?I<@B.CG<

JLN/CG<"<@?Ij��N�r?�W E ;=CG<'JL?!B>A.CIW/<@;>DEGFHG?I<'h/HLJL?�Q�<@?�A'HGOPB>;=JPCG< n
 Z 	8Z 	8Z �2Z �8Z �2Z �9Z 2Z � Z 9Z � � �'HGN�u
 Z 	8Z 	8Z �2Z �8Z �2Z 9Z � Z �2Z 9Z � � � �

?�W/jVN/CIWLB>HR?�Q ad;dWP_GN/CI_G?�W/<"pqHGA>Q�CI;=< u�<P[H�NPQ�CRJL?�a=CG<"h/HLJL?�<@?�A E HGW/<@;=JL?�A.CGJPCRh/HGA�cV?��Vl�^U<@B.C%[?NPQ�C E HGW/JL;>DEGFCIH�;dWLB>AI[g W/<@? E C*JLH�N/<@H�JPC�t�� W/CM�"T'z/uVcL;=<@B>H�jVNP?"NPQ <@;=<@B>?�Q�C"_GA.CIW/JL?*QRHLJL?�a=CGJLHh/HGA -"Z�u"JL?KC E HGA.JLH E HGQ�CK?I<@h/? E ;�� E C/DEGFCIHPu*B>?�W/JL?,C <@?,B>HGA>W/CIA�QYNP;dB>H,Q�CI;=< E HGQRhPad?��PC,?JL; p.[g=E ;dafJL?�<@?�AYcL;=<@N/CIad;��ICGJPC�?�CIW/CIad;=<>CGJPC,?�Q�ad;dWP_GN/CI_G?�W/<�pqHGA>Q�CI;=< u E HGQRHkcL;=<@B>HkWPHK<@?�_GNPW/JLH
E CG<@HRJPCY?I<@h/? E ;�� E C/DEGFCIHRJLHRhPA>HGOPad?�Q�C�CIWLB>?�A>;dHGA�l's"H E CG<@HRJPCRt��*u
CIa�[?�Q�JPC�pV[HGA>QYNPa=C�<@?�A"O/?�QQR?�WPHGA�u
JL?�cL;=JLHRC�jVNP?Vu
WP? E ?I<><@;dB.CIQRHV<"JL?�B>?�A>QR;dW/CIA"CIh/?�W/CG<�CIad_GNPW/<*h/HGWLB>HV<!JL?�`/CIOP;dad;dB.C/DEGFCIH�?JL?I<>CIOP;dad;dB.C/DEGFCIH�JPC!A>?IJL?VuLCI;dW/JPC!B>?�QRHV<UC!cGCIWLB.CI_G?�Q JL?*jVNP?*C*pV[HGA>QYNPa=C"h/HLJL?!WPHV<U;dW/JL; E CIAUQ�CI;=<JL?�NPQ E CIQR;dWP`PHYh/CIA.CR?��L? E NPB.CIA*CRB.CIA>? poCR?I<@h/? E ;�� E CGJPCLu�JPCIW/JLHG\qWPHV<!Q�CI;dHGA �/?��L;dOP;dad;=JPCGJL?�WPH
hPA>H E ?I<><>CIQR?�WLB>HPuG;=<@B>H,[?VuLWPH E CG<@H�JL?"NPQ�C*B>A.CIW/<@;>DEGFCIH�`/CIOP;dad;dB.CGJPC*W FCIH�JL;=<@h/CIA.CIA�uL`"[C!NPQ�C"HGNPB>A.C
E HGW/JL;>DEGFCIH"h/CIA.C E HGWLB>;dWLN/CIA�H"pqNPW E ;dHGW/CIQR?�WLB>H*JLH!<@;=<@B>?�Q�CLuI<@?�Q jVNP?fH*QR?I<@QRH&�
jVNP?f?�Q ?I<@B.CGJLH?I<@B.C E ;dHGW"[CIA>;dHPu
HGNK<@? 	>CLu
H E ;dHV<@HPlYs"?I<@B>? E CG<@HPu�;=<@B>H%[? E HGW/<@;=JL?�A.CGJLH�?YCIOPA>?RCYh/HV<><@;dOP;dad;=JPCGJL?YJL?HGB>;dQR;��IC/DEGFCIH�JPC�?I< E HGad`/CLlb"Q HGNPB>A>H*?��L?�QRhPadH'jVNP?Uh/HLJL?�QRHV< E ;dB.CIA�u�[?'JL?fNPQ <@;=<@B>?�Q�CfJL?'JLHG;=<�QRHGB>HGA>?I< n H ? � uI?UNPQhPA>HG_GA.CIQ�C E HGQRhPNPB.C E ;dHGW/CIa�jVNP? E HGWLB>A>HGa=C�HYQRHGB>HGA H l m <@;dB>N/C/DEGFCIH [?�JL?I< E A>;dB.C�h/?�a=C E HGW/JL;>DEGFCIH?�Q jVNP?Vu'HKQRHGB>HGA H JL?�cV?�?I<@B.CIARB>A.CIO/CIad`/CIW/JLH ?�W/jVN/CIWLB>HKHXQRHGB>HGA � ?I<@B>;dcV?�A�HGh/?�A.CIW/JLHPl
TfCG<@H�H!QRHGB>HGA � h/CIA>?*JL?"HGh/?�A.CIA�uLNPQ E HGQRhPNPB.CGJLHGA�uLCIB>A.C�cf[?I<UJL?'NPQ hPA>HG_GA.CIQ�C E HGWLB>A>HGa=CGJLHGA�uJL?�cV?�cV?�A>;�� E CIA*?I<@B>?�?I<@B.CGJLH�?Yh/CIA.CIA�H�QRHGB>HGA H l�^�Q HGNPB>A>HV<!B>?�A>QRHV< u
H�QRHGB>HGA H JL?�cV?�<@?�A
CIB>;dcGCGJLHRHGNKJL?I<>CIB>;dcGCGJLH�<@?�_GNP;dW/JLHRH�?I<@B.CGJLH�JLHRQRHGB>HGA � l�:"?�cV?�QRHV<fHGO/<@?�A>cGCIA�jVNP?�H�QRHGB>HGA
� [?Y;dW/JL?�h/?�W/JL?�WLB>?Vl�^U<@B>?R<@;=<@B>?�Q�CY?I<@B/[C�QRHLJL?�a=CGJLHRh/HGA�NPQ�CYA>?IJL?RJL?RZ�?�B>A>;�W/C��/_GNPA.CC5Ll |Ll
v O/<@?�A>cV?�QRHV<fjVNP?Vu
JL?�C E HGA.JLH E HGQ5?I<@B>?�QRHLJL?�adHPu/HRQRHGB>HGA H CIh/?�W/CG<k[?�JL?I<>CIB>;dcGCGJLH�jVN/CIW/JLHH�QRHGB>HGA � ?I<@B/[C�;dW/CIB>;dcVHPl�TUHGWLB>N/JLHPu�H�QR?I<@QRHYh/HLJL?�<@?�A�CIB>;dcGCGJLHk;dW/JL?�h/?�W/JL?�WLB>?�QR?�WLB>?�JLH
QRHGB>HGA � ?�WLB>A.CIA'?�Q�pqNPW E ;dHGW/CIQR?�WLB>HPl v jVNP?�JL?I<@? 	>CIQRHV<Y[?�?�cL;dB.CIAf?I<@B>?!hPA>HGOPad?�Q�CLl �k[C�JLN/CG<Q�CIWP?�;dA.CG<fJL?*poC���?�A';=<@B>HPn
{Gl"M�HLJL;�� E CIA�H"QRHLJL?�adH'JLH*<@;=<@B>?�Q�CLu ;dW E adNP;dW/JLH'WPHIcVHV<�CIA E HV<�jVNP?U;dQRh/?PDE CIQ%?I<@B>?UhPA>HGOPad?�Q�C��
/ l":"?4�/WP;dA'NPQ�C�?I<@h/? E ;�� E C/DEGFCIHYJL? E HGQRh/HGA>B.CIQR?�WLB>HPuLJL?*pqHGA>Q�C�C�?�cL;dB.CIA';=<@B>HPl



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� }��

p1

p2

p3

p4

p5

t1 t2 t3 t4α1
α2 α4

Motor A parado

Programa
Controlador

Motor A
Operando

Motor B parado

Motor B
trabalhando

liga A

desliga
    A

liga B

desliga Bα3

e�;d_GNPA.CO5Ll |LnfzV;=<@B>?�Q�C�JLHY?��L?�QRhPadHPuVQRHLJL?�a=CGJLH�h/HGA*A>?IJL?!JL?�Z�?�B>A>;
Z�CIA.CYHRhPA>;dQR?�;dA>H E CG<@HPu�h/HLJL?�QRHV<"cV?�A'HRA>?I<@NPadB.CGJLH�JPCRWPHIcGCYQRHLJL?�a=CI_G?�Q5JLH�<@;=<@B>?�Q�C�W/C

�/_GNPA.C#5Lld{��LlUs"?I<@B.CLuLcV?�QRHV<�jVNP?*C!B>A.CIW/<@;>DEGFCIH . 	�uLjVNP?"ad;d_VC!H�QRHGB>HGA H uL<P[H�JL;=<@h/CIA.C�<@?*H�QRHGB>HGA
� ?I<@B>;dcV?�A�ad;d_VCGJLHPlUTUHGWLB>N/JLHPuLJPCGJLH*H!QRHLJL?�adHPuGjVNP?�A>?�QRHV<�jVNP?fH*QR?I<@QRHUpqNPW E ;dHGWP?'<@?�Q B>?�A>QRHV<JL?YQRHLJL;�� E [CI\qadHPl�:"?I<><>C�pqHGA>Q�CLu E HGQRH�?I<@B.CIQRHV<!;dWLB>?�A>?I<><>CGJLHV<!?�Q B>?�A>QRHV<*NPQ�CYpq?�A>A.CIQR?�WLB.C
jVNP?"C"h/CIA>B>;dAfJLH!QRHLJL?�adHPuGA>?ICIad;���?'jVN/CIa=jVNP?�A�?I<@h/? E ;�� E C/DEGFCIH�JPCGJPCLuL<@?�Q B>?�A>QRHV<�JL?'QRHLJL;�� E [CI\qadHPuB>A.CIO/CIad`/CIQRHV< E HGQ Hk<@?�_GNPW/JLH E CG<@HPu�h/CIA.CkJL?�B>?�A>QR;dW/CIA>QRHV<"CG<*pqNPW�DEGFHG?I<�JL?R`/CIOP;dad;dB.C/DEGFCIH�JPCG<B>A.CIW/<@;>DEGFHG?I< lU^U<@B>? E HGQRh/HGA>B.CIQR?�WLB>H,[?�JL?4�/WP;=JLH�h/?�a=C!pV[HGA>QYNPa=C

