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:XWHY,P#Z\[OZ]ZH^ 3`_ [@WHWaPbGcWaK8WaY,P
d BFe#^,M@W 4 K�f�WaY,PhgiCaB�G`^!BFWaPkj�elY,KVK�M�K�f1WHY,P

mon [@DNPbCHZH[@W 4 K�fpILKNMOK�CaB�G,Kq[ nsr B�C\WH[tB�Muf&^,MQv,MOM _ P n W
K�f�WaY,P�CHPbwx^,[OC\P _ P n WaZ]f&KNCyWaY`PkG`P#RNC\P#P�K�f

z K�ebWHKNCyK�f|{}Y,[OMQKNZHK r Y 4
ILK _~_ [QW\WaP#P>K n ILY`P _ [Oe�BFM�{}Y 4 Z\[Oe#Z

S"U�UN�



� Y`[OZWaY,PbZH[QZ�P n Wa[QWHMOPbGT�
� Y,Pk� �	 d [OMQP#Z#����KVG,PbMO[ n R8{}Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n K�fp�JKNMQP#eb^,MtB�C��K n Z][ n ILMO^,ZEWaPbCHZ

� CH[QW\WaP n 3*4�� B _ P#Z���; d B�P#G`P#C
Y,B�Z 3 PbP n B r,r C\K�D�P#G�f&KNCyWaY,PhILK _._ [QWHWHP#P�K n ILY`P _ [Oe�BFM�{}Y 4 Z\[Oe#Z

�]K 3 PbC\W�{1B�CHZ\K n

� ;uIyB�C\M���[ n P 3 P#C\RNP#C

z BFWHP

� Y,Piv n B�M�e#K r 4 KFf|WaY`[OZyWaY`P#ZH[QZ]Y!B�Z 3 PbP n P2�`B _ [ n PbG 3x4 WHY,P�ZH[QR n BFWHKNCH[QP#Z#?`B n G � P
v n GsWaY!B�W 3 K�WHYsWHY,P�e#K n WHP n W�B n GcWaY,Pif&KNC _�_ PbPbW�B�ebe#P r WlB 3 MOP r CHPbZHP n WaBFWa[QK n

Z\WlB n G!B�C\G,Z]K�f|Z\elY,KNMOB�CHM 4 � KNCH�c[ n WaY,PkB 3 K"DNP _ P n WH[OK n P#GsG,[OZ\e#[ r MO[ n P�;
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d B�P#G`P#C#? � B _ PbZ]�k;���{�Y�; z ;(ILY`P _ [Oe�BFM�{}Y 4 Z\[Oe#Za�

� Y,Pi� �	 d [QMOP#Zb���JK�G,P#MQ[ n R8{}Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n K�f}��KNMOPbe#^,MOB�Cy��K n Z][ n ILMQ^,Z\WHP#C\Z

� Y,PbZH[OZ]G,[QCHPbebWaPbG 3*4 :oZHZHK�e#[OBFWaPk{}CHKFf&P#ZHZ\KNC���K 3 PbC\W�{|BFCHZHK n

: _ KVG`P#ML[QZ�G,P2DNP#MQK r P#G�WaK�ZEWa^,G 4 WaY,P r Y`K�WaK�G,[OZ\ZHK�e#[OBFWa[QK n G 4 n B _ [Qe#Z�K�f _ KNMOPbe#^,MOB�C
[OK n Z8[ n ebMO^,ZEWaPbCHZ~B n G�ebK n G,P n ZHPbG r Y!B�Z\P#Zb; � Y`P�P2�VebP#ZHZcelY,B�CHRNP�K n WaY,P�G,[OZ\ZHK�e#[OBFW\�
[ n R�ZHKNMQ^`WaP _ KNMQP#e#^`MOP�ebKN^ r MQP#ZqZ\WHCHK n RNM 4 WaK�WaY`PcZH^,C\CHKN^ n G,[ n R�Z\KNMQD�P n W�?�ZHK�WaY,BFW�WaY`P
G,[QCHP#e2Wa[QK n B n G _ B�R n [QWH^,G,P.K�f]elY!B�C\RNP¡ !K � [ n WHY,P�P¢�`eb[QWHP#G�Z\WaBFWaP 3 Pbe#K _ P#Z�ebCH[@Wa[Oe#B�M
WaK�WHY,PcG 4 n B _ [OebZ#;�: n B�ebe#^,CHBFWaPsG,PbZHe#C\[ r WH[OK n KFf�WHY,PcelY!B�C\RNP� !K � [OZqRN[@DNP n 3*4 B n
Pb£¤P#e2Wa[@DNPiAoB _ [QMQWHK n [tB n f&KNC�WHY,P>R�CHKN^ n G�B n G¡P2�Ve#[@WaP#G¡P#MOPbebWHCHK n [QeoZEWlBFWHP#ZyKFfTWaY,PoZHKNMQ^`WaP
WaY,BFWq[ n e#MO^`G,P#Z�WHY,P�ZEWaCHK n R�ZHKNMQ^`WaP¢��Z\KNMQD�P n W8e#KN^ r MO[ n R,; � Y,PcPbMOPbebWaC\K n [Qe�Z\WHCH^,e2Wa^,C\PcK�f
WaY`Pc[OZHK�MtBFWHP#G�ZHK�MO^`WHP _ KNMQP#eb^,MOP~[OZqG,P2WaP#C _ [ n P#G¥^,Z\[ n R�Y`[ORNYV�¦MOP2DNP#MyB 3 [ n [@Wa[OKJe�B�MQe#^,MOB��
Wa[QK n Zb?�B n G�WaY,PhCHP#Z\^,MQWH[ n R¡P#[OR�P n ZEWlBFWHP#ZiB�C\P�^,Z\P#G�B�MQK n R � [QWaY�Z r P#ebWHCHKNZ\e#K r [Oe�G!B�WlB~WHK
r B�CHB _ PbWaPbCH[Q§#P�WaY`P.Z\KNMO^VWaP2�¦ZHKNM@DNP n Wk[ n WHP#CHB�ebWH[OK n Zb; � Y,P8ZHKNM@DNP n WE��ZHK�MQDNP n W�[ n WHP#CHB�ebWH[OK n Z
B�C\PoY!B n G,MOPbG�^,Z\[ n RhP _ r [OC\[Oe�BFM r K�WHP n Wa[OB�MOZb;p¨}MOPbebWHCHK n [QeoC\P#MOB��`BFWa[QK n KFfTWaY,PoP2�Ve#[@WaPbG�ZHKF�
MO^VWaP _ KNMQP#eb^,MOPK�e#eb^,CHZ�DV[OBkCHB�G,[OBFWa[QK n MOPbZHZpWHCaB n Z\[QWH[OK n Z 3 PbW � P#P n WaY,PoZ\WaC\K n RNM 4 e#KN^ r MOPbG
ZHK�MO^`WHP�P#MQP#ebWHCHK n [Oe>ZEWlBFWHP#Zb; � Y`P�e#K _ r MQPbWaP n K n BFG,[tB 3 BFWa[QeoG 4 n B _ [Qe#ZB�C\P _ KVG,PbMOPbG�^,ZE�
[ n R�e#MOB�ZHZ\[Oe�BFM1WaCHB�©\P#e2WaKNC\[OPbZ>WaY!B�WiPbD�KNMQD�P.K n B�ZH[ n RNMOP�B�G,[tB 3 BFWa[Qe�PbMOP#e2WaC\K n [Oe r KFWaP n WH[tB�M
ZH^`C\f�B�ebPiBFWLBhWa[ _ P � [QWHY¡Y,K r`r [ n R 3 P2W � PbP n ZH^`C\f�B�ebP#ZG,P2WaP#C _ [ n P#G 3x4 B�Z\P _ [OebMtB�Z\ZH[Oe#B�M
B�MQRNKNCH[@WaY _ ;

� Y,P _ K�G,PbMp[OZkB r,r MO[OPbG�WaK�Z\WH^,G 4 WaY`P r Y`K�WaK�G,[OZ\ZHK�e#[OBFWa[QK n K�fªG,[OY,B�MO[QG,PqB n �
[OK n Z � [@WaY,[ n _ KNMOPbe#^,MOB�CªebMO^,ZEWaPbCHZ#?,B n G�G,P2WlB�[QMOPbG�e#K _ r B�C\[OZ\K n Z � [QWaYcP¢� r PbCH[ _ P n WHZB�CHP
RN[@DNP n ; d KNC 3 K�WaY¥� �	 :oC\«�B n G�� �	 �¬I 	 ��«�WaY,P _ K�G,P#MªRN[QD�P#Z8RNK�KVG�BFRNCHPbP _ P n W � [QWHY
P2� r P#C\[ _ P n WlB�M 3 CaB n elY`[ n R~CaBFWH[OKNZyf&KNC]G,[QZHZ\KVeb[tBFWH[OK n DNPbCHZ\^,Z�CHPbe#K _�3 [ n B�Wa[OK n ; � Y,P�C\KNMOP
K�fLB n K _ B�MQKN^,Z�elY!BFCHRNP8 !K � [ n WHY,P.P2�Ve#[@WaP#G®Z\WaBFWaPF?1[ n � Y,[OelY�WaY,P.P2�VebP#ZHZhelY!B�C\RNP8MOKF�
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e�BFMO[O§bP#Z8K n WaY,P�MOPbZHZ¡Z\KNMQDFBFWHP#G¯BFWaK _ ?ª[OZ8G,P _ K n ZEWaCHBFWaPbG°[ n � �	 :>CE« 3x4 WHY,PJP�©\P#e2Wa[OK n
K�f 3 B�C\P�B n G � P#B��xM 4 ��Z\KNMQDFBFWHP#G±� � ; � Y,PbCHP®[OZsB n PbD�P n _ KNC\P�G,CaB _ BFWH[OeJPb£¤P#ebWJ[ n
� �	 ��I 	 ��« r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n ? � Y,P#C\P®WHY,P�e#KN^ r MO[ n R 3 P2W � PbP n B n K _ BFMOKN^,Z¡elY!B�CHR�P
 !K � B n G®WaY,P~ZHKNM@DNP n Whf&^ n,n PbMOZkWaCaB"©\P#ebWHKNCH[QP#Z�WaK�B n B�C\CHK � CHPbRN[OK n K n WaY,P r KFWaP n WH[tB�M
P n P#CHR 4 Z\^,C\f�B�ebP � Y,PbCHP�WHY,P 4 ^ n G`P#CHR�K n K n BFG,[tB 3 BFWa[Qe�C\P#MOB��`BFWa[QK n ;²jV[ _ ^,MtBFWH[OK n ZqK�f
Wa[ _ P¢��C\P#ZHK�MQDNPbG r Y`K�WaK�P#MQP#ebWHCHK n Z r P#e2WaCaB¡B�MOZ\K¡RN[@DNPkP2�Ve#PbMOMOP n WiB�RNC\P#P _ P n W � [QWHY�P2� r P#C³�
[ _ P n W#?>B n G²G,P _ K n Z\WHCaBFWHP�WHY!BFWcWHY,P _ K�G,P#M>e#KNC\CHP#e2WaM 4 G,P#Z\e#C\[ 3 P#ZcWaY,P�WH[ _ P�ZHe#B�MOPbZ
f&KNCqG,[QZHZ\KVeb[tBFWH[OK n ?�C\P#e#K _�3 [ n BFWa[QK n ?�B n G¥D�[ 3 CHBFWa[QK n B�MªCHP#MOB��`BFWa[QK n ;�{}CHPbMO[ _ [ n B�C 4 B r �
r MQ[Oe�B�Wa[OK n WaKs�EILM � �¬I 	 ��«ce#MQ^,Z\WHP#CHZ�G,P _ K n Z\WHCaBFWHP#Z�WaY`P.[ _ r KNCEWlB n ebP�K�fLB�Z 4V_._ PbWaC\[Oe
ZHK�MQDFBFWa[QK n f&K�C1WaY`PyG,[OZ\ZHK�e#[OBFWa[QK n G 4 n B _ [Qe#Zb; � Y,PbZHP]B n GqKFWaY,PbC}B r,r MQ[Oe#BFWa[QK n Z�e#^,C\CHP n WHM 4
[ nJr CHK�RNCHPbZHZ�G,P _ K n Z\WHCaBFWHP�WaY,P _ B n 4 [ n ZH[QRNY*WaZ>[ n WaK~WHY,P�f&^ n G!B _ P n WlB�M�elY,P _ [QZ\WaC 4 K�f
r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n WaY!B�W]e�B n 3 P�R*BF[ n PbG � [@WaYcWaY`[OZ _ KVG,PbM¬;



[ n _ P _ KNC 4 K�f _�4 RNCHB n G _ K�WHY,P#C]¨}Z\WHP#MQMOP�;
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��B n 4 r PbK r MQP~Y!B�D�P¡Y,PbM r P#G _ P¡BFMOK n R _�4®· S�¸N¹ 4 P�B�C©\KN^,C n P 4 WaY`CHKN^,R�Y
RNCHB�G,^!BFWHPqZHelY,K�KNM�; � Y,P r CHK�©\P#ebWkG,PbZHebCH[ 3 P#G®[ n WHY,[OZ�WHY,P#Z\[OZi[QZ�WaY,PqC\P#ZH^`MQW�K�fLBcRNCHKN^ r
Pb£¤KNCEW�;y:�fºWaP#C � KNY n {|B r B n [O�FKNMtBFZ�G`[OGsWaY,Pk[ n [@Wa[OB�M�Z\[ _ ^,MOBFWa[QK n Zb?!{|B�^`M|�JB�ZHMQP n ?¤»o[Q���x[
z P#MOB n P 4 ?*B n Gq��Y,B"D�P � K�CH��PbGqWaKiP2� r B n G8Y,[OZ _ K�G,P#MV[ n WHY,PyY,K r PbZpK�fuR*B�[ n [ n R]f&^,CEWaY,PbC
[ n ZH[OR�YxWHZ#; � Y,[OZ�Y!B�Z r C\K�D�P#GcBiDNPbC 4 G,[@¼.e#^,M@W}WlB�Z\�u? 3 P#e�BF^,ZHP � Y!BFWaP2DNPbCªZ\K r Y,[QZ\Wa[Qe�BFWH[OK n
� KNY n�½ Z�ZH[ _ ^,MOBFWa[QK n ZpMOB�el��PbG � P#C\P _ KNCHPyWHY!B n _ BFG,P^ r f&KNC 3*4 Y,[OZ��FP#P n ^ n G,PbCHZEWlB n G��
[ n R�K�f 3 K�WaY¡WHY,PiP2� r P#C\[ _ P n WaZB n G�WaY,P>^ n G,PbCHM 4 [ n R r Y 4 ZH[Qe#Z#;L>DNPbCLWaY,P 4 P�BFCHZ#? � Pi[ n
WaY`PiZHP#ebK n G�RNP n P#CaB�Wa[OK n K�f _ K�G,P#MQP#C\ZyY!B�DNP 3 P n P2v,WaPbGJR�CHP�B�WaM 4 f&CHK _ WaY`PiZaB�RNP�BFG`D�[Oe#P
K�f�WaY,[QZKNMOG � B�CHC\[OKNCb;

� Y,[QZ r C\K�©\P#e2W � K�^,MOG n PbDNPbCY!B�DNP�Y,B r,r P n PbG � [QWaY`KN^`W{1B�^,M���B�Z\MOP n ; d C\K _
Y,[QZ � Y,[OC\M � [ n GcK�f|[QG,P�BFZ�P _ PbCHRNPbGcWaY,Pif&KN^ n G!BFWa[QK n ZK�f1KN^,C _ K�G,P#M�;}Ao[QZP2� r PbC\WH[OZHPk[ n
r P#C\f&K�C _ [ n RcPbMOP#e2WaC\K n [OeqZEWaC\^,ebWH^,CHP.e�B�MQe#^,MOBFWa[QK n Z � B�ZhB�MOZ\KcDV[@WlB�M�?�B n GT?�f&KNC 3 PbW\WaP#C�KNC
f&KNC � KNCHZ\P�? _ ^,elY�K�f|Y,[OZ�e#K _ r ^VWaP#C�e#K�G,PkZ\WH[OMOM�MO^,C\��Z�[ n WaY`PhDFB�Z\Wo^ n G`P#C � KNC\MOG�KFf|WaY`P
_ KVG,PbMO[ n R r CHK�RNCaB _ ; d CHK _ Y,[OZkK r [ n [OK n BFWaPbG�CaB _�3 MO[ n RNZiK n eb^,CHC\P n W�P2DNP n WHZ�WaKJY,[OZ
WlBFMOM�WaB�MOPbZoK�f _ K�^ n WlB�[ n BFG`DNP n WH^,CHPbZ#?�{|B�^,M�Y!BFZ>B�MQZHK 3 PbP n B.f&^ n RN^ 4 WHK � KNCH� � [@WaYT;
� � KN^`MOG¥MO[Q��P¡WHK�WHY!B n �¾Y,[ _ P#Z r Pbe#[tBFMOM 4 f&KNCqY,[QZ�WaY,K�CHKN^,R�Y�C\P�B�G`[ n R�K�f]WHY,[OZ�WHY,P#Z\[OZ#?

� Y,[QelYJY!BFZ�[ _ r CHK"DNPbG 3 K�WHY�WHY,PkB�e#eb^,CaB�e 4 B n G�e#MOB�CH[@W 4 ;
»o[Q�x��[ z P#MtB n P 4 Y!B�Z�B�MOZ\K 3 PbP n B _ B"©\KNCpe#K n WHCH[ 3 ^`WaK�CpWaK�WaY`[OZ r C\K�©\P#e2WLB n G.B

RNK�KVGqf&C\[OP n GT;|� n WaY,P r B�ZEW 4 P�BFCªK�f � KNCH�x[ n RkWHKNRNPbWHY,P#C � PoY,B"D�P>R*BF[ n PbG _ KNC\P[ n Z\[ORNY*WaZ
WaY,B n [ n B�MOM _�4 r C\PbD�[OKN^`Z 4 P#B�CHZ�K n WaY,P r CHK�©\PbebW#;ki^`CoDNPbC 4 G,[Q£¤P#C\P n W 3 BFel��R�CHKN^ n G,Z



D�[O[

B n G¯DV[QP � Z~K�f�WaY`P � KNCHMQG°Y!B�DNP�BFe#e#PbMOPbCaBFWHP#G�WHY,[OZ r CHK�e#PbZHZ�KFfiG,[OZ\e#K"DNPbC 4 B n G�Y,B"D�P
Z r B�CH�FP#G _ B n 4 [ n WHP#C\P#Z\WH[ n R8ebK n DNP#C\ZaBFWH[OK n Z#;

�]K 3 PbC\W�{|B�C\ZHK n Y!B�Z 3 PbP n B¡RNC\P�BFW�BFG`D�[OZHK�C>[ n B�MOM�WaY,P 3 PbZ\WiZ\P n Z\P#Z�K�f}WaY`P

� KNCHGT;kA�[OZ 3 C\P�B�GVWaY�B n G�G,P r WaY�KFfª� n K � MQP#G,RNPq[QZoWHCHP _ P n G,KN^,Zb?Tf&CHK _ elY,P _ [OZEWaC 4 WHK
¨}^,CHK r P#B n Y,[QZ\WaK�C 4 ?VB n G¡�}Y!B�DNP�MQP�B�C n P#GcBhRNCHP#BFWLG`P�B�M(f&CHK _ Y,[ _ K"DNP#CªWaY,P 4 P�BFCHZ#;�A�P
Y!B�Z 3 PbP n B r BFWa[QP n WpB n G�P n e#KN^,CHB�RN[ n R>WaP#B�elY,PbC|WaY,C\KN^,RNY`KN^`W _h4 e#B�CHPbP#Cb;|:yWpWHY,PLZHB _ P
Wa[ _ P]Y,PoY!B�Z n K�W 3 PbP n BFf&CHB�[OG8WaKhRN[QD�P _ P]WaY,PoMO[QW\WaMQP r ^,ZHY¡� n P#PbG,P#G�WHK _ B�[ n WlBF[ n _�4
f&K�e#^,Zb;o�]K 3 P#CEW�Y!B�Z>B�MOZ\K 3 P#P n B n P¢�Ve#P#MQMOP n W>P#G,[@WaKNC]K�f _�4 � CH[QWH[ n R`?¤B n GJWHY,[OZ]WaY,PbZH[QZ
K � PbZ>BqRNC\P�BFW�G,P#B�MTWaK8Y,[QZY,P#M r f&^,M�ebCH[QWH[Oeb[OZ _ ZyB n GJZ\^,RNRNPbZ\WH[OK n Zb;

d KNC|WHY,P r CHK 3 MOP _ Z1Z\Wa^`G,[OPbG.[ n WaY,[QZ|WaY`P#ZH[QZ#? _ KVG`P#MO[ n R�B n G8P2� r PbCH[ _ P n WHZ�B�CHP
[ n WHP#C\W � [ n P#G�?�B n G � P�Y!B�DNP 3 P n Pbv`WaP#GkRNC\P�BFWHM 4 f&C\K _ K�^,C�P2� r P#CH[ _ P n WlB�MNebKNMOMOB 3 KNCaBFWHKNCHZb;
IyB�C\M,��[ n P 3 PbCHRNPbCpG,PbZHP#CEDNPbZªZ r Pbe#[tBFMVWaY,B n �xZ n K�W}K n M 4k3 P#e�BF^,ZHP]K�f(Y,[QZpP n WHY�^`ZH[tBFZ _ B n G
ZH^ r,r K�C\W�? 3 ^VWLBFMOZHKif&KNC�Y,[QZpf&KNCHPbZH[QRNY*WLB n G r P#C\ZHP2DNP#CHB n ebP�[ n Z\WH^,G 4 [ n RkWHY,P]Z 4 Z\WHP _ Z � P
_ KVG,PbM¬; � KNY n {|B r B n [Q��KNMOB�Z>Y!BFZ 3 PbP n WHY,P�^,M@Wa[ _ BFWHP�¿E[ n Z\[OG,P _ B n ?=À 3 P#e#B�^,Z\PqK�f�Y,[OZ
[ n WH[ _ BFWaP�� n K � MQP#G,RNP~K�f 3 K�WHY®WHY,P~Z\[ _ ^`MtBFWH[OK n Z�B n G�WHY,P.P2� r PbCH[ _ P n WHZ#;c<ªK�WaYÁIyB�CHM
B n G � KNY n Y,B"D�P�ZH^,elYkP2��WaCHB�KNC\G,[ n BFC 4 [ n ZH[QRNY*W�WHY!BFW�[ n 4 P�B�C\Z�K�f _ K�G,P#MQ[ n Rª[QW�Y,B�Z�B�M � B 4 Z
3 P#P n Y!B�CHG�WaK�G,[QZHebK�D�P#ChZHK _ PbWHY,[ n R�WaY,P 4 G`[OG n K�WqB�MQCHP#B�G 4 � n K � ?}KNCkY!B�G�BFWhMOP#B�Z\W
e#K n ZH[QG,P#C\P#GT;¡��B n 4 K�WHY,P#C _ P _�3 P#C\Z�K�fIyBFCHM ½ Z�RNCHK�^ r Y!B�DNP~B�MOZ\K�Y`P#M r P#G�B�MQK n R�WaY`P

� B 4 ��Â�B�Z\[OM�Â�KNC\ZaB`?F��BFCH[tB»oB�G!B�M�?FjVCHPbP#MtB»oB n G,[�?�{|B�^,M�IyB _ r BFR n KNMOB`? z K�K � B n <LK�K,?
B n GJ: n G`CHP#[|j`B n K�DJB�MQM�G,P#Z\P#C\D�P�WaY,B n �xZ#;�� n WaY`P r BFZ\W 4 P�B�CoKN^,C�e#KNMQMtB 3 KNCHBFWa[QK n � [QWHY
z B n »�P#^ _ B�C\� ½ ZyRNC\KN^ r BFWy<LP#C\��PbMOP 4 Y!B�ZBFMOZHK 3 PbP n 3 K�WaY�f&C\^,[QW\f&^,MuB n GcP n ©\K 4 B 3 MQP�;��

� KN^,MOG�BFMOZHK~MO[Q��PhWHK�WaY!B n �JY`[OZ>ZEWa^,G`P n WaZ � Pb£�g�C\P#P n 3 MtBFW\WiB n G®�JB�C\WH[ n�Ã B n`n [¬? � [QWHY

� Y,K _ �]Y!B�DNP8ZHY!BFCHP#G _ B n 4 [ n WaP#C\P#ZEWa[ n Rce#K n DNPbCHZHBFWa[QK n ZiK n Z\^ 3 ©\P#e2WaZhB�Z�G,[@DNPbCHZHP.B�Z
r Y,KFWaK�P#MOPbebWHCHK n Z r P#e2WaC\KNZHebK r 4 B n G�D�P#RNP2WlB 3 MOP#Zb;

��Y!B�DNPY,B�G _ B n 4 RNC\P�BFW1WaP#B�elY,P#C\ZpY,PbCHPBFW}I m ?�B n G�WHY,P 4 B�MOZ\K>G,PbZHP#CEDNP]Z r P2�
e#[OB�MTWaY,B n �xZ#; z B�D�[OGJ»oP#Z 3 [QW\W�B n G�ILY,C\[OZ�g�C\P#P n PhG,P _�4 Z\WH[Qv!PbG�wx^!B n Wa^ _Ä_ P#elY!B n [OebZ



D�[Q[O[

f&KNC _ P�;�<ªK�WaY _�4 B�G`D�[OZ\KNC#?��]K 3 PbC\W#?LB n G¯{1B�^,M]<LP#B�MOP�WaB�^,RNY*W8P¢�`ebP#MQMOP n W.Z\WaBFWa[QZ\WH[@�
e�BFM _ PbelY!B n [Qe#ZiebKN^,CHZ\P#Zb;q:>MOM1K�f _�4 r CHK�f&PbZHZHK�CHZkBFWhI m Y!B�DNP 3 P#P n Z\^ r,r KNC\WH[QDNP.B n G
Y,PbM r f&^,M¤WaK _ PiK n B � [OG,PiCHB n RNP�K�f1ZH^ 3 ©\P#e2WaZ#;

� Y,P�Z\^ r,r KNC\WyZ\WlB�£�BFW � �³��:XB�MQZHK�G,PbZHPbC\DNPiZ r Pbe#[OB�MuWHY!B n �xZyf&KNC _ B��x[ n Rh[QWLB
_ KNCHP�elY`P#P#CEf&^,M�B n G r C\K�f&P#Z\ZH[OK n B�MTP n D�[QCHK n _ P n W][ n � Y`[OelYcWaK � KNCH�(; � Y,P�e#K _ r ^`WH[ n R
Z\WaBF£Á[ n�r B�CEWa[Oeb^,MtBFCoY!B�D�P 3 P#P n Y,P#M r f&^,M¬? r BFWH[OP n W#? r PbCHZ\[OZ\WHP n W�?�B n G�RNP n P#CaBFMOM 4 f&^ n WHK
3 P~BFCHKN^ n GT; � Y!B n �xZhWaK�ILY,PbMtB�Å�^ n B�ZH§F?|: n,n P~A>B _._ K n GT?��oBFM r Y��J[@WaelY,PbMOM¬? � K�P#M
d CaB�Y _ ?`B n G�:>MtB nJz ^ n � P#MQM¬Æ

� n B�G,G,[@Wa[OK n WaK _�4 ebK � KNC\��P#C\Z�B n G�ebKNMOMOB 3 KNCaBFWHKNCHZb?`� � KN^`MOGsMO[Q��P�WaKqWHY!B n �
_�4 K�WaY`P#CLf&C\[OP n G,Zy[ n RNCaB�G`^!BFWaP>ZHelY,K�KNM¬�p<L[OMQMTILY!B r _ B n ?!jVebK�WHW z B"D�[QZ#? � K�Y nsd B�CHC\P#MOM�?
�]^,G,[,A�KNC n P�?�ILY,C\[OZ�� 4 BFWHW#?x��K�RNP#C�j�K _~_ P#Cb?NA�KNMORNPbC1ÂqÇK _ PbM¬?N n G,CHP�©|Â�KFWlB�DFB`?x�J[QMOP#Z
� P#[OG,B`?!{|BF^,M � [ n WaPbCk��Y!B n R8[ n WaY,PbCHPF?({|B�^,M�?,[QW ½ Z]BFM _ KNZ\WK"D�P#C#ÆÈ�2?(B n G _ B n 4 KFWaY,PbCHZ#;

� � K�^,MOGcBFMOZHK�MO[O�FPoWHK�WaY!B n � _h4 r B�CHP n WHZ#?,R�CaB n G r B�CHP n WaZ#?,B n G _ B n 4 K�WHY,P#C
f�B _ [OM 4�_ P _�3 PbCHZ � Y,KkY!B�DNP]ebK _ f&K�C\WaPbG _ PG`^,CH[ n R�WaY,[QZ}MOK n R�©\KN^,C n P 4 B n G8RN[QD�P n _ P
WaY`PiKVebe�B�Z\[OK n BFMTY,P#M r f&^,M n ^,G`RNP�;���WaY!B n � _�4 r B�CHP n WHZ][ nsr B�CEWa[Oeb^,MtBFCªf&KNCy[ n Z\WH[OMQMO[ n R�[ n
_ PªBMQK�D�PªKFf`MQP�B�C n [ n R�B n G�B]G,P#G`[Oe�B�Wa[OK n WHK]G,KN[ n R]WHY,[ n RNZ�CH[OR�YxW�WHY!BFW�Y!B�DNPªe�B�C\CH[QP#G _ P
WaY`CHKN^,R�Y,KN^`W _�4 P#G,^`e�BFWH[OK n ;h�>BFMOZHK � [QZHY�WaKcC\P _ P _�3 P#C _�4 RNCaB n G _ K�WaY,PbCi¨}Z\WHP#MOMQP�?
B r PbCHZ\K n � Y,K�ZHP.[ n wx^,[QZH[QWH[QD�P�Z r [QCH[@WkB n G�Wa[QCHP#MQP#Z\Zke#B r B�eb[QW 4 f&K�CiCHP�BFZHK n Y!B�DNP~B�M � B 4 Z
[ n Z r [QCHP#G _ P�;É�¦Ws[QZcZaB�G±WaK _ P�WaY!BFW�Z\Y,P�G,[OG n K�WsMQ[QD�P�WaK¥ZHPbP®WHY,P�G!B 4 � Y,P n �
e#K _ r MQPbWHP#G _h4 {�Y�; z ;@? 3 ^`W�?uMO[Q��PhB�MOMTWHY,PkK�WaY,PbCHZ � Y,K�Y!B�DNPhZH^ r`r KNCEWaPbG _ P�WaY`CHKN^,R�Y
WaY`[OZ · S�¸N¹ 4 P�B�C\Z#?(�LB _ ZH^`CHP�ZHY,PkY!B�G n K8G,K�^ 3 WWaY,BFWWaY,P�G!B 4 � KN^,MQGcv n B�MQM 4 e#K _ P�;

��B�Z\W#? 3 ^`W _ KNZEW.[ _ r KNCEWlB n W#?L� � KN^,MOG¯MO[Q��PsWaK�WHY!B n � _�4 v(B n euÊPF?�j`B�CaBFY
g�B�MOMOB�RNY,PbC#? � Y,K®Y!B�ZqZ\^ r,r KNC\WHP#G¯B n G�P n ebKN^,CHB�RNP#G _ P�WaY,C\KN^,RNY�WaY`P�MQK n R r C\KVebP#Z\Z
K�f>e#K _ r MOP2Wa[ n R�WaY,[QZ � KNC\�(;Ë�^,Cqv,DNP 4 P#B�CHZ8WaKNR�PbWaY`P#C#?LCH^ n,n [ n R r B�CHB�MOMQP#M � [@WaY _�4
WaY`P#ZH[QZCHPbZHP�BFCHelYT?(Y!B�DNP 3 P#P n B�Wa[ _ P>K�f|MQP�B�C n [ n R,?VP¢� r MOKNCHBFWa[QK n ?`B n G _ K�Z\W]K�f|B�MOMuf&^ n ?
B�MQMOK � [ n R _ P�WHK~B r,r CHKNB�elY _h4 � K�CH�¡f&C\K _ f&P#PbMO[ n RNZyK�f|Y!B r,r [ n PbZHZ�B n Gsf&^,MQv,MOM _ P n W#;
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S � Y,P�� �	 d [OMQP#Z S
SN;@S IyB�RN[ n Rq[ n � 	 {�Y`K�WaK�G,[OZ\ZHK�e#[OBFWa[QK n ;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k; ·
SN;È¹ ¨|� r P#C\[ _ P n WaZ]K n�z [QY!B�MO[QG,P>: n [OK n {}Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n ;k;k;h;�;k;h;k; U
SN;=Í jV[ _ ^,MtBFWH[OK n ZLK�f z [OY!BFMO[OG`Po: n [OK n {}Y,K�WHKVG`[OZHZ\KVeb[tBFWH[OK n ;h;k;k;h;�;k;h;k;ÎS#Ï
SN;ÐÏ � Y,P#Z\[OZo>DNPbC\D�[OP � ;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;ÎS�U
��P2f&P#C\P n ebP#Zof&K�C�ILY!B r WHP#C�S°;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;Ñ¹�¹

¹ ¨p£�PbebWa[@DNPhA>B _ [OM@WaK n [tB n f&KNC�jVKNM@D�B�WaP#GJ�JK�MOP#eb^,MtBFCy��K n Z ¹ ·
¹V;@S z P#C\[QDFBFWa[QK n K�f�WaY`Ph¨p£¤P#e2Wa[QD�P�AoB _ [OMQWHK n [OB n ;h;k;k;h;k;h;k;k;h;�;k;h;k;ÒÍ�Ó

¹V;@SN;QS AoB _ [OMQWHK n [OB n f&KNCyWHY,PhjVKNMQ^`WaP¢�EjVKNM@DNP n Woj 4 ZEWaP _ ;k;k;h;�;k;h;k;ÒÍVS
¹V;@SN;Ô¹ � n G,^,ebWH[OK n ¨ n PbCHR 4 K�f�WaY`P�j�KNMQD�P n W¥;h;k;k;h;k;h;k;k;h;�;k;h;k;ÒÍFÏ
¹V;@SN;ÈÍ ¨p£¤P#e2Wa[QD�PkA>B _ [OM@WaK n [OB n f&K�CyWaY,PhjVKNMQ^`WaP¢�EjVK�MQDNP n W�j 4 ZEWaP _ ;h;k;ÒÍNÕ

¹V;È¹ ¨pD�BFMO^!BFWH[OK n K�f|WHY,Pk¨}£¤P#e2Wa[@DNPkA>B _ [OM@WaK n [tB n ;h;k;k;h;k;h;k;k;h;�;k;h;k;ÒÍ�U
¹V;È¹V;QS j�KNMO^`WHP�<yB�Z\[OZ�;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;ÒÍ�U
¹V;È¹V;Ô¹ ILK�^,MOK _�3 [Oe�� n WHP#CaBFebWa[QK n ZJ;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;ÖÏ`S
¹V;È¹V;ÈÍ j�Y,KNC\WE��CHB n RNPi� n WaPbCaB�e2Wa[QK n ZÑ;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;ÖÏNÍ
¹V;È¹V;=Ï z 4 n B _ [Qe#ZyK n WaY`P���KVG,PbM�{1K�WHP n Wa[OB�M�jV^,CEf�B�e#PbZ²;k;k;h;�;k;h;k;ÖÏ�Ï

¹V;=Í z [OZ\e#^,Z\ZH[OK n ;h;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;ÖÏ*×
¹V;=Í`;QS j�KNMQD�P n W\�¦ZHKNMQ^`WaPi[ n WHP#CHB�ebWH[OK n P n P#CHR 4 ;k;k;h;k;h;k;k;h;�;k;h;k;ÖÏ*×



�

¹V;=Í`;Ô¹ ILK _ r BFCH[OZ\K n � [QWHYsK�WaY,PbCWaCHP#BFW _ P n WHZ ;k;h;k;h;k;k;h;�;k;h;k;ÖÏ*Õ
¹V;=Í`;ÈÍ Â�BFMO[OG`[QW 4 K�f�WaY,PkB�G,[OB 3 BFWH[OeiB r,r CHK��V[ _ BFWH[OK n ;k;h;k;k;h;�;k;h;k;Ñ×�S

¹V;ÐÏ jV^ _._ BFC 4 B n G�ILK n e#MQ^,ZH[QK n ;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;Ñ×FÍ
��P2f&P#C\P n ebP#Zof&K�C�ILY!B r WHP#Co¹²;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;Ñ×�×

Í �JK�G,P#M�AoB _ [QMQWHK n [tB n f&KNC z [QY!B�MO[QG,P>: n [OK n Z[ n ILMO^`Z\WaPbCHZ ×FU
Í`;@S ¨}MOP#e2WaC\K n [OekjxWaCH^`ebWa^`CHP�K�f1� �	 B n GJ�EILM � ;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k; · S

Í`;@SN;QS <LB�ZH[Qe�{�C\K r P#C\WH[OPbZo;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k; · S
Í`;@SN;Ô¹ {}C\PbD�[OKN^`Zo¨|� r P#CH[ _ P n WaZ�B n G�IyB�MOeb^,MtB�Wa[OK n Z¡;k;h;k;k;h;�;k;h;k; · Õ
Í`;@SN;ÈÍ z P2WlB�[QMOZyKFf1WHY,P�: 3 � n [QWH[OK.IyB�MQe#^,MOBFWa[QK n Z ;h;k;h;k;k;h;�;k;h;k; · U
Í`;@SN;=Ï ¨ _ r [OC\[Oe#B�M � CHP#BFW _ P n W]K�f}j r [ n �E�C 3 [@W]ILKN^ r MO[ n RX;k;h;�;k;h;k;ÑÕ�S
Í`;@SN;Ô× j�[ _ ^,MOBFWa[QK n KFf|: 3 ZHKNC r Wa[QK n j r PbebWHCaBÖ;k;k;h;k;h;k;k;h;�;k;h;k;ÑÕ�Ï
Í`;@SN; · �]P#Z\^,MQWHZ�B n GJILK _ r B�CH[QZHK n � [@WaY�{}CHPbD�[QKN^,Z � K�CH�c;k;h;�;k;h;k;ÑÕ�Ï
Í`;@SN;ÔÕ ��[@�V[ n RqKFf1WHY,PkIyB�ZHP¡��BN�yj�WlB�WaP#Z z ^,PiWHK.j r [ n �E�C 3 [@W�ILKN^ r MO[ n R²�N×
Í`;@SN;È� j�KNMO^`WHPkILY!B�C\RNP z [OZ\WHCH[ 3 ^`Wa[QK n ;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;Ò� ·

Í`;È¹ jVKNM@DNP n W>�JK�G,P#Mk;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;Ò���
Í`;=Í jVY,KNCEW\���oB n RNPkjVKNMQ^`WaP¢�EjVKNM@DNP n W]� n WHP#CaBFebWa[QK n Z ;k;k;h;k;h;k;k;h;�;k;h;k;Ò���

Í`;=Í`;QS :oCHRNK n ;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;ÒUN¹
Í`;=Í`;Ô¹ I 	 ;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;ÒU ·

Í`;ÐÏ ILK n ebMO^,Z\[OK n ZØ;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"ÓVS
��P2f&P#C\P n ebP#Zof&K�C�ILY!B r WHP#C�ÍÙ;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"Ó�Í

Ï j�WaC\^,ebWH^,CHPhB n G z 4 n B _ [OebZ��JPbWHY,K�G,Z S"ÓNÕ
Ï,;@S :>G,[OB 3 BFWH[Oe z 4 n B _ [Qe#Z ;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"Ó�U

Ï,;@SN;QS ��KNMOPbe#^,MOB�C]ILK�KNCHG,[ n BFWHPkj 4 Z\WaP _ ;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>SNS�S
Ï,;@SN;Ô¹ giP#K _ P2WaC 4  r Wa[ _ [Q§�BFWH[OK n ;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>SNS#Ï
Ï,;@SN;ÈÍ ��KNMOPbe#^,MOB�C z 4 n B _ [OebZ ;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S�¹�S



�`[

Ï,;È¹ »oK n B�G,[tB 3 BFWa[Qe z 4 n B _ [OebZ ;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S�¹ ·
Ï,;È¹V;QS ��[@�VP#G�Ú�^!B n Wa^ _ �EILMOB�ZHZ\[Oe#B�M��JP2WaY,K�G,ZÛ;k;h;k;h;k;k;h;�;k;h;k;>S�¹�Õ
Ï,;È¹V;Ô¹ Ú�^!B n WH^ _ z Pbe#KNY,PbCHP n e#PÖ;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"ÍNÕ
Ï,;È¹V;ÈÍ � Y`P�j�^,C\f�B�ebP2��AoK r,r [ n R8:>MQRNKNC\[QWaY _ ;h;k;k;h;k;h;k;k;h;�;k;h;k;>S�ÏNÍ

Ï,;=Í d KNCHebP#Z�B n G�»oK n B�G,[OB 3 BFWH[Oe�ILKN^ r MO[ n RNZÜ;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S�Ï ·
Ï,;=Í`;QS giP n P#CaBFM d K�C _ ^,MOB�Z�;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S�Ï*Õ
Ï,;=Í`;Ô¹ d [ n [@WaP z [@£�PbCHP n e#P�»oK n B�G,[OB 3 BFWH[Oe�ILKN^ r MO[ n RNZ8;h;k;k;h;�;k;h;k;>S�ÏNU
Ï,;=Í`;ÈÍ {}Y!BFZHPh��BFWHelY,[ n R.K�f|¨}[ORNP n D�P#e2WaKNC\Z°;h;k;k;h;k;h;k;k;h;�;k;h;k;>S�×�S
Ï,;=Í`;=Ï z PbCH[@D�B�Wa[QD�P#ZK�f�WaY`P���KVG,PbM�A>B _ [OM@WaK n [tB n ;h;k;h;k;k;h;�;k;h;k;>S�×�Ï

��P2f&P#C\P n ebP#Zof&K�C�ILY!B r WHP#C]ÏX;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S · Ï

× z 4 n B _ [Oe#ZKFf|� �	 :oC\«.{}Y,K�WHKVG`[OZHZ\KVeb[tBFWH[OK n S · �
×V;@S �JPbWHY,K�G,Z�;k;h;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S�Õ�S

×V;@SN;QS ��KVG,PbM�A>B _ [OM@WaK n [tB n ;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S�Õ�¹
×V;@SN;Ô¹ jxWaCH^`ebWa^`CHP�?!G 4 n B _ [Qe#Zb?(B n G�ZH^,CEf�B�e#P�Y,K r`r [ n R ;k;k;h;�;k;h;k;>S�Õ ·

×V;È¹ ��PbZH^,M@WaZh;h;k;h;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S�ÕF�
×V;=Í z [OZ\e#^,Z\ZH[OK n ;h;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"�N×
×V;ÐÏ ILK n ebMO^,Z\[OK n ZØ;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"��U
��P2f&P#C\P n ebP#Zof&K�C�ILY!B r WHP#Co×²;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"UVS

· � [ _ P2�¦CHP#Z\KNMQD�P#G�{}Y,K�WHKVPbMOP#e2WaC\K n j r PbebWaCHB.KFf|� �	 :oC\«.{}Y,K�WHKVG`[OZHZ\KVeb[tBFWH[OK n S"U�Í
· ;@S �JPbWHY,K�G,Z�;k;h;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"UFÏ
· ;È¹ ��PbZH^,M@WaZ]B n G z [QZHe#^`ZHZH[QK n ;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"U�U
· ;=Í ILK n ebMO^,Z\[OK n ZØ;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹�Ó��
��P2f&P#C\P n ebP#Zof&K�C�ILY!B r WHP#C · ;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹�Ó�U



�V[O[

Õ z 4 n B _ [Oe#ZKFf|� �	 ��I 	 �³«8{}Y,K�WHKVG`[OZHZ\KVeb[tBFWH[OK n ¹VS"¹
ÕV;@S �JPbWHY,K�G,Z�;k;h;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹VS ·
ÕV;È¹ ��PbZH^,M@WaZ]B n G z [QZHe#^`ZHZH[QK n ;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹VS"Õ
ÕV;=Í ILK n ebMO^,Z\[OK n ZØ;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹N¹FÍ
��P2f&P#C\P n ebP#Zof&K�C�ILY!B r WHP#CoÕ²;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹N¹�×

� z 4 n B _ [Oe#ZKFf|�EILM � �¬I 	 �³«q{�Y`K�WaK�G,[OZ\ZHK�e#[OBFWa[QK n ¹N¹�Õ
�`;@S ILMO^,ZEWaPbC>jxWaCH^`ebWa^`CHPÝ;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹�ÍVS
�`;È¹ jVKNM@DNP n Wo¨p£�PbebWHZoK n WHY,Pk¨�MQP#e2WaCHK n [Oei: 3 ZHKNC r Wa[QK n j r P#ebWHCH^ _ ;�;k;h;k;¹FÏNÓ
�`;=Í {}Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK ncz 4 n B _ [OebZX;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹FÏ*×

�`;=Í`;QS A�[ORNYce#B�RN[ n R8Pb¼.e#[QP n e 4 ;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹FÏNU
�`;=Í`;Ô¹ {}C\KVG,^`ebWa[QK n K�fpILM ��Þ �³ß�;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹N×�Ï
�`;=Í`;ÈÍ j�KNMQD�P n W\�¦[ n G,^`e#P#G�G,[QZHZHK�e#[OBFWa[QK n ;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹N× ·
�`;=Í`;=Ï � Y 4 [OZ n K n B�G,[OB 3 BFWH[OekCHP#MOB��`BFWa[QK n KFf��&�EILM � � ß n K�WiK 3 ZHPbC\DNPbG

[ n WaY,P�ZH[ _ ^,MOBFWa[QK n ZlàÒ;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹N×�Õ
�`;=Í`;Ô× �JB�CHeb^,Z r [Oe2Wa^,C\PkKFf1WHY,P�elY!B�CHR�P� ,K � B n GsZHKNM@DFBFWa[QK n G 4 n B _ [OebZy¹N×FU

�`;ÐÏ ILK n ebMO^,Z\[OK n ZØ;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹ · Í
��P2f&P#C\P n ebP#Zof&K�C�ILY!B r WHP#C��Ù;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹ · ×

á �&â|��� � �(+�%,Ì �¤ã ¹ ·�·
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SN;@S {}Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n K�f1� �	 [ n Z\[OG,P�BqZ _ B�MQMTBFWHK _ [Qe�e#MQ^,Z\WHP#Cb;�;h;�;k;h;k; Í
SN;È¹ : n K _ B�MQKN^,ZyelY,B�CHRNPi !K � [ n BqG,[tBFWHK _ [Oe _ KNMQP#e#^`MtB�Cy[QK n ;8;k;h;�;k;h;k; ×
SN;=Í {}Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n K�f1� �	 K n WaY,P�R*B�Z r Y,B�ZHP r K�WaP n WH[tB�M�e#^,CEDNP#Zb;,;k;h;k;ÎS�S

Í`;@S �C 3 [@WlB�M¤e#KNC\CHP#MOBFWa[QK n G,[OB�RNCaB _ f&KNCy� �	 � [@WaY,K�^`W]Z r [ n ��K�C 3 [@We#KN^ r MO[ n R,; · ¹
Í`;È¹ : 3 [ n [QWa[QK r K�WaP n WH[tB�M�e#^,CEDNP#Z�f&KNC�EILM � B n GJ� �	 ;0;k;h;k;h;k;k;h;�;k;h;k; · Í
Í`;=Í �C 3 [@WlB�M¤e#KNC\CHP#MOBFWa[QK n G,[OB�RNCaB _ f&KNCy� �	 [ n e#MQ^,G,[ n RqZ r [ n ��K�C 3 [@We#KN^ r MO[ n R,; · ×
Í`;ÐÏ jVe�BFMOP#G r K�WaP n Wa[tBFMTe#^,CEDNPbZof&KNC� �	 B n G��EILM � ;T;h;k;k;h;k;h;k;k;h;�;k;h;k; ·�·
Í`;È× IyB�MOeb^,MtB�WaP#GsB 3 ZHKNC r Wa[QK n Z r P#e2WaCH^ _ f&CHK _ WHY,P�RNCHK�^ n GsZ\WaBFWaP�K�f1� �	 ;�;k;ÑÕFU
Í`; · IyB�MOeb^,MtB�WaP#GsB 3 ZHKNC r Wa[QK n Z r P#e2WaCH^ _ f&CHK _ WHY,P�RNCHK�^ n GsZ\WaBFWaP�K�f1�EILM � ;1;Ò��Ó
Í`;ÈÕ � n WaP#CHB�ebWH[OK n K�f 	¢ä Y!BFMOKNRNP n BFWaK _ � [QWHYJBFCHRNK n ;�;k;h;k;h;k;k;h;�;k;h;k;ÒUFÏ
Í`;=� {1K�WHP n Wa[OB�MTeb^,C\D�P#Zof&K�C�2� 	 ä �L[ n WaPbCaB�e2Wa[ n R � [QWaY�B�C\RNK n ;Ø;k;k;h;�;k;h;k;ÒUN×
Í`;=U � n WaP#CHB�ebWH[OK n K�f 	¢ä Y!BFMOKNRNP n BFWaK _ � [QWHY�I 	 ;Û;k;h;k;h;k;k;h;�;k;h;k;ÒU��
Í`;@S"ÓË{1K�WHP n Wa[OB�M`eb^,C\D�P#Z}f&KNC1�2� 	 ä ��[ n WHP#CaBFebWa[ n R � [@WaY.I 	 [ n WHY,PyMO[ n P�BFCpB n G

� ��Z\Y!B r P#G�RNP#K _ PbWHCH[QP#Z#;�;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;ÒU�U
Í`;@SNS¥{1K�WHP n Wa[OB�M�e#^,CEDNPbZ�f&KNC�ILM¦� 	 ä ��[ n WaPbCaB�e2Wa[ n R � [@WaY�I 	 [ n WHY,P¡MQ[ n P#B�C

B n G � ��Z\Y!B r P#GJRNP#K _ PbWHCH[QP#Z#;å;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"Ó�Ó

Ï,;@S ��[QRN[OGcI 	 _ KVG,PbMT^,Z\[ n R _ P2WaY,K�GsK�f1e#K n ZEWaCHB�[ n WaZb;¡;k;h;k;k;h;�;k;h;k;>SNS�Í
Ï,;È¹ � B�D�P r B�el�FPbW>G 4 n B _ [Oe#ZK n W � K~ebKN^ r MQP#G r KFWaP n WH[tB�MTZ\^,C\f�BFe#P#Zb;æ;k;h;k;>S"ÍN¹



�V[QD

Ï,;=Í Â�P#e2WaKNC\ZoG,PbZHebCH[ 3 [ n R8WaY,Pk[ n WHP#CaBFebWa[QK n K�f|W � K _ ^`MQWa[ r K�MOP>Z\[QWHP#Z�K n G`[Qft�
f&P#C\P n W _ KNMQP#eb^,MOPbZ#;ç;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S · S

×V;@S jVe�BFMOP#G�B 3 [ n [QWa[QK�R*BFZ r Y!B�ZHP r K�WaP n Wa[tBFMTe#^,CEDNPbZof&KNC� �	 ;�;k;k;h;�;k;h;k;>S�ÕFÓ
×V;È¹ jVP#wx^,P n Wa[tBFM 3 [ n G,[ n R¾P n P#CHR�[OP#Z~K�fkB�C\RNK n WHKÁ� �	 K 3 WaB�[ n P#G�f&C\K _ WaY,P

MOK � P#Z\W�P n P#C\R 4 Z\WHCH^,e2Wa^,C\P#Zb;�;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"��Ó
×V;=Í {}Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n K�f1� �	 :oC2è�é";�;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"�VS
×V;ÐÏ � � :>CEê r C\KVG,^`ebW�G,[OZEWaC\[ 3 ^`WH[OK n ZLf&CHK _ WaY,P�� �	 :oC2è 	 r CHPbe#^,C\ZHKNCb;h;�;k;h;k;>S"��Í
×V;È× <LCaB n elY,[ n RcCaBFWH[OKNZ>f&K�C>WaY,P r C\KVG`^,ebWHZiK�f�� �	 :>C\« r Y,K�WHG,[OZ\ZHK�e#[tB�Wa[OK n BFW

Õ�UNÓ n _ ;æ;k;h;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"� ·

· ;@S d P _ WHKNZHPbe#K n G r Y,K�WHKVPbMOPbebWaC\K n Z r P#e2WaCHK�ZHe#K r 4 K�f�� �	 :>CE« r Y,K�WaK�G,[QZHZHK�e#[ë�
BFWa[QK n ;x;k;h;k;h;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;>S"UN×

· ;È¹ � [ _ P2�¦G,P r P n G`P n W r Y`K�WaK�P#MQP#ebWHCHK n Z r P#ebWHCaB�K�f]� �	 BFW�DFB�C\[OKN^,Z r ^ _ r �
r CHK 3 PiG,PbMtB 4 WH[ _ P#Z#; ;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹�Ó�Ó

· ;=Í � [ _ P2�¦G,P r P n G`P n W r Y,KFWaK�P#MOPbebWHCHK n Z r PbebWHCaB�K�f�� �	 :oCHì � [@WaY¡WHCaB�©\PbebWaK�C 4
Z n B r ZHY,KFWaZ#;J;h;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹�ÓN¹

· ;ÐÏ � [ _ P2�¦G,P r P n G`P n W r Y,K�WHKVPbMOP#e2WaC\K n Z r P#ebWHCaB8K�f1� �	 :>C 	�í ;î;k;k;h;�;k;h;k;¹�ÓFÏ
· ;È× Â�[ 3 CaBFWH[OK n B�M`C\P#MtB��,B�Wa[OK n B n G.ZHKNM@DNP n WªPbDFB r KNCaB�Wa[OK n [ n � �	 :>C 	�í f&KNMQMOK � �

[ n R.P#MQP#e2WaCHK n [OekCHPbMtB��`BFWH[OK n WaK.WaY,P���B*�yWaY`P�RNC\KN^ n G�ïðZ\WaBFWaP�B n GÁ� 3 �
WaY,P�P¢�`eb[QWHP#G�ñòZEWlBFWHP�;];k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹�Ó ·

ÕV;@S jVe�BFMOP#G�B 3 [ n [QWa[QK�R*BFZ r Y!B�ZHP r K�WaP n Wa[tBFMTe#^,CEDNPbZof&KNC� �	 ;�;k;k;h;�;k;h;k;¹VS�Í
ÕV;È¹ jVelY,P _ BFWH[Oe r K�WaP n Wa[tBFMTP n PbCHR 4 ZH^,CEf�B�e#PbZoK�f1ZHK�MQDFBFWaPbGJ� �	 ;u;k;k;h;�;k;h;k;¹VS"×
ÕV;=Í ��B*��¨ n ZHP _�3 MOP]B�D�P#CaBFRNPK�f!WaY`P _ B�R n [QWH^,G,P�K�f(WaY,PyZ\KNMQD�P n W�e#K�KNC\G,[ n B�WaP

B�Z1Bof&^ n e2Wa[OK n K�f!ebMO^,ZEWaPbC|ZH[Q§#PF;� 3 �1<LCHB n elY,[ n R>CHBFWa[QK�f&KNC�WaY`P r C\KVG,^`ebWaZ
K�f1� �	 �¬I 	 �³« r Y,K�WHKVG,[QZHZ\KVeb[tBFWH[OK n B�WoÕ�UNÓ n _ ; ;k;h;k;h;k;k;h;�;k;h;k;¹VS��



��D

ÕV;ÐÏ z 4 n B _ [Oe#ZiKFfyB n P n ZHP _�3 MOP.K�fªÏ,SqWaCaB"©\P#ebWHKNCH[QP#Z r C\K�©\P#e2WaP#G¾K n WaKsWaY,P
ZHKNMQ^`WaP 3 K n G�MQP n RFWaY�B n G�WaY`PcZHKNM@DNP n W.e#K�KNC\G,[ n B�WaP¡f&KNC�óXôÎS · ��B*�
B n GsóJôÙU�� 3 �¢;p;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹N¹�S

�`;@S <yB�C\PJ�EILM � e#^,CEDNPbZ�[OMQMO^,ZEWaCaB�Wa[ n R r Y,K�WHKVP¢�`eb[QWaBFWa[QK n B n G°B�DNP n ^`P#Zcf&KNC
r CHK�G,^,e2Wf&KNC _ BFWH[OK n ;0;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹N¹F�

�`;È¹ ¨|� r P#C\[ _ P n WlBFMOM 4 K 3 ZHPbC\D�P#G r CHK�G,^,e2W 3 CHB n elY,[ n R°CaB�Wa[OK�Z�f&C\K _ r Y,KF�
WaK�G,[OZ\ZHK�e#[OBFWa[QK n K�f1�EILM � �¬I 	 �³«.BFW · ÏNÏ n _ ;É;k;k;h;k;h;k;k;h;�;k;h;k;¹�Í�Ó

�`;=Í �J[ n [ _ ^ _ P n P#CHR 4 Z\WaC\^,ebWH^,CHPbZoKFf|�EILM � �¬I 	 ��«`?!óJô�S2õuS�Ï`;�;h;�;k;h;k;¹�ÍFÏ
�`;ÐÏ jVP#wx^,P n Wa[tBFM 3 [ n G,[ n R�P n PbCHRN[QP#Z8f&KNC _ [ n [ _ ^ _ P n P#C\R 4 Z\WHCH^,e2Wa^,C\P#Z¡KFf

�EILM � �¬I 	 �³«V;h;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹�ÍN×
�`;È× jVKNM@DNP n WoB�Z 4V_._ PbWaC 4 B�Z�B�f&^ n e2Wa[QK n K�fpebMO^,ZEWaP#CZ\[O§bP�f&K�C�EILM � ��I 	 ��«`;ö¹�ÍNÕ
�`; · jV[ _ ^,MtBFWHP#G8B 3 ZHKNC r Wa[QK n Z r PbebWHCaBkf&K�C��EILM � B n G~�EILM � �¬I 	 �³÷�f&CHK _ WaY,P

RNCHK�^ n GsZ\WaBFWaPF;Ò;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹FÏNÍ
�`;ÈÕ :oD�P#CaBFRNP n ^ _�3 P#CyK�f�Z\KNMQD�P n W _ KNMOPbe#^,MQP#ZLMQKNZ\WLf&KNCLP#B�elYsP2� r PbCH[ _ P n WaB�M

r CHK�G,^,e2W.elY!B n,n PbMf&KNMOMQK � [ n R r Y`K�WaK�G,[OZ\ZHK�e#[OBFWa[QK n K�fo�EILM � ��I 	 ��«�BFW
· ÏNÏ n _ ;æ;k;h;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹FÏN�

�`;=� ��K n RF�¦CaB n R�P�CHPbe#K _�3 [ n BFWH[OK n _ P#elY,B n [OZ _ [ n �EILM � �¬I 	 � 	 ;�;h;�;k;h;k;¹N×�¹
�`;=U ��õ`ILM 3 K n G�MOP n R�WaY~DNP#C\ZH^,ZyWH[ _ P�f&K�CLZH[ _ ^,MOBFWaPbG r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n KFf

�EILM � �¬I 	 �³÷";c;k;k;k;k;k;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹N×FÍ
�`;@S"Ó±ILY!B�C\RNP�MOK�e�B�MQ[O§�B�Wa[OK n B n G�ZHKNM@DNP n Woe#K�KNC\G,[ n B�WaPiDNPbCHZH^`ZoWa[ _ P�f&K�C�Z\[ _ �

^,MtB�WaP#G r Y`K�WaK�G,[OZ\ZHK�e#[OBFWa[QK n K�f1�EILM � ��I 	 �³÷�;�;h;k;k;h;k;h;k;k;h;�;k;h;k;¹N×�×
�`;@SNS¥{}CHPbD�[QKN^,ZHM 4 r CHK r KNZ\P#G _ PbelY!B n [QZ _ f&KNC n K n B�G,[tB 3 BFWa[Qe8CHP#MOB��`BFWa[QK n [ n

�EILM � e#MQ^,Z\WHP#C\Z]D�[OB8PbMOPbebWaC\K n WaCaB n Z\f&PbC#;�;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹ · Ó
�`;@S�¹°��P2D�[OZHPbG _ P#elY!B n [OZ _ f&KNC r Y,K�WHKVG`[OZHZ\KVeb[tBFWH[OK n G 4 n B _ [OebZ1[ n �EILM � e#MQ^,ZE�

WaPbCHZ][ n DNK�MQD�[ n R�WHY,PkøùZEWlBFWHP�;°;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹ · ¹
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Í`;@S ¨}MOP#e2WaC\K n BF¼ n [QWH[OP#Z]B n GJZ r [ n ��KNC 3 [QWZ r MO[@WHWH[ n RNZªK�f�WaY,P�Y!B�MQKNRNP n B�WaK _ Z#; · Ï
Í`;È¹ »o^ _�3 PbC�K�f�B�e2Wa[QD�P�KNC 3 [QWaB�MOZ 3 PbMOK n RN[ n RJWaK�P#B�elY¥[OCHC\P#G,^`e#[ 3 MOP¡C\P r C\P2�

ZHP n WaBFWa[QK n K�f�WaY,Pkú 	¦û r KN[ n WR�CHKN^ r f&KNC�EILM � B n GJ� �	 ; ;k;k;h;�;k;h;k;ÑÕFÓ
Í`;=Í j r P#ebWHCHKNZ\e#K r [Oe�e#K n Z\WlB n WHZ�f&K�C� �	 ;�;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;ÑÕ ·
Í`;ÐÏ j r P#ebWHCHKNZ\e#K r [Oe�e#K n Z\WlB n WHZ�f&K�C�EILM � ;ü;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;ÑÕ�Õ
Í`;È× IyB�MOeb^,MtB�WaP#G�B 3 Z\KNC r WH[OK n Z r P#e2WaCaB¡f&C\K _ WaY,PhRNCHK�^ n G�PbMOP#e2WaC\K n [OehZ\WaBFWaP

e#K _ r B�C\P#G � [QWHYsP2� r PbCH[ _ P n WaB�M�CHPbZH^,M@WaZb; ;k;h;k;k;h;k;h;k;k;h;�;k;h;k;Ò�N¹
Í`; · IyB�ZHP~��B*�Le#K _ r KNZH[@Wa[OK n K�f1WHY,P�Z r [ n ��K�C 3 [@We#KN^ r MOPbG�ZEWlBFWHP#Z�K�f1� �	 B�Z]B

f&^ n e2Wa[OK n KFf1WHY,P 3 K n G�MQP n RFWaYT;¥;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;Ò��Í
Í`;ÈÕ IyB�ZHP.��B*��ebK _ r KNZ\[QWH[OK n K�f�WaY,P>Z r [ n ��KNC 3 [QWLe#KN^ r MOPbGcZ\WlB�WaP#ZKFf��EILM � B�Z

B�f&^ n ebWH[OK n K�f�WaY`P 3 K n G�MOP n R�WHYT;�;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;Ò�FÏ
Í`;=� {1K�WHP n Wa[OB�M r BFCaB _ PbWHP#CHZf&KNC� �	 :>C\«V?!� �	 ��I 	 ��«`?,B n G��EILM � ��I 	 �³«V;Ö;k;Ò��U

�`;@S :oD�P#CaBFRNP r C\K r PbC\WH[OP#Z|K�f!WaY,PLMOK � PbC1WHP _ r PbCaBFWH^,CHPy�EILM � �¬I 	 ��«�P n ZHP _ �
3 MOPbZ � [QWHY�ZEWlB n G!B�CHG�G,P2DV[OBFWa[QK n Z[ n�r B�CHP n WHY,P#Z\P#Zb;;h;k;h;k;k;h;�;k;h;k;¹�Í��

�`;È¹ :oD�P#CaBFRNP r CHK r P#CEWa[QP#Z8K�f�WaY,PsY,[QRNY,P#C�WHP _ r PbCaBFWH^,CHPs�EILM � �¬I 	 ��«�P n �
ZHP _�3 MOPbZ � [QWaYsZEWlB n G,B�CHG�G,PbD�[OBFWa[QK n Z[ nsr BFCHP n WHY,P#Z\P#Z#;1;h;k;k;h;�;k;h;k;¹�Í�U

�`;=Í {}CHK r P#CEWa[OPbZK�f1MOK � PbZ\WoP n PbCHR 4 �EILM � ��I 	 ��«qe#MQ^,Z\WHP#C\Z#;�;h;k;k;h;�;k;h;k;¹�Í�U
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�`;ÐÏ {}CHK�G,^,ebW�G,[OZEWaC\[ 3 ^`WH[OK n f&CHK _ Z\[ _ ^`MtBFWH[OK n K�f�EILM � �¬I 	 ��« r Y,K�WaK�G,[QZE�
ZHK�e#[OBFWa[QK n BFW · ÏNÏ n _ ;Ö;h;k;h;k;k;h;k;h;�;k;h;k;k;h;k;h;k;k;h;�;k;h;k;¹FÏ ·

�`;È× {}CHK r P#CEWa[OPbZK�f1MOK � PbZ\WoP n PbCHR 4 ILM � ��I 	 �³«8e#MQ^,Z\WHP#C\Z#;Û;h;k;k;h;�;k;h;k;¹N×FÓ
�`; · {}CHK r P#CEWa[OPbZK�f1MOK � PbZ\WoP n PbCHR 4 � � �¬I 	 �³«8ebMO^,ZEWaPbCHZ#;¥;k;h;k;k;h;�;k;h;k;¹N×FÓ
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¿ � Y,PiWHCH^`WHYJ[QZKN^`WWaY`P#CHPF;=À
¿ � CH^,ZEW n K~K n P�;ÐÀ