� � �  � � Z 	 � Z � � � �  Z 	 � � � � Z � � �  � Z  � Z � � � �
^U<@B.C'pV[HGA>QYNPa=CfWPHV<UJL;��'jVNP?VuG<@?�QRhPA>?fJL?�cV?�\o<@?'JL;=<@h/CIA.CIA . �IuVJL?�h/HG;=< . 	�?VuVCIh"[HV<�;=<@B>HPuLJL;=<@h/CIA.CIA

. "? . � lf^�Q5B>?�A>QRHV<fJPC�Q�CIA E C/DEGFCIH�;dWP; E ;=CIa � �
�

� {�{#��{#���ou/JL;���?�QRHV< n�ad;d_GNP?*HYQRHGB>HGA � ?Vu
CIh"[HV<UC"H E HGA>AIr?�W E ;=C!JL?I<@B>?'?�cV?�WLB>HPuIH*hPA>HG_GA.CIQ�C E HGQRhPNPB.C E ;dHGW/CIaLad;d_VC"H*QRHGB>HGA H � ?"<P[H�JL?I<@ad;d_GNP?H�QRHGB>HGA H <@?!HYQRHGB>HGA � pqHGA*JL?I<@ad;d_VCGJLHPl
v NPB>A.C!pqHGA>Q�C�JL?*poC���?�A>QRHV<fC�?I<@h/? E ;�� E C/DEGFCIH�h/CIA.C�?I<@B>?�<@;=<@B>?�Q�CLuU[?�CIB>A.C�cf[?I<'JPC�pV[HGA>QYNPa=C

� � � � Z 	 �  Z ���
h/HG;=< u/JL?!C E HGA.JLH E HGQ ?I<@B.CLuLh/HLJL?�QRHV<fcV?�A'jVNP?VuPC�B>A.CIW/<@;>DEGFCIH . 	"<P[H�?I<@B.CIA/[C�`/CIOP;dad;dB.CGJPC�CIh"[HV< . �JL;=<@h/CIA.CIA�l"i@<@B>H�jVNP?�A"JL;���?�A�u/jVNP?�W FCIHRWP? E ?I<><@;dB.CIQRHV<UpoC���?�A*CIadN/< FCIHR?��LhPa@[g=E ;dB.C!WP?�Q�C . �"WP?�Q�C
. �l :"?�cL;=JLHYCYjVN/CIa=jVNP?�A'NPQ�C�JL?I<@B.CG<"?I<@h/? E ;�� E C/DEGFHG?I< uLHYN/<@HRJLH m T']!zY;dA/[C�WPHV<*JPCIA*C�pqNPW�DEGFCIHh/CIA.CYC�B>A.CIW/<@;>DEGFCIH . 	 E HGQRH

� 	
�
� � � @ ��

�
{ � �



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� }V{

p1

p2

p3

p4

p5

t1

t2 t3 t4α1
α2 α3 α4

Motor A parado

Programa
Controlador

Motor A
Operando

Motor B parado

Motor B
trabalhando

liga A

desliga
    A

liga B

desliga B

e�;d_GNPA.C*5Lld{��LnfzV;=<@B>?�Q�C�JLH�?��L?�QRhPadHPuVQRHLJL?�a=CGJLH�h/HGA"A>?IJL?!JL?�Z�?�B>A>;ouV?�ad;dQR;dW/CIW/JLH!H�hPA>HGOPad?�Q�C
JLHYC E ;dHGW/CIQR?�WLB>H�JLHYQRHGB>HGA m uLh/HGA";dWLB>?�A>Q%[?IJL;dH�JPC�QRHLJL;�� E C/DEGFCIHYJPC�A>?IJL?�JL?�Z�?�B>A>;
TUHGQ�?I<@B.C*pqNPW�DEGFCIH�JL?*`/CIOP;dad;dB.C/DEGFCIH�JL?*B>A.CIW/<@;>DEGFCIHPuLW FCIH�QRHLJL;�� E CIQRHV<�C!A>?IJL?!JL?*Z�?�B>A>;/QRHLJL?�a=CI\JLHGA.C!JLH�<@;=<@B>?�Q�CLuI?";dQRh/HGQRHV<�jVNP?*C*?I<@h/? E ;�� E C/DEGFCIH�<@? 	>C!<@?�_GNP;=JPCLl m -"ZUe�� �X?I<@B/[C*QRHV<@B>A.CGJPC
W/C��/_GNPA.CO5Lld{G{Gl
Z�CIA.C�?I<@B>? E CG<@HPuf<@?Yp rHV<><@?�QRHV<�JPCIAYC�?I<@h/? E ;�� E C/DEGFCIHkJLH E HGQRh/HGA>B.CIQR?�WLB>H�JL?I<@? 	>CGJLH�h/CIA.C?I<@B>?!<@;=<@B>?�Q�C!h/HGA"ad;dWP_GN/CI_G?�W/<fpqHGA>Q�CI;=< uPJL?�cV?�AI[g CIQRHV<�h�rHG\qa=CYJPCY<@?�_GNP;dWLB>?!Q�CIWP?�;dA.CLn

� Z �2Z 	8Z 9Z � � � �
Z�HLJL?�QRHV<fcV?�A'WP?I<@B>?�?��L?�QRhPadH�jVNP?�?I<@B.CX[?�QR?�WPHV< E HGQRh/C E B.C�jVNP?�CY<@?�_GNPW/JPCRCIadB>?�A>W/CIB>;dcGC

� pV[HGA>QYNPa=CRTF�'t �.u�cL;=<@B>H�B>?�A>QRHV<*JL?�poC���?�A!B>HLJPCkC�<@?Ij��N�r?�W E ;=C�jVNP?RJL?I<@? 	>CIQRHV<!jVNP?YHk<@;=<@B>?�Q�C<@;d_VCLl m jVNP;�B.CIQYO'[?�Q cV?�QRHV<'jVNP?�HRN/<@H�JPCYaI[HG_G; E C�B>?�QRh/HGA.CIa�[?�NPQ�C�QR?�ad`PHGA"CIadB>?�A>W/CIB>;dcGCYW/C?I<@h/? E ;�� E C/DEGFCIHYJLH E HGQRh/HGA>B.CIQR?�WLB>H�JLHV<*zL^U:*< l^�QYO/HGA.C,CkpV[HGA>QYNPa=C�?�Q�ad;dWP_GN/CI_G?�Q pqHGA>Q�CIa"CIh/CIA>?�WLB>?k<@?�ARQ�CI;=<�<@;dQRhPad?I<�jVNP?kC,aI[HG_G; E CB>?�QRh/HGA.CIaouGW FCIH,[?*CIOPA.CIWP_G?�WLB>?*H!O/CG<@B.CIWLB>?VuPCIa�[?�Q JLH�jVNP?Vu E HGQRH 	P[C*pqHG;
JL;dB>H�CIWLB>?�A>;dHGA>QR?�WLB>?VuI<@?HR<@;=<@B>?�Q�C*pqHV<><@?�QYNP;dB>H�Q�CI;dHGA�uPCY<@?Ij��N�r?�W E ;=CYJL?�B>A.CIW/<@;>DEGFHG?I<'?�Q ad;dWP_GN/CI_G?�W/<'pqHGA>Q�CI;=< uLB>HGA>W/CIA>\<@?�\q;=CR_GA.CIW/JL?�JL?�Q�CI;=<"?Vu E HGW/<@?Ij��NP?�WLB>?�QR?�WLB>?Vu�JL; p.[g=E ;daUJL?R<@?�A�cL;=<@N/CIad;��ICGJPCR? E HGQRhPA>?�?�?�W/JL;=JPCLuCIa�[?�Q JL?,<@?kB>?�AYQ�CI;=<�JL?kNPQ�C,<@?Ij��N�r?�W E ;=CKjVNP?kJ'[C,NPQ�CkQR?I<@Q�C�?I<@h/? E ;�� E C/DEGFCIHPl i@<@B>HKW FCIHC E HGWLB>? E ? E HGQ C!aI[HG_G; E C*B>?�QRh/HGA.CIaouGh/HG;=<U?�Q NPQ�C,[NPWP; E C*pV[HGA>QYNPa=CLuGh/HLJL?�QRHV<�B>?�A�Q�CI;=<�JL?"NPQ�C<@?Ij��N�r?�W E ;=C!JL?'B>A.CIW/<@;>DEGFHG?I<UjVNP?"h/HLJL?�Q�<@?�Af<@?�_GNP;=JPCG< uLCIa�[?�Q JL?"WP? E ?I<><@;dB.CIA>QRHV< E HGadH E CIA�uLCIh/?�W/CG<CG<fB>A.CIW/<@;>DEGFHG?I<'hPA>;dW E ;dh/CI;=<fJL? E HGWLB>A>HGad?�jVNP?�JL?�cV?�QRHV<U<@;dB>N/CIA"W/C�?I<@h/? E ;�� E C/DEGFCIHPl



� ��� �� 	�������� � � ����������� 	�������������$� � � ���
��� 	�! �$� ��������!�� ���$� } /

p1

p2

p3

p4

p5

t1 t2 t3 t4α1
α2 α3 α4

Motor A parado

Programa
Controlador

Motor A
Operando

Motor B parado

Motor B
trabalhando

liga A

desliga
    A

liga B

desliga Bϕ1

e�;d_GNPA.C 5Lld{G{Gn�zV;=<@B>?�Q�CYJLH�?��L?�QRhPadHPu/QRHLJL?�a=CGJLHRh/HGA'-"ZUe�� �*u
?�ad;dQR;dW/CIW/JLHYH�hPA>HGOPad?�Q�CRJLH
C E ;dHGW/CIQR?�WLB>H�JLH�QRHGB>HGA m l