� Y,PbZHP~W � K _ B n WHCaB�Z�f&C\K _ WaY`P r K r ^`MtB�C�WHP#MOP2D�[OZH[QK n ZHY`K � ¿ � Y,P8� d [OMQP#ZHÀ
Y!B�DNP�[ n Z r [OC\P#GJWHY,P � KNCH� r C\P#Z\P n WaPbG�[ n WaY`[OZ]WaY,PbZH[OZb;>�¦W>[OZ n K�W>WHY!BFW>�yf&P#P#M�WaY`P#CHP�[OZoB
Y,[QRNYV��MQPbD�P#M�RNK"DNP#C n _ P n W�e#K n Z r [QCaB�e 4 WHK�WaY � BFC\WiKN^`C�CHPbZHP�BFCHelY®K n WaY`P r Y,K�WHKVG,[QZHZ\KVeb[@�
BFWH[OK n G 4 n B _ [Qe#ZK�f _ KNMOPbe#^,MOB�C�[OK n ZL[ n e#MQ^,Z\WHP#C\Z³þ0BFMQWaY`KN^,RNYc[@WY!B�Z]BFWLWa[ _ P#ZLZHP#P _ PbG
MO[Q��P>WHY,P#C\P � B�Z�BqMOK � �¦MOPbD�P#MTebK n Z r [OCHB�e 4 WaK8G,P n 4 [@Wyf&^ n G`[ n R,;���BFWHY,P#Cb?,�LY!B�D�PkG`CaB � n
[ n Z r [QCaBFWH[OK n f&CHK _ WaY,PJ[OG,P#B®WaY,BFW~f&^ n G!B _ P n WlBFM�WHCH^`WHY,Z¡MOB 4 � B�[@Wa[ n R®f&KNC.G,[QZHe#K"D�P#C 4
[ n WaY,PbZHP�Z 4 Z\WaP _ Zb?�WaC\^`WaY`Z>K�f � Y,[QelY�P2� r P#C\[ _ P n WlB�M�Z\WH^,G,[QP#Z>Y,B"D�PqRN[QD�P n K n M 4 B8WlB n �
WlBFMO[O§b[ n R®RNMQ[ _ r ZHPF; � Y,C\KN^,RNY°WHY,P � [ n G,K � K�f _ K�MOP#eb^,MtBFC.Z\[ _ ^`MtBFWH[OK n ?ª�qY,K r P#G°WHK
G,P2DNP#MQK r B�ebK _ r MOPbWHP r [QebWa^`CHP8K�f�WaY,PbZHP.ZH[ _ r MQP�elY,P _ [Oe#B�M}CHP#B�ebWH[OK n Z#? � Y,[QelY¾K�£¤P#C�WHK
WaPbMOMª^,Z8B�RNCHP#BFWqG,P#B�MB 3 KN^`W�Y,K � WHY,PcZ\WHCHK n R�[ n WHP#CHB�ebWH[OK n Z 3 P2W � PbP n B�ZHKNMQ^`WaPsB n G
[QWHZªZ\^,CHC\KN^ n G`[ n RhZHKNM@DNP n WyBF£�PbebWªelY,P _ [OZEWaC 4 ; � Y,PoCaB�RN[ n R r B�CaB n KN[tBiP¢� r CHP#Z\ZHPbG 3*4 WaY`P
ZHPbe#K n GcZHMOK�R*B n [QZyBkCHP _ [ n G,P#C�WaY!B�W 3 [OB�ZHPbZªf&CHK _ WHY,P r BFZ\WyKFfºWaP n e#MOK�^,G¡KN^`CL[ n WHP#C r CHP2�
WlB�Wa[OK n K�f n P � [ n f&KNC _ BFWH[OK n ?�B n G�WHKJv n G¾WaC\^`WaY � P _ ^,Z\WhK r P n K�^,CHZ\P#MQD�P#ZkWaK n P �
[ n WHP#C r CHPbWaBFWa[QK n Zb? n K _ BFW\WaPbCyY,K � ebCaB�§ 4 WaY,P 4 ZHPbP _ BFW]v!C\Z\W�;

� Y,P�elY!B�CHB�ebWHP#CH[Q§�BFWH[OK n K�f r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n G 4 n B _ [Oe#Z�[ n _ B n 4 G,[@£�PbCHP n W
ZHK�MQDFBFWaPbG²P n DV[QCHK n _ P n WHZ³þËe#MO^`Z\WaPbCHZb?hMQ[Owx^,[OG`Z#?�B n GÙZ\KNMO[QG _ BFWHCH[OebP#Z�þ±[OZsB n K n R�KN[ n R



¹

f&K�e#^,Z�K�f _ B"©\KNCTCHPbZHP#B�CHelYT;|:>Z�KN^,C�P2� r P#C\[ _ P n WlB�M�� n K � MQP#G,R�PªK�f�WaY`P#ZHP�Z 4 ZEWaP _ Z�RNCHK � Z#?
ZHKhWaK�KhG,K�P#Z�WaY,P n P#PbG�f&KNC�WaY,PbKNCHP2Wa[Oe#B�M([ n Z\[ORNY*W#?`B n G _ KVG,PbMO[ n R�Y!B�Z 3 P#ebK _ P�B n P�B�C\M 4
P#wx^!BFM r B�CEW n PbCp[ n WHY,PyP2£�KNCEWaZ|WHKi^ n G,PbCHZEWlB n GqWHY,P#Z\Pe#K _ r MOP¢�hG 4 n B _ [Oe#Zb; � Y,PR�K*B�M�K�f
WaY`[OZ]WaY,PbZH[OZo[OZ]WaK r CHK"D�[OG,PhB~ebK _ r MOP2WaP _ K�G,P#M�f&KNCWHY,P r Y`K�WaK�G,[OZ\ZHK�e#[OBFWa[QK n G 4 n B _ [Oe#Z
K�f|BqG,[tBFWHK _ [Oe>[QK n [ n Z\[OG,P�B _ KNMOPbe#^,MOB�CyebMO^,ZEWaP#CK�C�KFWaY,PbCZHKNM@D�B�WaP#G�P n D�[OC\K n _ P n WaZb;

d [QRN^,CHP�S�;QS�[OMQMO^,ZEWaCaB�WaP#ZhWaY,P r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n K�f�B�G,[QY!B�MO[QG,PcB n [OK n ?�� �	 ?
[ n ZH[OG`PhB8Z _ B�MQMTe#MQ^,Z\WHP#C]K�f}B�WaK _ Z#; � Y,Pke#^,CEDNP#Z>CHP r CHP#Z\P n W>WHY,P r K�WHP n Wa[OB�M�ZH^`C\f�B�ebP#Z�K�f
WaY`Pq[OZHK�MtBFWHP#G _ KNMOPbe#^,MQP�? � Y`[OelY®ZHP#CEDNP.B�Z�B n B r`r CHK��V[ _ BFWaP�[ n G,[Qe�BFWH[OK n K�f�WaY,P�f&KNC\e#PbZ
P2� r P#C\[OP n e#P#G 3*4 WaY,P8G,[QZHZ\KVeb[tBFWH[ n R _ KNMQP#e#^`MOP�; d K�MOMOK � [ n R¡P¢�`eb[QWaBFWa[QK n WaK�BcCHP r ^,MOZ\[QD�P
Z\WaBFWaPF?FWHY,PL[QKVG,[ n P�BFWHK _ Z�  4 B r B�C\W1B n G 3 PbRN[ n WaKoP n ebKN^ n WaPbC1WaY`PLZH^`CHCHK�^ n G,[ n R>B�WaK _ Z#;
� n ZHK _ P8e�B�Z\P#Z#?�WaY,P _ K _ P n Wa^ _ f&K�CiG,[OZ\ZHK�e#[tB�Wa[OK n [OZiWaK�KsRNCHP#BFW�f&KNCiWaY,P8ZHK�MQDNP n WhWHK
K"DNPbCHe#K _ PF?yB n G¥Z\KNMQDFBFWHP#G�BFWaK _ [Qe~f&CaBFR _ P n WaZ8B�C\P r CHK�G,^,e#PbGT;�� n K�WaY,PbCqe�B�Z\P#Zb?ªWaY`P
ZHK�MQDNP n WqBFWHK _ ZkB�C\CHPbZ\W�WHY,P¡G`[OZHZ\KVeb[tBFWH[ n Rcf&CHB�R _ P n WaZb? r C\KVG,^`e#[ n RJC\P#e#K _�3 [ n BFWa[QK n K n
K n P¡K�f]WaY,P¡W � K�MOK � P#C r K�WaP n Wa[tBFMªZ\^,C\f�B�ebP#Zb; � Y,PcMOB�Z\W�Z\WaP r [ n�d [QR,;�SN;QS¡[OMOMQ^,Z\WHCaBFWHP#Z
B n [ _ r KNCEWlB n W�G,[@£�PbCHP n e#P 3 P2W � PbP ncr Y`K�WaK�G,[OZ\ZHK�e#[OBFWa[QK n G 4 n B _ [OebZª[ n ebMO^,ZEWaP#C\ZyB n G¡[ n
WaY`P�e#K n G,P n Z\P#G r Y!B�Z\P#Zb;h� n ebMO^,ZEWaP#C\Z#?�P2D�B r KNCHBFWa[QK n KFf�WHY,P�Z\KNMQD�P n WkBFWaK _ Z�f&CHK _ WaY`P
e#MQ^,Z\WHP#CªG,[OZ\ZH[ r BFWaPbZªWaY`P>P n P#CHR 4 C\P#MQP�B�Z\P#G 3*4 WaY,P r Y,K�WHKVP¢�`eb[QWaBFWa[QK n B n G�Z\WaB 3 [QMO[O§bP#Z}WaY`P
CHPbe#K _�3 [ n PbG r CHK�G,^,ebWHZ#;�� n e#K n WH[ n ^,KN^,Z _ P#G,[OB`?�WaY,P.P n PbCHR 4 [QZkG`[OZHZ\[ r B�WaP#G�WaY`CHKN^,R�Y
WaY`PkP¢�Ve#[QWaBFWa[QK n K�f|MOK � f&C\P#wx^,P n e 4 r Y`K n K n _ K�G,PbZ#?!KNCZ\KN^ n G � B�DNPbZ#;

� Y,P]ZH[Q§#PK�f(WHY,PZHKNMQ^`WaP¢��Z\KNMQD�P n W�[ n WaPbCaB�e2Wa[QK n Zp[QZ}RNCHP#BFWaM 4�_ B�R n [@v!P#G�[ n [OK n [Oe
Z 4 ZEWaP _ Z 3*4 WHY,P r C\P#Z\P n ebP.KFf�P2�Ve#PbZHZ�elY!B�C\RNP�K n WHY,P�Z\KNMO^`WHP�;� n P���P 4 f&P�BFWH^,CHPhWaY!BFW
G,[@£�PbCHP n WH[tBFWHP#Z r Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n G 4 n B _ [OebZL[ n~n P#^VWaCaBFM�B n G�elY!B�C\RNP#GcZ r Pbe#[OPbZy[OZ�WaY`P
 !K � K�fWaY,P¡P2�Ve#PbZHZ.elY!B�CHR�P � [QWHY,[ n WHY,P�Z\KNMO^`WHP���BFMOZHK�ZHY,K � n [ n¥d [QR,;@SN;QS"�2? � Y`[OelY�[OZ
Z\WHCHK n RNM 4 ebKN^ r MQP#G¡WHK�WaY,P _ KFWa[OK n K�f�WHY,P>Z\KNMQD�P n W�;}� n G`[tBFWHK _ [Qe[OK n Z�WHY,P#C\P�[OZªB�e#K _ �
r PbWa[@Wa[QK n 3 PbW � P#P n WaY`P 3 K n G,[ n R�f&KNCHebP#Z#? � Y,[OelYcWaP n GcWaK�Z r CHP#B�GsWaY,P�elY,B�CHRNPiK"D�P#CyWaY`P
ZHK�MO^`WHP _ KNMOPbe#^,MQP�?�B n G®WaY,P.elY!B�C\RNP2�¦ZHKNM@DNP n W�[ n WaPbCaB�e2Wa[QK n Z#? � Y,[QelY¾f�B�DNKNCkMOK�e�B�MQ[O§#BFWa[QK n



Í
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II

II

I I

II

recombination

vibrational relaxation

dissociation

790 nm

evaporation of A
r

d [QRN^,CHPhSN;@SN�}{}Y,K�WHKVG,[QZHZ\KVeb[tBFWH[OK n K�f�� �	 [ n Z\[OG,P>B�Z _ B�MQM�BFWHK _ [Oe�e#MO^`Z\WaPbC#;�¨pDFB r KNCaBFWH[OK nK�f�WHY,P�Z\KNMQD�P n WsBFWHK _ Z.KNC _ KNMQP#eb^,MOPbZ~[QZ.WHY,P���P 4�_ P#elY,B n [OZ _ f&K�C~G,[QZHZ\[ r BFWH[ n R�WaY`P
P n P#CHR 4 CHP#MQP�B�Z\P#GJB�ZyWaY`PkZ\KNMO^VWaP�G,[OZ\ZHK�e#[OBFWaPbZ]B n G�CHP#MOB��VP#Zb;



Ï

K�f1WaY,P�elY!B�C\RNPkK n WaK~B.Z\[ n RNMQP�BFWaK _ ;�:>Z]WaY`PkZ\KNMO^VWaP�G,[OZ\ZHK�e#[OBFWaPbZ#?,WaY`PhMQKVe#B�MO[Q§�BFWH[OK n K�f
elY!B�C\RNP8G,CH[@DNPbZ�WHY,PqZHK�MQDNP n WkWHK � B�C\G,ZiWaY,P n BFZHe#P n W�BFWHK _ [Oe�[QK n ;h:yWiWaY,P8ZaB _ P�WH[ _ P�?
WaY`[OZkB�Z 4�_._ P2WaC\[OeqCHPbKNCHRNB n [O§#BFWa[QK n K�f�WaY,P.ZHK�MQDNP n W 3 P#RN[ n ZiWaK�P2�VP#CEW�BsZ\WHCHK n R r KNMtBFCE�
[O§b[ n R�f&KNCHebP�K n WHY,PcZHKNMQ^`WaPF;�: n ^ n P2� r PbebWHP#G�KN^`WaebK _ P�K�f]WaY,[QZ�[ n WHP#C r MtB 4�3 P2W � PbP n
ZHK�MO^`WHP~elY!BFCHRNP~MOK�e�B�MQ[O§�B�Wa[OK n B n GÁZ\KNMQD�P n W�C\P#KNC\R*B n [Q§�BFWH[OK n [QZh[QMOMO^`Z\WaCHBFWaPbG�[ n�d [OR,;@SN;@SN?

� Y,PbCHPLWHY,PLelY!BFCHRNPF? � Y,[QelY�[OZ�ZHY!BFCHP#GqPbwx^!B�MOM 4 BFW�WaY,PªZ\WlBFC\W1K�f!G,[QZHZHK�e#[OBFWa[QK n ?" !K � ZpK n WHK
WaY`P>MOPbZHZªZHKNM@D�B�WaP#G~[OK�G,[ n PoB�WaK _ ?�Bhe#K n ZHPbw�^`P n ebPiK�fTWaY`P r B�CEWa[Qe#^,MOB�C r CHK r P#CEWa[QP#Z�K�fTWaY`P
P2�Veb[QWaPbG�P#MOPbebWHCHK n [Qe�Z\WaBFWaPF;h� n Z\K _ P�e�B�Z\P#Z#?�WHY,[OZ8ÿ������.ÿ������
	8elY!BFCHRNP� !K � CHPbZH^,M@WaZi[ n
WaY`P>ZH^`C r C\[OZH[ n R�PbZHe#B r P>K�f�B 3 B�CHPo� � [OK n f&CHK _ WHY,P>ebMO^,ZEWaPbC#?�©\^,Z\WLK n P>P¢�`B _ r MOP�K�fTWaY`P
_ B n 4 e#K _ r MQP2� 3 P#Y,B"D�[QKNCHZP¢�`Y`[ 3 [@WaP#G 3*4 WaY`P#ZHPkZ 4 ZEWaP _ Z#;

: n K _ BFMOKN^,Z�elY!B�CHR�P� ,K � B�CH[QZHPbZ � Y`P n WHY,P�P#MQP#ebWHCHK n [OepZEWlBFWHP�KFfVWHY,P _ KNMQP#eb^,MOP
Y!B�Z~B�Z\WaC\K n RNM 4 B n Wa[ 3 K n G,[ n R®elY,B�CaB�e2WaPbC#?B�Z8[QMOMO^`Z\WaCHBFWaPbG¥[ n¯d [OR,;LSN;Ô¹�;°ILK n ZH[OG`P#C~B
_ KNMOPbe#^,MQP � [QWHY�W � KsP#MQP#e2WaCHK n [OeqZEWlBFWHP#Z#?�� ����� �ùB n G�� ��� � � ;h� n WaY,P.B 3 Z\P n ebP8K�f
ZHK�MQDNP n W _ KNMQP#e#^`MOP#Zb?}WaY,P 3 K n G,[ n R�[ n WaPbCaB�e2Wa[OK n ZqRN[QD�PcCH[QZHPcWaK®B�G,P#MQKVe#B�MO[Q§#PbG�elY!B�CHR�P
G,[QZ\WaC\[ 3 ^VWa[OK n [ n 3 KFWaY¡WHY,P 3 K n G,[ n R�B n GsB n Wa[ 3 K n G`[ n RkZ\WaBFWaPbZ#?`� ���� ��;`:yWMQK n R 3 K n G
MOP n R�WHY,Z>WaY`P#ZHP�W � KcZ\WaBFWaPbZ 3 Pbe#K _ P�G`P#RNP n P#CHBFWaPF; � Y,[QZ>G,PbRNP n P#CaBFe 4 [QZ>MO[@fºWaPbG 3*4 Z\KNM@�
DFBFWa[ n R8K n P�P n G�K�f1WaY,P _ K�MOP#eb^,MOPF�pWaY,P�RNC\KN^ n GJZ\WaBFWaP�[OZoj�� ����� �öB n GsWaY,PkP2�Veb[QWaPbG
Z\WaBFWaP¡j�� ��� � � ? � Y,PbCHP¥¿aj�À�G,P n K�WaPbZhWHY,P~Z\KNMQD�P n W�;s:yW�ZHY,KNCEWaPbC 3 K n G�MOP n R�WaY,Z�WaY`P
ZHK�MQDNP n W r KNMtBFCH[O§bP#ZyWHY,PhZ\KNMQD�P n W�elY,B�CHRNPkG,[QZ\WaC\[ 3 ^VWa[OK n WaK~B n P¢�VWHP n W>WHY!BFW�G,P r P n G,Z>K n
WaY`P.ZEWaC\P n R�WHY¾K�fªWaY,P8Z\KNMO^`WHP2�¦ZHKNM@DNP n Wk[ n WHP#CaBFebWa[QK n CHPbMtBFWH[QDNP�WHK�WHY,P 3 K n G,[ n R�[ n WaP#CHB�e2�
Wa[QK n ; � Y`P�G,[QCHP#e2Wa[QK n K�f r KNMtB�C\[O§#BFWa[QK n G,P r P n G,Z¡K n WaY,P�P#MQP#e2WaCHK n [Oe�Z\WaBFWaPF;Ë� n WaY`P
RNC\KN^ n GsZ\WaBFWaPiWHY,P�elY!B�CHR�P� ,K � ZWHK � B�C\G�WHY,P _ KNC\PiZHKNM@DFBFWaPbG�P n GT?uj������� ��? � Y,[QMOPi[ n
WaY`P¡P2�Veb[QWaPbG�Z\WaBFWaP¡WHY,P¡elY,B�CHRNP~ !K � Z�WaK � B�CHG¾WHY,P�MQP#ZHZhZHKNM@DFBFWaPbGÁP n G�?�j������� ��?�WaY`P
B n K _ B�MQKN^,Z�elY!B�C\RNP> !K � ;��¦Wye#B n B�MOZ\K 3 P�ZaB�[QG¡WaY,BFWyWaY`[OZLP¢�Ve#[QWHP#GcZEWlBFWHP�Y!B�Z n PbR*BFWH[QDNP
r KNMtB�C\[O§#B 3 [OMQ[QW 4 ;�� n CHP#B�M _ KNMQP#e#^`MOP#Zb?1WHY,P _ B�R n [@Wa^,G`P¡B n G�G,[OC\P#ebWH[OK n K�fyWHY,P�P2�Veb[QWaPbG
Z\WaBFWaP r K�MtB�C\[O§�B 3 [OMQ[QWa[QP#ZyG`P r P n G,Z>K n WaY`P�G,PbWaB�[OMQZoKFfpWaY,P�ZHKNMQ^`WaPhP#MOPbebWHCHK n [QehZEWaC\^,ebWH^,CHPF?



×

bonding

antibonding

bare ion solvated ion
d [QRN^,CHPcS�;Ô¹V�k: n K _ BFMOKN^,ZielY,B�CHRNP8 !K � [ n BsG,[OBFWaK _ [Oe _ KNMQP#eb^,MtB�C>[OK n ;.� n WHY,P 3 B�CHP
[OK n WaY,PqelY!BFCHRNPq[QZiZHY!B�C\P#G�P#wx^!BFMOM 4J3 PbW � P#P n WaY,P�W � K n ^`e#MOPb[p[ n 3 K�WHY 3 K n G`[ n RsB n G
B n Wa[ 3 K n G,[ n R�Z\WaBFWaPbZ#; � Y,P n ZHK�MQDFBFWa[QK n [QZB�Z 4�_._ P2WaC\[Oe�?�WaY,PielY,B�CHRNP�MQKVe#B�MO[Q§#P#ZªK n WaY`P
_ KNCHP�ZHK�MQDFBFWaPbG�B�WaK _ [ n WHY,P�R�CHKN^ n GJPbMOP#e2WaC\K n [Oe�ZEWlBFWHP�?uMOP�B�D�[ n R.MQP#Z\ZoelY!BFCHRNPhG,P n Z\[QW 4
K n WaY`[OZ�BFWaK _ [ n WHY,P�P2�Ve#[@WaP#G�Z\WaBFWaPF;

� Y,[QelYJ[ n WHY,P�Y!B�MQKNRNP n Z[OZ]BF£¤P#e2WaP#G 3*4 Z\WHCHK n R.Z r [ n �¦KNC 3 [@We#K�^ r MO[ n R,;
� Y,[QZ�G,[QZHe#^`ZHZH[QK n G,P _ K n Z\WHCaBFWHP#Z�WHY,P n PbP#GÁf&KNChBJZ\K r Y,[QZ\WH[Oe�B�WaP#G _ K�G,P#M}WHK

^ n G`P#CHZEWlB n G®WHY,P�G 4 n B _ [OebZ�K�f r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n K�f�elY!BFCHRNPbG®Z r Pbe#[QP#Z#;�<LP#e#B�^,Z\PqK�f
WaY`P¡Z\WHCHK n R�[ n WaPbCaB�e2Wa[OK n Z 3 PbW � P#P n ZHKNMQ^`WaP¡B n GÁZ\KNMQD�P n W�?pWHY,P _ KVG`P#M _ ^,Z\W�G,P#Z\e#C\[ 3 P
Y,K � WaY,P�P¢�`eb[QWHP#G±Z\WaBFWaP�Z\KNMO^`WHP�P#MQP#e2WaCHK n [Oe�ZEWaC\^,ebWH^,CHP�[OZ�BF£�PbebWHP#G 3*4 WaY,P�Z\KNMQD�P n W�?

� Y,[QelY¾[OZ � Y!B�WhR�[QDNPbZhC\[OZ\P8WHKJelY,B�CHRNP8 !K � ;�: _ PbWaY`KVG�f&KNC�Y!B n G`MO[ n R�WaY,P.e#K _ r MQP2�
e#^`C\DNP>e#CHK�ZHZH[ n RNZ�WaY!BFW r CHPbe#PbG,P�CHPbe#K _�3 [ n B�Wa[OK n [ n WaY`P>MOK � P#CªZ\WlB�WaP#Zª[OZªB�MOZ\K�C\P#wx^,[OC\P#GT;
� n e#MO^`Z\WaPbCHZb?>WaY,P®ZHK�MO^`WHP2��Z\KNMQD�P n Ws[ n WHP#CaBFebWa[QK n Z _ ^,ZEW 3 P�Y!B n G,MOPbGÙB�W�B _ KNMOPbe#^,MOB�C
MOP2DNPbM¬?TZ\[ n ebP�WaY,PqG,[QP#MQP#ebWHCH[Qe�e#K n WH[ n ^,^ _ WaCHP#BFW _ P n W#? � Y,[OelY®Y!B�Z>K�fºWaP n 3 P#P n ^,ZHPbG®WHK
ZH[ _ r MO[Qf 4 WaY,PbZHP�[ n WHP#CaBFebWa[QK n Z�[ n WaY`P�e#K n G,P n Z\P#G r Y!B�Z\P�?�[OZ�[ n B r,r CHK r C\[tBFWHP�f&K�C~WaY`P
Y,[QRNY,M 4 [ n Y,K _ KNRNP n P#KN^,ZZ\KNMQD�P n Woe#K n v,RN^,CaB�Wa[OK n ZyWaY!B�W�B�CH[QZHP�;



·

� Y,PJCHP _ B�[ n G,P#CqKFf>WaY`[OZ8elY!B r WHP#C r CHK"D�[OG,PbZ~R�CHP�B�WaP#C8ebK n WaP2��W~f&KNCqWaY,P�G,P2�
DNPbMOK r _ P n WhK�fªWaY,P _ KVG,PbM r CHPbZHP n WHP#G�[ n WHY,[OZiWaY`P#ZH[QZ#;�jVP#e2Wa[OK n SN;@S r CHP#Z\P n WaZ�B 3 CH[OP2f
CHP2D�[OP � K�f�WaY,P � KNC\��K n � 	 r Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n ?�B n G�[OZªf&KNMOMQK � P#G 3*4 BqG,PbZHebCH[ r Wa[OK n K�f
WaY`PP2� r PbCH[ _ P n WHZpWaY!B�W�Y!B�DNP]elY!B�CHB�ebWHP#CH[Q§#PbG.G`[OY!B�MQ[OG,PLB n [QK n�r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n ;1jVP#e¢�
Wa[QK n SN;=Í.C\PbD�[OP � Z r C\PbD�[OK�^,Z�BFWHWHP _ r WaZWaK _ KVG,PbMTG,[QY!B�MO[QG,PiB n [OK nsr Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n ?

� Y,[QelY�Y!B�DNP�f&K�e#^,Z\P#G�K n � �	 B n G�<LC �	 ; d [ n B�MQM 4 ?¤jVPbe�;1SN;=Ï r CHPbZHP n WHZ�B n K"DNP#CED�[OP � f&KNC
WaY`P�CHP _ B�[ n G,PbCªK�f�WHY,P>WHY,P#Z\[OZ#?VG,P#Z\e#C\[ 3 [ n R�WaY`P _ K�G,PbMuf&KNC r Y,K�WHKVG`[OZHZ\KVeb[tBFWH[OK n B n G¡[QWaZ
B r,r MO[Oe#BFWa[QK n Z�WaK~B n ^ _�3 PbC�KFf|G,[@£�PbCHP n W�Z 4 ZEWaP _ Z�Z\WH^,G,[OPbG 3*4 P¢� r PbCH[ _ P n W#;

ý 9 ý /h%,�u�����¾���¯- 	 � ���! "��� � �#�#��$ �&%  � � �

� Y,P�C\P#e#K _�3 [ n BFWa[QK n K�f r Y,KFWaK�G,[OZ\ZHK�e#[tB�WaP#G�� 	 [ n ZHKNMQ^`Wa[QK n � B�Z�v!C\Z\WsK 3 �
ZHPbC\D�P#G�[ n WaY`PiP�B�C\M 4 S"UNÍNÓ ½ Z 3*4 d CaB n el��B n GJ��B 3 [ n K � [QWHelYT? � Y,K8e#B�MOMQP#G¡WHY,[OZ r C\KVebP#Z\Z
WaY`P8¿\e�BFRNPLP2£�PbebWaÀ�� S���;p��BFWaPbC#?*»�K 4 P#Z�B n Gqe#K � KNCH�FP#CHZ�e#B�CHC\[OP#G�KN^`WpZ 4 Z\WaP _ B�Wa[OeLZ\Wa^`G,[OPbZ
K�fVWaY,P�Pb£¤P#e2W|KFf,P2�Veb[QWlB�Wa[OK n � B�DNPbMOP n R�WaYqB n GhZ\KNMQD�P n W�DV[QZHebKNZH[@W 4 K n WHY,P�CHP#ebK _�3 [ n BFWH[OK n
CaB�WaP��=¹"õV×��¬; � Y`Phv!C\Z\W>WH[ _ P2�¦CHP#Z\KNMQD�P#G _ P#B�ZH^`CHP _ P n WHZ>K�f}� 	 e�B�RN[ n R.[ n Z\KNMO^VWa[OK n � P#C\P
_ B�G,P 3*4 ¨�[QZHP n WHY!B�M�B n G�e#K � KNCH�FP#CHZh^,ZH[ n R r [OebKNZHPbe#K n G�MtB�Z\P#C\Z�� · ��;~� n WaY,[QZkP¢� r PbCH[@�
_ P n W�B r ^ _ r�r ^`MOZHPhP2�Ve#[@WaPbZ>� 	 WHK~WaY`P�øùZ\WlB�WaP�? � Y,[OelY r CHPbG,[OZ\ZHK�e#[OBFWaPbZ#?uPbDNP n Wa^!B�MQM 4
MOP#B�G,[ n R�WaK¾R�P _ [ n BFWHPsCHP#ebK _�3 [ n BFWH[OK n [ n WaY,P�RNC\KN^ n G¯Z\WlB�WaP�; � Y,P�Wa[ _ PcZ\e�B�MQP�f&KNC
CHPbe#K _�3 [ n B�Wa[OK n � B�Z _ P�BFZH^,C\P#G 3*4�_ K n [QWHKNCH[ n R�WaY,P¡B 3 Z\KNC r WH[OK n K�f]B r CHK 3 P r ^,MQZHP�?

� Y,[QelY � B�ZiWa[ _ P¢��G,PbMtB 4 PbG�f&CHK _ WaY,P r ^ _ r ; d K�MOMOK � [ n R r Y`K�WaK�P2�Ve#[@WlBFWH[OK n ?�WaY,P 4 K 3 �
ZHPbC\D�P#G�B�WHCaB n ZH[OP n W 3 MOP#B�elYs[ n WHY,P r CHK 3 P�B 3 ZHKNC r Wa[QK n K"DNP#CWHY,P�v!CHZEWo¹�Ó r Zb?,f&KNMOMQK � P#G
3*4 B r BFC\Wa[OB�M}CHPbe#K"DNPbC 4 K�fLWHY,P~B 3 ZHK�C r WH[OK n K"DNP#C~S"ÓNÓ�õV¹�ÓNÓ r Z#;c:oMQWHY,KN^,RNY�WaY`P 3 BFZH[Oe
r [QebWa^`CHPqK�f�G,[QZHZHK�e#[OBFWa[QK n ?ue�B�R�[ n R,?TB n G�CHPbe#K _�3 [ n BFWH[OK n ^,ZHPbG�WHKs[ n WaPbC r C\PbWiWaY`P#ZHPqP¢�x�
r P#CH[ _ P n WaZ � BFZhebKNCHC\P#ebW#?�WHY,P8[OG,P#BsWHY!BFW�WaY`P~B 3 ZHKNC r Wa[QK n CHPbe#K"DNPbC 4 � B�Z _ K n [QWHKNCH[ n R
WaY`P�CHBFWaPKFf�G,[@£�^`ZH[QD�P#M 4 �¦e#K n WHCHKNMQMOP#GqC\P#ebK _�3 [ n BFWa[QK n � B�Z�MtBFWHP#C|f&KN^ n G.WHK 3 P][ n e#KNC\CHP#e2W�;



Õ

� n S"UN�*¹�?,»oPbZ 3 [@WHW]B n G�A 4 n P#Z��ÐÕ��TZ\Y,K � PbGJWHY!BFWyWH[ _ P>ZHe#B�MOP�f&K�CyB 3 Z\KNC r Wa[OK n
CHPbe#K"DNPbC 4 e#KN^,MQG 3 P�B�ebe#KN^ n WHP#GÁf&KNC r C\[ _ B�CH[QM 4�3*4 WaY`P�ZHMQK � DV[ 3 CaB�Wa[OK n B�M}CHPbMtB��`BFWH[OK n
K�fi� 	 [ n [@WaZ¡R�CHKN^ n G°P#MQP#ebWHCHK n [Oe�Z\WlB�WaP�; � Y,P�D�[OP � K�fiWaY`P�G,[QZHZHK�e#[OBFWa[QK n G 4 n B _ [Oe#Z
WaY,BFWqY!B�ZqebK _ P¡WaK 3 PsB�ebe#P r WaP#G�Y!B�Z 3 PbP n G,P#Z\e#C\[ 3 P#G¥[ n WHY,P�CHP2D�[OP � K�foA>BFCHCH[QZ�PbW
B�M�;�� ����;�IyB�R�[ n R¾B n G°PbMOP#e2WaC\K n [Oe�CHPbMtB��`BFWH[OK n WaK®WaY,P�R�CHKN^ n G°Z\WaBFWaP�WlB��FP r MtBFe#P�K n
B�CHB r [QG¯Wa[ _ PsZ\e�B�MQP�K�fiMQP#Z\Z~WaY,B n ¹ r Z�B n G°B�CHPsf&KNMOMQK � PbG 3*4 B¾ZHMQK � DV[ 3 CaB�Wa[OK n B�M
CHPbMtB��`BFWH[OK n Z r B n,n [ n R¯B�CaB n R�P®KFfq×�Ó r ZsWaK¥Z\PbDNPbCaB�M n B n KNZHPbe#K n G,Z�G,P r P n G,[ n R¯K n
WaY`PkZ\KNMQD�P n W�; � Y,P�[ n [QWH[tB�M _ [OZH[ n WaP#C r CHP2WlBFWH[OK n K�f1WHY,P r [OebKNZHPbe#K n G�P¢� r PbCH[ _ P n WHZ _ B�G,P
WaY`Pk[ _ r KNCEWlB n W r KN[ n WWHY!BFWWHY,P#KNC\PbWH[Oe�BFM _ K�G,PbMO[ n R�[OZC\P#wx^,[OC\P#GsWaK _ B���P�B8G,Pbv n [QWH[QDNP
[ n WHP#C r CHPbWaBFWa[QK n K�f1WaY,PbZHP��x[ n G,Z]K�f1P2� r P#C\[ _ P n WaZb;

: n P � RNP n P#CHBFWa[QK n K�f>f&P _ WaKNZ\P#ebK n G�P¢� r PbCH[ _ P n WHZ¡K n � 	 G,[QZHZHK�e#[OBFWa[QK n [OZ
B�[ _ PbG0[ n±r B�C\WJBFW�K 3 ZHP#CED�[ n R¯e#KNY,PbCHP n W�D�[ 3 CHBFWa[QK n B�M _ K�WH[OK n KFf�WaY`P�G,[QZHZ\KVeb[tBFWH[ n R
_ KNMOPbe#^,MQP�;Ëj�PbDNPbCaB�MoP2� r P#CH[ _ P n WaZ.Y!B�DNP�K 3 ZHP#CEDNPbGËe#KNY,PbCHP n W¡CHPbe#KN[QMK�fi� 	 f&C\K _ WaY`P
ZHK�MQDNP n W _ K�MOP#eb^,MOPbZ�[ n e#MQ^,Z\WHP#C\Z��ÐUV?LS"Ó��LB n G¾CaB�C\P�R*B�Z _ BFWHCH[Qe#P#Z��ëS�SN?ªS"¹��¬?pB n G¾D�P#C 4
CHPbe#P n WHM 4 [ n R*B�Z r Y!B�ZHPhe#KNMQMO[QZH[OK n Z��ëS"Í��¬;o{1PbCHY!B r Z�ZHK _ P � Y,BFW�Z\^,C r C\[OZ\[ n RNM 4 ?(e#K�Y,P#C\P n W
_ K�Wa[QK n Y!B�Z n K�W 3 P#P n K 3 Z\P#C\D�P#GË[ n Z\WH^,G,[QP#Z¡KFfiY,[OR�Y r C\P#ZHZ\^,CHP�R*B�ZHPbZcB n G¯MO[Qw�^`[OG,Z
� S�Ï�õ(S"Õ��¬;o� n B�MOM�K�f|WaY,P�Z 4 Z\WaP _ Z � Y`P#CHP�[QWoY!B�Z 3 P#P n K 3 ZHPbC\D�P#GT?�ebKNY,P#C\P n W _ K�Wa[QK n K�f
� 	 Y!B�Z 3 PbP n e#K n v!C _ P#G 3*4s_ KNMQP#eb^,MtB�CªG 4 n B _ [OebZ _ K�G,P#MQ[ n R��ëS"�V?�S"U���;

�JK�G,P#MQZoKFf}� 	 G,[QZHZ\KVeb[tBFWH[OK n [ n e#MQ^,Z\WHP#CHZoB n GJe#K n G,P n Z\P#G r Y!BFZHP#ZoY!B�DNP r CHKF�
MO[@f&P#CHBFWaPbG�B n G 3 P#P n ZH^`e#e#PbZHZEf&^,M�[ n MtBFCHRNP r B�C\W 3 P#e#B�^,Z\P.WHY,P _ K�MOP#eb^,MtBFCo[ n WHP#CHB�ebWH[OK n Z
e�B n 3 P�G,P#Z\e#CH[ 3 PbG 3*4 CHPbMtBFWH[QD�P#M 4 ZH[ _ r MOP r B�[QC r KFWaP n WH[tB�MQZ#; � Y,PkR*B�Z r Y!BFZHP r KFWaP n WH[tB�M
e#^`C\DNPbZiK�f}� 	 Y,B"D�P 3 P#P n � PbMOM@�¦elY!B�CHB�ebWHP#CH[Q§#PbG 3*4 Z r PbebWHCHKNZ\e#K r 4 �Ð����; � Y,P�^,Z\P�K�f r B�[OC
r K�WaP n WH[tB�MQZhWHK�Z\Wa^`G 4 BFWHK _ [Qe�B n G _ KNMQP#eb^,MtB�Ck !^,[QG,Z�[OZ�B�MOZ\K � PbMOMLPbZ\WaB 3 MO[QZHY,PbG��=¹�Ó��¬;
� Y,Po��P 4 WaK�WaY`P>ZH^`e#e#PbZHZyKFf�ZH[ _ r MQP _ K�G,P#MQZ#?*Y,K � PbD�P#C#?`Y!B�Z 3 P#P n WaY`P>B 3 [OMO[@W 4 WHKhWaC\P�BFW
WaY`P.PbMOPbebWaC\K n [QeqZ\WaC\^,ebWH^,CHP.K�fL� 	 ? � Y,[OelY�[QWaZ\P#M@fª[QZiCaBFWHY,P#C�ebK _ r MO[Oe#BFWaPbGT?�B�Z�ZHP r B�CHB 3 MOP
f&CHK _ WaY`PJZ\KNMO^`WHP2�¦ZHKNM@DNP n W.[ n WHP#CaBFebWa[QK n Zb; � Y,PJ^ n G,P#C\M 4 [ n R®C\P�B�Z\K n f&KNC�WaY,[QZ8ZHP r B�CaB��



�

3 [QMO[QW 4 [OZoWHY!BFWoWaY,PhP#MOPbebWHCHKNZEWlBFWH[Oe n BFWa^`CHP�K�f|WaY,P _ KNMQP#e#^`MOP�elY!B n R�P#Z�DNPbC 4 MO[@WHWaMQP�^ r K n
G,[QZHZHK�e#[OBFWa[QK n K�C>P#MQP#e2WaCHK n [OehP2�Ve#[@WlBFWH[OK n þ°WaY,PbCHPh[OZ n KcZH[OR n [Qv!e#B n W> !K � K�f�elY!B�C\RNP�f&KNC
P2�`B _ r MQP¢þ±Z\K�WHY!BFW�WaY,P�e#K�^ r MO[ n R 3 P2W � PbP n WHY,PLZ\KNMO^`WHP�B n G�Z\KNMQD�P n Wp[QZ � P#B��(;p: n KFWaY,PbC
CHP#B�ZHK n f&KNC|WaY`PyZH^,ebe#PbZHZ�K�fuZH[ _ r MQP _ KVG`P#MOZ1[OZ|WHY!BFWpWHY,PyG 4 n B _ [Qe#ZpK�f r C\[ _ B�C 4 [ n WaP#C\P#ZEW
[ n WaY`P>P2� r P#C\[ _ P n WaZb? n B _ PbM 4 D�[ 3 CHBFWa[QK n B�M`CHP#MOB��`BFWa[QK n ?xK�e#e#^`CHZLK n B�ZH[ n RNMOPoB�G,[OB 3 BFWH[Oe
r K�WaP n WH[tB�MLZH^,CEf�B�e#PF?ªZ\K®WHY!BFWqWaY`P�G`[Q¼.e#^,M@W8[OZ\ZH^,PcK�f n K n B�G,[tB 3 BFWa[Qe¡WaCHB n Z\[QWa[QK n Z�G`KVPbZ
n K�W]Y,B"D�PkWHK 3 P�e#K n f&CHK n WHP#G�G`[OCHPbebWHM 4 ;

z P#Z r [QWHP�WHY,P�CHP#MOBFWa[@DNPbM 4 � P�B��8ebKN^ r MQ[ n R 3 P2W � PbP n � 	 B n G¡[@WaZ�ZH^`CHCHK�^ n G,[ n RNZ#?
WaY`P#CHP�B�CHP>B n ^ _�3 P#CyKFf r CHK 3 MOP _ Z�[ n � 	 G 4 n B _ [Oe#Z�f&KNC � Y`[OelYcB�G`[tB 3 B�Wa[Oe r BF[OC r K�WHP n �
Wa[OB�MOZkB�C\P n KFW�B�G`P#wx^!BFWHP�;� n P~ZH^,C r CH[QZH[ n RJv n G,[ n R � BFZ�WaY!B�W�B�ZH[ n RNMOP~B�CHR�K n BFWHK _
e#MQ^,Z\WHP#C\P#G � [@WaY�� 	 e#B n 3 PkZH^`¼.e#[QP n W�WaK 3 CH[ n R.B 3 K�^`W�e�B�RN[ n R�þ°WaY,P�¿\K n P2��BFWaK _ e�B�RNP
Pb£¤P#e2WaÀ��Ð¹VSN?�¹N¹���; � Y,PKNC\[ORN[ n K�f(WHY,[OZ1Pb£¤P#ebW�Y,B�Z 3 PbP n WaY`PyZH^ 3 ©\P#ebW�K�f(K n RNKN[ n R�e#K n WHCHKF�
DNPbCHZ 4 ?}[ n � Y,[OelY¾ZHKNM@DNP n WE��[ n G,^,e#PbG n K n B�G,[tB 3 BFWa[Qe8e#KN^ r MO[ n RNZ�Y!B�DNP 3 P#P n [ _ r MO[Qe�BFWHP#G
B�Z8B�MO[Q��PbM 4�_ PbelY!B n [QZ _ �Ð¹�Í�õV¹N×���;¾� n MtB�C\RNP#C�ebMO^,ZEWaPbCHZ#?�MO[Qwx^,[OG,Zb?�B n G _ B�WaCH[Qe#PbZ#?pWaY`P
G 4 n B _ [OebZyK n WHY,P�ZH^ 3 � r [Qe#KNZ\P#ebK n GsWa[ _ P�ZHe�BFMOP>f&KNMQMOK � [ n R r Y,KFWaK�P2�Ve#[@WlBFWH[OK n WaK�WaY`P�ø
Z\WaBFWaPyB�CHPyZEWaC\K n RNM 4 B�£�PbebWaPbG 3*4 n K n B�G,[tB 3 BFWa[Qe�WHCaB n ZH[QWH[OK n Z�WHK r CHPbG,[OZ\ZHK�e#[tB�Wa[QD�PLZEWlBFWHP#Z#;
�JK�G,P#MQ[ n R�WHY,P#Z\P n K n B�G,[OB 3 BFWH[OeiG 4 n B _ [Qe#ZCHPbwx^,[OC\P#ZoB _ PbWHY,KVGcf&KNCG`PbWaPbC _ [ n [ n R�WaY`P
P#MQP#e2WaCHK n [Oehe#KN^ r MO[ n R¡[ n G,^,e#PbG 3*4 WaY`P�ZHKNMQ^`WaP¢��Z\KNMQD�P n W�[ n WHP#CHB�ebWH[OK n Zb;�: n [ n WaP#CHB�ebWH[OK n
_ KVG,PbM¤f&KNCY,B�MOKNR�P n õ�CHB�CHP¢��R*BFZL[ n WHP#CaBFebWa[QK n ZyY,B�ZCHPbe#P n WHM 4c3 P#P n G,P2DNPbMOK r P#G�^,ZH[ n R�WaY`P
G,[OBFWaK _ [OebZE�¦[ n � _ KNMQP#eb^,MOPbZ�B r,r CHK*B�elY��Ð¹N×V?ª¹ · ��B n G°^,ZHPbG°WaKÁZ\[ _ ^`MtBFWHP n K n B�G,[OB 3 BFWH[Oe
G 4 n B _ [OebZoKFf}� 	 r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n [ n BFCHRNK n e#MQ^,Z\WHP#C\Z��Ð¹N×���?¤MQ[Owx^,[OG��VP n K n �Ð¹ · ��?�B n G
ZHK�MO[OG8CHB�CHP¢��R*B�Z _ BFWaC\[OebP#Z��Ð¹NÕ���;p� n ebK n ©\^ n e2Wa[QK n � [@WaY8WaY,P�CHPbe#P n Wªf&P _ WHKNZHPbe#K n G¡P2� r P#C³�
[ _ P n WHZ#?*WaY,PbZHP�ZH[ _ ^,MtB�Wa[OK n ZpZHY`KN^,MOG.RNC\P�BFWHM 4 P n Y!B n ebPoK�^,C�^ n G,PbCHZ\WaB n G,[ n R�KFf�WaY`PoC\KNMOP
ZHK�MO^`WHP2��Z\KNMQD�P n W�e#K�^ r MO[ n R r MOB 4 Zi[ n WaY,PqP#B�CHM 4 WH[ _ P�G 4 n B _ [OebZ>f&KNMQMOK � [ n R r Y,K�WHKVP¢�Ve#[@�
WlB�Wa[OK n ;
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ý 9! "$# Ì � +F��6 � �  ���� �&%s� � %!��� ��� ´ �1� � �¯� ���! "�T� � ���#��$ �&%  � � �
{}Y,K�WHKVG,[QZHZ\KVeb[tBFWH[OK n CHP#B�ebWH[OK n Z.[ n D�KNMQD�[ n R¾elY!B�C\RNP#G�Z r P#e#[QP#Z�[ n DNKNM@DNP _ ^,elY

Z\WHCHK n RNP#Cy[ n WaP#CHB�ebWH[OK n Z 3 PbW � P#P n WaY`P�ZHKNM@DNP n W�B n GcZHKNMQ^`WaPoWaY!B n WaY,KNZ\Pi[ n DNK�MQD�[ n R n P#^V�
WaCHB�M�Z r P#e#[QP#Zb;�:>Z � P�ZHB � [ n�d [OR`;�SN;QS�B n G�WHY,P�G,[QZHe#^`ZHZH[QK n WaY,BFWof&K�MOMOK � P#GT?uWaY,PhP#MQP#e2�
WaC\K n [QeLZ\WHCH^,e2Wa^,C\PK�f!WaY`PyG,[OZ\ZHK�e#[OBFWa[ n R>Z\KNMO^`WHPL[QZpZ\WHCHK n R�M 4 e#KN^ r MOPbG�WaK�Z\KNMQD�P n W _ KFWa[OK n ;
¨}MOPbebWaC\K n [QekC\P#MOB��`BFWa[QK n f&CHK _ WHY,Ph[ n [QWH[tB�MQM 4 P2�Veb[QWaPbG�Z\WaBFWaP�WaK~B~MQK � PbCoZEWlBFWHPh[ n � Y,[QelY
CHPbe#K _�3 [ n B�Wa[OK n e�B n KVebe#^,C8[ n D�KNMQD�P#Z n K�W.K n M 4 B�eb^,C\D�P�e#C\KNZHZ\[ n R`? 3 ^VW¡BFMOZHK®B�f&^ n �
G!B _ P n WaB�MªelY,B n RNPc[ n WaY,P¡elY!B�CaBFebWaPbC�K�fWHY,P�ZHK�MO^`WHP � B�D�P�f&^ n ebWH[OK n ? � Y,[OelY�e#B n 3 P
3 C\KN^,RNY*WJB 3 KN^`WcWaY`CHKN^,R�Y0PbMOPbebWaC\K n WaCaB n Z\f&PbC�K�CcZHKNM@DNP n W�CHP#B�CHCHB n RNP _ P n W�; mon G,P#C³�
Z\WaB n G,[ n RsWaY,P r CHK�e#PbZHZ�KFfyG,[QZHZHK�e#[OBFWa[QK n B n G®CHPbe#K _�3 [ n BFWH[OK n [ n [QK n [Oe8Z 4 ZEWaP _ Z _ B 4
WaYx^,Z r C\K�D�[QG,P���P 4 [ n ZH[QRNY*WaZ�K n WaY,P�[ n WHP#C r MtB 4 K�fVZHK�MO^`WHP2��Z\KNMQD�P n W�[ n WaPbCaB�e2Wa[QK n Z�BF£¤P#e2Wa[ n R
f�B�C _ KNCHPiebK _ r MO[Qe�BFWHP#GcelY,P _ [Qe�B�MTC\P�B�e2Wa[QK n Z#;

� Y,PbCHP.[OZ�B�MQZHKsB _ K�CHP r CHB�ebWH[Oe�BFMpCHP#B�ZHK n f&KNC�WHY,P8CHP#ebP n Wh[ n WaPbCHP#ZEW�[ n e#MQ^,ZE�
WaPbCHZ � [QWaY®[OK n [Oe8elY,C\K _ K r Y,KNC\P#Z#? � Y,[OelY¾[OZ�WaY!BFW _ B�ZHZhZ r P#e2WaCHK _ P2WaC 4�_ B 4�3 P~^,ZHPbG
WaKhZHPbMOP#e2WyZ r Pbe#[Qv,eoC\P�B�e2WlB n WyZ\[O§bP#ZyB n G r C\K"DV[QG,P�BkG,PbWaB�[OMQP#G~B n B�M 4 ZH[OZ�K�f¤WaY,P r CHK�G,^,e2WaZ#;
j 4 Z\WHP _ BFWa[Qe�B�MQM 4 DFB�C 4 [ n RqWaY,PiZ\[O§#PiKFf1WHY,PiCHP#B�ebWaB n WoebMO^,ZEWaPbC r CHK�G,^,ebP#Z�BqG,PbWaB�[OMQP#G _ [@�
e#C\KNZHebK r [Qe r [Oe2Wa^,C\PcK�f]WaY,PcP2£�PbebW8ZHK�MQDNP n W _ KNMQP#e#^`MOP#Z�P2�VP#CEW8K n WaY,PcC\P�B�e2Wa[OK n ^ n G,PbC
Z\WH^,G 4 ;��¦W.[OZ8K�fºWHP n ZaB�[QG�WHY!BFW.e#MQ^,Z\WHP#C r CHK r PbC\Wa[QP#Z r C\K�D�[QG,P�B 3 C\[OG,R�P 3 PbW � P#P n WaY`P
3 P#Y!B�D�[OKNC8K�foWaY,PsC\P�B�e2WlB n WaZ.[ n WaY`P�RNB�Z r Y!B�Z\P�B n G�[ n ebK n Wa[ n ^,K�^,Z _ P#G`[tB`?ªB n G�[QW
[OZhWaCH^`P�WaY!BFW8C\P�B�e2Wa[QK n G 4 n B _ [OebZ�[ n P2DNP n Z _ B�MQMªebMO^,ZEWaP#C\Z _ B 4 CHP#Z\P _�3 MOP�WaY`KNZHPs[ n
e#K n G,P n ZHP#G r Y!B�Z\P#Z#?`BkR�KVK�G8P2�`B _ r MOPK�f � Y,[OelY~[OZpWHY,PoK n P2��BFWaK _ e�B�RNP]P2£�PbebWLB�MOMQ^,G,P#G
WaK�P�BFCHMO[QP#Cb;��]P�B�e2Wa[OK n G 4 n B _ [OebZ�[ n e#MO^`Z\WaPbCHZ _ B 4 B�MQZHK�P2�VY,[ 3 [QWk^ n [Qw�^`P 3 P#Y!B�D�[OK�CHZ#?

� Y,[QelYsB�CHPo[ n WaPbCHP#ZEWa[ n R�[ n WaY,Pb[OCªK � n C\[ORNY*WLB n G�WHP#Z\WyKN^,CL^ n G,P#C\Z\WaB n G,[ n RqK�fTWHY,P>f&^ n �
G!B _ P n WaB�M![ n WaPbCaB�e2Wa[QK n Z 3 PbW � P#P n ZHKNMQ^`WaP�B n G~Z\KNMQD�P n W�; � Y,P]P�©\P#ebWH[OK n K�f¤MOPbZHZ�ZHKNM@DFBFWaPbG
� � ZHY,K � n [ n®d [OR`;|SN;@S.B n G�G,[OZ\e#^,Z\ZHPbG _ KNCHPqP¢�VWHP n Z\[QD�P#M 4 [ n ILY!B r WHP#Ch× r CHK"D�[OG,PbZkB



S�Ó

RNK�KVGcP¢�`B _ r MOP�;
{}Y,K�WHKVG,[QZHZ\KVeb[tBFWH[OK n K�fyWHY,P¡G,[QY!B�MQ[OG,P.B n [QK n � �	 [OZ�[QMOMQ^,Z\WHCaBFWHP#G�[ n�d [OR,;}SN;=Í`;

jVP2DNP#CHB�M>P¢� r PbCH[ _ P n WHZ�K n e#B�RN[ n R¾K�f�<ªC �	 ��I 	 ��«ÁB n G°� �	 ��I 	 ��«®e#MO^`Z\WaPbCHZ�e#B�CHC\[OPbG
KN^`W 3*4 ��[ n P 3 P#C\RNP#C~B n G¯e#K � K�CH��PbCHZ'�Ð¹��`?ª¹�U�� r KNZHPbG±B�Z\[ _ r MOPswx^,P#ZEWa[QK n � � Y!B�W�[OZ
WaY`P.P2£�PbebWkK�f _ [Qe#C\KNZHKNM@DFBFWa[QK n K n WHY,P8CaBFWHPqK�fLC\P#ebK _�3 [ n BFWa[QK n à � Y,[OZiwx^,PbZ\WH[OK n � BFZ
B�G,G`CHP#Z\ZHPbG 3*4�_ P#B�ZH^`CH[ n RyWaY,P 3 CHB n elY,[ n R]CaBFWH[OKNZTf&KNC�G`[OZHZ\KVeb[tBFWH[OK n B n GkCHP#ebK _�3 [ n BFWH[OK n
B�Z>B~f&^ n e2Wa[OK n K�f}ebMO^,ZEWaP#C>ZH[O§bPhf&C\K _ WaY,P 3 B�CHPh[OK n ^ r WaK~e#MO^`Z\WaPbCHZ � [@WaY�BFZ _ B n 4 B�Z
ZHP2DNPbCaB�M(G,KN§bP n I 	 _ K�MOP#eb^,MOPbZ#?*P n KN^,RNY8WaKif&KNC _ f�B�C _ KNCHPyWHY!B n BkebK _ r MOP2WaPZHK�MQDNP n W
ZHY`P#MOMTB�CHKN^ n GcWaY,PkB n [QK n ; � Y`P _ B�©\KNCªv n G,[ n R8K�f�WaY,PbZHP�Z\WH^,G,[OPbZ � B�ZWHY!BFWWaY`Pie�B�RNPbG
f&CaBFebWa[QK n CH[QZHP#Z]DNPbC 4 CaB r [OG,M 4 B�ZoBqf&^ n ebWH[OK n K�f|e#MO^`Z\WaPbCoZ\[O§bP�? 3 Pbe#K _ [ n R.^ n [QW 4s3*4 WaY`P
e#K _ r MQPbWH[OK n K�f�WaY`P�v!C\Z\W.ZHK�MQDFBFWa[QK n ZHY`P#MOM(�Ð¹��`?�¹FU��¬?�ó ôðS"Í�f&KNC.<LC �	 B n G¯óXô S ·
f&KNCc� �	 ; � Y,[OZ � B�ZJBÁZH^,C r CH[QZH[ n R�C\P#Z\^,MQWsRN[@DNP n WHY!BFW 3 PbW � P#P n ÍNÓ�B n G²UNÓ
) K�fh� 	
G,[QZHZHK�e#[OBFWaPbZ>[ n ZHKNMQ^`Wa[QK n � ����?TB n G�[OZ r PbCHY!B r Z�PbD�P n _ K�CHP�Z\^,C r CH[OZ\[ n R¡[ n MQ[ORNY*W�K�f}WaY`P
MtB�WaP#C]v n G`[ n R¡WHY!BFW�BFZ _ ^,elY�BFZ�Ï*Ó
)�K�f�� �	 G`[OZHZ\KVeb[tBFWHP#Z � Y,P n P2�Veb[QWaPbG�BFW>WHY,P�ZHB _ P

� B"D�P#MQP n R�WHY,Z>[ nJr KNMOB�CZHKNM@DNP n WHZ�� ÍNÓ���; � Y,PhCaB r [OG�K n ZHP2W>KFfpe�BFRN[ n R8[ n WHY,P#Z\P�e#MQ^,Z\WHP#C\Z
Y!B�Z 3 P#P n B�WHWaC\[ 3 ^VWaP#G�WHKqWaY,PiZEWaCHK n R8P#MOPbebWHCHKNZEWlBFWH[Oe�[ n WHP#CHB�ebWH[OK n Z 3 PbW � P#P n WHY,PiZHKNMQ^`WaP
B n [QK n B n G�WaY,P.I 	 _ KNMOPbe#^,MQP#Zb?TB�M@WaY,KN^`RNYJWHY,P#C\Pq[OZ>Z\K�f�B�C n KcP2� r MtB n BFWa[QK n f&K�CoWaY`P
G,[@£�PbCHP n e#P 3 P2W � PbP n WHY,P�e#MQ^,Z\WHP#C]CHPbZH^,M@WaZ�B n GcWaY`KNZHPk[ n Z\KNMO^`WH[OK n ;

jV^ 3 ZHP#wx^,P n WhP¢� r PbCH[ _ P n WHZ 3*4 WHY,P���[ n P 3 P#CHR�P#C>R�CHKN^ r Y!B�DNPqelY!B�CHB�ebWHP#C\[O§#PbG
WaY`P r Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n K�f¤� �	 [ n ebMO^,ZEWaPbCHZ � [QWHY¡BiDFB�CH[QPbW 4 KFfTK�WHY,P#C�ZHK�MQDNP n W _ KNMOPbe#^,MQP#Z� Í`S2õ�ÍN×���B n GhK�f`WHY,PªY`PbWaPbCHK n ^,ebMOP#B�C1�EILM � [ n I 	 e#MO^`Z\WaPbCHZ*�ÐÍ · �¬; � Y,PªCHP#Z\^,MQWHZ�f&KNC�B�CHRNK n
Y!B�DNP�ZHK¡f�B�C 3 P#P n WaY,P 3 PbZ\WielY!BFCaB�e2WaP#C\[O§bP#G�B n G�WaY,P _ K�Z\Wo[ n WaPbCHP#ZEWa[ n R,;o<LP#Z\[OG,PbZoWaY`P
CaB r [OGÁK n ZHP2WqK�f]e�BFRN[ n R�B n GÁWaY`P�K 3 Z\P#C\DFBFWH[OK n K�f]e#K _ r MQPbWaP~e�B�R�[ n R 3*4 WaY,PcebMOKNZ\^,CHP
K�f1WaY,P�v!CHZEW�Z\KNMQDFBFWH[OK n Z\Y,P#MQM¬?!W � K n P � r Y,P n K _ P n B � P#C\P�K 3 Z\P#CEDNP#G��CHP#ebK _�3 [ n BFWH[OK n
[ n B n P2�Ve#[@WaPbGÁP#MQP#ebWHCHK n [Oe8Z\WaBFWaP~B n G®WaY,P.P³©\PbebWa[QK n KFf _ [ n [ _ B�MQM 4 Z\KNMQDFBFWHP#G®� � [OK n Z#;
:>M@WaY,K�^,RNY~WHY,P r C\KVG`^,ebWHZyK�fTWHY,P#Z\P�W � K r Y`P n K _ P n B � PbCHPiP2DV[QG,P n Wyf&C\K _ WaY`P�KNCH[QRN[ n B�M
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d [QRN^,CHP�SN;ÈÍV�c{}Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n K�f�� �	 K n WaY`P�RNB�Z r Y!B�Z\P r K�WHP n Wa[OB�MLeb^,C\D�P#Zb; � Y`PZHY`KNC\WHP#CpBFCHCHK � [QMOMQ^,Z\WHCaBFWHP#ZTWaY`PL�³��P2�Ve#[@WlBFWH[OK n ^,Z\P#G�[ n _ KNZ\W�K�f,WHY,P r Y,K�WHKVG,[QZHZ\KVeb[tBFWH[OK n
Z\WH^,G,[QP#Z#? � Y`[OMOP�WHY,P�MOK n RNP#C]B�C\CHK � [ n G,[Qe�BFWHP#ZyWHY,P�CHP#ebP n WaM 4 Z\WH^,G,[OPbG m ÂòP2�Ve#[@WlBFWH[OK n ;



S"¹

P2� r P#C\[ _ P n WaZb?�WaY,P r CHK�e#P#Z\ZHPbZkR�[QD�[ n R~CH[QZHP�WHK¡WaY,P _ � P#C\Pq^ n B _�3 [ORN^,K�^,ZHM 4 [QG,P n WH[Qv!PbG
BFfºWHP#C � B�C\G,ZyWaY,C\KN^,RNY _ KVG`P#MO[ n R��Ð¹NÕV?`Í*Õ��TB n GcWa[ _ P¢��CHPbZHKNM@DNPbGcP2� r PbCH[ _ P n WHZ(�ÐÍ����¬; � Y`P
e�BFRN[ n R�f&CHB�ebWH[OK n Z�[ n �EILM � r Y,K�WaK�G,[QZHZHK�e�B�Wa[OK n B�MOZ\KcCHPbD�P�B�MQP#G®B n ^ n P¢� r PbebWaPbGÁCHPbZH^,M@W��
B�CHB r [OG~[ n ebCHP#B�ZHP�[ n e#B�RN[ n R � [QWHY�e#MQ^,Z\WHP#CLZ\[O§bP�ZH^,G`G,P n M 4 r P�BF��P#GsB�WyóJôX×�B n G¡WaY,P n
CaB r [OG,M 4 G`P#e�B 4 P#G¾WHKJ§bP#CHK+� Í · ��;¡j�KNMQDFBFWHP#G�ILM � [OK n Z�B�CHPqWHY,P8K n M 4 r CHK�G,^,e2WhKFfL�EILM �
r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n f&KNC1ó�MtBFCHRNPbC�WHY!B n S"ÓV;|: r KNZHZ\[ 3 MQPLP¢� r MtB n B�Wa[OK n f&KNC�WaY,[QZ 3 P#Y!B�D�[OKNC
3 B�Z\P#G�K n ZH[ _ ^,MtBFWH[OK n CHP#Z\^,MQWHZ][OZRN[@DNP n [ n ILY,B r WaPbC>�V;