� ��� �� � ��� � �

� � � �<	���� �
� 
� � � � �"	 � ��	��

����� � � � � � � � �� � � � � � ����� � � �� � �
:"?�WLB>A>H!JLH!hPA>?I<@?�WLB>?'B>A.CIO/CIad`PH�CIhPA>?I<@?�WLB.CGJLHPuV?I<@B>N/JPCIQRHV<UC E a=CG<><@?"JL?"aI[HG_G; E C"B>?�QRh/HGA.CIaou �  ( �
: � .01,.0'  3 � /9$9$ �  6!')- \fTF�'t�uPNPB>;dad;��ICIW/JLHG\oC�h/CIA.C�?I<@h/? E ;�� E C/DEGFCIH�JL? E HGQRh/HGA>B.CIQR?�WLB>HV<UJL?�zV;=<@\B>?�Q�CG<"C�^�cV?�WLB>HV<*:";=< E A>?�B>HV<"\*zL^U:�u
h/CIA.C�C�JL?�B>?�A>QR;dW/C/DEGFCIHRJPCG<"pqNPW�DEGFHG?I<*?�Q�NPQ�C � $ � $ � $
� $9.0/4' -  ( � � 3 N -PO $2% � $���1!*�' + '�.01 N -PO1  � $ � /21!3!%�' N -PO $2% \ -"ZUe�� �*uLh/CIA.CYCY<�[g WLB>?I<@?!JLHR<@NPh/?�A>cL;d\<@HGA'jVNP?"_G?�A.C�C � � :P/9$4(�1 � ')3,6 � 1�6�$4( �  3�.0/  ,+!"1 	 $ + \UzVNPh
T � t �.l m jVNP;ouLCG<�pV[HGA>QYNPa=CG<fTF�'tk< FCIHCIW/CIad;=<>CGJPCG<'<@;dWLB.CIB>; E CIQR?�WLB>?'?*B>A.CIW/<opqHGA>Q�CGJPCG<f?�Q <@?Ij��N�r?�W E ;=CG<'JL?*B>A.CIW/<@;>DEGFHG?I<fh/?�adH H + 6  /4'�.0(  
�! �
1!/2%�$4/
:�1!/21 � " 6!')-91 � $4( :  /21 + \ m ZUt��*u
CG<"jVN/CI;=<"< FCIH E HGQRh/CIA.CGJPCG< E HGQ5CG<*<@?Ij��N�r?�W E ;=CG<JL?�WLB>A>H*JPCk[CIA>cVHGA>?"JL?"CIa E CIW�DE CIOP;dad;=JPCGJL?VuGJL?fpqHGA>Q�C"C E HGW��/A>Q�CIA�<@N/C"cGCIad;=JPC/DEGFCIH E HGQ C"A>?IJL?"jVNP?QRHLJL?�a=C�H�<@;=<@B>?�Q�C�?�Q5?I<@B>N/JLHPl�^U<@B.CG<"pV[HGA>QYNPa=CG<'< FCIH�Q�CI;=<"CIOPA.CIWP_G?�WLB>?I<!jVNP?�CG<*ad;dWP_GN/CI_G?�W/<pqHGA>Q�CI;=< uGcL;=<@B>H�jVNP?Vu E HGQ ?�a=CG<�h/HLJL?�QRHV<fJL?4�/WP;dA�?I<@h/? E ;�� E C/DEGFHG?I<UJL? E HGQRh/HGA>B.CIQR?�WLB>HV<�h/CIA.C!HV<zL^U:*< uP;dW E adNP;dW/JLH E HGW E HGA>AIr?�W E ;=CG< le/C���?�QRHV<�CIadN/< FCIH*WPH*N/<@H!JPCG< -"ZUe�� �,h/CIA.C"QRHLJL?�a=CI_G?�Q JLH!<@NPh/?�A>cL;=<@HGA E HGQRH'NPQ�CfpqHGA>Q�C<@;dQRhPad?I<"JL?�A>?I<@HGadN�DEGFCIHkJLH�hPA>HGOPad?�Q�CRJL? E HGWLB>A>HGad?Vu�JL?I<>JL?RjVNP?YW FCIH�hPA>? E ;=<>CIQRHV<"QRHLJL;�� E CIA*HQRHLJL?�adH�JLHR<@;=<@B>?�Q�C!h/CIA.CYjVNP?*HYQR?I<@QRH!A>?ICIad;���?*WPHV<><>C�?I<@h/? E ;�� E C/DEGFCIHYJL? E HGQRh/HGA>B.CIQR?�WLB>HPlv <R?��L?�QRhPadHV<YCIhPA>?I<@?�WLB.CGJLHV< u�JL?�QRHGW/<@B>A.CIQ H N/<@H%JPC%TF�'t h/CIA.C CX?I<@h/? E ;�� E C/DEGFCIH JLH
E HGQRh/HGA>B.CIQR?�WLB>H!JL?!CIad_GNPW/<f<@;=<@B>?�Q�CG< uLCIa�[?�Q�JL?*?��LhPad; E ;dB.CIA E HGQRH�<@?!JL?�cV?�QRHV<�hPA>H E ?IJL?�Afh/CIA.CB>A.CIW/<opqHGA>Q�CIA"C�ad;dWP_GN/CI_G?�Q W/CIB>NPA.CIa�jVNP?�JL?4�/WP?!HRjVNP?k[?�JL?I<@? 	>CGJLHY?�Q NPQ�C*pV[HGA>QYNPa=C�TF�'t�u
C
h/CIA>B>;dA"JLH�QRHLJL?�adH�hPA>H
	@?�B.CGJLHY?�Q -"Z�l
v O/<@?�A>cGCIQRHV<'jVNP?*?I<@B.C�;dWLB>A>HLJLN�DEGFCIHRJPCRTF�'t E HGQRH�NPQ�C�WPHIcGC!pqHGA>Q�C�JL?�CIO/HGA.JPCIA*HYhPA>HG\OPad?�Q�C"JPC!?I<@h/? E ;�� E C/DEGFCIH�JL? E HGQRh/HGA>B.CIQR?�WLB>HV<�JL?�zL^U:%h/CIA.C�C!<�[g WLB>?I<@?*JLH�<@NPh/?�A>cL;=<@HGAY[?"Q�CI;=<NPQ�C E HGWLB>A>;dOPNP;>DEGFCIH�h/CIA.CYC�B>?�HGA>;=CYJL? E HGWLB>A>HGad?!<@NPh/?�A>cL;=<P[HGA>;dHPl

}�1



� ��� �� 	���������� � �
����� ���������������� � � � �
��� }�3
��� � �#� 	 ��	���� ����
 � � � �&���

b"Q�C*HGNPB>A.C!pqHGA>Q�C�JL?*A>?ICIad;��ICIA'C�<�[g WLB>?I<@?*JLHY<@NPh/?�A>cL;=<@HGA�u/<@?�A>;=C*pq?�;dB>H�h/?�adH�?I<@B>N/JLHYJPCG< L %4.0/ � �
. � /21�% � $��
/9$ � ')-91 �! % \*^UZ \*JPCIW/JLH,C�cGCIad;=JPC/DEGFCIH,JL?YpV[HGA>QYNPa=CG<"h/?�a=C�cV?�A>;�� E C/DEGFCIH�<@;dQYO"[HGad; E CJLHkQRHLJL?�adHPuU<@?�Q CkNPB>;dad;��IC/DEGFCIHkJPC [CIA>cVHGA>?�JL?�CIa E CIW�DE CIOP;dad;=JPCGJL?Vl��CIQYO'[?�Q E ;dB.CIQRHV<�jVNP?VufC;dQRhPad?�QY? WLB.C/DEGFCIH�JL?4�/WP;dB>;dcGCYJLHV<!CIad_GHGA>;dB>QRHV<'JL?�cV?�<@?�A E HGQRhPad?�QR? WLB.CGJPCLuPJPCIW/JLH�CY?I<@B>?I<'NPQ�Ch/?�A@pqHGA>Q�CIW E ?U?�Q B>?�A>QRHV<�JL?';dWLB>?�A@poC E ?f`PHGQR?�QR\qQ%[CGjVNP;dW/CU?'NPQ�C';dWLB>?�A>\ E HGWP?�� FCIHPuGh/CIA.C!<@N/C";dWP\
E adN/< FCIH�JL;dA>?�B.CLuGHGNRW/C"pqHGA>Q�C*OP;dOPad;dHGB>? E CG< uG?�Q <@HIpqB �'CIA>?I< 	P[C*?��L;=<@B>?�WLB>?I< u E HGQRH*H ��$2%�'76!3 � � � uJL?I<>JL?RjVNP?Y?I<@B>?I<!h/HLJL?�Q�<@?�A!NPB>;dad;��ICGJLHV<*?��Lh/?�A>;dQR?�WLB.CIadQY?�WLB>?!h/CIA.C�CIW"[CIad;=<@?I< E ;d?�WLBI[g � E CG< u�HGN?�Q <@;dQYNPa=C/DEGFCIHPl v JL?I<@?�WLcVHGadcL;dQR?�WVB>H"JL?'`/CIA.J �'CIA>?I< uLJL?�cV?'<@?�A�ad?�cGCGJLH!?�Q E HGW/<@;=JL?�A.C/DEGFCIHPuVh/CIA.CC E A>;=C/DEGFCIH�JL?YhPA>HGB/[HGB>;dh/HV<�JL?RzL^U:*< u�cL;=<>CIW/JLH�<@N/C�CIQRhPad;=C/DEGFCIHRh/CIA.C�C�CIhPad; E C/DEGFCIHKSC�<@;=<@B>?�Q�CG<A>?ICI;=< u E HGQRH�hPA>H E ?I<><@HV<*JL?�CINPB>HGQ�C/DEGFCIHY;dW/JLN/<@B>A>;=CIaolv <"B>A.CIO/CIad`PHV<*A>?�a=CIB>;dcVHV<�SCR<�[g WLB>?I<@?�JLH�<@NPh/?�A>cL;=<@HGA�u
B.CIQYO'[?�Q5h/HLJL?�Q <@?�A*;dQRhPad?�QY? WLB.CGJLHV<
h/?�adH�?I<@B>N/JLHYJPCG< � $ � $2% � $�� $9.0/4' �  3�.0/  ,+ 1 � 1�% \ -"ZfTUB>aouLNPB>;dad;��ICIW/JLH�HV<'adNP_VCIA>?I<'JL? E HGWLB>A>HGad?h/CIA.C�_G?�A.CIA E HGW/JL;>DEGFHG?I<!jVNP?Rad?�cV?�Q C�NPQ�C�<@?Ij��N�r?�W E ;=C�JL?I<@? 	>CGJPCLlk:"?I<><>CRpqHGA>Q�CLu�NPQ ?I<@B>N/JLH
h/HLJL?�A>;=C!<@?�A�pq?�;dB>H*h/CIA.C!C*;dQRhPad?�QY?�WLB.C/DEGFCIH"JL?"NPQ CIad_GHGA>;dB>QRH!jVNP?"C�cGCIad;=CG<><@?*jVN/CI;=<�CG<Uh/HV<@;>DEGFHG?I<?I<@B>A.CIBP[?�_G; E CG<U?"?�Q jVNP? E HGW/JL;>DEGFHG?I<f<@?�A>;=CIQ h/HV<@B>HV<'HV<UadNP_VCIA>?I<'JL? E HGWLB>A>HGad?*h/CIA.C�C!_G?�A.C/DEGFCIHYJPCzVNPh
T � t �.l
b"Q B>A.CIO/CIad`PH,JL?R_GA.CIW/JL?�cGCIad;=C�WPHk?I<@B>N/JLHkB.CIWLB>H,JPC�B>?�HGA>;=CkJL? E HGWLB>A>HGad?�<@NPh/?�A>cL;=<P[HGA>;dHPu