��[ n P 3 PbCHRNPbC�B n G�e#K � KNCH�FP#CHZiY,B"D�PqB�MQZHK¡e#B�CHC\[OPbG�KN^`WoWa[ _ P¢��CHPbZHKNM@DNPbG r ^ _ r �
r C\K 3 P�P¢� r PbCH[ _ P n WHZcK�fk� �	 r Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n [ n e#MO^`Z\WaPbCHZ'� Í*¹V?Í�Í`?yÍNU"õxÏ*Í���; � Y`P
K"DNPbCaB�MQMoC\P#e#K"D�P#C 4 K�fiWaY,P r CHK 3 P�B 3 ZHKNC r Wa[QK n [QZ _ ^,elY _ KNC\P�CaB r [OG�WaY!B n f&K�C¡� 	 [ n
ZHK�MO^`WH[OK n f&KNC�B�MOM*WHY,PªZ\KNMQD�P n W _ KNMQP#e#^`MOP#Z�WHY!BFWpY,B"D�P 3 P#P n Z\WH^,G,[OPbGT? � [@WaY�WaY,PªP2�Ve#P r Wa[QK n
K�fªB�C\RNK n ; � Y`P8WH[ _ P�Z\e�B�MQP8f&K�C�e#K _ r MQPbWaP�B 3 ZHK�C r WH[OK n CHPbe#K"DNPbC 4 [QZ�B 3 K�^`WqS"Ó r Z�f&KNC
BJebK _ r MOP2WaP.ZHKNM@DNP n W�ZHY,PbMOM�K�f�I 	 ?}�Ij¤?1B n G¾» 	 �? 3 ^`WhK n WHY,P~K�CHG,PbC�K�f�¹FÓNÓ r Z
f&KNC¡B�CHRNK n ;�: n P¢� r MtB n B�Wa[OK n f&KNC.WaY,[QZ�G,[Q£¤P#C\P n ebP�[ n WaP#C _ Z¡K�fiWaY,P _ ^,elY � P#B���PbC
3 [ n G,[ n R®P n P#C\R 4 K�f>WHY,PJB�CHRNK n Z\KNMQD�P n W�Y,B�Z 3 P#P n RN[@DNP n � ÏNÏ��oB n G�[OZ8G,[QZHeb^,ZHZ\P#GË[ n
ILY!B r WaP#C · ; � Y,P _ KNZEWªG`CaB _ BFWa[QeyCHPbZH^,M@W�K�f�WHY,P r ^ _ r � r C\K 3 P�P¢� r PbCH[ _ P n WHZªY!BFZ 3 P#P n
WaY`PqK 3 ZHPbC\DFBFWH[OK n K�fLB r P#B���BFWh¹ r Zi[ n WaY,P8B 3 ZHKNC r Wa[QK n CHP#ebK"DNP#C 4 ? � Y,[OelY®Y!B�Z 3 P#P n
BFW\WaCH[ 3 ^`WHP#G¥WaK®e#KNY,PbCHP n W¡CHPbe#K _�3 [ n BFWH[OK n K n WaY`PJñüZ\WaBFWaP¾��Z\P#P d [OR,;yS�;ÈÍ*��� Ï,SN?}Ïx¹,�¬;
� Y,[QZ 3 ^ _ r B r,r P�B�C\Z�B�W�Z\[ _ [OMtBFCoWa[ _ PbZ�[ n I 	 ?|�Ij-� Ïx×���?|B n GÁ» 	 .�ÐÍN×��¬? 3 ^`Wh[OZ
B 3 Z\P n W.[ n B�C\RNK n � Ï*Í���;Á<LB�C 3 BFCaB�B n G�ebK � KNC\��PbCHZ/�ÐÍNÓV?pÏ · õ*Ï*���yY,B"D�P�B�MOZ\K�K 3 ZHPbC\D�P#G
WaY`[OZ r Y,P n K _ P n K n K n WaY`P�ZHB _ P�¹ r Z�[ n WHP#CED�BFM,[ n ZHK�MO^`WH[OK n ?NB n G.Y!B�DNP�ZH^ r,r KNCEWaP#G8WaY`P
B�Z\ZH[OR n _ P n W1KFf,CHPbe#K _�3 [ n B�Wa[OK n [ n WHY,P�P2�Ve#[@WaPbG�Z\WaBFWaP�^,ZH[ n R m Â r CHK 3 P _ P#B�ZH^`CHP _ P n WHZ
� ÍNÓ���; � Y`Pkf�B�e2WWaY!B�W�WHY,P 3 ^ _ r G`[OZaB r,r P#B�CHZ][ n WHY,P m Â r C\K 3 PkB 3 ZHKNC r Wa[QK n ZH^,RNR�P#Z\WHZ
WaY,BFWhWHY,P 3 ^ _ r G,K�P#Z n K�WhB�C\[OZHP8f&CHK _ r CHK 3 P~B 3 Z\KNC r WH[OK n®n P#B�CkWHY,P 3 K�W\WaK _ KFfLWaY`P
RNC\KN^ n G±Z\WaBFWaP � P#MQM¬; z P#Z r [QWaP�WHY,[OZsBFG,G,[QWH[OK n B�MoP2D�[OG,P n e#PF?>WaY,P�BFZHZH[QR n _ P n WsK�f�WaY`P
3 ^ _ r WHKJebKNY,PbCHP n W�CHP#ebK _�3 [ n BFWH[OK n [ n B n P2�Ve#[@WaP#G¾Z\WlB�WaP.CHP _ B�[ n Z�^ n,r C\K�D�P n RN[@DNP n



S�Í

WaY`P�WaC\P _ P n G,K�^,Z�^ n ebP#CEWlB�[ n WH[OPbZ�[ n WHY,P�Z r PbebWaC\KNZHebK r 4 K�f�ZHK�MQDFBFWaPbG�� �	 BFW>MOK n R 3 K n G
MOP n R�WHY,ZªK�CL[ n P2�Veb[QWaPbG�Z\WaBFWaPbZ#;�<yB n [ n P2WyBFM¬;xY!B�DNP>B�MOZ\K�K 3 Z\P#CEDNP#GsebKNY,P#C\P n WLD�[ 3 CaBFWH[OK n
K�f1� �	 [ n [QWaZR�CHKN^ n G�PbMOPbebWaC\K n [QeiZ\WlB�WaPif&KNMOMQK � [ n R r Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n K�f1� �é � Ï*U"õV×�Í���;

: _ P2WaY,K�Gsf&KNCZ\WH^,G 4 [ n R r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n [ n [OK n [Oe�ebMO^,ZEWaP#C\Zo^`ZH[ n R.f&P _ �
WaK�ZHP#ebK n G r Y,K�WHKVPbMOP#e2WaC\K n Z r PbebWHCHKNZ\e#K r 4 � d {�¨�j,��Y!B�ZkCHPbe#P n WHM 4�3 P#P n G,P2DNP#MQK r P#G 3*4
»oPb^ _ B�CH��B n GÁe#K � KNCH�FP#CHZ0� ÍN�`?1×FÏ��¬; � Y,[QZhWHP#elY n [Qwx^,P¡^,Z\P#ZqB r CHK 3 P.WaY!BFWhG,P2WlB�elY,PbZ
WaY`PyP2�Ve#PbZHZ�P#MQP#e2WaCHK n f&CHK _ WaY`P r Y,K�WHKVP¢�Ve#[QWHP#GqebMO^,ZEWaP#Cb;p< 4h_ P�B�Z\^,CH[ n R>WaY`Py�x[ n P2Wa[OeªP n �
P#C\R 4 K�fTWHY,PoG`PbWlBFelY,P#GcPbMOP#e2WaC\K n Z#?`»oPb^ _ BFCH�8B n G~e#K � KNCH�FP#CHZG`PbWaPbC _ [ n P]WaY`P>P#MQP#e2WaCHK n
BF¼ n [@W 4 K�fWHY,P¡WHCaB n Z\[OP n W�Z r P#eb[OP#Zb? � Y,[OelY�[QZ�ZHP n ZH[@Wa[@DNP 3 K�WaY¾WHK�elY,P _ [Qe�B�M 3 K n G,[ n R
[ n WHP#CaBFebWa[QK n Z � [QWaY`[ n WHY,P�ZHK�MO^`WHPqB n G�WHKc[ n WaPbCaB�e2Wa[OK n Z 3 PbW � P#P n WHY,P�ZHK�MO^`WHPqB n G�Z\KNM@�
DNP n W�; d {�¨�j�P¢� r PbCH[ _ P n WHZkK n � �	 :oCHì�Y!B�DNP.elY!B�CHB�ebWHP#C\[O§#PbG®WHY,PqG 4 n B _ [OebZiK�fªG,[OC\P#ebW
G,[QZHZHK�e#[OBFWa[QK n ? � Y,[OMQPLWaY`PyZ r P#e2WaCaB�f&C\K _ � �	 :>C 	�í r Y`K�WaK�G,[OZ\ZHK�e#[OBFWa[QK n G,[QCHPbebWaM 4 WaCaBFel�hWaY`P
G 4 n B _ [OebZiK�f�P#MQP#ebWHCHK n [Oe8B n G�D�[ 3 CaBFWH[OK n BFM1C\P#MtB��,B�Wa[OK n ; � Y,P8� �	 :oC 	�í _ P#B�ZH^`CHP _ P n WHZ
e#K n v!C _ P#G¥WaY`P���[ n P 3 P#CHR�P#CqRNC\KN^ rT½ Z~K 3 ZHPbC\DFBFWa[QK n K�f�MQK n RF�¦MO[@DNP#G¾CHP#ebK _�3 [ n BFWH[OK n [ n
B n P2�Ve#[@WaPbG¾P#MQP#e2WaCHK n [Oe8Z\WaBFWaPF; � Y,P _ KNZ\WkCHPbe#P n W d {�¨�j®Z\WH^,G,[QP#ZkK n � �	 �¬I 	 �³«1�Ð×N×��
G,P _ K n Z\WaCHBFWaP�WHY,P�[ _ r K�C\WlB n e#P�KFfhelY,B�CHRNP� !K � [ n WaY`P®G`[OZHZ\KVeb[tBFWH[OK n K�f�C\P#MOBFWa[@DNP#M 4
Z _ B�MQM|e#MQ^,Z\WHP#C\Z.��ó¥ôæÏx�¢? � Y,P#C\P8WHY,P8CHPbZH^,M@WaZiK�f�WaY,[QZ>WaY`P#ZH[QZ~��ZHPbP~ILY!B r WHP#ChÕN�>[ _ r M 4
WaY,BFWpWaY`PelY!B�CHR�P�MQKVe#B�MO[Q§#PbZ1K n WHK�WHY,PMOPbZHZ}Z\KNMQDFBFWHP#Gq[OK�G,[ n PyBFWHK _ ? 3 ^`W�� � [QZ r CHP2DNP n WHP#G
f&CHK _ P#Z\e�B r [ n R 3x4 [@WaZiZEWaCHK n R�B�WHWaCHB�ebWH[OK n WHK�WHY,P8ZHKNM@DNP n W#;�¨pD�[OG,P n e#P8f&KNCiWaY,PqWHCaB n �
ZH[QP n W�f&KNC _ BFWH[OK n K�fTBkMQP#Z\Z�Z\KNMQDFBFWHP#G.� � [QK n ? � Y,[QelY~[QZ�Z\^ 3 Z\P#wx^,P n WHM 4 e�B r WH^,CHPbG 3*4 WaY`P
ZHK�MQDNP n W�? � B�ZoZHPbP n [ n WHY,P�Z r PbebWaCHB�M�PbDNK�MO^`WH[OK n ;ª� n � �	 ��I 	 �lè�ì>WHY,PhZ r PbebWHCaB¡C\PbDNP#B�MOPbG
Wa[ _ P¡ZHe�BFMOP#Zqf&KNChWaCaB n ZH[QP n W.� � f&K�C _ BFWa[QK n f&KNMQMOK � [ n R�G,[OZ\ZHK�e#[tB�Wa[OK n ?}B n G¥f&KNCqC\P#e#K _ �
3 [ n BFWa[QK n B n G®D�[ 3 CaBFWH[OK n BFM|CHPbMtB��`BFWH[OK n ;�� n B�G,G,[@Wa[QK n WaY,PbCHP � B�Z�ZHK _ P8PbD�[OG,P n e#Pqf&KNC
WaCHB n Z\[OP n WC\P#ebK _�3 [ n BFWa[QK n K n WaY,P>ñÙZ\WaBFWaP>K n Bq¹"õ�Ï r ZLWa[ _ P�ZHe#B�MOPF? 3 ^VW]B�G,Pbv n [QWH[QDNP
B�Z\ZH[OR n _ P n W]e#KN^,MQG n K�W 3 P _ B�G,PF;

��[ n P 3 PbCHRNPbC�B n G�ebK � KNC\��PbCHZ|Y,B"D�PyB�MQZHK]CHPbe#P n WHM 4 Z\WH^,G,[QP#G r Y,K�WHKVG,[QZHZ\KVeb[tBFWH[OK n
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K�f�� �	 [ n WaY,P m Â2� Í�Ï���? � Y,PbCHP�WHY,P�P2�Veb[QWaPbG�Z\WlB�WaP�ebKNCHC\P#MtB�WaP#Z�WaKc� � Þ � ß ?�Z r [ n ��KNC 3 [QW
P2�Veb[QWaPbGc[OK�G,[ n P��&ZHP#P d [OR,;(SN;=Í*�¢;}: n [ n WHP#C\P#Z\WH[ n R�CHP#Z\^,MQWLK�f�WaY`P#ZHPiP¢� r PbCH[ _ P n WHZy[OZ�WaY!BFW
B8CHP#MOBFWa[@DNPbM 4 Z _ BFMOM n ^ _�3 P#C�K�fpZ\KNMQD�P n W _ KNMQP#eb^,MOPbZ#?!MOPbZHZWaY,B n Bqf&^,MOM�Z\KNMQDFBFWH[OK n Z\Y,P#MQM¬?
[OZ]B 3 MOP�WHK~e#B�RNPiWaY,[QZY,[OR�Y,M 4 P2�Ve#[@WaP#G�Z\WaBFWaPhB n Gs[ n G,^,ebPhPbMOP#e2WaC\K n [OeiC\P#MOB��`BFWa[QK n G,K � n
WaK�WHY,PqRNC\KN^ n G�PbMOP#e2WaC\K n [Oe�Z\WlB�WaPqK�f�� �	 ; � Y,[OZi[QZ�BcMtBFCHRNPhZHKNM@DNP n W�P2£�PbebW�?�R�[QDNP n WaY!BFW
WaY`P.Z r [ n ��KNC 3 [QWiZ r MO[@WHWH[ n R�KFfyBFWHK _ [Oe�[QKVG`[ n P�[QZ�B 3 KN^`W8S8PbÂ�;��¦Wh[QZ�B�MOZ\KsBcZH^,C r CH[QZH[ n R
CHPbZH^,M@W�e#K n ZH[OG`P#CH[ n RiWaY!B�W�e#KNMQMO[OZ\[OK n B�MxG,P�B�e2Wa[@D�B�Wa[OK n K�f�� ß [OZpD�P#C 4 [ n P2¼~eb[OP n W�[ n WaY,P]R*B�Z
r Y!BFZHP��Ð× · ��; � Y,P _ K�G,P#M�G,PbZHebCH[ 3 P#G�[ n WHY,[OZ�WaY,PbZH[OZ�B�MOZ\K r C\P#G,[QebWaZ�WaY,[QZ>C\P#MtB��,B�Wa[OK n [ n
I 	 e#MQ^,Z\WHP#CHZq� � Y,[QelY�Y!B�Z 4 PbW n KFW 3 P#P n P¢� r PbCH[ _ P n WaB�MOM 4 K 3 ZHPbC\D�P#G(��B n G�[ n G`[Oe�B�WaP#Z
WaY,BFW]Z\WaBFWaP¢��G,P r P n G,P n W>elY!B�CHR�P� ,K � [OZyWHY,P���P 4 WHK.WHY,P _ PbelY!B n [QZ _ �=×NÕ,�¬;
ý 9!3 4 ��6 ) �&%  � � � ���(' %�� � %!��� ��� ´ ��� � ��� ���! "��� � ���b��$ ��%  � � �

:>ZpWHY,P r C\K 3 MQP _ Z � [QWHY�[ n WHP#C r CHPbWH[ n R�WHY,PyP#B�CHM 4 � 	 P¢� r P#C\[ _ P n WaZ|[ n Z\KNMO^`WH[OK n
r KN[ n WaPbGsKN^`W�?`^ n G,PbCHZ\WaB n G,[ n R.P2� r PbCH[ _ P n WaB�MTZEWa^,G,[QP#Z]K�f r Y,K�WHKVG`[OZHZ\KVeb[tBFWH[OK n CHP#wx^,[QCHPbZ
WaY`P#KNC\PbWa[Qe�B�M _ K�G,P#MQ[ n R`; � Y`[OZ�[OZ r P#C\Y!B r Z�PbD�P n _ KNC\PyWaCH^`Pyf&KNCpWaY,P]G,[QY!B�MQ[OG,PB n [OK n P¢�x�
r P#CH[ _ P n WaZ � Y,PbCHPiWaY,PiZ\KNMO^VWaP2�¦ZHKNM@DNP n W][ n WaP#CHB�ebWH[OK n ZB�CHP _ ^,elYsZ\WaC\K n RNPbC�B n GcRNC\P�BFWHM 4
B�M@WaP#C}WHY,PoPbMOPbebWaC\K n [QeoZEWaCH^`ebWa^`CHP>KFf�WaY`P>G,[QZHZHK�e#[OBFWa[ n R _ K�MOP#eb^,MOPF;|<ªP#e�BF^,ZHP�KFf�WaY`P>MtBFCHRNP
G,[@£�PbCHP n e#P#Z 3 P2W � PbP n WHY,P n P#^`WHCaB�MoB n G¯[OK n [QecZ 4 Z\WHP _ Z#?[ n WH^,[QWH[OK n G,P2DNPbMOK r P#G�f&C\K _
P2� r P#C\[ _ P n WaZ.K n � 	 e#B n 3 P _ [QZHMOP#B�G,[ n R,?�B�Z � P � [OMQMyZHPbP 3 P#MQK � ;�¨|� r PbCH[QP n ebPJY!BFZ
ZHY`K � n WaY,BFW _ K�MOP#eb^,MtBFC _ KVG`P#MO[ n R�[QZyK n PiK�f�WHY,P 3 PbZ\W _ PbWaY`KVG,Z]B�DFB�[QMtB 3 MQP�f&K�CG,PbD�P#M@�
K r [ n R�B n ^ n G,P#C\Z\WaB n G,[ n R>K�f r CHP2D�[OKN^,Z\M 4 ^ n P2� r MQKNCHPbG�G 4 n B _ [OebZ#;1: n B�e#eb^,CaBFWHP _ K�G,P#M
B�MQZHKsB�MQMOK � Z�Z\WH^,G 4 K�f�WHY,P8Z 4 Z\WHP _ Zh[ n � B 4 ZkWHY!BFW�e#B n,n K�W 3 P8P2� r MQKNCHPbG®G`[OCHPbebWHM 4�3*4
P2� r P#C\[ _ P n WaZb;

� Y,P�v,CHZ\W¡ZH[ _ ^,MtB�Wa[OK n Z8K�f�G,[OY,B�MO[QG,PsB n [QK n�r Y`K�WaK�G,[OZ\ZHK�e#[OBFWa[QK n � P#C\P r P#CE�
f&KNC _ PbG 3*4 : _ B�C¡B n G±{�P#CHPbCaB`? � Y,K�P¢�,B _ [ n P#GË<ªC �	 G,[QZHZHK�e#[OBFWa[QK n [ n B�C\RNK n B n G
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I 	 e#MQ^,Z\WHP#C\Z#; mon Wa[QM}DNP#C 4 C\P#ebP n WaM 4 ?|WHY,P#Z\P � P#CHP~WaY,P.K n M 4 Z\Wa^`G,[OPbZhWaKJP2�`B _ [ n P.[ n
G,P2WlB�[QMTWaY,P r CHK�e#PbZHZ\P#Z�K�f|G,[OZ\ZHK�e#[OBFWa[QK n B n GJCHP#ebK _�3 [ n BFWH[OK n65 _ KNZEWoZ\^ 3 Z\P#wx^,P n WiZEWa^,G��
[OPbZ�Y!B�DNP�f&K�e#^`ZHP#G�P¢�`ebMO^,Z\[QD�P#M 4 K n WHY,P�G 4 n B _ [OebZ�K�f�D�[ 3 CHBFWa[QK n B�M�C\P#MtB��,B�Wa[OK n ;�: _ B�C
B n Gs{�P#C\P#CaB _ KVG,PbMOPbG�elY!B�C\RNP� !K � 3*4 B�ZHZ\[OR n [ n RqB r B�CEWa[OB�M¤elY,B�CHRNP�WHKqP�B�elY 3 C\K _ [ n P
BFWHK _ WaY!BFWªDFB�CH[QP#GcB�ZLBhf&^ n e2Wa[QK n K�f�WHY,P 3 K n G�MQP n R�WHYT�}B�ZªWaY,P _ KNMQP#e#^`MOP]G,[OZ\ZHK�e#[OBFWaPbG
WaY`P~elY!BFCHRNP~K n K n P¡BFWHK _ G,Pbe�B 4 PbGÁWaKJ§#P#C\K � Y,[QMOPqWaY`P~elY!BFCHRNP~K n WHY,P~KFWaY,PbC�BFWHK _
[ n e#CHP#B�ZHPbG~WHK�7kSN; � Y,PbCHP � B�ZLB n B _�3 [OR�^,[QW 4 [ n WHY,P _ K�G,P#M![ n G`P#e#[QG,[ n R � Y,[QelY�BFWHK _
WaY`PhelY!BFCHRNPkZHY,K�^,MOG�MOK�e�B�MQ[O§bP�K n WaK,;ª: _ B�C]B n G�{1PbCHP#CHB~[QG,P n Wa[@v!P#GsW � K¡e�BFZHP#Zb�yK n Pk[ n
� Y,[QelY�WaY,PhelY!B�C\RNP�MOK�e�BFMO[O§bP#GsK n WaK~WaY,P _ KNC\PhZ\KNMQDFBFWHP#G�BFWaK _ ? � Y,[OelY�[ n Z\^ 3 ZHPbwx^,P n W

� KNCH�0�Ð×����(Y!BFZ 3 P#P n e�BFMOMOPbG�¿ n KNC _ B�MQÀ�elY!B�C\RNP�Z � [QWHelY,[ n R,?�B n G�B n K�WaY`P#C�[ n � Y,[OelY8WaY`P
elY!B�C\RNPyMQKVe#B�MO[Q§#P#GhK n WaY`PyMOPbZHZ}ZHK�MQDFBFWaPbGqBFWHK _ þ � Y,[OelY�Y!B�Z 3 P#P n e#B�MOMQP#G�¿\B n K _ B�MOK�^,ZHÀ
elY!B�C\RNPqZ � [@WaelY,[ n R,; � Y,P 4 f&KN^ n G�WaY!BFW>WaY,PqG,[QZHZ\KVeb[tBFWH[OK n G 4 n B _ [Qe#Z�B n G�WHY,Pqe�BFRN[ n R
f&CaBFebWa[QK n ? r BFC\Wa[Qe#^,MOB�Cyf&KNC�e#MQ^,Z\WHP#CHZ � [QWHY�K n M 4 B 3 KN^`WoY!B�M@f}B8ZHKNM@DFBFWa[QK n ZHY,PbMOM¬?(G,[@£�PbCHPbG
RNC\P�BFWHM 4 f&KNC>WHY,P�W � K�elY,B�CHRNP�Z � [QWHelY,[ n Rce�B�Z\P#Z#; � Y,P 4 B�MOZ\K¡f&KN^ n G�WaY!BFW>WaY,P�G 4 n B _ �
[OebZ � PbCHP8wx^,[QWHPqZHP n ZH[@Wa[QD�P�WaKcWaY`PqelY,KN[OebP8K�f�Z � [QWHelY,[ n Rsf&^ n ebWH[OK n ? � Y,[OelY � BFZ r [Oel��PbG
ZHK _ P � Y!BFWhB�C 3 [QWaCHB�CH[QM 4J3 Pbe�B�^`ZHP~WHY,P 4 Y,B�G n KJG,[QCHPbebWh� n K � MQP#G,R�P~K�fªWaY,P8PbMOP#e2WaC\K n [Oe
Z\WHCH^,e2Wa^,C\PK�f(WaY,PLG,[OZ\ZHK�e#[tB�Wa[ n R _ KNMOPbe#^,MQP�; � Y,P _ B"©\KNC1MQ[ _ [QWaBFWa[QK n K�f!WaY,Pb[OC _ K�G,P#M � BFZ
WaY,BFW 3 Pbe�B�^,Z\P¡WaY`P~elY!BFCHRNP.Z � [@WaelY,[ n R�G,P r P n G,PbGÁK n M 4 K n WHY,P.ZHKNMQ^`WaP 3 K n G¾MQP n RFWaYT?
WaY`P>ZHK�MQDNP n WyY!B�G n K�G`[OCHPbebWªPb£¤P#e2WyK n WaY,PoZHKNMQ^`WaP�P#MQP#ebWHCHK n [Oe]Z\WHCH^,e2Wa^,C\P¢þ±[@WLebKN^,MQG n K�W
r KNMtB�C\[O§bP>WaY,P�G,[QZHZ\KVeb[tBFWH[ n RqB n [OK n ;

z P#Z r [QWHPhWHY,P�MQ[ _ [QWlB�Wa[OK n ZyK�fpWHY,P _ K�G,P#M�?(WHY,P�P#B�CHM 4 Z\Wa^`G,[OPbZ 3*4 : _ BFC>B n G
{1PbCHPbCaB¯Y,B"D�P _ B�G,P�ZHP2DNPbCaB�Mk[ _ r K�C\WlB n W�e#K n WaC\[ 3 ^VWa[OK n ZcWaK�KN^,Cs^ n G,PbCHZEWlB n G`[ n R¯K�f
r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n G 4 n B _ [OebZ#; d [OCHZEW�?�WHY,P 4 ZHY,K � P#G�WHY,P8[ _ r K�C\WlB n e#PhK�fLZEWaC\^,ebWH^,CaB�M
e�BFRN[ n R`?�[ n � Y,[OelY8BFWHK _ Z|KNC _ KNMQP#e#^`MOP#Z|BFW|WHY,P8¿\e#B r À r KNZH[@Wa[QK n Z#?F[¬;ÐP�;FB�MOK n R>WaY`PyZHKNMQ^`WaP
3 K n G�B��V[OZb?!B�ebW�BFZ]B r B�C\WH[Oe#^`MtB�C\M 4 Pb¼.e#[QP n W�e�B�R�[ n R _ P#elY!B n [OZ _ ;�j�P#e#K n GT?(B n G _ KNCHP
[ _ r KNC\WaB n WaM 4 ?�WaY`P 4 [OG`P n Wa[@v!P#G�WaY,P8[ _ r KNC\WaB n WiCHK�MOPqK�fLelY!B�CHR�P8 ,K � [ n G,PbWHP#C _ [ n [ n R
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WaY`P�G 4 n B _ [OebZ>K�fpG,[OZ\ZHK�e#[tB�Wa[OK n B n G�e�B�R�[ n R,; � Y,Pb[OC>Z\^,RNRNPbZ\WH[OK n Z�f&KNC�[ _ r CHK"D�[ n R8WaY`P
_ KVG,PbM,f&KNC}WaY,P>B n [QK n P#MOPbebWHCHK n [QeoZEWaC\^,ebWH^,CHP 3x4 [ n e#K�C r KNCaBFWH[ n RkB 3 [ n [@Wa[QKie�B�MQe#^,MOBFWa[QK n Z
B n G®B _ K�CHP�Z\K r Y,[QZ\Wa[Qe�BFWHP#G�elY!B�C\RNP8G,[OZEWaC\[ 3 ^`WH[OK n R�CHP�B�WaM 4 [ n  ,^,P n ebP#G�WaY,P8ebKN^,CHZ\P8K�f
WaY`P � K�CH��C\P r KNC\WHP#G�[ n WaY`[OZ>WHY,P#Z\[OZ#; d [ n B�MQM 4 ?(WHY,P 4 CHPbe#KNR n [O§bP#G�WaY`P r K�ZHZH[ 3 MOPh[ _ r K�CE�
WlB n e#P~K�f]P2��WaP n G,PbG n K n B�G,[OB 3 BFWH[Oe8e#K�^ r MO[ n RJB n GÁZ\^,RNRNPbZ\WaPbG¥^,ZH[ n R�B�Z\P _ [OebMtB�Z\ZH[Oe#B�M
_ KVG,PbMoWHK¥WHCHP#BFW�WaY`P n K n B�G,[OB 3 BFWH[OeJG 4 n B _ [Oe#Zb?>B n K�WaY`P#CcP#Z\ZHP n WH[tB�M�f&P#BFWa^`CHP�K�f�WaY`P
_ KVG,PbM�B�G,K r WaP#GJ[ n WaY`[OZ]WaY,PbZH[OZb; z PbZ r [@WaP�WaY,Pb[OC _ B n 4 [ n Z\[ORNY*WaZ][ n WHK.WHY,P r CHK 3 MOP _ K�f
_ KVG,PbMO[ n R¡B n [OK n�r Y,K�WHKVG,[QZHZ\KVeb[tBFWH[OK n ?(: _ B�C>B n G�{�P#CHPbCaB _�4 Z\WHP#C\[OKN^,Z\M 4 R*B�DNPq^ r K n
WaY`P r CHK 3 MOP _ ?pMQP�B�D�[ n R�f&^`Wa^`CHP _ KVG`P#MO[ n RJWHK�K�WHY,P#C\Z _ K�CHP¡ebMOKNZ\P#M 4 B�Z\ZHK�e#[OBFWaPbG � [QWHY
WaY`PkP¢� r PbCH[ _ P n WHZ#;

{}[Oel�x[ n R.^ r � Y`P#CHP�: _ B�CyB n G�{1PbCHP#CHB.MQPbfºWKF£|?!{1B r B n [O��K�MtB�Z]B n G�ebK � KNC\�N�
P#C\Z8� Ïx¹V?u×F�`?u×�U���G,P2DNPbMOK r P#G�B _ KNCHPiP¢�VWHP n Z\[QD�P _ K�G,PbMTf&KNCyWaY,P r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n K�f
� �	 ��I 	 ��«�e#MQ^,Z\WHP#C\Z#; � Y,P#[QC _ B�©\K�C�[ _ r CHK"D�P _ P n W8WaK�WaY,P r C\PbD�[OK�^,Z _ K�G,P#M � B�ZqWHK
B�MQMOK � WHY,P>Z\KNMO^`WHP>PbMOP#e2WaC\K n [Oe�Z\WHCH^,e2Wa^,C\P>WaK�CHP#Z r K n G�G,[QCHP#e2WaM 4 WaK�WHY,P>Z\KNMQD�P n WyWaY`CHKN^,R�Y
BcW � KF�¦G,[ _ P n ZH[OK n B�MpelY!BFCHRNP¢��Z � [@WaelY,[ n RJf&^ n ebWH[OK n ; � Y,[QZ � B�Z _ K�WH[QDFBFWHP#G�[ n®r B�CEW 3*4
WaY`P#[OC�v n G`[ n R�WaY!B�WªWHY,P>Z\[ _ r MOP 3 K n GV�¦MOP n R�WaY���G,P r P n G,P n WLelY!B�CHR�P2��Z � [QWHelY,[ n Rkf&^ n e2Wa[OK n
^,Z\P#G�[ nsr CHP2DV[QKN^,Z]Z\WH^,G,[QP#Z r CHP2DNP n WHP#G�WHY,Pk� �	 f&C\K _ C\P#e#K _�3 [ n [ n R,?`B.C\P#Z\^,MQWWHY!BFW � BFZ
e#MQP�B�C\M 4 ^ n,r Y 4 Z\[Oe�BFM¬;�� n WaY`P�Z r [QCH[@W¡K�f�PbMOPbebWaC\K n WaCHB n ZEf&P#C¡WHY,P#KNC 4 ?WaY`P 4 G`Pbv n PbG0B
K n P¢��G,[ _ P n ZH[QK n B�M>¿\Z\KNMQD�P n Wke#K�KNCHG,[ n BFWHP#ÀsB n G�^,Z\P#G¾B 3 [ n [@Wa[OK~e�B�MQe#^,MOBFWa[QK n ZoK�fL� �	 [ n
B�^ n [Qf&K�C _ PbMOP#e2WaC\[Oecv!P#MQG¯WHK®v,W.WaY`PJelY!BFCHRNP¢��Z � [@WaelY,[ n R�f&^ n ebWH[OK n B�Z~B�f&^ n ebWa[QK n K�f
WaY`P 3 K n GËMOP n R�WaY±B n G°WaY,P�Z\KNMQD�P n Wse#K�KNCHG`[ n BFWHP�; <LPbe�B�^`ZHP�K�f�WaY,P�ebK _ r MOP¢�`[@W 4 K�f
WaY`P�P2�Ve#[@WaPbG®ZEWlBFWHP�P#MQP#e2WaCHK n [OehZ\WaC\^,ebWH^,CHPF?TWaY,P 4 G`P#e#[QG,P#G�K n M 4 WaK _ K�G,P#M�WaY,P�R�CHKN^ n G
P#MQP#e2WaCHK n [Oe�Z\WaBFWaPJ[ n WaY,[QZ � B 4 B n G¯f&K�e#^,Z~K n ZEWa^,G 4 [ n R¾WaY`P�Pb£¤P#e2W�K�f�elY!B�CHR�PJ !K �
K n DV[ 3 CaB�Wa[OK n B�M�CHPbMtB��`BFWH[OK n ;�jV[ _ ^`MtBFWH[OK n ZKFfpWaY,PhP2�Ve#[@WaPbG�Z\WaBFWaPhG 4 n B _ [Oe#Zo^,ZHPbG�WaY`P
RNC\KN^ n G�ZEWlBFWHP�elY!BFCHRNPhZ � [QWHelY,[ n R¡f&^ n e2Wa[OK n B n G � PbCHP�[ n WHP n G`P#G�K n M 4 B�Z�B _ P#B n ZoK�f
r C\P r B�C\[ n R.B n [ n [QWa[OB�M�P n ZHP _�3 MQPhB�W�WHY,PiWaK r K�f1WaY,P�RNC\KN^ n G�Z\WaBFWaP � PbMOMTf&KNC _ K�G,P#MQ[ n R
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WaY`PLZH^ 3 ZHPbw�^`P n W�DV[ 3 CaB�Wa[OK n B�M*CHPbMtB��`BFWH[OK n ; � Y`P#[OC�v n G,[ n RNZb?�ZH^ r,r K�C\WaPbG 3*4 Z\^ 3 ZHPbwx^,P n W
_ KVG,PbMO[ n R8K�f�� �	 D�[ 3 CHBFWa[QK n B�M�C\P#MOB��`BFWa[QK n 3*4 <LP n ©HB _ [ n P2WiB�M�;([ n�r KNMOB�CoMQ[Owx^,[QG,Z�� · Ó��¬?
� P#CHPsWaY,BFW.elY!B�CHR�P� !K � MOP�BFG,ZqWaK�DNP#C 4 CaB r [OG�D�[ 3 CHBFWa[QK n B�MyP n P#C\R 4 WaCHB n ZEf&P#C8[ n WaY`P
^ r,r P#C r KNC\WH[OK n K�f1WHY,P�RNCHK�^ n GsZ\WaBFWaP � P#MOMTB n GsWaY!BFWWHY,PiK"DNPbCaB�MQM�CaBFWHPiK�f�DV[ 3 CaB�Wa[OK n B�M
CHPbMtB��`BFWH[OK n � B�ZhD�P#C 4 f�B�Z\W#?|K n WaY,P~KNCHG`P#C�KFfiS r Z�� Ïx¹�?|×F���¬;Jgi[QD�P n WHY!BFWkWaY,P~K�D�P#C³�
B�MQM�CHBFWaPkf&KNC]WaY,PqB 3 ZHKNC r Wa[QK n C\P#ebK�D�P#C 4 � B�Z�K n WHY,P�K�CHG,PbC>K�f]S"Ó r Z#?uWaY,P 4 Z\^,RNRNPbZ\WHP#G
WaY,BFW�WaY,P.CHPbe#K _�3 [ n BFWH[OK n WH[ _ P#Z�[ n � �	 � PbCHP.ZH^ 3 ZEWlB n WH[tB�MQM 4 MQK n RNPbCiWaY!B n WaY`P.D�[ 3 CaB��
Wa[QK n B�MxC\P#MtB��,B�Wa[OK n þ0B]CHP2DNP#C\ZaB�M`K�f,WaY`P 3 PbY!B�D�[OKNC1[ n WHY,Py� 	 Z 4 Z\WaP _ ? � Y`P#CHPªDV[ 3 CaB�Wa[OK n B�M
CHPbMtB��`BFWH[OK n � B�Z�B�M � B 4 Z�WHY,P�CaBFWHP2�¦MO[ _ [QWH[ n R�ZEWaP r ;

: n BFMQWaPbC n B�Wa[QD�P r KN[ n W�K�fqD�[OP � Y!BFZ 3 PbP n�r C\P#Z\P n WaPbG 3*4 <LB�C 3 BFCaB°B n G
e#K � KNCH�FP#C\Z#? � Y,K¥Y!B�D�P _ K�G,P#MQP#G°� �	 D�[ 3 CHBFWa[QK n B�M]C\P#MtB��,B�Wa[OK n [ n Z\KNMO^`WH[OK n B n G°WaY`P
CHPbZH^,M@Wa[ n R r ^ _ r � r C\K 3 P~Z r PbebWaCHB9� ÍNÓ���; � Y,P 4 Y!B�DNP¡Z\^,RNRNPbZ\WHP#G¾WHY!BFW 3 Pbe�B�^`ZHP¡KFfLWaY`P
d CaB n el�*�³ILK n G,K n f�BFebWaK�CHZqK n M 4 WHY,PcMOK � P#ZEWqf&P � DV[ 3 CaB�Wa[OK n B�M�Z\WlB�WaP#Z _ B��FPcZH^ 3 ZEWlB n �
Wa[OB�MTebK n WaCH[ 3 ^`WH[OK n ZyWHK.WHY,PkB 3 Z\KNC r WH[OK n C\P#e#K"D�P#C 4 ? � Y`[OelY�[QZyWaYx^,Z r CH[ _ BFCH[OM 4 ZHP n ZH[QWH[QD�P
WaKJDV[ 3 CaB�Wa[OK n B�M�CHPbMtB��`BFWH[OK n BFW�WHY,P 3 K�WHWHK _ K�fWaY`P�� �	 � PbMOM�; � Y,[QZ�P2� r MOB n BFWH[OK n CHP2�
wx^,[OC\P#Z}WaY,BFW�WaY,PD�[ 3 CHBFWa[QK n B�M`CHP#MOB��`BFWa[QK n [OZ�Y,[QRNY,M 4 n K n P2� r K n P n WH[tB�MuB n G r C\KVebP#P#G`ZLBFW
B _ ^`elY�f�B�Z\WHP#C�CHBFWaP�BFW�Y`[ORNY�DV[ 3 CaB�Wa[OK n B�M�P n P#CHR�[OP#Zb? � Y,[QelY�[OZoe#K n Z\[OZEWaP n W � [@WaY 3 K�WHY
WaY`Ph{1B r B n [O��K�MtB�Z(� Ïx¹V?(×F����B n G�<LP n ©HB _ [ n � · Ó���ZEWa^,G`[OP#Zb; � Y,P#[QC _ K�G,P#M�B�MOZ\K~BFZHZH^ _ PbZ
WaY,BFW}WaY,PC\P#ebK _�3 [ n BFWa[QK n G 4 n B _ [OebZ�B n G8[ n [QWa[OB�MxZ\WHP r Z�K�fuDV[ 3 CaB�Wa[OK n B�M�CHP#MOB��`BFWa[QK n �&^ r
WaKk×FÓ
)òK�f(WHY,PyWaK�WaB�MVD�[ 3 CaBFWH[OK n B�MVP n P#C\R 4 �|KVebe#^,C}K n B>WH[ _ PLZ\e�B�MQPK�fuMOP#Z\ZpWaY!B n Í�ÓNÓof&Z#;
� Y,PªG,[Q£¤P#C\P n ebP#Z|[ n WHY,P�CHP#ebK _�3 [ n BFWH[OK n G 4 n B _ [OebZ r CHK r KNZHPbG�f&KNC�WaY`PªMQ[Owx^,[OGkB n G�e#MQ^,ZE�
WaPbCyZ\WH^,G,[QP#Z r KNZHZ\[ 3 M 4 CHPb ,P#ebWLWaY,P�G`[Q£¤P#CHP n e#PbZ[ n G 4 n B _ [Oe#Z 3 P2W � PbP n WaY,PoW � K _ P#G,[OB`?
MO[Q��PbM 4 B�CHPbZH^,M@WK�f�WaY,P _ ^,elYsRNCHP#BFWaPbCyG,P n ZH[@W 4 [ n WaY,PiMQ[Owx^,[OG�;}jVK�f�B�Cb?`Y,K � PbD�P#C#?!WHY,P#C\P
Y!B�DNP 3 P#P n.n KiZH[ _ ^,MtBFWH[OK n Z1K�f(WHY,PG,[OZ\ZHK�e#[OBFWa[QK n�r C\KVebP#ZHZ}[ n WaY,PMQ[Owx^,[QGT?�Z\K�WHY,P#C\P[OZ n K
B�G,G`[QWa[QK n B�MuPbD�[QG,P n ebPkWHKqZH^,R�RNP#ZEWoWHY!BFW]ÍNÓ�Óqf&ZC\P r C\P#Z\P n WaZ>B r MtB�^,Z\[ 3 MQPoWH[ _ P�ZHe#B�MOP�f&KNC
CHPbe#K _�3 [ n B�Wa[OK n B n G�ZH^ 3 Z\WlB n WH[tB�M(D�[ 3 CHBFWa[QK n B�M!C\P#MOB��`BFWa[QK n WHKhWlBF��P r MOB�e#P��&WHY,P>ebMO^,ZEWaPbC
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ZH[ _ ^,MOBFWa[QK n Z�e#MOP#B�CHM 4 r CHPbe#MO^`G,P�WaY,[QZ r KNZHZ\[ 3 [QMO[@W 4 �¢;�� n f�B�ebW>WaY,PqB 3 ZHKNC r Wa[QK n CHPbe#K"DNPbC 4 ?
[ n e#MO^`G,[ n RqWHY,P r MtB�ebP _ P n W>KFfpWaY,Pke#K�Y,P#C\P n W 3 ^ _ r BFWi¹ r Z#?uK�e#e#^`CHZ>K n Z\[ _ [OMtBFCLWa[ _ P
ZHe#B�MOPbZ�[ n 3 K�WaY�WaY`P.ebMO^,ZEWaPbCHZkB n G�MO[Qwx^,[OG,Zb;��¦Wk[OZ�WHY,P#C\Pbf&KNC\Pqwx^,[QWHP r KNZ\ZH[ 3 MOP�WHY!BFWiWaY`P
r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n G 4 n B _ [OebZ}B�C\P _ KNC\PLZ\[ _ [OMtBFC�WHY!B n Y!B�Z 3 P#P n ZH^,RNR�P#Z\WHP#GT?VB n G�WHY,[OZ
[OZebP#CEWlB�[ n M 4 B n B�CHP#B � Y,PbCHP _ KNCHPiP¢�VWHP n Z\[QD�P _ KVG,PbMO[ n R � KN^,MOG 3 PiDNP#C 4 ^,ZHP2f&^,M¬;

�JK�G,P#MQZ�K�f�� �	 [ n MQ[Owx^,[QG,ZpY!B�DNP]f&K�e#^,Z\P#G.P n Wa[QCHP#M 4 K n D�[ 3 CHBFWa[QK n B�M�CHPbMtB��`BFWH[OK n
[ n WHY,P�RNCHKN^ n G�Z\WlB�WaP�;|<LP n ©HB _ [ n B n G � Y,[QW n P#MQMNZ\WH^,G,[QP#G�DV[ 3 CaB�Wa[OK n B�M�C\P#MOB��`BFWa[QK n K�f`� �	
[ n P2WaY!B n KNM(B n G � BFWaPbCª^,Z\[ n R _ KNMOPbe#^,MOB�C|G 4 n B _ [Qe#Z�ZH[ _ ^,MOBFWa[QK n Z � [@WaY.B�v`�VP#G~elY!B�CHR�P
_ KVG,PbM�� · S:�¬;²A 4 n PbZcB n G°ebK � KNC\��PbCHZcY!B�DNP�G,PbD�P#MOK r PbG±B®W � KF��ZEWlBFWHP�DFB�MOP n e#P 3 K n G
_ KVG,PbM|WaKcZEWa^,G 4 WaY,P8Pb£¤P#e2WkK�f�elY!B�CHR�P8 ,K � K n WaY,P8CHBFWaPqK�f�D�[ 3 CHBFWa[QK n B�M�CHPbMtB��`BFWH[OK n
� · ¹V? · Í���;}:XZH[ _ r MQ[Qv!PbG.D�P#C\ZH[OK n K�f�WaY,[QZ _ KVG,PbM � B�Z^,Z\P#G 3*4 <ªP n ©HB _ [ n PbW]B�M�;;� · Ó��T[ n
_ KNMOPbe#^,MOB�CoG 4 n B _ [Qe#Z�Z\[ _ ^`MtBFWH[OK n Zb? � Y`[OelY�f&KN^ n G�WHY!BFW�WHY,P�Y,[QRNY,M 4 n K n P2� r K n P n WH[tB�M
CHPbMtB��`BFWH[OK n � BFZ]B�G,[OC\P#ebWyCHP#Z\^,MQWyK�f�[ n ebMO^,G`[ n R�WHY,PiB�G`[tB 3 B�Wa[Oe�elY!B�C\RNP� !K � ;}:>Z[ n WaY`P

� KNCH��K�f]{1B r B n [O��K�MtB�Z�PbW�B�M¬;@?�ZH[ _ ^,MtBFWH[OK n Z�K n WHY,P~P¢�Ve#[QWHP#GÁZEWlBFWHP � P#C\P¡^,Z\P#G�ZHK�MOP#M 4
WaK r C\K�D�[QG,P~[ n [QWH[tB�M|e#K n G`[QWa[QK n Z�f&KNC�WaY`P~ZEWa^,G 4 K�fªD�[ 3 CHBFWa[QK n B�MpC\P#MOB��`BFWa[QK n ;���B�G,B n 4 [
B n G�{|B�C\ZHK n � · Ï��1Y!B�DNP�B�MOZ\K~C\P#e#P n WaM 4 Z\WH^,G,[QP#G�D�[ 3 CaBFWH[OK n BFM�CHP#MOB��`BFWa[QK n [ n � �	 �¬I 	 �³«
e#MQ^,Z\WHP#C\Zh^,Z\[ n RsWaY`P~{1B r B n [O��K�MtB�Z _ KVG,PbM � [QWHY¾BJI 	 _ KVG`P#M|WHY!BFWhB�MOMQK � Z 3 P n G,[ n R
B n Gif&KN^ n GiWaY!BFW�WHY,P}D�[ 3 CHBFWa[QK n B�M�CHPbMtB��`BFWH[OK n [QZ�K n M 4 � P�B��xM 4 BF£¤P#ebWHP#G 3*4 WaY,P�B�G`G,[QWH[OK n
K�f1[ n WaCHB _ KNMOPbe#^,MOB�Cª !P¢�V[ 3 [QMO[QW 4 [ n WHY,P�ZHKNM@DNP n W#;

:>M@WaY,K�^,RNY�WaY`P�CHKNMQP�K�f�elY!BFCHRNP� !K � [ n G,[QY!B�MQ[OG,PhB n [QK n D�[ 3 CHBFWa[QK n B�M�CHPbMtB��x�
BFWH[OK n [QZ n K �Û� P#MOMªP#ZEWlB 3 MQ[OZ\Y,P#GT? _ B n 4 w�^`P#Z\WH[OK n ZqCHP _ B�[ n ^ n B n Z � P#CHPbG�B 3 KN^VW�WaY`P
CHK�MOP�KFfªelY,B�CHRNP� ,K � [ n WaY,PqG 4 n B _ [Qe#Z�K�f�e#B�RN[ n RcB n G�C\P#e#K _�3 [ n BFWa[QK n ; � KcG!BFWaP n K
ZH[ _ ^,MOBFWa[QK n Z�Y!B�DNPG,P _ K n Z\WaCHBFWaPbG�WaY,PLe#KNY,PbCHP n W�P¢�`eb[QWHP#GqZ\WaBFWaPC\P#ebKN[OMxWaY!B�W}[OZpY 4 r K�WaYV�
P#Z\[O§bP#G¾WHK r C\KVG,^`e#P~WHY,P 3 ^ _ r BFWq¹ r Z#; � Y,P~CaB r [QG¾K n ZHPbW�K�fe#B�RN[ n R � [@WaY¾ebMO^,ZEWaPbC
ZH[Q§#P � B�Z]K n M 4 r B�CEWa[tBFMOM 4 P¢� r MtB�[ n P#G 3*4 WaY`P � KNC\��K�f1: _ B�C]B n GJ{1PbCHP#CHB`; � Y,P#C\P�BFMOZHK
CHP _ BF[ n Zhe#K n WaC\K"DNP#C\Z 4 B 3 KN^VW�WaY,P~Wa[ _ P¡Z\e�B�MQP#Z�f&K�ChWaY`Pce�B�RN[ n R�B n G�CHP#ebK _�3 [ n BFWH[OK n
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[ n e#MQ^,Z\WHP#C\ZoD�Z#;]ZHK�MO^`WH[OK n ?(BFZ � P#MOM�B�Z]WaY`P�^ n P¢� r MtB�[ n P#GJK 3 Z\P#C\DFBFWH[OK n K�fpK n M 4 r BFC\Wa[OB�M
e�BFRN[ n R�[ n Z\KNMO^VWa[OK n ;¥»oK�ZH[ _ ^,MOBFWa[QK n Z�K�fo�EILM � r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n � [QWHY¯[@WaZq^ n P¢�x�
r P#ebWHP#G,M 4 MOK � e�B�R�[ n R�f&CHB�ebWH[OK n Z|Y!B�DNP�ZHKif�B�C 3 P#P n.r ^ 3 MO[OZ\Y,P#G�; mon G`P#CHZEWlB n G,[ n RkK�f(WaY`P
m Â r Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n P¢� r P#C\[ _ P n WaZ�B�MQZHKiC\P#wx^,[OC\P#Z�B _ PbelY!B n [QZ _ f&K�CpWaY,PPbMOP#e2WaC\K n [Oe
CHPbMtB��`BFWH[OK n KFf1WHY,P�Z\WlB�WaP#Z]G,[QZHZ\KVeb[tBFWH[ n R�WHK.� � Þ � ß ;

ý 9=< �h����� � ��>�?u� + ? � �*¶
�¦Wª[OZ�e#MQP�B�C}f&CHK _ WaY,P r C\PbD�[OKN^`ZªZ\[ _ ^,MOBFWa[QK n ZpWHY!BFWªB _ K�G,P#M,WHK�B n Z � P#CªWHY,P#Z\P

B n G¾K�WaY,PbC�^ n C\P#Z\KNMQD�P#G¥[OZ\ZH^,PbZ�[ n G`[OY!B�MQ[OG,P.B n [OK nÁr Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n _ ^,Z\W�P2��WaP n G
r C\PbD�[OKN^`Z�WaCHP#BFW _ P n WHZ.[ n WaY,P�f&K�MOMOK � [ n R � B 4 Zb; d [OC\Z\W�?}WHY,P#C\P _ ^,Z\W 3 PsB�e#K _ r MQPbWaP
_ KVG,PbM�f&KNCWaY`PkPbMOPbebWaC\K n [QekZEWaC\^,ebWH^,CHPkK�f�WaY,PkZHKNMQ^`WaP�[ n WHP#CHB�ebWH[ n R � [QWHYcWaY,PkZHKNM@DNP n Wo[ n
B�Z\WaBFWaP¢��G,P r P n G,P n W _ B n,n PbC#;�j�P#e#K n G�þ0B�C\P#wx^,[OC\P _ P n W n K�W�P2� r MO[Qe#[@WaM 4®_ P n Wa[QK n PbG
B 3 K"DNP¢þ 3 Pbe�B�^`ZHP�K�f}WHY,P�P¢�Ve#P#Z\ZielY!B�C\RNPhWHY,P�PbMOP#e2WaC\K n [Oe r KNMtB�C\[O§#BFWa[QK n K�fpWaY`P�ZHK�MQDNP n W
_ KNMOPbe#^,MQP#Z _ ^,Z\W 3 P�[ n e#MO^`G,P#G¥[ n WaY,P _ KVG`P#MªWHK�RN[QD�P�CHP#B�MO[QZ\WH[Oe¡[ n WaP#CHB�ebWH[OK n¾r K�WHP n �
Wa[OB�MOZb;ijVK _ P r CHP2DV[QKN^,Z _ K�G,P#MQZ>Y!B�DNPq[ n e#MQ^,G,PbG�WaY,P�ZHKNM@DNP n W r KNMOB�CH[Q§�BFWH[OK n ? 3 ^`W n K n P
Y!B�DNP>e#K _�3 [ n PbG~WaY`[OZ � [QWaY¡B n BFe#e#^`CaBFWHP>G,PbZHe#C\[ r WH[OK n K�fTWHY,PoP¢�Ve#[QWHP#GcZEWlBFWHPoPbMOP#e2WaC\K n [Oe
Z\WHCH^,e2Wa^,C\P�; d [ n BFMOM 4 ?ªWHY,P _ K�G,PbM _ ^,ZEWcRNK 3 P 4 K n G0B n B�GËY,K�e�WHCHP�B�W _ P n WsK�fiWaY`P
n K n B�G,[tB 3 BFWa[Qe�KNCqZ\^,C\f�B�ebP2�¦Y,K r,r [ n R�G 4 n B _ [OebZ#; � Y,P � KNCH�ÁG`P#ZHebCH[ 3 PbG¯[ n WHY,[OZ�WHY,P2�
ZH[QZ�CHP r CHP#Z\P n WaZkWaY,P _ KNZ\W�ebK _ r CHPbY,P n Z\[QD�P¡Pb£¤KNCEWiWaK�G,PbD�P#MOK r Z\^,elYÁB _ K�G,PbM|f&KNC�WaY`P
G,[QY!B�MO[QG,P�B n [OK n Z#;

z ^,C\[ n R®WaY,P�ebKN^,C\ZHP�K�fiWHY,[OZ~G,PbD�P#MQK r _ P n W�?�<yBFWH[OZEWlB¾B n G0ILKN��PbC@�Ð¹NÕ��oCHP2�
r KNC\WHP#G�WaY,P�v,CHZ\W n K n B�G,[OB 3 BFWH[Oe�Z\[ _ ^`MtBFWH[OK n Z�K�f r Y,K�WHKVG`[OZHZ\KVeb[tBFWH[OK n [ n � �	 :oC\«c^`ZH[ n R
BhZ\P _ [OP _ r [QCH[Qe�B�M _ K�G,P#M,f&KNC�WaY`P>P#MQP#e2WaCHK n [Oe]Z\WHCH^,e2Wa^,C\P>WaY,BFW�? � Y,[OMQP]ZH[ _ r MQP#C}WaY!B n WaY`P
_ KVG,PbMxG,P#Z\e#CH[ 3 PbG8Y,P#C\P�?NC\P r C\KVG,^`e#P#G�WHY,PyPbZHZHP n Wa[tBFM`G 4 n B _ [OebZ1WHY!BFW}BFCHPyBFMOZHK>K 3 ZHPbC\D�P#G
[ n KN^,C _ KVG`P#M¬; � Y,[QMOPyWaY`[OZ � BFZL[ n Z\K _ P � B 4 ZªG,[OZHB r,r KN[ n Wa[ n R,?�WHY,P]f�B�ebW�WaY,BFW�W � Kh[ n �
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G,P r P n G,P n W�B r`r CHK*BFelY,P#Z r CHK�G,^,ebP#GcZH[ _ [QMtB�C|CHP#Z\^,MQWHZLY!BFZL[ n e#CHP#B�ZHPbG�WaY,Poe#K n v!G,P n e#Pi[ n
3 K�WaY _ KVG`P#MOZb;|:yWWHY,P�ZaB _ P>WH[ _ P�?xWaY,Pb[OCªZ\Wa^`G 4 MQPbfºWyK r P n WaY,P n PbP#GcWaK�G,PbD�P#MOK r�n P �
e#K n e#P r WaZ�B n GÁB r,r CHKNB�elY,P#ZkWaK�^ n G,PbCHZEWlB n G�WaY,P.e#K _ r MQP2� n K n B�G,[OB 3 BFWH[OeqG 4 n B _ [OebZ#?

� Y,[QelYJY!BFZ 3 P#P n B _ B�©\KNCLf&K�e#^,Z]K�f1KN^,C � KNC\�u;
� Y,PsCHP _ BF[ n G,PbCqK�f�WaY,[QZ�WaY,PbZH[OZq[QZqKNCHRNB n [O§bP#G�B�Z�f&KNMQMOK � Z#;�ILY!B r WHP#CHZ~¹"õxÏ

G,[QZHe#^`ZHZyWaY`P _ K�G,P#M � PiY!B�DNP�G,PbD�P#MQK r PbGcWaK�Z\[ _ ^,MOBFWaP r Y,K�WHKVG`[OZHZ\KVeb[tBFWH[OK n K�f�G,[QY!B�MO[QG,P
B n [QK n Zb;ØILY!B r WaP#C�¹�G,P#Z\e#CH[ 3 PbZ�B¥RNP n P#CaBFMhAoB _ [OMQWHK n [OB n ^,Z\P#GÙWHK¯G,P2WaPbC _ [ n P�WaY`P
P#MQP#e2WaCHK n [Oe�Z\WHCH^,e2Wa^,C\P�K�fkB _ B n [@f&KNMOG¥K�f�Z\KNMO^VWaP�Z\WlB�WaP#Z¡[ n WHY,P r CHP#Z\P n ebP�K�f�Z\WHCHK n R
ZHK�MO^`WHP2��Z\KNMQD�P n Wi[ n WHP#CHB�ebWH[OK n Zb;iILY!B r WaPbCiÍ¡WaY,P n G,[OZ\e#^,Z\ZHPbZiY,K � WHY,[OZ>A>B _ [OM@WaK n [tB n [OZ
PbDFB�MQ^!BFWHP#Ghf&K�C�WHY,PªG`[OY!B�MQ[OG,P�B n [OK n Z�[ n WHP#CHB�ebWH[ n R � [QWaY�I 	 B n G�B�CHRNK n ?�B n G�G,[QZHe#^`ZHZHPbZ
RNP n P#CHB�MO[Q§�BFWH[OK n Z¤WaK]K�WaY`P#C�ZHKNM@DNP n W _ KNMOPbe#^,MQP#Z#;1ILY!B r WaPbC1Ï�G,P#Z\e#C\[ 3 P#Z�Y,K � WaY`P�G 4 n B _ �
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f&KNC8G,[QZHZHK�e#[OBFWa[QK n ?�CHPbe#K _�3 [ n BFWH[OK n ?LB n G¯D�[ 3 CHBFWa[QK n B�MLCHP#MOB��`BFWa[QK n [ n WaY,PbZHP�ebMO^,ZEWaPbCHZ#;
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�Ð×FÏ��k<>; � ;ugiCHPbP n 3 MtB�WHW�?!��; � ; Ã B n,n [�?!B n G z ;(�®;(»oP#^ _ B�C\�(?LILY`P _ ;({�Y 4 Z#;u��PbW\W�; GH F�?u×�¹�Í��ES"UNU · �2;
�Ð×N×��k<>; � ;ugiCHPbP n 3 MtB�WHW�?!��; � ; Ã B n,n [�?!B n G z ;(�®;(»oP#^ _ B�C\�(? � ;uILY`P _ ;ujVKVeF;

d B�CaBFG!B 4 � CHB n Zb;Q?�ZH^ 3,_ [@WHWHP#GT;
�Ð× · � z ;(Ao^`ZaB�[ n B n G���; � ; z K n K�DFB n ?�¨�MQP#e2WaCHK n [Oe#B�MOM 4 P¢�Ve#[QWHP#G�Y!B�MQKNRNP n BFWHK _ Z#?}[ nx�c���ÿ���fjTj	(YZ�tprqB��R^�fjqBTW��Y�	WR[V�hF?,PbG,[QWHP#G 3*4�� ;(»h;({}[QW\WaZb? � C#?ugq;(j¤;(AoB _~_ K n G�?

B n G � ;!:�;(»�K 4 P#Zb? � C#?,DNK�MO^ _ P��`? r,r ;�S2õ`ÕN×V? � [OMOP 4 ��� n WaPbCHZHeb[OP n e#PF?(»oP � K�KNCH�(?
S"U*Õ�SN;

�Ð×NÕ��k»h; z PbMtB n P 4 ? � ; d BFP#G,PbC#?(B n GJ��;!{|B�C\ZHK n ?�[ nsr CHKNR�CHP#Z\Z#;
�Ð×���� � ;u��;({1B r B n [Q��KNMOB�Z#?,{1;(¨;u��B�Z\MOP n ?(B n GJ�k;!{1B�CHZ\K n ? � ;uILY,P _ ;({}Y 4 Z#; ý A; ?¹FÏx×�¹��³S"UNU*×��2;
�Ð×�U��k{1;(¨;u��BFZHMOP n ? � ;u��;({1B r B n [Q��KNMOB�Z#? � ; d BFP#G,PbC#?(��;!{|B�C\ZHK n ?(B n G�j¤;,Â�;ui»oPb[OM�?

� ;uILY,P _ ;({}Y 4 Z#; ý A ý ?(×NÕFÍ`S~�ES"UNUFÏx�2;
� · Ó����l;(<LP n ©HB _ [ n ?!{�; d ;!<yBFC 3 B�CHB`?!<>; � ;!g�PbC\W n P#C#?(B n G � ; � ;(A 4 n P#Zb? � ;!{}Y 4 Z#;

ILY,P _ ; IGI ?uÕN×N×NÕs�³S"UNU*×N�¢;
� · S����l;(<LP n ©HB _ [ n B n G���;u��; � Y,[QW n P#MQM¬?pILY,P _ ;({}Y 4 Zb;���PbW\W�;  BAB< ?!Ïx×s�ES"U�UNÍ*�2;
� · ¹��k<>; � ;ugiP#CEW n PbC#?(Åq;,: n G,K,?(��;!<L[tB n e#K,?,B n G � ; � ;(A 4 n P#Zb?yILY`P _ ;({�Y 4 Z#; ý F 3 ?ÍNÓNU��³S"UNU�Ïx�¢;
� · Í��k��;(<L[tB n e#K.B n G � ; � ;(A 4 n PbZ#? � ;uILY,P _ ;({}Y 4 Zb; ý AJ ?uÕ��N�N×��³S"UNU*×��2;
� · Ï��k<>;u��;(��B�G,B n 4 [�B n G���;!{1B�CHZ\K n ? � ;(ILY,P _ ;({}Y 4 Zb; ý A C¤?!UNÍ*¹ · �³S"UNU*Õ��2;
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�]P#e#P n W|P¢� r P#C\[ _ P n WlBFMNZ\WH^,G,[OPbZ�K�fVWHY,P r Y,K�WHKVG`[OZHZ\KVeb[tBFWH[OK n K�f _ KNMQP#e#^`MtB�C¤[OK n Z
[ n ebMO^,ZEWaPbCHZ$�ëS¢õ`×��(B n G~[ n ZHKNMQ^`Wa[QK n � · õ(S�¹��,Y!B�DNP�Y,[ORNY`MO[OR�YxWHP#GqBiebP n WaCHB�M![OZ\ZH^,P][ n elY,P _ �
[Oe#B�M�G 4 n B _ [OebZ#��WaY,Ph[ n  !^`P n ebPhK�fpZHKNM@D�B�Wa[OK n K n elY,P _ [Qe�B�M 3 K n G,[ n R¡B n G�C\P�B�e2Wa[QD�[@W 4 ; è

� n WHY,P#Z\P>Z 4 ZEWaP _ Z#?,B�ZªWHY,PoZ\KNMO^VWaP>[QK n G,[OZ\ZHK�e#[tB�WaP#Z�WaY`P>P2�VebP#ZHZelY,B�CHRNP�WaY!B�W � B�ZyKNC\[ORN[ë�
n B�MQM 4 G,PbMOK�e�B�MQ[O§bP#G¡K"D�P#CyWaY`P _ K�MOP#eb^,MOP�MOK�e�BFMO[O§bP#Z�K n WaKqK n PiBFWHK _ ; � Y,[OZL[ n WaCHB _ K�MOP#eb^V�
MtBFCLelY!B�C\RNPi !K � [QZye#MQKNZHPbM 4 e#KN^ r MOPbGsWHK�WaY,PiG 4 n B _ [Qe#ZK�f�WHY,PiZH^,C\CHKN^ n G,[ n R _ PbG,[O^ _ ?
ZH[ n e#PkB n B�Z 4V_._ PbWaC\[Oe�Z\KNMQD�P n WoP n D�[OCHK n _ P n W�f�B�D�KNCHZ�B8e#K _ r B�e2W�BFWaK _ [Oe>elY!B�CHR�PhG,[QZE�
WaC\[ 3 ^VWa[OK n K"DNP#C~B�G,[Q£¤^,Z\P _ KNMQP#eb^,MtB�ChK n PF; � Y,P _ B�R n [QWH^,G,PcB n G�G`[OCHPbebWH[OK n K�f]WaY`P
elY!B�C\RNP] !K � B�MOZ\K�G,P r P n G`ZyZHP n ZH[@Wa[QD�P#M 4 K n WHY,P n BFWH^,CHP�K�f�WHY,P�ZHKNMQ^`WaP]P#MQP#e2WaCHK n [Oe � B"D�P
f&^ n e2Wa[QK n ?}B�Z � BFZ�G,[OZ\e#^,Z\ZHPbG�[ n ILY!B r WaPbC�SN;�� n 3 K n G`[ n RJZ\WlB�WaP#ZhWaY,P�elY,B�CHRNP~ !K � Z
[ n WaY`PJG,[QCHPbebWa[QK n K�fiRNC\P�BFWHP#C8ZHK�MQDFBFWa[QK n ? � Y,[OMQPs[ n B n Wa[ 3 K n G`[ n R�Z\WaBFWaPbZ.WHY,P�elY!B�CHR�P
 !K � Z>WHK � B�C\G�WaY,P�MQP#Z\Z�ZHKNM@DFBFWaPbG�BFWaK _ þË[ n K�WaY,PbC � KNCHG`Z#?�WHY,P r KNMtB�C\[O§#B 3 [OMQ[QW 4 K�f�B n �
Wa[ 3 K n G,[ n R�P¢�`eb[QWHP#G°ZEWlBFWHP#Z¡[QZ n P#R*BFWH[QD�P�� S�Ï�õuS · �¬;²�JKNC\P#K"DNPbC#?�B®W 4 r [Qe�B�M�K r P n �¦ZHY,PbMOM
[OK n e#K n WlBF[ n Z8ZHP2DNPbCaB�M n P#B�CE�¦G,P#RNP n P#CHBFWaPcDFB�MQP n ebP�ZEWlBFWHP#Z � Y,[QelY¯e#B n 3 PcWaCHB n Z\[OP n WHM 4
r K r ^,MOBFWaPbG 3x4 n K n B�G`[tB 3 B�Wa[Oe~WaCaB n ZH[@Wa[OK n Z�G,^,C\[ n R�WHY,Pse#KN^`CHZHPsK�f]WHY,PsG,[OZ\ZHK�e#[tB�Wa[OK n ;
ILMtBFZHZH[Qe�B�MVWaCaB"©\P#ebWHKNC 4 ZH[ _ ^,MtBFWH[OK n Z|K�f¤WaY,PbZHP]e#K _ r MQP2�qG 4 n B _ [Qe#Z�CHPbwx^,[OC\PoB n BFe#e#^`CaBFWHP
G,PbZHe#C\[ r WH[OK n K�f 3 K�WHY.WHY,P�RNCHKN^ n G¡B n G~WHY,PoP¢�Ve#[QWHP#G~P#MOPbebWHCHK n [Qe]Z\WlB�WaP#Z�K�f¤WaY,P�ZHKNM@DFBFWaPbG
�^�6�,�����w�����,�{ �¡d���d�*¢�£�¤,�¦¥� o¤$§=£W¡\¢¨£�§E©d ^§|ªS«¬
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[OK n BFW�PbDNPbC 4 Wa[ _ P.Z\WaP r ;�: n B�e#eb^,CaB�WaP¡WHCHP�B�W _ P n W�K�fLWaY,P�P¢�Ve#[QWHP#G�ZEWlBFWHP#ZqB�MQZHKJCHP2�
wx^,[OC\P#Z}WaY,BFW�e#KNC\CHP#MOBFWa[QK n 3 P2W � PbP n WHY,P]ZHKNMQ^`WaP]PbMOP#e2WaC\K n Z 3 P�[ n e#MO^`G,P#G.BFWªB�Y,[ORNY8MQPbDNPbM¬;
jV[ n e#Pyf&^,MQM,B 3 [ n [QWH[OK _ KNMQP#e#^`MtB�C1G 4 n B _ [Oe#Z}[QZpK n M 4 f&P#B�ZH[ 3 MOPLf&K�C|WaY,PZ _ BFMOMOPbZ\W}ebMO^,ZEWaPbCHZ#?
Bqf�B�Z\WHP#C _ P2WaY,K�G _ ^,Z\W 3 P�G,PbD�[OZ\P#GT;ª� n WHY,[OZ]elY!B r WaP#CoB n Pb£¤P#e2Wa[QD�P�AoB _ [OMQWHK n [OB n f&KNC
WaY`P~Z\KNMO^`WHP8P#MOPbebWHCHK n [Qe8Z\WaC\^,ebWH^,CHP~[OZ�G,PbCH[QD�P#G¾f&C\K _ B n B 3 [ n [@Wa[OKcG`P#ZHebCH[ r Wa[QK n KFfLWaY`P
[OZ\KNMtB�WaP#G�ZHKNMQ^`WaP � B�DNP8f&^ n e2Wa[OK n B n G�B n P#MQP#e2WaCHK�Z\WlB�Wa[Oe _ K�G,P#M1K�f�WaY,PqZ\KNMO^VWaP2�¦ZHKNM@DNP n W
[ n WHP#CaBFebWa[QK n Zb;