E HGQRH�JPCG<"A>?IJL?�JL?�Z�?�B>A>;ouP<@?�A>;=C�HRJL?I<@?�WLcVHGadcL;dQY?�WLB>H�JL?�NPQ�C!WPHIcGC E a=CG<><@?�JL?'-"Z%jVNP?!B>?�WP`/CNPQ E HGW
	@NPWLB>H�JL?�B>A.CIW/<@;>DEGFHG?I< u�?�Q�jVNP? E CGJPCRB>A.CIW/<@;>DEGFCIH3[?YNPQ�QYNPadB>; E HGW
	@NPWLB>HYJL?�B>A.CIW/<@;>DEGFHG?I< uHGW/JL?"?I<@B.CG< uP<@?*ad;d_VCIQ�CIHV<fCIA E HV< uLHV<fjVN/CI;=<f<@?�QRhPA>?';dQRh/?PDE CIQkuIJL?*C E HGA.JLH E HGQ H�?I<@B.CGJLH�_G?�A.CIaJLH�<@;=<@B>?�Q�CLuV<@?�NROPadHLjVNP?�;dHPlU^�Q HGNPB>A>HV<fB>?�A>QRHV< u E CGJPC!B>A.CIW/<@;>DEGFCIH�CIhPA>?I<@?�WLB.C!NPQ�C"pqNPW�DEGFCIHYjVNP?JL?�B>?�A>QR;dW/C!jVN/CIa�CIA E HRjVNP?!JL?�a=C�<>CI;ou E HGadH E C � HGN�A>?�B>;dA.C � � E `/CG<'WPHR<@?�N�adNP_VCIA'?I<@h/? E [g � E HPl



� 	����
� ��� ���� � � � � � � � � � � � � 	 � � � �
���

m T']!zY\ m ad_GHGA>;dB>QRH�h/CIA.CRTUHGW/<@B>A>N�DEGFCIH�JPCYzVNPhPA>?�Q�C�t
;dWP_GN/CI_G?�Q�TUHGWLB>A>HGaI[CIcV?�am M m A m \ m ad_GHGA>;dB>QRH�M�HLJL;�� E CGJLHRJPC [m A>cVHGA>?!JL? m a E CIW�DE CIOP;dad;=JPCGJL?m ZUt��%\ m ad_GHGA>;dB>QRH�JLHRZ�CIA.<@?�A'h/CIA.CRt![HG_G; E C���?�QRh/HGA.CIaw'Z&�'tk\fwfA.CIW E `P;dWP_�Z�A>HGh/HV<@;dB>;dHGW/CIa&��?�QRh/HGA.CIa�t
HG_G; Ew
�'tk\fwfA.CIW E `P;dWP_���?�QRh/HGA.CIa�t
HG_G; ETF�'t,\fTUHGQRhPNPB.CIB>;dHGW ��A>?�?�t
HG_G; Et�Z&�'t,\ft
;dWP?ICIA"Z�A>HGh/HV<@;dB>;dHGW/CIa ��?�QRh/HGA.CIa�adHG_G; Et��%\ft![HG_G; E C���?�QRh/HGA.CIat��
�'t,\ft
;dWP?ICIA �f;dQR?"B>?�QRh/HGA.CIa�t
HG_G; E
-"ZX\�A>?IJL?�JL?�Z�?�B>A>;
-"ZfTUB>a�\�A>?IJL?�JL?�Z�?�B>A>;�TUHGWLB>A>HGa=CGJPC
-"ZUe�� � \UA>?IJL?�JL?�Z�?�B>A>; E HGQ5ePNPW�DEGFCIHRJL? �*CIOP;dad;dB.C/DEGFCIH�JL?M��A.CIW/<@;>DEGFCIH
-"Z t
����A"\UA>?IJL?!JL?�Z�?�B>A>;�t
NP_VCIA�����A.CIW/<@;>DEGFCIHzL:�0!TX\'zV;=<@B>?�Q�CG<f:";dW�rCIQR; E HV<fC#0fCIA>;I[CIcV?�;=<'TUHGWLBI[g WLN/CG<zL:�0!: \fzV;=<@B>?�Q�CG<f:";dW�rCIQR; E HV<fC*0fCIA>;I[CIcV?�;=<f:";=< E A>?�B.CG<zL^U: \'zV;=<@B>?�Q�CG<fCY^�cV?�WLB>HV<f:";=< E A>?�B>HV<zVNPh
T � t �f\fzVNPhPA>?�Q�C�t
;dWP_GN/CI_G?�Q TUHGWLB>A>HGaI[CIcV?�a
�"T'zY\F��?�HGA>;=C�JL?�TUHGWLB>A>HGad?�zVNPh/?�A>cL;=<P[HGA>;dH
V	� \UCINPBGrHGQ�CIB>H
V�� \ E HGQRh/HGWP?�WLB>?!C E ?I<><�[g cV?�a
JLHY_G?�A.CGJLHGA
� \fCIa poCIO/?�B>HYJL?�<�[g QYO/HGadHV<
� �'\ E HGW
	@NPWLB>HRJL?!B>HLJPCG<"CG<'h/CIa=C�cLA.CG< E HGW/<@B>A>N�[g JPCG<"JLHV<"<�[g QYO/HGadHV<fJL?��
��� ��� � � � � �V\U<�[g QYO/HGadHV<Uh/CIA.CY?�cV?�WLB>HV<
C!\�h/CIa=C�cLA.C E HGW/<@B>A>N�[g JPC�h/?�a=C 	@N/<@B.CIh/HV<@;>DEGFCIH�JL?�<�[g QYO/HGadHV<
�U\Uh/CIa=C�cLA.C�JL? E HGQRhPA>;dQR?�WLB>H*WLNPadH
� �
\�� �����
DX\�ad;dWP_GN/CI_G?�Q�<@HGOPA>?!HRCIa poCIO/?�B>H��
DX\�ad;dWP_GN/CI_G?�Q5hPA>?4�5�LHG\=pq? E `/CGJPC�<@HGOPA>?!HRCIa poCIO/?�B>H��

}�5



� ��� �� 	���������� � �
����� ���������������� � � � �
��� }�7
� \U_G?�A.CGJLHGA
� � \�_G?�A.CGJLHGA E HGWLB>A>HGaI[CIcV?�a
D � � �U\Uad;dWP_GN/CI_G?�Q _G?�A.CGJPC�h/HGA"NPQ _G?�A.CGJLHGA
D � � �U\Uad;dWP_GN/CI_G?�Q hPA>?4�5�LHG\=pq? E `/CGJPC�_G?�A.CGJPC�h/HGA*NPQ _G?�A.CGJLHGA
D � � � �f\�ad;dWP_GN/CI_G?�Q Q�CIA E CGJPC�_G?�A.CGJPC�h/HGA"NPQ _G?�A.CGJLHGA
� \ E HGW
	@NPWLB>HYJL?!?I<@B.CGJLHV<	�
� \�pqNPW�DEGFCIHRJL?!B>A.CIW/<@;>DEGFCIHRJL?!?I<@B.CGJLHV<
� �f\�pqNPW�DEGFCIHRJL?!B>A.CIW/<@;>DEGFCIHY?I<@B>?�W/JL;=JPC
� � � � � ���V\�pqNPW�DEGFCIHRJL?!B>A.CIW/<@;>DEGFCIHRJL?4�/WP;=JPC�h/CIA.C�HYh/CIA � � � � �
�	� \ E HGW
	@NPWLB>HRJL?!?I<@B.CGJLHV<'Q�CIA E CGJLHV<
D � \Uad;dWP_GN/CI_G?�Q Q�CIA E CGJPC�HGN�A>? E HGWP`P? E ;=JPC�h/HGA"NPQ5CINPBGrHGQ�CIB>H
� ��� \ E HGW
	@NPWLB>HRJL?!?I<@B.CGJLHV<"JPC E HGQRh/HGWP?�WLB>?!C E ?I<><�[g cV?�a
JL?!NPQ _G?�A.CGJLHGA
=����*\�?I<@B>A>NPB>NPA.CYJL?!NPQ�C)-"Z
� \ E HGW
	@NPWLB>HRJL?!adNP_VCIA>?I<"JL?!NPQ�C)-"Z
V \ E HGW
	@NPWLB>HYJL?�CIA E HV<"JL?!NPQ�C'-"Z