:Äe#K _ r MQPbWaPcG`P#ZHebCH[ r Wa[QK n KFf>Z\KNMQD�P n W\�¦ZHKNMQ^`WaPs[ n WHP#CaBFebWa[QK n Z _ ^`Z\W.[ n ebKNC r KF�
CaB�WaPoWHY,P>PbMOPbebWaC\K n [Qe r KNMtB�C\[O§#B 3 [OMQ[QW 4 K�fTWHY,P>Z\KNMQD�P n W _ KNMOPbe#^,MQP#ZªB�Z � P#MQMTB�Z�WaY,Pb[OC�Z\WlB�Wa[Oe
elY!B�C\RNP¡G`[OZ\WHCH[ 3 ^`Wa[QK n Zb; � Y,[OZh[OZke#CH[@Wa[Qe�B�MQM 4 [ _ r KNCEWlB n W�f&KNCkZHKNM@DNP n WHZ�Y!B�D�[ n R n K r P#CE�
_ B n P n W _ K _ P n WaZB�W�B�MOM�?VZ\^,elY�BFZ]B�CHRNK n ; � Y,Piv!CHZEWWaY,PbKNCHP2Wa[Qe�B�MTZEWa^,G`[OP#ZWHKq[ n ebMO^,G,P
ZHK�MQDNP n W~PbMOPbebWaC\K n [Qe r KNMOB�CH[Q§�B 3 [OMO[@W 4 � PbCHP 3 B�Z\P#G�K n B�G,[QP#MQP#ebWHCH[Qe�e#K n WH[ n ^,^ _ð_ K�G,P#M
K�f�WaY,P8Z\KNMQD�P n W��ëS�Õ�õ`¹�Í���; � Y,P _ K�Z\W r P#C\WH[ n P n W�CHP#Z\^,MQWkK�f�WaY`KNZHP8Z\WH^,G,[QP#Z�[OZ�WHY!BFWiWaY`P
ZHK�MO^`WHP2��Z\KNMQD�P n WJ¿\G,[QZ r P#C\ZH[OK n À�[ n WHP#CaBFebWa[QK n ? � Y,[OelY®B�C\[OZHPbZ�f&CHK _ [ n WHP#C _ KNMQP#e#^`MtB�C�P#MQP#e2�
WaC\K n e#K�CHCHPbMtBFWH[OK n ? _ ^,ZEW 3 Pc[ n e#MQ^,G,P#G�[ n KNCHG`P#C�WaK�K 3 WlB�[ n B�wx^!B�MO[@WlBFWH[QD�P#M 4 ebKNCHC\P#e2W
r [QebWa^`CHP�KFf�ZHKNM@D�B�Wa[OK n ;]�¦W�[OZ n K�W>ZH^,C r CH[QZH[ n R~WaY,BFW>WHY,P�G,[QZ r P#CHZ\[OK n [ n WaPbCaB�e2Wa[QK n [QZ>[ _ �
r KNC\WaB n W�[ n ZHKNM@DFBFWa[QK n ?Lf&KNC.[QW¡[OZ.CHKN^`RNY,M 4 r C\K r KNC\WH[OK n BFMyWaK 3 K�WaY¯WaY,P�Z\KNMQD�P n WsB n G
WaY`P~Z\KNMO^`WHP r KNMOB�CH[Q§�B 3 [QMO[@Wa[OPbZ8�Ð¹FÏ���?�WaY,P n P�BFCE��G`P#RNP n P#CHBFWaP~Z\WlB�WaP#ZkK�fyWHY,P.ZHKNMQ^`WaP 3 P#[ n R
Y,[QRNY,M 4 r KNMOB�CH[Q§�B 3 MOP�;y � [ n R.WaK~WHY,P _ B�R n [QWa^`G,P�K�fpWaY`P�G,[QZ r P#CHZ\[OK n [ n WaPbCaB�e2Wa[QK n ?,WaY`P
^,Z\^!B�M r P#CEWa^,C 3 BFWa[@DNPqWaC\P�BFW _ P n Wy�=¹�×��}e�B n,n K�W 3 P8B r,r MQ[OPbGT; � Yx^,Zb? n K n � r P#CEWa^,C 3 BFWH[QDNP
B r,r CHK*B�elY`P#Z]Y!B�GcWaK 3 PiG,P2DV[QZHPbG9� S"�`?¤S"U`?(¹VS�?!¹N¹���; d CHPbw�^`P n WaM 4 B n B�G,[OB 3 BFWH[OeoZHP r B�CaB��
Wa[QK n e�B n 3 P _ B�G,P 3 PbW � P#P n WHY,Pf�B�Z\W}Z\KNMQD�P n W r K�MtB�C\[O§�B 3 [OMQ[QW 4 B n GqWaY,PC\P#MtB�Wa[QD�P#M 4 Z\MOK �
ZHK�MO^`WHPiP#MOPbebWHCHK n Z�� S�Õ"õuS�U��¬?`e#K n Z\[OG,PbCaB 3 M 4 Z\[ _ r MO[@f 4 [ n R�WHY,PiWaC\P�BFW _ P n W]KFf|G,[QZ r P#C\ZH[OK n ;

¨�B�CHM 4 ZH[ _ ^,MtBFWH[OK n Z � PbCHP�C\P#Z\WHCH[QebWaPbG¾WaK�B�G,[tB 3 BFWa[Qe8G 4 n B _ [Oe#ZhK n BJZH[ n RNMOP
r K�WaP n WH[tB�M`P n PbCHR 4 ZH^`C\f�B�ebP8� �`?!S�Ï,?�¹ · õV¹����¬;���KNCHP]CHPbe#P n WHM 4 ? n K n B�G,[OB 3 BFWH[OeyWaCHB n Z\[QWa[QK n Z
� P#CHP�[ n e#MO^`G,P#G�P2� r MQ[Oe#[@WaM 4¾3*4 <yBFWH[OZEWlB�B n G�ILKN��PbC#? � Y`K�ZEWa^,G,[QP#G¥WaY,P r Y,KFWaK�G,[OZ\ZHKF�
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e#[OBFWa[QK n K�fi� �	 :>CE«®^,ZH[ n R�B _ K�G,P#M]WaY!B�W¡[ n e#MQ^,G,P#Z.WaY,PJZHKNM@DNP n W�P#MOPbebWHCHK n [Qe r KNMOB�CH[Q§2�
B 3 [QMO[@W 4 �=¹�U��¬; � Y,P#[QCcA>B _ [OM@WaK n [tB n �=¹FU�õVÍ`S��>[OZ 3 B�ZHPbG²K n WHY,P z [tB�WaK _ [OebZ~[ n ��K n [Oe
j 4 Z\WHP _ Z _ K�G,P#M¤K�f1��B�Z\W�B n G�g�PbKNCHRNPy� Í*¹���?`[ n � Y,[OelYcWHY,PiZHP _ [QP _ r [OC\[Oe�BFM z [OBFWaK _ [Qe#Z
[ n �JKNMQP#e#^`MOP#Z�A>B _ [OM@WaK n [tB n [OZhB�^,R _ P n WHP#G 3*4 B n K r P#CHBFWaKNCkCHP r CHPbZHP n WH[ n R�WHY,P�Z\KNM@�
DNP n W r KNMtB�C\[O§#BFWa[QK n P n P#CHR 4 r CHK�G,^,ebP#G 3*4 WHY,PhZ\KNMO^VWaP�elY!B�C\RNP�; � Y,[OZWaC\P�BFW _ P n W�WaB���PbZ
B�G`DFB n WaB�RNP�K�f`WHY,PªB�G,[tB 3 BFWa[QepZHP r B�CHBFWa[QK n 3 PbW � P#P n ZHKNMQ^`WaP�B n GhZ\KNMQD�P n W|PbMOPbebWaC\K n [Qe _ KF�
Wa[QK n WHK�K 3 WlB�[ n BJC\P#MOBFWa[@DNP#M 4 ZH[ _ r MQP8G,P#Z\e#CH[ r Wa[QK n KFfyWaY,P~ZHKNMQ^`WaP¢��Z\KNMQD�P n W�G,[QZ r P#C\ZH[OK n
[ n WHP#CaBFebWa[QK n ; � Y,P n K n BFG,[tB 3 BFWa[Qe�WHCaB n ZH[QWH[OK n Z#? � Y,[QelY�B�CHPhP#Z\ZHP n WH[tB�M�f&KNCoB~e#K n ZH[QZ\WaP n W
WaC\P�BFW _ P n WqK�f]WaY,P r Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n B n G�ZH^ 3 ZHP#wx^,P n W¡C\P#e#K _�3 [ n BFWa[QK n G 4 n B _ [OebZ#?

� P#CHPJ[ n ebMO^,G`P#G�^,ZH[ n R�Z\P _ [OebMtB�Z\ZH[Oe#B�MyZ\^,C\f�B�ebP2�¦Y,K r,r [ n R _ PbWHY,K�G,Zt�ÐÍNÍ"õ�Í · ��;Ëj�[ _ ^,MOB��
Wa[QK n Zc^,Z\[ n R�WHY,[OZ _ KVG`P#M�Z\^,e#ebP#ZHZEf&^,MOM 4 CHP r CHK�G,^,ebP#G²WHY,P�P2� r P#CH[ _ P n WlB�MQM 4 K 3 ZHPbC\D�P#G
r C\KVG,^`ebW�G,[OZEWaC\[ 3 ^`WH[OK n ZLf&KNCyWaY`P r Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n K�f1� �	 :oC\«8e#MQ^,Z\WHP#C\Z��Ð¹�U���;

� n CHPbe#P n W r ^ 3 MO[Oe#BFWa[QK n ZL�ëS�×�?TS · ?`Í*Õ�� � P�Y!B�DNP 3 C\[OPb  4 KN^`WHMO[ n P#GcBqG,[@£�PbCHP n W
B r,r CHK*B�elY�WaKJWHY,[OZ r C\K 3 MOP _ ?�K n P 3 B�Z\P#GÁK n B�e#eb^,CaB�WaP�B 3 [ n [@Wa[QKcZHKNMQ^`WaP � B�D�P�f&^ n e2�
Wa[QK n Z�CHBFWaY`P#C>WHY!B n P _ r [OC\[Oe#B�M _ K�G,P#MQZ>K�f�WaY`PqZHKNMQ^`WaP�PbMOPbebWaC\K n [Qe�Z\WHCH^,e2Wa^,C\P�; � Y`P~B 3
[ n [QWa[QK¡B r,r CHKNB�elY�K�£�PbCHZ�B�Z\^ r PbCH[QKNC>G,PbZHebCH[ r Wa[OK n K�f�WaY,PqZ\KNMO^`WHP�elY!B�C\RNPqG,[QZ\WaC\[ 3 ^VWa[OK n ?
B n G�e#B n 3 P.B r,r MQ[OPbG�WaK _ K�CHP�ebK _ r MOP2��ZHKNMQ^`WaP _ KNMQP#e#^`MOP#Z�f&K�C � Y,[OelY�B n P _ r [OC\[Oe#B�M
r B�CHB _ PbWaPbCH[Q§�BFWH[OK n K�foWaY,P�elY!B�C\RNPsG,[OZEWaC\[ 3 ^`WH[OK n [QZ n K�W8f&P�B�Z\[ 3 MQP�;��¦W~C\P r C\P#Z\P n WaZcB n
P2��WHP n Z\[OK n KFf�WaY`P>e#K n D�P n Wa[QK n B�M(WaY`P#KNC 4 KFfTMOK n RF��CHB n RNP][ n WHP#C _ KNMQP#eb^,MtB�Cpf&K�CHe#PbZL� ÍN���(WHK
B�ebe#KN^ n W�f&K�CkWHY,P¡ZEWaCHK n R r KNMtB�C\[O§#BFWa[QK n K�fWaY,P~ZHKNMQ^`WaP~elY!B�C\RNP¡G,[QZ\WHCH[ 3 ^`Wa[QK n B n G¾WaY`P
P2�VebP r WH[OK n BFMOM 4 MOB�CHRNP.ZHK�MO^`WHP2��Z\KNMQD�P n W�G`[OZ r P#C\ZH[QK n [ n WHP#CaBFebWa[QK n ; � Y,P _ K�G,PbMªZ\^,e#ebP#ZHZ³�
f&^,MQM 4 CHP r CHK�G,^,ebP#Z�P2� r PbCH[ _ P n WaB�M r CHK�G,^,ebW]G`[OZ\WHCH[ 3 ^`Wa[QK n ZO� S�×V?¤S · ��B n GcWa[ _ P2�¦CHPbZHKNM@DNP#G
r Y,KFWaK�P#MOPbebWHCHK n Z r P#e2WaCHB/� Í*Õ���;

� Y,PsPb£¤P#e2Wa[@DNPsA>B _ [QMQWaK n [tB n f&KNC�WHY,PcZHK�MO^`WHP�G,P#C\[QD�P#G�[ n WaY`[OZ�elY!B r WaPbC8B�M@�
MOK � ZJK n P¾WHK°G,PbWHP#C _ [ n PÁY,K � WaY,P¾P#MOPbebWHCHK n [Qe¾ZEWlBFWHP#Z�K�fqWHY,PÁ[QZHKNMOBFWaPbGÙZHK�MO^`WHP�B�CHP
r P#C\WH^,C 3 P#G 3*4 WaY,P r K�MtB�C\[O§�B 3 MOP�Z\KNMQD�P n W�; � Y,P�B r,r CHKNB�elY�[QZ.P¢� r MO[Qe#[QWHM 4¾_ KNMQP#eb^,MtB�Cb?
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3 ^`W]ebMOKNZ\P#M 4 r BFCaB�MQMOP#MQZªWHCHP�B�W _ P n WaZ 3 BFZHP#G�K n e#K n WH[ n ^,^ _ G,[OPbMOPbebWaC\[Oe _ K�G,P#MQZO�ëS"Õ"õ(S"U��¬;
»oK�B�Z\ZH^ _ r WH[OK n Z�B�C\P _ B�G`P�B 3 K�^`WcWaY,P�f&KNC _ K�fkWaY,P�Z\KNMO^`WHP � B�DNP�f&^ n e2Wa[QK n65 [ n �
Z\WHP�B�G�?�WaY,P�A>B _ [OM@WaK n [OB n [OZ�f&KNC _ ^`MtBFWHP#G�^`ZH[ n R�WaY,P�G`[OZ\WHCH[ 3 ^`WaPbG _ ^,M@Wa[ r KNMQP�B n B�M 4 ZH[OZ
� z ��:i���ÐÍNU"õxÏx¹���? � Y,[OelY�[QZ r B�C\WH[Oeb^,MtB�C\M 4 � PbMOMuZH^,[@WaP#G.f&KNC�G,P�B�MQ[ n R � [@WaY¡elY,B�CHRNPoG,P n ZH[@�
Wa[QP#ZLWHY!BFWyB�CHP�K 3 WlB�[ n P#G�f&C\K _ B 3 [ n [QWa[QKhe#B�MOeb^,MtB�Wa[OK n Z#;1: n [ _ r K�C\WlB n W�f&P�B�Wa^,C\P�K�f�WaY`P
Pb£¤P#e2Wa[@DNP]A>B _ [QMQWaK n [tB n [OZ1[QWHZpP2��WaP n ZH[@DNP]^,Z\PK�f!WaY,P z ��:�f&KNC�R[V\ÿ��M	WYZR{Y\���~elY!B�CHR�PG,P n �
ZH[@Wa[QP#Z$� Ï*¹V?xÏ*Í�� þ _ BFWaC\[@��P#MOP _ P n WaZ�K�fTWaY`PoG,[QZ\WHCH[ 3 ^`WaPbG _ ^`MQWa[ r K�MOPyK r P#CHBFWaK�CHZ 3 P2W � PbP n
W � KqG,[Q£¤P#C\P n W _ KNMOPbe#^,MOB�C�P#[OR�P n ZEWlBFWHP#Z#; � Y`P#ZHP�WHCaB n ZH[QWH[OK n G,P n ZH[QWH[OPbZyB�MQMOK � WaY`P�ZHKNMQ^`WaP
elY!B�C\RNP�G,[QZ\WHCH[ 3 ^`Wa[QK n WHK r KNMOB�CH[Q§#P.[ n C\P#Z r K n ZHP�WaK�WHY,P�P¢�VWHP#C n B�MLv!PbMOG,ZhWaY!BFWqB�ebWqK n
[QW#?�B n G�WaYx^,Z�P n B 3 MOPqWHY,P _ K�G,P#M1WaKsG,P#Z\e#C\[ 3 P.Z\KNMQD�P n W\�¦[ n G`^,e#PbG¾elY!B�C\RNP8MOK�e�B�MQ[O§#BFWa[QK n
� [QWHY,KN^`W}B�G,K r WH[ n R�BiMQKVe#B�MO[Q§#P#GhCHP r CHPbZHP n WaBFWa[QK n f&K�C|WaY,P]Z\KNMO^`WHP 3 B�Z\[OZpf&^ n ebWa[QK n Zb; � Y,[OZ
[OZ�BkZH[OR n [Qv!e#B n W r CaB�e2Wa[Qe�B�M(B�GVD�B n WaB�RNP�ZH[ n e#PoB 3 [ n [QWH[OKiPbMOP#e2WaC\K n [Oe � B�DNP>f&^ n ebWa[QK n ZªB�CHP
K�fºWHP n G,P#MQKVe#B�MO[Q§#P#G�;

� Y,[QZ�elY!B r WHP#C�[QZ¡KNC\R*B n [Q§#PbG°B�Z¡f&K�MOMOK � Zb; � Y,P�Pb£¤P#ebWH[QD�P�A>B _ [OM@WaK n [OB n [OZ
G,PbCH[QD�P#G¥[ n j�P#e�;}¹V;QS�; � Y,PsG,PbCH[@D�B�Wa[OK n 3 PbRN[ n Z � [QWHY¥B�CHPbD�[QP � K�f]WaY,P�f�B _ [OMQ[tB�CiP¢�x�
r C\P#ZHZ\[OK n f&KNCªWaY,Pi[ n G,^,e2Wa[OK n P n PbCHR 4 KFf�WHY,PiZHK�MQDNP n W�?(B n GcR�KVPbZK n WaKqZHY`K � Y,K � WHY,[OZ
P2� r C\P#Z\ZH[OK n [OZ _ KVG`[Qv!PbG � Y`P n B8ZHKNMQ^`WaP�Y!B�D�[ n R~Z\PbDNPbCaB�M�MOK � �¦M 4 [ n RqP¢�Ve#[QWHP#GJZ\WlB�WaP#Z�[OZ
[ n e#KNC r KNCHBFWaPbG¾[ n WHK�WHY,P¡Z\KNMQD�P n W�;�jVP#e2Wa[QK n ¹V;È¹�G`[OZHeb^,ZHZhWaY,P _ P2WaY,K�G,Zk^,ZHPbGÁWaK�P2DFB�M@�
^!BFWHP.WHY,P _ BFWHCH[ë��P#MQP _ P n WaZkK�fyWHY,P~P2£�PbebWH[QDNP¡A>B _ [OM@WaK n [tB n ; d ^,CEWaY,PbChG,[QZHeb^,ZHZ\[OK n K�f
WaY`P r Y 4 ZH[Qe�B�M�B r`r CHK��V[ _ BFWa[QK n Z _ B�G,P�[ n G,PbCH[QD�[ n RqWaY,[QZoAoB _ [OMQWHK n [OB n ?VB n G�KFfp[QWHZ]CHP2�
MtB�Wa[OK n ZHY,[ r WaK r C\PbD�[OKN^`Z � KNCH�(?�[OZ}[ n e#MQ^,G,P#G.[ n jVPbe�;V¹V;=Í`;�jVPbebWH[OK n ¹V;ÐÏhebK n WlB�[ n Z�B 3 CH[OP2f
ZH^ _~_ B�C 4 ;



Í�Ó

 �9 ý % � +�� ? %  � � � �(' ����/"�����$� � ?u�t� %!6¾���  "� �1�&%!�
� n WaY,[QZ�Z\P#e2Wa[OK n B n Pb£¤P#e2Wa[@DNPªA>B _ [OM@WaK n [OB n [QZ�G,P#C\[QDNPbGhf&KNCTWHY,P�[ n WaPbCaB�e2Wa[QK n K�f

WaY`P>ZHK�MO^`WHPoPbMOP#e2WaC\K n Z � [QWaY¡B n BFC 3 [@WaCaBFC 4 n ^ _�3 P#C�K�f r KNMtBFCH[O§#B 3 MQPZHKNM@DNP n W _ KNMQP#eb^,MOPbZ#;
AoPbCHP�[OZ]B n K"DNPbC\D�[OP � K�f�WaY,P�G,PbCH[@D�B�Wa[OK n ;

:>Z\ZH^ _ [ n R�WaY,P<ªKNC n �³ r,r P n Y,Pb[ _ P#CpZ\P r B�CHBFWa[QK n 3 PbW � P#P n WaY`P n ^,e#MQP�B�C�B n G
P#MQP#e2WaCHK n [Oe}ebKVKNC\G,[ n BFWaPbZ#? � P�e�B n P2� r C\P#ZHZ�WaY,P�PbMOP#e2WaC\K n [Oe�AoB _ [QMQWHK n [tB n f&KNC�WaY`P�Z\KNMO^VWaP2�
ZHK�MQDNP n W|Z 4 ZEWaP _ B�Z1Bf&^ n ebWH[OK n K�f,WHY,P n ^`e#MOP#B�C�e#K�KNCHG`[ n BFWHP#Zb?�^,Z\[ n RoB�G`[OZ\WHCH[ 3 ^`WaPbG _ ^,M@�
Wa[ r K�MOPo� z ����P2� r B n ZH[OK n K�f,WHY,Py[ n WHP#C _ KNMQP#e#^`MtB�C�ILKN^`MOK _�3 [Oe�[ n WaPbCaB�e2Wa[OK n Z#;|jV[ n e#PªWHY,[OZ
P2� r B n ZH[QK ncn P#R�MOP#e2WaZyWHY,P�CHP r ^,MQZH[QD�P�[ n WHP#CaBFebWa[QK n ZLWHY!BFWyB�CH[QZHP � Y,P n G,[Q£¤P#C\P n W _ KNMOPbe#^V�
MtBFC}elY!B�CHR�P>G,[QZ\WaC\[ 3 ^VWa[OK n Z}K"DNP#C\MtB r ?xWHY,P#Z\P>[ n WHP#CHB�ebWH[OK n Z�B�C\P>BFe#e#K�^ n WaP#G~f&KNC 3x4 B�G`G,[ n R
B�ZHY`KNC\WE��CaB n RNP>WHP#C _ ; � Y,PiK n M 4 B�ZHZ\^ _ r Wa[OK n _ BFG,PiB 3 KN^`WyWHY,[OZLZHY,KNCEW\�¦CaB n R�PiA>B _ [OMë�
WaK n [tB n [OZ>WHY!BFWi[@W�[OZ>^ n BF£¤P#e2WaP#G 3*4 WHY,PqZHK�MQDNP n W�P#MOPbebWHCHK n [Qe r KNMtB�C\[O§#BFWa[QK n ;>� n K�WHY,P#C

� KNCHG,Zb? � P�B�ZHZ\^ _ P�WaY!BFWqWHY,P r KNMtB�C\[O§#BFWa[QK n K�f]WHY,PcZHKNM@DNP n W.elY!BFCHRNPcG,[QZ\WHCH[ 3 ^`Wa[QK n [OZ
Z _ B�MQMpP n K�^,RNY¾Z\K�WHY!BFWkWaY,P8C\P r ^,MQZH[@DNP.[ n WaPbCaB�e2Wa[OK n Z�G,^,P8WaK�elY!B�CHR�P~K"DNPbCHMOB r G,K n K�W
elY!B n RNP�ZH^ 3 ZEWlB n WH[tB�MQM 4 ;

jVPbebWa[QK n ¹V;@SN;È¹ r C\P#ZHP n WaZ8B�G,PbCH[@D�B�Wa[OK n K�fWHY,P¡[ n G,^,e2Wa[OK n P n PbCHR 4 K�f�B r KF�
MtBFCH[O§#B 3 MQPcZHKNM@DNP n W r KNZ\ZHP#Z\ZH[ n R r PbC _ B n P n W¡P#MQP#ebWHCHKNZEWlBFWH[Oe _ K _ P n WHZ¡^,Z\[ n R�WaY,P z �
n K�WaBFWa[QK n ;�:oMQWHY,KN^,RNY®jxWaK n P�Y!B�Z r C\PbD�[OKN^`ZHM 4 G,PbCH[QD�P#G�WaY`[OZ>P¢� r CHPbZHZH[QK n ^,ZH[ n RcB r P#CE�
Wa^`C 3 BFWH[QD�P8B r,r C\K*B�elY-� Ï,S:�¬?TWHY,[OZ�B�M@WaPbC n BFWH[QD�P�G,P#C\[QDFBFWH[OK n f&KNC _ Z�Bc^,Z\Pbf&^,Mpf&K�^ n G!BFWH[OK n
f&KNC�G,[OZ\e#^,Z\ZH[ n RqZHKNM@DNP n WE��Z\KNMO^`WHP>[ n WHP#CHB�ebWH[OK n Zb; � Y,P�[ n G,^,e2Wa[QK n P n P#C\R 4 f&K�C�WHY,P�ZHK�MQDNP n W
[OZhP2� r C\P#ZHZ\P#G¯B�ZhWHY,P¡P¢� r PbebWlB�Wa[OK n D�BFMO^,P.K�fWaY`PcA>B _ [OM@WaK n [tB n ^,Z\[ n R�B � B�D�P�f&^ n e2�
Wa[QK n WHY!BFWi[QZ�B r CHK�G,^,ebW�K�f � B�D�P8f&^ n ebWH[OK n Z�f&KNC>P#B�elY�ZHKNM@DNP n W _ KNMQP#eb^,MOPF;ijV[ n e#P�WHY,[OZ
A>BFC\WaC\P#P�B r,r C\K"�V[ _ BFWH[OK n¥n PbRNMOPbebWHZ 3 K�WaY�WaY,P�[ n WaPbC _ KNMOPbe#^,MOB�CqP#MQP#e2WaCHK n e#KNC\CHPbMtBFWH[OK n
��G`[OZ r P#C\ZH[QK n �ªWaY,BFWoB�CH[QZHP#Zyf&C\K _ PbMOP#e2WaC\K n [Oe _ K�WH[OK n B n G�WHY,P�P2�VelY!B n R�P2��C\P r ^`MOZH[QK n [ n �
WaPbCaB�e2Wa[QK n B�C\[OZH[ n Rof&C\K _ ZHY,K�C\W\�¦CaB n RNPyK"DNPbCHMtB r ? � P]B�e#ebKN^ n W}f&KNC1WHY,P#Z\PPb£¤P#e2WaZ � [QWHY�WaY`P



ÍVS

ZHY`KNC\WE��CaB n RNPyWaPbC _ Z�B�G,G,PbGqWaKiWaY,P�AoB _ [QMQWHK n [tB n ; � Y,P][ n G`^,ebWH[OK n P n P#C\R 4 [OZ|K 3 WlBF[ n PbG
3*4 D�BFCH[tB�Wa[OK n B�MOM 4 K r Wa[ _ [Q§#[ n R¡WaY`P¡[ n G,^,e#PbG _ ^`MQWa[ r K�MOP#ZiK n P�BFelY¾ZHK�MQDNP n W _ KNMOPbe#^,MQP�?