 \ E HGW
	@NPWLB>HYJL?!B>A.CIW/<@;>DEGFHG?I<"JL?!NPQ�C)-"Z
� \�pqNPW�DEGFCIHRJL? E CIh/C E ;=JPCGJL?�JL?�NPQ�C)-"Z
 \�pqNPW�DEGFCIHRJL?!h/HGW/JL?�A.C/DEGFCIH�JL?!NPQ�C)-"Z
��\UQ�CIA E C/DEGFCIH�JL?!NPQ�C'-"Z
>
\�pqNPW�DEGFCIHRjVNP?*?�B>;=jVNP?�B.C�CG<'B>A.CIW/<@;>DEGFHG?I<f?�Q NPQ�C)-"ZUe�� �
	 \�pqNPW�DEGFCIHYJL?!`/CIOP;dad;dB.C/DEGFCIHRJPCG<'B>A.CIW/<@;>DEGFHG?I<f?�Q NPQ�C)-"ZUe�� �
V � \f<@;d_GWP;�� E C 35$2-4$2%9%�1!/4')1!(�$43�.8$ ?�Q�TF�'t
= � \U<@;d_GWP;�� E C :  %9%�' 	 $ + (�$43�.8$ ?�Q�TF�'t
� � \f<@;d_GWP;�� E C %�$4( :P/9$ ?�Q5TF�'t
� � \f<@;d_GWP;�� E C $ 	 $43�. � 1 + (�$43�.8$ ?�Q5TF�'t
� \ � 3�.0' + u/HGN�CIBP[?�jVNP?VuL?�Q�TF�'t
 \ 35$ � . u/HGN�cV?�A.JPCGJL?�;dA>H�WPHYhPA/[H,�L;dQRH�?I<@B.CGJLHPuP?�Q�TF�'t
�K\ v -
� \ m s*:
�K\Us v �
Z�A>HGh�\ E HGW
	@NPWLB>HYJL?!hPA>HGh/HV<@;>DEGFHG?I<*CIBGrHGQR; E CG< uL?�Q5TF�'t
� � \ E HGW
	@NPWLB>HYJL?!?�cV?�WLB>HV< E HGWLB>A>HGaI[CIcV?�;=<UW/C��"T'z
����\ E HGW
	@NPWLB>HRJL?!?�cV?�WLB>HV<UW FCIHG\ E HGWLB>A>HGaI[CIcV?�;=<fW/C��"T'z
�k\ E HGW
	@NPB>HRCG<><@H E ;=CGJLHPu/HGN�?�WLB>A.CGJPC�JL? E HGWLB>A>HGad?!W/C��"T'z
; \U<@NPh/?�A>cL;=<@HGA
� \�pqNPW�DEGFCIHRJL?!?�WLB>A.CGJPCYJL? E HGWLB>A>HGad?*HGN�Q�CIh/C�JL? E HGWLB>A>HGad?



� ��� �� 	���������� � �
����� ���������������� � � � �
��� }G}
� C � \ E CIA.JL;dW/CIad;=JPCGJL?!HGN E HGQRhPA>;dQR?�WLB>H!JPC�h/CIa=C�cLA.C�C
� \�HGh/?�A.CGJLHGA*aI[HG_G; E H  !� ;dW/JL; E CIW/JLH�HGh�DEGFHG?I<'?�Q ad;dWP_GN/CI_G?�W/<UpqHGA>Q�CI;=<

 � \ E HGW
	@NPWLB>HRJL?�B>HLJPCG<*CG<*<@?Ij��N�r?�W E ;=CG<';dW��/WP;dB.CG<"JL?�B>A.CIW/<@;>DEGFHG?I<*JL;=<@h/CIA/[CIcV?�;=<f?�Q5NPQ�C�A>?IJL?JL?�Z�?�B>A>;
D � �	� �f\�ad;dWP_GN/CI_G?�Q5JL?!A>?IJL?�JL?�Z�?�B>A>;
� \U<@?Ij��N�r?�W E ;=CYJL?�JL;=<@h/CIA>HV<'?!B>A.CIW/<@;>DEGFHG?I<'JL?!NPQ�C�A>?IJL?�JL?!h/?�B>A>;
D
�
� �	� �f\Uad;dWP_GN/CI_G?�Q ;dW��/WP;dB.C�JL?!A>?IJL?!JL?�Z�?�B>A>;

A � � �U\�pqNPW�DEGFCIHRJL?!?�B>;=jVNP?�B.CI_G?�Q JL?!NPQ�C�A>?IJL?!JL?�Z�?�B>A>;
� � �	� ��\ E HGW
	@NPWLB>HYJL?"B>HLJPCG<'CG<'<@?Ij��N�r?�W E ;=CG< �/WP;dB.CG<fJL?!JL;=<@h/CIA>HV<'JL?"B>A.CIW/<@;>DEGFHG?I<fJL?*NPQ�C*A>?IJL?JL?�Z�?�B>A>;
�
�
� �	� �'\ E HGW
	@NPWLB>H�JL?�B>HLJPCG<!CG<*<@?Ij��N�r?�W E ;=CG<';dW��/WP;dB.CG<*JL?�JL;=<@h/CIA>HV<*JL?�B>A.CIW/<@;>DEGFHG?I<*JL?�NPQ�CA>?IJL?!JL?�Z�?�B>A>;

; 	 � \U<@;=<@B>?�Q�C�<@NPh/?�A>cL;=<@;dHGW/CGJLH
 \ E HGW
	@NPWLB>HYJL?!?I<@B.CGJLHV<'h/CIA.CYNPQ _G?�A.CGJLHGA E HGWLB>A>HGa=CGJLH
 �%\ E HGW
	@NPWLB>HRJL?!?I<@B.CGJLHV<'Q�CIA E CGJLHV<fh/CIA.C�NPQ _G?�A.CGJLHGA E HGWLB>A>HGa=CGJLH
� \�pqNPW�DEGFCIHRJL?!B>A.CIW/<@;>DEGFCIHYh/CIA E ;=CIa�?I<@B>?�W/JL;=JPC�h/CIA.C�NPQ _G?�A.CGJLHGA E HGWLB>A>HGa=CGJLH
��� \fzVNPh
T � t �
� ��� \ E HGW
	@NPWLB>HRJL?!?I<@B.CGJLHV<"JPC E HGQRh/HGWP?�WLB>?!C E ?I<><�[g cV?�a
JL?!NPQ _G?�A.CGJLHGA
� ����� � \ E HGW
	@NPWLB>HRJL?!?I<@B.CGJLHV<'Q�CIA E CGJLHV<'JPC E HGQRh/HGWP?�WLB>?!C E ?I<><�[g cV?�a
JL?!NPQ _G?�A.CGJLHGA
� ��� \�pqNPW�DEGFCIH � A>?I<@B>A>;dB.C�CIHRJLHGQ,[g WP;dH���� � ���

 �f\ E HGW
	@NPWLB>HRJL?!B>HLJPCG<*CG<"<@?Ij��N�r?�W E ;=CG<F�/WP;dB.CG<"JL?!B>A.CIW/<@;>DEGFHG?I<"JL;=<@h/CIA/[CIcV?�;=<f?�Q NPQ�C!A>?IJL?�JL?Z�?�B>A>;
D�� � � �
�

� �	� �f\Uad;dWP_GN/CI_G?�Q ;dW��/WP;dB.C�A>?�_GNPa=CIA"JL?!A>?IJL?�JL?�Z�?�B>A>;
D � \Uad;dWP_GN/CI_G?�Q _G?�A.CGJPCYJPC�pV[HGA>QYNPa=C�TF�'t
� \�pqNPW�DEGFCIHYJL?*Q�CIh/?ICIQR?�WLB>H � HGN�?�B>;=jVNP?�B.C/DEGFCIH �fJL?*B>A.CIW/<@;>DEGFHG?I<f?�Q�NPQ�C!A>?IJL?�JL?!Z�?�B>A>;�<@HGOPA>?H E HGW
	@NPWLB>HRZ�A>HGh
D � �	� � � �f\Uad;dWP_GN/CI_G?�Q5JL?4�/WP;=JPC�JPC�A>?IJL?�JL?�Z�?�B>A>;
W/C�pV[HGA>QYNPa=C�TF�'t



� ��� � ���� � � 	 ��� � 	 � � 	�� 	 � ���� � ���

� m MQ6V}�� MKl m O/CGJL;�CIW/J���l/MkCIWPW/CLl ��?�QRh/HGA.CIa�adHG_G; E hPA>HG_GA.CIQRQR;dWP_Pl �
/  -4$9$ � ')3,6�% � � � �

� � ( :  %�' � (  3 �  6!')-��
/  6!/21!(�(�')3,6 uVh/CI_G?I<�3��/{�7Lu�{�|S6V}Vl
� w'CIA.|S7�� ]�l�T"l�w'CIA>A>HV<@HPl � (�1 �� 	 1 H *  / � 1�6�$4( :�1!/21 1 � "')3�.8$2%�$ � $�� � :5$4/ 	 '�%  /9$2% � $

�P'�%4.8$4(�1�% 1 L
	 $43�.  %
�M'�%�-�/9$9.  % lVZ�`/: B>`P?I<@;=< uGb"WP;dcV?�A.<@;=JPCGJL?UeP?IJL?�A.CIaLJPC*Z�CIA.C [;dO/C\fTfCIQRhPN/<'i>i.u
TfCIQRhP;dW/C�]"A.CIW/JL?Vu
ZUw%\Uw -!u
{�|G|S7Ll
� wfyLA.|V}�� s�lfwfyLA>WP?I< l ioWLcV?I<@B>;d_VCIB>;dWP_�pq?ICIB>NPA>?I<Y;dW%<@HIpqB �'CIA>?,<@yP<@B>?�Q�< l3MkCG<@B>?�A�� <YB>`P?I<@;=< u

z E `PHVHGa�HIp'TUHGQRhPNPB>?�A"z E ;d?�W E ?Vu��f`P?�b"WP;dcV?�A.<@;dB@y�HIpfwf;dA>QR;dWP_G`/CIQkuP{�|G|V}Vl
� T']*|S5�� :�lV:�lVTUHIpq?�AfCIW/J#0�l���lL]*CIA>_Pl
zVNPh/?�A>cL;=<@HGA>y E HGWLB>A>HGaPHIp
A>?ICIaPB>;dQR?fJL;=< E A>?�B>?�\q?�cV?�WLB<@yP<@B>?�Q�<R<@;dWP_Xa=CIB>B>; E ?kB>`P?�HGA>yVl 
 L&L&L � /21!3!%�1!-4.0'  3!%  3 H � .  (�1,.0')- �  3�.0/  ,+ u3P{ � / �.nd{�|G|	� / �G|LuU{�|G|S5Ll
� T �*|S��� 
*\ - TfCIH�CIW/J �*\@T �"HPl�M�HLJL?�a=<*HIp'JL;=< E A>?�B>?�?�cV?�WLB"JLyLW/CIQR; E <@yP<@B>?�Q�< l 
 L&L&L

�  3�.0/  ,+ � � %4.8$4( � 1�6!1�T�')35$ u�{�� � 3 �.n27G|	�P}�7LuU{�|G|S�Ll
� TU`P?I|S7�� T"l ��lLTU`P?�W�l m adH �f?�A�O/HGNPW/J�pqHGAUB>`P? E HGA>A>? E BU<@NPO/<@?�B>\o<@?�ad? E B>;dHGWYhPA>HGO/CIOP;dad;dB@y�CIW/J;dB.<!CIhPhPad; E CIB>;dHGW,B>HkJL;=< E A>?�B>?�\q?�cV?�WLB"<@yP<@B>?�Q�<*<@;dQYNPa=CIB>;dHGW/< l 
 L&L&L � /21!3!%�1!-4.0'  3!%

 3 H � .  (�1,.0')- �  3�.0/  ,+ u'3P{ � 6 �.nd{ /S/ }��/{ / 1P{GuU{�|G|S7Ll
� TUHGh�7S6�� i.lPMKl
TUHGhP;ol 
43�.0/  ��!�!N-PO1  �1 � " 6!')-91 lUM�?I<@B>A>? �GHGN�u�{�|S7S6Ll
� TUHV<>| / � MKl"MKl*T"l!TUHV<@B.CLl 
43�.0/  ��!�!N-PO1  �1 � " 6!')-91 �  �� 1 + H : + ')-91 � 1J1 �  ( : � .01 N -PO1  l

�f`/CI;=<@y�zV;dadcGC �,?�O/?�A�u�{�|G| / l
� ^ � 6S7�� ^'l m l�^�QR?�A.<@HGWKCIW/J �Pl ��l �*CIadh/?�A>W�l 
G<@HGQR?�B>;dQR?I< 
RCIW/J 
IWPHGB�WP?�cV?�A 
RA>?�cL;=<@;d\

B>?IJ
n�HGW�OPA.CIW E `P;dWP_YcV?�A.<@N/<fad;dWP?ICIA'B>;dQR?"B>?�QRh/HGA.CIa
adHG_G; E l�  !� /43�1 +  8Q .);5$ H � �ku1S1 � { �.nd{�5L{��/{I}�6LuU{�|S6S7Ll
� ^ � 6 / � ^'l�^�QRA>?YCIW/JXZ�l�Z�l��*`/CIA>_GHGWP?
,GCIA�l�-'?�_GNPa=CIB>;dHGWKHIp*<@hPad;dB!ad;dWP?ICIA�<@yP<@B>?�Q�<*HIcV?�A

A>;dWP_V< n!TUHV?4� E ;d?�WLB!CG<><@;d_GWPQR?�WLB*CIW/JkHGO/<@?�A>cV?�A.< l 
 L&L&L � /21!3!%�1!-4.0'  3!%  3 H � .  �
(�1,.0')- �  3�.0/  ,+ u m TU\ / } � { �.nd{���3��/{G{�1LuU{�|S6 / l

}�6



� � � � ������ � � � " � � � � �
	 � � �� � � � � " }I|
� ^�QRA 6S��� ^'l
^�QRA>?Vl v WkCYW/CIB>NPA.CIa�A>?ICIad;��ICIB>;dHGW�HIpfQ�CIB>A>;��YpqA.C E B>;dHGW/<"JL?I< E A>;dhPB>;dHGW/< l 
 L&L&L

� /21!3!%�1!-4.0'  3!%  3 H � .  (�1,.0')- �  3�.0/  ,+ u m TU\ / 5Ln / 6S6	� / 6G|Lu�{�|S6S�Ll
� ^�cGCG|S1�� �Pl'w*l"^�cGCIW/< l � ;5$ ��$ 	 35$9. 	 1 � $9.0/4' � $9. Q� / �M'�%�-�/9$9.8$ L
	 $43�.��P')( �!+ 1,.0'  3 lzVhPA>;dWP_G?�A>\-0U?�A>a=CI_Pu
{�|G|S1Ll
� e�]*|S1�� MKl�e�;dWP_G?�A�CIW/J,:�l�MKl�]*CIOPO/C�yVl H �!� ')3,6�1 � $4( :  /21 + �M')(�$43!%�'  3.  1 �  6!')-

� � %4.8$4( lfzVhPA>;dWP_G?�A>\-0U?�A>a=CI_Pu�{�|G|S1Ll
� e�]*|S7�� t�l�e�;���CIW/J v l�]"A>NPQYO/?�A>_Pl 0U?�A>;�� E CIB>;dHGW�HIp'B>?�QRh/HGA.CIa�hPA>HGh/?�A>B>;d?I< l �  !� /43�1 +  8Q

�  6!')-M1!3 � �  ( : � .01,.0'  3 u�7 � 1 �.n21�3%1	�'1S7L{GuU{�|G|S7Ll
� e�;d_V|�3�� �PlfT"l m lUe�;d_GNP?�;dA>?IJLHPl � $ � $2% � $ � $9.0/4' -  ( � $4( :  /4'�T�1 N -PO1  	� $4* �!+� %�1 l%Z�`/:B>`P?I<@;=< ufb"WP;dcV?�A.<@;=JPCGJL?�eP?IJL?�A.CIa'JPC,Z�CIA.C [;dO/C,\�TfCIQRhPN/<Yi>i.uUTfCIQRhP;dW/C,]"A.CIW/JL?Vu

ZUw%\Uw -!u�{�|G|�3Pl
� ]*CIa 6V}�� m lP]*CIadB>HGW�l � $4( :  /21 + �  6!')-9% 1!3 � .);5$4')/ H :!: + ')-91,.0'  3!% l m E CGJL?�QR; E Z�A>?I<>< u
{�|S6V}Vl
� ]*CIa=|S7�� m l/]*CIadB>HGW�l m W�;dWLcV?I<@B>;d_VCIB>;dHGWRHIp 
IWPHGWP\q;dWLB>?�A>QR;dWP_Gad;dWP_ 
!hPA>;dW E ;dhPad?I<U;dWRB>?�QRh/HGA.CIaadHG_G; E l �  !� /43�1 +  8Q �  6!')-M1!3 � �  ( : � .01,.0'  3 u�7 � / �.n / }V{�� / |�3Pu�{�|G|S7Ll
� ]!TI0 6S5�� �PlVZ�l � N/CGJLA.CIB"]�lLTUHG`P?�W�uP:�lV:"NPO/HG;=<fCIW/JRMKlS0*;dHGB�l m ad;dWP?ICIAU<@yP<@B>?�Q B>`P?�HGA>?�B>; EcL;d?�� HIp�JL;=< E A>?�B>?R?�cV?�WLB�hPA>H E ?I<><YCIW/JX;dB.<�N/<@?RpqHGAYh/?�A@pqHGA>Q�CIW E ?R?�cGCIadN/CIB>;dHGW ;dWQ�CIWLNLpoC E B>NPA>;dWP_Pl 
 L&L&L � /21!3!%�1!-4.0'  3!%  3 H � .  (�1,.0')- �  3�.0/  ,+ u�1S� � 1 �.n / {��	� /S/ �Pu{�|S6S5Ll
� ]!TI0 6G|�� �Pl�Z�l � N/CGJLA.CIBY]�l�TUHG`P?�W�u�Z�l�M�HGadad?�A!CIW/JKMKl 0*;dHGB�l m ad_G?�OPA.CI; E B>HVHGa=<*pqHGA!B>`P?h/?�A@pqHGA>Q�CIW E ?f?�cGCIadN/CIB>;dHGW�HIp�JL;=< E A>?�B>?f?�cV?�WLB�<@yP<@B>?�Q�< l �
/  -4$9$ � ')3,6�%  8Q .);5$ 
 L&L&Lfu}G} � { �.n21G|	�'5S7Lu 	>CIWLN/CIA>y,{�|S6G|Ll
� ]*:*|�3�� m l']";dN/C,CIW/J3eflf:";qTU?I<>CIA>?Vl wfadH E ,L;dWP_,CIW/J E HGWLB>A>HGada=CIOP;dad;dB@y,HIp�h/?�B>A>;"WP?�B.<Y;dW<@NPh/?�A>cL;=<@HGA>y E HGWLB>A>HGaol 
 L&L&L � /21!3!%�1!-4.0'  3!%  3 H � .  (�1,.0')- �  3�.0/  ,+ u.1G| � 3 �.n26L{�6	�

6 / 1Lu�{�|G|�3Pl
� ]*e�e �3| / � �PlL:�lPZ�H �f?�ada�]�lLeflPePA.CIW�,Lad;dWRCIW/JRMKlPt�l��,HGA�,LQ�CIW�l �M'76!'�.01 + �  3�.0/  ,+P 8Q � � 3�1 �

(�')-9% � � %4.8$4(�% l m :*:*i>z v s"\ �3^fzLt�^ � Z�NPOPad;=<@`P;dWP_�TUHGQRh/CIWLyVu / ?IJL;dB>;dHGW�u/{�|G| / l
� ]*t�|�3�� v l�]"A>NPQYO/?�A>_�CIW/J,:�l�^'l�t
HGWP_PlRM�HLJL?�a E `P? E ,L;dWP_RCIW/JkQRHLJLNPa=CIA*cV?�A>;�� E CIB>;dHGW�l

H � � � /21!3!%�1!-4.0'  3!%  3 �
/  6!/21!(�(�')3,6 � 1!3,6 � 1�6�$2%�1!3 � � � %4.8$4(�% u*{�7 � 1 �.n26�3%1	�6V}V{Gu�{�|G|�3Pl



� � � � ������ � � � " � � � � �
	 � � �� � � � � " 6S�
� ]��!|S5�� Z�l!]"a=CG<><@?�A>Q�CIW CIW/J :�l*:�l �fCIHPl zVNPO/CGJPJL;dB>;dcL;dB@y3CIW/J <@B.CIOP;dad;dB@y%HIp�C E a=CG<><HIp,JL;=< E A>?�B>?�\q?�cV?�WLBK<@yP<@B>?�Q�< l 
 L&L&L � /21!3!%�1!-4.0'  3!%  3 H � .  (�1,.0')- �  3�.0/  ,+ u3%� � | �.nd{�5L{43��/{�5 / }VuU{�|G|S5Ll
� ���!|S��� t�l�^'l��"HGadadH �'C�ykCIW/J,w*l ��l��*A>HG_G`�lYzVyLWLB>?I<@;=<"HIpfpq?�?IJLO/C E , E HGWLB>A>HGa�adHG_G; E pqHGA�C

E a=CG<><!HIp E HGWLB>A>HGadad?IJ�h/?�B>A>;fWP?�B.< l 
 L&L&L � /21!3!%�1!-4.0'  3!%  3 H � .  (�1,.0')- �  3�.0/  ,+ u1S5 � 5 �.n25L{43��'5 / 1LuU{�|G|S�Ll
� �"H%6G|�� �*\@T �"HPl,:"yLW/CIQR; E <*HIp!JL;=< E A>?�B>?R?�cV?�WLB�<@yP<@B>?�Q�< l �
/  -4$9$ � ')3,6�%  8Q .);5$
 L&L&Lfu}G} � { �.n21	�'7Lu�{�|S6G|Ll
� �*b!}I|�� �Pl/^'l �"HGh E A>HIpqB*CIW/J	�Pl/:�l
b"adadQ�CIW�l 
43�.0/  ��!� -4.0'  3R.  �H � .  (�1,.01 � ;5$  / � � � 1!3 �

6 � 1�6�$2%�1!3 � �  ( : � .01,.0'  3 l m JPJL;=<@HGWP\ �,?I<@ad?�yVuLb!z m u�{�|V}I|Ll
� �VCIW�6V}�� MKl �VCIWLB2��?�W�l � 1!3,6 � 1�6�$ � ;5$  / �  8Q � $9.0/4' � $9.)% uPh/CI_G?I< / 5�3��Li.n21G|V}��%3P{ / l"TU?�WLB>A.CIaM�HLJL?�a=<�CIW/JXB>`P?�;dAYZ�A>HGh/?�A>B>;d?I< u m JLcGCIW E ?I<�;dW Z�?�B>A>;'s"?�B.< uft
? E B>NPA>?I<�s"HGB>?I<�;dWTUHGQRhPNPB>?�A"z E ;d?�W E ?I< u
{�|S6V}Vl
� �Vw's*|S7�� �Pl/z/l/TfCIA.<@HGWki>i��PlPw'CIW�,P<fCIW/J�w*lPt�lPs"?�a=<@HGW�l �M'�%�-�/9$9.8$�� L
	 $43�.�� � %4.8$4( �P')( �!+ 1 �

.0'  3 lUZ�A>?�WLB>; E ? �*CIadaou
{�|G|S7Ll
� �V^fTfs*|S7�� w*l ��l �*A>HG_G` �Pl�^'l�TUNPA>ykCIW/J �*l�s";d;dWPHGQR;ol m QR?�B>HLJLHGadHG_GyRpqHGA!B>`P?YJL?I<@;d_GWkHIp

<@NPh/?�A>cL;=<@HGA>y E HGWLB>A>HGadad?�A.<fpqHGA!C E a=CG<><"HIpf`LyLOPA>;=J�<@yP<@B>?�Q�< l H 3�1!'�% �! �  3,6!/9$2%9%  
� /21�%�' + $4')/  �� $ H � .  ( "1,.0')-91 uPh/CI_G?I<D1�3L}��'1S5 / u�{�|G|S7Ll

� �G?�W/| / � ��l �G?�W/<@?�W�l �  ,+� !� /9$ � � $9.0/4' � $9.)%�� � 1�%�')- �  3�-4$0:5.)%�� H 3�1 + � %�'�% � $9.);  �� %S1!3 �
�
/21!-4.0')-91 + � %�$ uPcVHGadNPQR?�{YnUw'CG<@; E TUHGW E ?�hPB.< l'zVhPA>;dWP_G?�A>\-0U?�A>a=CI_Pu
{�|G| / l

� � �*|S7�� -!l �*NPQ�CIA!CIW/Jkt�l�^'l��"HGadadH �'C�yVl!zVNPh/?�A>cL;=<@HGA>y E HGWLB>A>HGa�HIp"JL?�B>?�A>QR;dWP;=<@B>; E h/?�B>A>;WP?�B.< �';dB>`�A>?�_GNPa=CIA�<@h/? E ;�� E CIB>;dHGW!a=CIWP_GN/CI_G?I< l 
 L&L&L � /21!3!%�1!-4.0'  3!%  3 H � .  (�1,.0')-
�  3�.0/  ,+ u'3P{ � / �.n / 3%5	� / 3V|PuU{�|G|S7Ll

� �!ZU|S��� �PlYefl!�*WP;d_G`LB CIW/J���lYMKlYZ�CG<><@;dWPHPl :"? E ;=JPCIOP;dad;dB@y pqHGA%C B>?�QRh/HGA.CIa�adHG_G; EN/<@?IJ,;dWKJL;=< E A>?�B>?�\q?�cV?�WLB*<@yP<@B>?�Q CIW/CIadyP<@;=< l 
43�.8$4/43�1,.0'  3�1 + �  !� /43�1 +& 8Q �  3�.0/  ,+ u5 / � 7 �.nd{43%6G|	�/{�5S�%7LuU{�|G|S�Ll
� �*A>H%6V}�� w*l ��l �*A>HG_G`�l TUHGWLB>A>HGadad?IJXh/?�B>A>;'WP?�B.<RCIW/JXQ�C��L;dQ�CIadadykh/?�A>QR;=<><@;dcV?�pq?�?IJLO/C E ,adHG_G; E l�ioW � � .); H 3�3 � 1 +&H +�+ $4/9.  3 �  3 Q $4/9$43�-4$ u�h/CI_G?I<*1L{I}��'1 / 7Llfb"WP;dcV?�A.<@;dB@y�HIpioadad;dWPHG;=<fb"A>O/CIW/CLu/b!z m u/zV?�hPB>?�QYO/?�A"{�|S6V}Vl
� �*N E |L{ � 0�l��*N E ?�A.CLl H 3�1 + � %�'�%�1!3 � ��$2%�'76!3  8Q �M'�%�-�/9$9.8$ � ')35$21!/ �  3�.0/  ,+ � � %4.8$4(�% l m E CI\JL?�QR;=CLu/{�|G|L{Gl



� � � � ������ � � � " � � � � �
	 � � �� � � � � " 6L{
� t
;dO/|S7�� t�l
t
;dO/?ICINPB�l � � / +�� � .0' + '�%�1,.0'  3 � $2% �M' � ' � $2% :  !� / + 1 �  (�(�1!3 � $ � $2% � � %4. �$4(�$2%

1 "L
	 "$435$4(�$43�.)% �M'�%�-�/9$9.)% l Z�`/:0B>`P?I<@;=< uK^ E HGad? :"H E B>HGA.CIad?�z E ;d?�W E ?I<Xh/HGNPAt � ioWP_G?�WP;d?�NPA'JL?�s*CIWLB>?I< u�{�|G|S7Ll
� M E Mk| / � ��l't�l"M E M�;dada=CIW�l � � (�*  ,+ ')- �  �� $ + � ;5$2- � ')3,6�	 H 3 H :!:P/  1!-9; .  .);5$ �5.01,.8$

L K9: +� %�'  3 �
/  * + $4( lUZ�`/: B>`P?I<@;=< u
TfCIA>WP?�_G;d?�M�?�adadHGW�b"WP;dcV?�A.<@;dB@yVuP{�|G| / l
� M�;da 6S��� -!l�M�;dadWP?�A�l H � 1 + - �!+�� %  8Q �  ( � 3�')-91,.0')3,6 � � %4.8$4(�% l zVhPA>;dWP_G?�A*0U?�A>a=CI_PuUs"?��

�UHGA�,
uPb!z m u
{�|S6S�Ll
� M,z��'|S5�� z/l�t�C�pqHGA>B>NPWP? ��lUzV;dWPW/CIQRHG`P;=JL?�?�W,MKl�zLCIQRh/CIB>`�u -!l�zV?�WP_GNPhPB.CkCIW/JX:�l ��?�WP?�\

,V?�B2��;=< lX:";=CI_GWPHV<>CIOP;dad;dB@yXHIp�JL;=< E A>?�B>?�\q?�cV?�WLB�<@yP<@B>?�Q�< l 
 L&L&L � /21!3!%�1!-4.0'  3!%  3
H � .  (�1,.0')- �  3�.0/  ,+ u'3%� � | �.nd{�5S5S5	�/{�5L}�5LuU{�|G|S5Ll

� M�NPA 6G|�� �*l
M�NPA.CIB.CLl*Z�?�B>A>;�WP?�B.< n'Z�A>HGh/?�A>B>;d?I< u�CIW/CIadyP<@;=<*CIW/JkCIhPhPad; E CIB>;dHGW/< l �
/  -4$9$ � ')3,6�%
 8Q .);5$�
 L&L&Lfu
}G} � 3 �.n25�3P{��'5S6S�LuU{�|S6G|Ll

� sD0!|S5�� -!l/:"?�s"; E HGa=C�CIW/J�efl.0fCGCIW/JLA.CI_G?�A�l
�f`PA>?�?!adHG_G; E <UpqHGA"OPA.CIW E `P;dWP_�OP;=<@;dQYNPa=CIB>;dHGW�l
�  !� /43�1 +  8Q .);5$ H � �ku.3 / � / �.n 3%5S6	�%3%6V}VuU{�|G|S5Ll

� v _VCG|S1�� ��l v _VCIB.CLl L 3,6�$43!;�1!/4')1 � $ �  3�.0/  ,+ $ �  �� $4/43  l/Z�A>?�WLB>; E ? � �*CIadaPJLH�wfA.CG<@;da/t
B.JPCLu/ ?IJL;dB>;dHGW�u�{�|G|S1Ll
� v <@B 6G|�� �Plfz/l v <@B>A>H���l � $4( :  /21 + �  6!')- Q� / � $21 + � � ')(�$ � � %4.8$4(�% l -'?I<@?ICIA E ` zVB>N/JL;d?I<Z�A>?I<><'t
B.J
ldu�{�|S6G|Ll
� ZfTf| / � m l�Z�CIh/?�ad;=<KCIW/J �*lYt�lRTfCG<>C�cGCIWLB�l7zVh/? E ;�� E CIB>;dHGW�CIW/J CIW/CIadyP<@;=<KHIpkh/CIA.CIad\ad?�a �IJL;=<@B>A>;dOPNPB>?IJ�<@HIpqB �'CIA>?!CIW/JR<@yP<@B>?�Q�<�OLy�h/?�B>A>;
WP?�B.<
�';dB>`YB>A.CIW/<@;dB>;dHGWR?�W/CIOPad;dWP_

pqNPW E B>;dHGW/< l 
 L&L&L � /21!3!%�1!-4.0'  3!%  3 �  8Q .�� 1!/9$ L 3,6!')35$9$4/4')3,6 uR{�6 � 1 �.n / 5 / � / 7L{Vu{�|G| / l
� ZfT'zL|L{ � m lGTUA>;=<@B>HIpqHGA>?�B>B>;LZ�lVTUHIpqA.CIW E ?I< E H*CIW/J)-!lVz E CIB>B>HGad;dWP;olVZ�?�B>A>;GWP?�B.<�O/CG<@?IJ�CIhPhPA>HVC E `B>HR<@HIpqB �'CIA>?�JL?�cV?�adHGhPQR?�WLB�pqHGA"A>?ICIad\qB>;dQR? E HGWLB>A>HGaol 
 L&L �
/  -4$9$ � ')3,6�% � � �  3�.0/  ,+

� ;5$  / � 1!3 ��H :!: + ')-91,.0'  3!% u�{�1S6 � 5 �.n 3L}�3��%3L}�6PuU{�|G|L{Gl
� Z�?�A.|�3�� m l�Z�?�A�,LN/<@; E `�l H 3 "1 + '�%�$ � $ �P'�%4.8$4(�1�% �  ( : + $2K  % � 1�%�$21 � 1�3�1 ��$2-  ( :  %�' N -PO1  

� $��P'�%4.8$4(�1�% � $ � � � $9.)% l Z�`/:5B>`P?I<@;=< u'b"WP;dcV?�A.<@;=JPCGJL?�eP?IJL?�A.CIa"JPC,Z�CIA.C [;dO/C,\TfCIQRhPN/<'i>i.u/TfCIQRhP;dW/CY]"A.CIW/JL?Vu/ZUw%\fw -!u
{�|G|�3Pl
� Z�?�B 6L{�C�� �Pl/t�l/Z�?�B>?�A.<@HGW�l � $9.0/4' � $9. � ;5$  / � 1!3 � �  �� $ + ')3,6  8Q � � %4.8$4(�% l'Z�A>?�WLB>; E ? �*CIadaou{�|S6L{Gl



� � � � ������ � � � " � � � � �
	 � � �� � � � � " 6 /
� Z�?�B 6L{ O � �Pl/t�l
Z�?�B>?�A.<@HGW�l � $9.0/4' � $9.)% � ;5$  / � 1!3 � .);5$ �  �� $ + ')3,6  8Q � � %4.8$4(�% l'Z�A>?�WLB>; E ?�\

�*CIadaouPs�l �PlduPb!z m u
{�|S6L{Gl
� Z�WLN
}G}�� m lPZ�WLNP?�ad;ol&�f`P?�B>?�QRh/HGA.CIa�<@?�Q�CIWLB>; E <�HIp E HGW E NPA>A>?�WLB'hPA>HG_GA.CIQ�< lfioW � �,.); � � ( �

:  %�' � (  3 �  !� 3 � 1,.0'  3!%  8Q �  ( : � .8$4/ �P-�'X$43�-4$ u�{�|V}G}Vl
� -"w'|V}�� Z�l -"C E adH,��CIW/JK:�l�wfN E `/< l�zVyLQYO/HGad; E hPA>HVHIp*HIp E B>a�pqHGA>QYNPa=CI?�HIcV?�A!h/?�B>A>;fWP?�B.< l

��? E `PWP; E CIa
A>?�h/HGA>B�u
T"l b�l i.lLb"WP;dcV?�A.<@;dB@y�HIpf]"?�WP?�cGCLu�{�|G|V}Vl
� -'?�; 6S5�� � l�-'?�;=<@;d_Pl � $9.0/4' � $9.)% H 3 
43�.0/  ��!� -4.0'  3 l�zVhPA>;dWP_G?�A>\-0U?�A>a=CI_�wf?�A>ad;dW �"?�;=JL?�adO/?�A>_Pu{�|S6S5Ll
� -'?�;=| / � � l�-'?�;=<@;d_Pl H �
/4')(�$4/�')3 � $9.0/4' � $9. ��$2%�'76!3 l'zVhPA>;dWP_G?�A>\-0U?�A>a=CI_Pu�{�|G| / l
� -�� 6G|�� Z�l��Pl']�l -"CIQ�CGJL_G?,CIW/J � l'MKl �,HGWP`/CIQkl �f`P? E HGWLB>A>HGa*HIpYJL;=< E A>?�B>?�?�cV?�WLB<@yP<@B>?�Q�< l �
/  -4$9$ � ')3,6�%  8Q .);5$�
 L&L&Lfu
}G} � { �.n26L{��L|S6Lu�{�|S6G|Ll
� zLC$,P|S7�� �Pl
zLC$,GCIa=CIN/<�,GCI;dBP[?Vl"s"HGW E a=CG<@N/CIa�A>?I<@HGadNPB>;dHGWk<@yP<@B>?�Q�pqHGA"OPA.CIW E `P;dWP_YB>?�QRh/HGA.CIa�adHG\_G; E l���? E `PWP; E CIa�A>?�h/HGA>B�u�ioW/<@B>;dB>NPB>?�HIp"MkCIB>?�Q�CIB>; E <'CIW/J,ioWLpqHGA>Q�CIB>; E u/t
;dB>`LN/CIWP;=CLu{�|G|S7Ll
� zLw"zL| / � Z�l �*H,�IC$, z/lUw'CIad?�QR;UCIW/J -!lUzVQR?IJL;dWP_VCLu�?IJL;dB>HGA.< l �M'�%�-�/9$9.8$ L
	 $43�. � � %4.8$4(�% 	

�  �� $ + ')3,6R1!3 � �  3�.0/  ,+ lPwf;dA�,L`/CIN/<@?�A�u
{�|G| / l
� z��!| / � z/l�-!l/zVA>?�?�WP;dcGCG<'CIW/J�w*l ��l �*A>HG_G`�l v W�h/?�B>A>;
WP?�B'QRHLJL?�a=<UHIpU;dW��/WP;dB>?!<@B.CIB>?�<@NP\

h/?�A>cL;=<@HGA.< l 
 L&L&L � /21!3!%�1!-4.0'  3!%  3 H � .  (�1,.0')- �  3�.0/  ,+ u.1V} � / �.n26L{�6	�'6 / 1Pu�{�|G| / l
� zVA>?I|S1�� -!lfz/l'zVA>?�?�WP;dcGCG< l m WPHGB>?�HGW%JL? E ;=JL;dWP_kB>`P? E HGWLB>A>HGada=CIOP;dad;dB@y,HIp�Cka=CIWP_GN/CI_G?&,

�';dB>`KA>?I<@h/? E B!B>H,C�a=CIWP_GN/CI_G?�aol 
 L&L&L � /21!3!%�1!-4.0'  3!%  3 H � .  (�1,.0')- �  3�.0/  ,+ u1S6 � 3 �.n27S5S6	�'7S7 / uU{�|G|S1Ll
� b �*|S��� s�lPb E `P;d`P;dA.C�CIW/Jkz/l �"HGWP;=JL?�W�l 0U?�A>;�� E CIB>;dHGW�CIW/J�<@yLWLB>`P?I<@;=<fHIp E HGW E NPA>A>?�WLB'hPA>HG\_GA.CIQ�<'N/<@;dWP_Rh/?�B>A>;�WP?�B.<"CIW/JkB>?�QRh/HGA.CIa�adHG_G; E l ��? E `PWP; E CIa�A>?�h/HGA>B�u
ioW/<@B>;dB>NPB>?!pqHGAs"?�� ]"?�WP?�A.CIB>;dHGWkTUHGQRhPNPB>?�A
��? E `PWPHGadHG_GyVu�{�|G|S�Ll
� 0*;=J.6S5�� MKlS0*;=JLyLCG<>CI_VCIA�l �  3�.0/  ,+ � � %4.8$4(�%
� � 3�.8$2%�'�% �&1 � 1!-4.  /4'�T�1,.0'  3 H :!:P/  1!-9; l/Mki8�Z�A>?I< u�{�|S6S5Ll