� Y,[QelYJ[QZP#wx^,[QDFB�MQP n WWaK.K r WH[ _ [O§b[ n RkWaY,P�ZHK�MQDNP n W � B�DNPkf&^ n ebWH[OK n ;
� Y,[QZ�WaC\P�BFW _ P n W�K�f]WaY,P�Z\KNMQD�P n W8P#MQP#e2WaCHK n [Oe r KNMOB�CH[Q§�BFWH[OK n [OZ�P2��WaP n G,P#G�[ n

jVPbe�;�¹V;QS�;ÈÍWaKo[ n ebMO^,G,P�[ n WHP#CHB�ebWH[OK n � [QWHYhWaY`PªZ\KNMO^`WHPªPbMOPbebWaC\K n Zb;|: n Pb£¤P#e2Wa[QD�PyAoB _ [QMQWHKF�
n [OB n K r PbCaBFWHKNC|f&KNCpWHY,P]ZHKNMQ^`WaPPbMOPbebWaC\K n Z�[OZ}G`PbWaPbC _ [ n PbG 3x4 DFB�C\[tBFWH[OK n B�MOM 4 K r WH[ _ [O§#[ n R
WaY`P.Z\KNMQD�P n W\�¦[ n G`^,e#PbG _ ^,M@Wa[ r KNMQP#Z>B�Z 3 P2f&KNCHPF? 3 ^`W � [QWaY�B n B�G,G,[@Wa[QK n B�M�ZHKN^`CHe#P8WaPbC _
f&KNC�WaY,P�Z\KNMO^VWaP�; � Y,[OZ r CHK�e#P#G`^,CHPiBFZHZH^ _ PbZLWaY!B�WLWaY`P�ZHKNM@DNP n WyP#MOPbebWHCHK n [Qe r KNMtBFCH[O§#BFWa[QK n
CHPbZ r K n G,Zi[ n Z\WaB n WlB n P#KN^,Z\M 4 WaK�WaY`P� !^,e2Wa^!BFWH[OK n Zi[ n WHY,PqZHKNMQ^`WaP�elY!B�CHR�PqG,[OZEWaCH[ 3 ^`WH[OK n
WaY,BFWkB�CH[QZHP�f&C\K _ü_ K�WH[OK n K�fªWHY,PqZHK�MO^`WHP�P#MQP#ebWHCHK n Z#; � Y,[QZ�B�G,[OB 3 BFWH[Oe�Z\P r BFCaBFWH[OK n Y!BFZ
B�MQZHK 3 P#P n CHP2f&P#C\CHP#GsWaK.B�ZyWHY,Pk<LKNC n �E r,r P n Y`P#[ _ P#CLMO[ _ [QW�f&KNCyWHY,PiZHKNM@DNP n W�PbMOP#e2WaC\K n [Oe
r KNMtB�C\[O§#BFWa[QK n � S"U���?pB n G�[QWHZ�DFB�MQ[OG,[@W 4 [QZkG`[OZHeb^,ZHZ\P#G�MOBFWaPbCk[ n j�P#e�;1¹V;=Í`;=Í`;c¨}ZHZ\P n Wa[OB�MOM 4 ?
[QW�CHP#wx^,[QCHPbZ�WaY!BFWqWHY,PcP#MQP#e2WaCHK n [OecZEWlBFWHP#ZqK�f�WaY,PcZ\KNMO^VWaPc[OK n 3 P _ ^`elY _ KNC\P�e#MQKNZHPbM 4
Z r B�e#PbG¯WaY,BFW8WaY,KNZ\PJKFf>WaY`PJZ\KNMQD�P n W�? � Y`[OelY�[OZ8^,ZH^,B�MOM 4 WaC\^,Pcf&KNC8K r P n ��Z\Y,P#MQMZHKNMQ^`WaP
B n G~e#MQKNZHPbGV��Z\Y,P#MQM¤Z\KNMQD�P n W _ KNMOPbe#^,MQP#Zb; � Y,KN^,R�Y¡WaY,P�CHPbZH^,M@Wa[ n R�P2£�PbebWa[@DNP>A>B _ [OM@WaK n [OB n
��¨}w(;x¹V;@S�×N��K r P#CaB�WaP#Z|K n M 4 K n WHY,PyZHK�MO^`WHPyP#MQP#ebWHCHK n Z#?*[QW1G,P r P n G,Z�K n B�MQMVK�f!WHY,P n ^,e#MQP�B�C
e#K�KNC\G,[ n B�WaP#ZyB n GcK n WaY`P r PbC _ B n P n W _ K _ P n WaZyB n G r K�MtB�C\[O§�B 3 [OMQ[QWa[QP#ZpKFf�WHY,PiZHK�MQDNP n W
_ KNMOPbe#^,MQP#Z#;
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� Y,PqPbMOP#e2WaC\KNZ\WaBFWa[Qe r KFWaP n WH[tB�M|B�CH[QZH[ n R~f&CHK _ B _ KNMOPbe#^,MOB�C�elY!B�CHR�PqG,[OZEWaCH[ 3 ^V�

Wa[QK n _ B 4s3 PhP¢� r B n G,PbG�[ n B _ ^,MQWH[ r KNMOP>ZHP#C\[OPbZ#?!WaY,Phe#K n D�P#CHR�P n ebP�K�f � Y`[OelY _ B 4s3 P
RNC\P�BFWHM 4 B�ebe#P#MQP#CHBFWaPbG 3x4 ^,Z\[ n R�G`[OZ\WHCH[ 3 ^`WaPbG _ ^,M@Wa[ r KNMQP#Z�[ n Z\WaP#B�GÁK�f�BJZH[ n RNMOP¢��e#P n WaP#C
P2� r B n ZH[QK n � ÍNU`?�Ï*Ó`?TÏx¹,�¬;�� n®r B�CEWa[Qe#^,MOB�C#?�WHY,P8G,[OZEWaC\[ 3 ^`WHP#G�P2� r B n ZH[QK n ebK n DNPbCHRNPbZkf&KNC
r KN[ n WaZoWaY!BFW�MO[OPhKN^`WHZH[OG`P�K�f�WaY,PqelY,B�CHRNPqG`[OZ\WHCH[ 3 ^`Wa[QK n 3 ^`W�[ n Z\[OG,PhWaY,P _ KNMQP#e#^`MtB�CoCaB��
G,[Q^,Z#? � Y,P#C\PªWaY`PªZ\[ n RNMQP2�¦e#P n WHP#C�P2� r B n Z\[OK n 3 CHP#B��xZ|G,K � n ;1� n e#MQ^,Z\WHP#CHZ|B n Ghe#K n G`P n Z\P#G



ÍN¹

r Y!BFZHP#Z _ KNMQP#eb^,MOPbZh^,Z\^!B�MQM 4 r B�el�®e#MQKNZHPbM 4 ?|ZHKJWaY!BFW�B�ebe#^,CHBFWaP�C\P r C\P#Z\P n WlBFWH[OK n K�fyWaY`P
P#MQP#e2WaCHK�Z\WlB�Wa[Oei[ n WaP#CHB�ebWH[OK n Z[ n WaY,[QZCHPbRN[ _ P�[OZPbZHZ\P n Wa[OB�M¬;

� n WaY,P z �ÑP2� r B n ZH[QK n ?!ZHP2DNPbCaB�M�ZH[@WaPbZ��&^,ZH^,B�MOM 4 BFWHK _ ZB n G 3 K n Gse#P n WHP#CHZa�
B�C\P�elY`KNZHP n � [QWHY,[ n P#B�elY _ KNMQP#e#^`MOP�?�B n G�WHY,P n WaY,P _ ^`MQWa[ r K�MOP#Zuf&KNCTWaY`P�P n Wa[OC\P _ KNMQP#eb^,MOP
B�C\P r B�CEWa[QWH[OK n P#GÁ[ n WHK�e#K n WHCH[ 3 ^`Wa[QK n Z�f&C\K _ P�B�elY¥K�f]WaY`P#ZHPcZ\[QWHP#Z#;®:yWqP#B�elY¥ZH[QWHP¡WaY`P
_ K _ P n WaZ]B�C\PkP¢� r B n G,PbGJWHK~BqRN[@DNP n KNC\G,P#C[ n CHP�BFM�Z r Y,PbCH[Qe�B�MTWHP n Z\KNC _ K _ P n WHZ(� ÏNÏ��¬;
d KNCyP¢�,B _ r MQP�?`WHY,P(°.ebK _ r K n P n W]K�f�WaY,PiG,[ r K�MOP _ K _ P n W]BFW]Z\[QWaPi±�K�f _ KNMOPbe#^,MQP�ñ�[OZ
RN[@DNP n 3*4�²O³M´µ ; � Y,PqZH[ n RNMOP¢��Z\[QWaP _ ^,M@Wa[ r KNMQPhP¢� r B n ZH[QK n e�B n 3 PqCHPbe#K"DNPbCHP#G®f&CHK _ WaY`P
G,[QZ\WaC\[ 3 ^VWaP#G���ZH[@WaP�P2� r B n ZH[QK n 3*4 ^`ZHP�KFf _ ^,M@Wa[ r KNMQP>WaCHB n ZHMOBFWa[QK n K r PbCaBFWHKNCHZ]WaY,BFW>Z\Y,[QfºW
WaY`P _ ^,MQWH[ r KNMOPbZªf&CHK _ B�MQM�WaY,P�G,[QZ\WHCH[ 3 ^`WaPbG�Z\[QWHP#ZWaK.Bqe#K _._ K n ZH[@WaP��ÐÍ�U`?,Ïx×"õ*ÏxÕ���;

� Y,P®[ n WaPbC _ KNMOPbe#^,MOB�C�PbMOP#e2WaC\KNZ\WaBFWa[Qe�P n PbCHR 4 f&KNC n K n ��K"DNPbCHMOB r,r [ n R¥elY!B�CHR�P
G,[QZ\WaC\[ 3 ^VWa[OK n ZLWlBF��P#Z]WaY`P�f&K�C _ � Ï,S��

¶O·|¸¹· ô S
¹ º³b´Z» ¼�½j» ¾¿» À

² ³M´¾�Á ³M´�¼�½¾lÀ ² ¼�½À �¬¹�;QS��

� Y,PbCHP�WaY,P�ZH^ _ CH^ n Z�K"DNPbC�WHY,P�ZH[@WaP#Z�B n G _ ^`MQWa[ r K�MOP|K�CHG,PbCHZ�K n P�B�elY r B�[OC�KFf _ KNMOPbe#^,MQP#Z
[ n WaY`P¡Z 4 ZEWaP _ ?pB n G¾WaY`P.f�B�e2WaKNCkK�f>S,ÂN¹�ebK _ r P n ZaBFWHP#Zkf&KNC�G,KN^ 3 MQP~ebKN^ n Wa[ n R�KFfLWaY`P
r B�[QCHZb; � Y`P�P#MQP _ P n WaZoK�fpWaY`P�[ n WHP#CaBFebWa[QK n WaP n ZHKNC Á G`P r P n G�K n WaY,Ph[ n WaPbC _ KNMOPbe#^,MOB�C
G,[QZ\WlB n e#PbZpB n GhKNCH[QP n WlB�Wa[OK n Z#; � Y,PLPbMOP _ P n W Á ³M´�¼�½¾lÀ RN[@DNPbZ�WHY,PLebKVKNC\G,[ n BFWaP�G,P r P n G,P n e#P
K�f�WaY`Pi[ n WaPbCaB�e2Wa[OK n 3 P2W � PbP n WaY,P _ ^`MQWa[ r K�MOP]K�f�KNCHG`P#C�ÃªK n ZH[@WaPL±}K�f _ KNMOPbe#^,MQP>ñ B n G
WaY`P _ ^`MQWa[ r K�MOPyK�fTKNCHG,PbCPÄ¡K n Z\[QWaPPÅ�K�f _ KNMQP#eb^,MOP�ø¡;p:oMQWHY,KN^,RNY8WaY`PoWaP n ZHK�CªPbMOP _ P n WHZ
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ZH[QK n Zyf&KNCyWHY,P#Z\Phwx^!B n WH[QWH[OP#Z][ n WaP#C _ Z]K�f1ZH[ n RNMQP2��ebP n WaPbC _ K _ P n WHZ#;
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� Y,PqZ\KNMQD�P n W�[OZ n K � B�MQMOK � P#G�WHK r KNMOB�CH[Q§#Pk[ n C\P#Z r K n ZHPqWaK¡WHY,P�	���l�SR^T2; � K

K 3 WaB�[ n B n P2£�PbebWa[@DNPiAoB _ [OMQWHK n [OB n WaY!B�WyK r P#CHBFWaPbZyK n WHY,P>Z\KNMO^`WHP>PbMOP#e2WaC\K n Z#? � P�B"D�P#C³�
B�RNPiK"D�P#C]WaY,P�ZHK�MQDNP n W>PbMOP#e2WaC\K n Z � Y,[OMQP�B�MOMQK � [ n R�WHY,P _ WHK8CHP#Z r K n G�[ n Z\WaB n WlB n PbKN^,Z\M 4
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WaK�WHY,PyZ\KNMO^`WHPyP#MQP#e2WaCHK n Z#; � Y`PCHP#Z\^,MQWH[ n R>P2� r CHPbZHZ\[OK n f&KNC ÇÉ ·Zî [ n WHP#C _ ZpK�f(WHY,Py[ n G,^,e#PbG
ZHK�MQDNP n W _ K _ P n WaZ[QZ]ZH[ _ [OMOB�C�WaK.¨}wu;¤¹V;=�`?
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� Y,PbCHP¡WHY,P~C\K � ZqB n G�e#KNMQ^ _ n ZhK�fLWaY,P _ B�WaCH[ë�@ß Y!B�DNP 3 P#P n P2��WHP n G,PbGÁWaKJ[ n ebMO^,G,P
3 K�WaYsZHK�MQDNP n W>B n GJZ\KNMO^VWaP�;�»�K�WaP�WHY!BFWWHY,P�[ n WaCHB _ K�MOP#eb^,MtBFC�WHP#C _ è

	Sïð � ß � ïð G,K�P#Z n K�W
e#K n WHCH[ 3 ^`WaPWHKkWHY,P>AoB _ [OMQWHK n [OB n 3 P#e�BF^,ZHPoB�MOM,WHY,P][ n WaCHB _ KNMOPbe#^,MOB�CpP#MQP _ P n WaZ�K�f�ß¥B�CHP
§#PbCHK,?TB n G�WHY!BFW>WHY,P�D�P#ebWHKNC(Þ�Y!B�Z n K n ��§bP#CHK _ ^,MQWH[ r KNMOPbZ]K n M 4 BFWoWaY,P�ZHKNM@DNP n WiZ\[QWHP#Z#?
� Y,[QMOP Çð Y!B�Z n K n �¦§#PbCHK _ ^,MQWH[ r KNMOPbZLK n M 4 B�WWaY,P�ZHK�MO^`WHPiZH[QWHP#Zb;

� Y,P�[ n G,^,e#PbG _ K _ P n WHZyK n WaY`PiZHKNM@DNP n W _ KNMOPbe#^,MQP#ZBFCHP�K 3 WlB�[ n P#G 3*4 DFB�C\[@�
BFWH[OK n BFM _ [ n [ _ [Q§�BFWH[OK n BFZ 3 P2f&KNCHPF;ªjV[ n ebP>WaY`P r B�C\WyK�f�¨}wu;!¹V;QS�Í�WaY!BFWyG,P r P n G`Z�K n Ý Þ
G,[@£�PbCHZ}f&CHK _ ¨}w(;V¹V;=�hK n M 4q3*4 WaY,PoB�G,G`[QWa[QK n K�f Çð WaK�WaY,P�P#MQP#ebWHCHKNZEWlBFWH[OeWaPbC _ ?x[QW�[OZ n K�W
ZH^`C r C\[OZH[ n RqWaY!B�WWaY,P�[ n G,^,e#PbG _ K _ P n WaZ]BFCHP�RN[QD�P n 3*4
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� Y,[QelY�G,[Q£¤P#C\Z1f&C\K _ WaY,PLMO[ n P�B�C�CHPbZ r K n Z\PyK�f,WHY,PyZHK�MQDNP n W}B�MQK n P 3x4 WaY`PyB�G,G`[QWa[QK n K�f,WaY`P
ZHK�MO^`WHP _ ^,MQWH[ r KNMOP�K r PbCaBFWHKNCHZkB�ZhB�Z\KN^,C\e#P~WHP#C _ ; � Y,P¡[ n G,^,ebP#G�ZHKNM@DNP n W _ ^,M@Wa[ r KNMQP#Z
B�C\P n K � R�[QDNP n 3x4 B n K r P#CaB�WaKNCo[ n WaY`PqZHKNMQ^`WaP�Z r B�ebP�?�CHP2 !P#e2Wa[ n R�WaY,P�f�B�e2W�WaY,BFW�WaY`P
ZHK�MQDNP n W�P#MOPbebWHCHK n ZpB�G�©\^,ZEW�[ n ZEWlB n WlB n P#KN^`ZHM 4 WaKoWaY,P r KNZH[@Wa[QK n Z�K�f(WaY,PyZ\KNMO^VWaPyPbMOP#e2WaC\K n Z#;
¨}wx^!BFWa[QK n ¹�;QS�Ï _ B 4s3 Pk^,ZHPbG�WaK.P#MQ[ _ [ n BFWHP Ý ÞXf&C\K _ ¨}w(;T¹V;@S"Í8RN[QD�[ n RqWaY,PhPb£¤P#ebWH[QD�P
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A>B _ [QMQWaK n [tB n f&KNCyWaY`PkZ\KNMO^VWaP2�¦ZHKNM@DNP n W�Z 4 ZEWaP _
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� n WaC\KVG,^`e#[ n RoWaY`PLRNP n P#CHB�MO[Q§#P#G�� r K�WaP n WH[tB�M�K r PbCaBFWHKNC1B�CH[QZH[ n R]f&C\K _ WaY`PLZHK�MO^`WHP�? Çñ ôòß � Çð ?
WaY`[OZe�B n 3 P�CHP � C\[QW\WaP n B�Z
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¨}wx^!BFWa[QK n Zy¹V;QS"×hB n Gc¹V;QS · P2� r C\P#Z\ZyWaY,P>A>B _ [OM@WaK n [OB n f&KNC�WaY,PoZHKNMQ^`WaP¢��ZHK�MQDNP n WyZ 4 ZEWaP _
[ n WaP#C _ ZhK�f]K r P#CHBFWaKNC\Z ÇÉ ? ÇÌ B n G Çô WaY!BFW�B�ebW�K n M 4 K n WaY,P�Z\KNMO^VWaP�PbMOP#e2WaC\K n Z#; � Y`P
A>B _ [QMQWaK n [tB n G,P r P n G,Z r BFCaB _ PbWHCH[Oe#B�MOM 4 ^ r K n WHY,P n ^`e#MOP#B�C]e#K�KNCHG`[ n BFWHP#ZK�f 3 K�WaY�ZHKF�
MO^VWaP]B n G8Z\KNMQD�P n W�;p:oZ�[OZpG,[QZHeb^,ZHZ\P#G¡[ n _ KNC\PyG,P2WlB�[QM`MtB�WaP#Cb?NWaY,PyW � KF�¦P#MOPbebWHCHK n K r P#CHBFWaKNC
Çñ � ë � Çñ Y!B�ZyebK n WaCH[ 3 ^`WH[OK n Z�f&CHK _Û3 K�WaYc[ n G,^,e2Wa[QK n B n GcG,[OZ r PbCHZH[QK n [ n WHP#CHB�ebWH[OK n Zb; � P
n K � G,[QZHeb^,ZHZ�Y,K � WaY`PhP2£�PbebWa[@DNPhA>B _ [OM@WaK n [tB n [QZ]PbDFB�MO^,BFWaPbG 3*4 WaY`Pk[ n WaCHK�G,^,e2Wa[QK n K�f
B 3 B�Z\[OZf&KNCyWaY`PkZ\KNMO^VWaPiZ r B�e#PhB n G�B n P#MQP#ebWHCHKNZEWlBFWH[Oe _ KVG`P#M�f&KNCyWHY,P�ZHKNM@DNP n W#;
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� Y,P�P2£�PbebWH[QDNP8AoB _ [OMQWHK n [OB n ? ÇÉ ·Zî ? _ B 4�3 P�P2D�BFMO^!BFWHP#G�[ n B n 4 CHP r CHPbZHP n WaB��
Wa[QK n ?x[QWHZ�P#[OR�P n DFB�MO^,PbZªG`P r P n G,[ n R�^ r K n WaY,P�Z r B�e#PoZ r B n`n P#G 3*4 WaY,P�ZHK�MO^`WHP 3 BFZH[OZ 3 ^VW
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n K�Wª^ r K n WHY,PoelY`KN[OebP>K�f 3 B�ZH[QZ�f&^ n ebWa[QK n Z�f&KNC�WHY!BFWªZ r BFe#P�;}: n BFWH^,CaB�M(elY,K�[Oe#PoK�f 3 BFZH[OZ
[OZ]WaY`P�ZHP2WiK�f}Pb[ORNP n Z\WaBFWaPbZ�K�f}WaY`P�[OZ\KNMtB�WaP#GJZHKNMQ^`WaPF?¤[ n � Y,[QelY�WaY,P�G,[tB�R�K n B�M�PbMOP _ P n WHZ
K�f ÇÉ Ê B�C\P�WaY,P r K�WaP n Wa[tBFMTP n PbCHR 4 Z\^,C\f�BFe#P#Z�K�f�WaY,P�[QZHKNMOBFWaPbGcZHKNMQ^`WaPF;

� Y,P�G,[tBFRNK n B�MVP#MQP _ P n WaZ�K�f ÇÉ ·Zî _ K�G,[Qf 4 WaY,P][QZHKNMOBFWaPbG.Z\KNMO^VWaP r K�WaP n WH[tB�M!Z\^,CE�
f�B�ebP#Z�WaKWlBF��P�[ n WaK]BFe#e#K�^ n W�WHY,P�[ n WaPbCaB�e2Wa[QK n K�fVP�B�elYkK�f�WaY,PbZHP�Z\WaBFWaPbZ � [@WaYiWaY`P�Z\KNMQD�P n W�?

� Y,[QMOPiWaY,PhK�£(��G,[OB�RNK n BFMTP#MQP _ P n WaZ>B�MOMQK � WaY,PkZHK�MO^`WHPhWaK r KNMtB�C\[O§bPk[ n C\P#Z r K n Z\PhWHK~WaY`P
ZHK�MQDNP n W�;�� nÁr CaBFebWa[Qe#P~[QWk[OZ n P#ebP#ZHZHB�C 4 WaK�WaCH^ n e�BFWHP~WHY,P¡Z r B�e#P¡K�fZHK�MO^`WHP~PbMOP#e2WaC\K n [Oe
Z\WaBFWaPbZ � Y,P n P2D�BFMO^!BFWH[ n R ÇÉ ·|î ; d KNC�K r P n ��Z\Y,P#MQML[OK n [Oe~ZHKNMQ^`WaPbZ�[QW�[OZ�K�fºWHP n Z\^`¼.e#[OP n W
WaK�[ n e#MQ^,G,PcK n M 4 WaY,P�DFB�MQP n ebPcZ\WlB�WaP#Zb?ªZ\[ n ebP�WaY,PbZHPsP n B 3 MOPc[ n WaCaB _ KNMQP#eb^,MtB�CkelY!B�C\RNP2�
WaCHB n ZEf&P#CªB n G¡Y`P n ebPiB�e#ebKN^ n WLf&K�C�WHY,P _ B�©\KNC\[QW 4 K�fTWaY`P r KNMtBFCH[O§#BFWa[QK n CHPbZ r K n Z\P�;�<LK�WHY
3 K n G,[ n R�B n G8B n WH[ 3 K n G,[ n R�Z\WaBFWaPbZ _ ^,Z\W 3 Py[ n e#MQ^,G,P#G8[ n KNCHG`P#CpWaKiebKNCHC\P#e2WaM 4 G,P#Z\e#C\[ 3 P
WaY`P _ KNMQP#e#^`MtB�C r KNMOB�CH[Q§�B 3 [OMO[@W 4 ;

� n B r`r MO[Qe�BFWH[OK n Z�WHK�Z\KNMQDFBFWHP#G¯� �	 �ëS"×V?S · ?�Í*Õ��]WHY,PJMQK � PbZ\W�Z\[@��PbMOP#e2WaC\K n [Oe
Z\WaBFWaPbZ � P#CHPqC\PbWaB�[ n PbGT?�ebK _ r CH[QZH[ n R�B�MQM�ZEWlBFWHP#Z�WHY!BFW�ebKNCHC\P#MOBFWaPkWaK�� � � èõ � Þ �h� 	 ä �2;
»oKk[ n f&KNC _ BFWa[QK n B 3 KN^`W�Y,[QRNY,PbC�PbMOPbebWaC\K n [QeZ\WlB�WaP#Z�[OZ�� n K � n Pb[QWaY`P#C}f&CHK _ P2� r PbCH[ _ P n W
KNC8f&CHK _ WHY,P#K�C 4 ;��Ð×VS���: n BFG,G,[QWH[OK n B�Mye#K _ r MQ[Oe#BFWa[QK n [ n � �	 [OZ.[QWHZ~MOB�CHR�P�Z r [ n ��KNC 3 [QW
e#K�^ r MO[ n R,? � Y,[QelY�MOP#B�G,Z�WaK�B8WaCHB n ZH[@Wa[QK n f&CHK _ Pb[ORNP n Z\WaBFWaPbZoWaY,BFWiB�C\P r CHP#G`K _ [ n B n WaM 4
Ao^ n G ½ Z�e#B�ZHP¡��BN�L[ n elY!B�CHB�ebWHP#C�BFWWHY,P�P#wx^,[OMQ[ 3 C\[O^ _Û3 K n G�MOP n R�WaY�WHK8Z\WlB�WaP#Z]WaY,BFW�B�CHP
e�BFZHP���e"��BFW�MtBFCHRNP 3 K n G¡G`[OZ\WaB n ebP#Z��=×VS:�¬;�j�[ n ebPoP#B�elY¡ZEWlBFWHPo[ n WHY,[OZ�K r P n �¦ZHY,PbMOM(Z 4 ZEWaP _
Y!B�Z�B�W � K�f&KNMQG¾Z r [ n G`P#RNP n P#CHB�e 4�3*4 ÅiCHB _ PbCHZ ½ WHY,P#K�CHP _ ? ÇÉ ·Zî [OZkCHP r CHPbZHP n WHP#G 3*4 B
S�¹yö�S�¹ _ BFWHCH[ë��; d ^,CEWaY,PbC�G,P2WlB�[QMOZ�K�f�WaY,P _ K�G,P#M|A>B _ [OM@WaK n [OB n f&KNC�� �	 B n G��EILM � [ n
e#MQ^,Z\WHP#C\ZoBFCHP�RN[QD�P n [ n ILY!B r WaPbC>Í`;

� Y,PoP#[OR�P n DFB�MO^,PbZLK�f ÇÉ ·|î BFCHPoWHY,P _ ^,MQWH[OG,[ _ P n ZH[QK n B�M r KFWaP n WH[tB�M!P n P#C\R 4 Z\^,CE�
f�B�ebP#Z�K�fTWaY`PoP n WH[OC\PoZ\KNMO^`WHP2�¦ZHKNM@DNP n WªZ 4 Z\WHP _ ;}:yWLP#B�elY�ZEWaP r K�f�B _ K�MOP#eb^,MtBFC}G 4 n B _ [Oe#Z
ZH[ _ ^,MOBFWa[QK n ÇÉ ·Zî [OZqP2DFB�MO^!B�WaP#G¯B n G¥G,[OB�RNK n B�MO[Q§#P#G�WaK®RN[QD�P�WaY,PsP n P#CHR�[OP#Z.B n G�f&KNC\e#PbZ
CHPbwx^,[OC\P#G�WHK r CHK r B�R*BFWHP�WHY,P�WHCaB�©\PbebWaK�C 4 WaK¾WHY,P n P2��WcZ\WHP r ; z PbWaB�[OMQZ.KFfiWaY,P�WaP#elY��
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n [Qw�^`P#Z^,Z\P#GcWaKqebK _ r ^`WaP _ KNMOPbe#^,MOB�C�G 4 n B _ [Oe#ZªWaCaB"©\P#ebWHKNCH[QP#ZB n GcWaY,P n K n B�G,[OB 3 BFWH[Oe
G 4 n B _ [OebZK n WaY,PbZHP r K�WHP n Wa[OB�MTZ\^,C\f�B�ebP#Z�B�C\PkR�[QDNP n [ n ILY!B r WHP#C]Ï,;
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¨pDFB�MO^!B�Wa[OK n K�f ÇÉ ·Zî C\P#wx^,[QCHP#ZhBcZHP2WhKFf r P#C _ B n P n W _ ^,MQWH[ r KNMOPbZ�B n G r KNMtBFCE�
[O§#B 3 [QMO[QWH[OPbZ8f&K�C�WaY,P�Z\KNMQD�P n WJB n G±PbDFB�MQ^!BFWa[QK n K�f�WaY`P®Z\KNMO^VWaP z � K r P#CHBFWaKNC\Z#; � Y`P
P#MQP#e2WaCHK�Z\WlB�Wa[Oe r CHK r P#CEWa[QP#ZiK�f�WaY,PqZ\KNMQD�P n Wke�B n 3 PqK 3 WlBF[ n PbG�f&C\K _ B � [QG,P�DFB�CH[QPbW 4 K�f
ZHK�^,CHebP#Z/�=¹N×�?pÏx¹V?�×�¹V?�×�Í���; d KNC8B�ZH[ _ r MOP�Z\KNMQD�P n W.ZH^,elY�B�Z.B�CHRNK n ?�K n M 4 WaY,P r KN[ n W
r KNMtB�C\[O§#B 3 [OMQ[QW 4 [OZ n P#P#G`P#Gcf&KNCyBhCHP�BFZHK n B 3 M 4 B�e#eb^,CaB�WaP�C\P r C\P#ZHP n WlBFWH[OK n ;�A�[ORNY,PbCLKNC\G,P#C
r KNMtB�C\[O§#B 3 [OMQ[QWH[OP#Z�B n G~Y 4 r PbC r KNMtBFCH[O§#B 3 [QMO[QWH[OPbZ|Y!B�DNPoB n P#RNMQ[ORN[ 3 MOPªPb£¤P#e2WLK n WaY`P�[ n WaP#CHB�e2�
Wa[QK n P n P#C\R 4 ?TPbZ r P#eb[tB�MQM 4 RN[QD�P n WHY,P�^ n ebP#CEWlB�[ n WH[OPbZ�[ n WHY,P�Z\Y,KNC\WE��CHB n RNPh[ n WaPbCaB�e2Wa[OK n Z#;
d KNC1I 	 ? � PLY!B�D�Pªf&KN^ n GhWaY,BFW1B�v,D�P2��Z\[QWHPªG,[QZ\WHCH[ 3 ^`WaPbGhelY!BFCHRNP _ K�G,P#MJ�Ð×FÏ���?�e#K _�3 [ n PbG
� [QWHY�ZH[ n RNMOP¢��ebP n WaPbC r B�CHB�MOMQP#M1B n G r P#C r P n G,[Oeb^,MtB�C r K�MtB�C\[O§�B 3 [OMQ[QWa[QP#Zb?��=×�¹�� r C\K"DV[QG,P#Z�B n
B�G,Pbwx^!BFWaP�G,PbZHe#C\[ r WH[OK n ;|A�[ORNY,PbC�KNCHG,PbC z �÷� Ï*Ó���B n G�G,[QZ\WaC\[ 3 ^VWaP#G r KNMtB�C\[O§#B 3 [OMQ[QWH[OP#Z`�Ð×�Ó��
f&CHK _ B 3 [ n [@Wa[OKie#B�MOeb^,MtB�Wa[OK n Z}B�MQZHKkP2�V[OZEW�f&K�CLI 	 ? 3 ^`Wª[QW�[QZ n K�W�e#MQP�B�C}WaY,BFW�WaY,PbZHP>R�[QDNP
B _ K�CHP�B�ebe#^,CHBFWaP�G,PbZHe#C\[ r WH[OK n K�f1WaY,P�[ n WHP#C _ KNMQP#eb^,MtB�C r KFWaP n WH[tB�Mr�Ð×N×���;

{|BFCaB _ PbWHP#CH[Q§�BFWH[OK n KFf�WaY`P�Z\KNMO^VWaP[OZ _ KNCHP[ n DNKNM@DNP#G�; � Y,P _ BFWHCH[ë��PbMOP _ P n WHZ
K�f�WaY`P�ZHKNMQ^`WaP z �çK r PbCaBFWHKNCHZ�B�CHPqP2D�BFMO^!BFWHP#G�G`[OCHPbebWHM 4 f&CHK _ WaY,PqZ\KNMO^VWaP 3 BFZH[OZof&^ n e2�
Wa[QK n Zb; d KNC� �	 � P�f&KN^ n GJWaY,BFWoB8f&KN^`CE��Z\[QWHP z � P¢� r B n ZH[QK n ^ r WHK~wx^!B�G`CH^ r KNMOP�KNC\G,P#C

� B�Z�ZH^V¼~eb[OP n W#;�:>M@WaY,K�^,RNY z � ½ ZiBFCHP � [QG,P#M 4 ^,ZHPbG�WaK¡C\P r C\P#Z\P n WiWaY,P�elY!B�CHR�P�G,[OZEWaC\[@�
3 ^`WH[OK n K�f�B�Z\[ n RNMQPoPbMOPbebWaC\K n [Qe>Z\WaBFWaPF?,B��FP 4 f&P�BFWH^,CHP�KFf�KN^,CªPb£¤P#ebWH[QD�P�A>B _ [OM@WaK n [OB n [OZ
WaY`P�^,ZHPqKFf�G,[OZEWaCH[ 3 ^`WHP#G9R[V\ÿ��M	WYZR{Y\��� _ ^,MQWH[ r KNMOPbZ#; � Y,P#Z\PqK�£u�¦G,[tBFRNK n B�M z � ½ ZiB�C\P n K�W
� [OG`P#M 4 B�D�BF[OMtB 3 MOP]f&KNC]B 3 [ n [QWa[QK � B"D�Pkf&^ n ebWH[OK n Zb?!B n G � PhY,B"D�P�K 3 WlBF[ n PbGsWHY,P _Ý3x4 B
_ [ n KNC _ K�G,[@v!e�BFWH[OK n K�f1WHY,P�[ n WaPbC\f�B�ebP 3 P2W � PbP n j�WaK n P ½ Z z �J: r B�el��B�RNPkB n GcWaY`PhB 3
[ n [QWa[QK r C\KNRNCHB _ùøìú`û�üJý;ú �=× · �¬;.IyBFMOe#^`MtBFWH[OK n KFfªWHY,P z � K r PbCaBFWHKNCHZ�B�G`G,ZkB n P#RNMQ[@�
RN[ 3 MOP�ebKNZ\WiWHKcWaY,P.B 3 [ n [QWa[QK¡e#B�MOeb^,MtBFWH[OK n Z#; � Y,P n WaY,P8e#B�MOeb^,MtBFWH[OK n Z�B�C\P r PbC\f&KNC _ PbG
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K n BhRNCH[QG¡K�f�Z\KNMO^`WHP>RNPbK _ PbWaC\[OPbZ³þ � P�^,Z\P#G�×�Ó r KN[ n WaZªf&K�CL� �	 þË[ n WaPbC r KNMtBFWH[OK n e#B n 3 P
^,Z\P#GÁWaK�PbDFB�MO^,BFWaP 3 K�WHY¾WaY`P z � _ BFWaC\[@�®PbMOP _ P n WHZ�B n GÁWHY,P¡PbMOPbebWaC\K n [Qe¡P n P#CHR 4 BFW
B�C 3 [QWHCaB�C 4 ZHK�MO^`WHPiRNP#K _ PbWHCH[QP#Z#;

� Y,P8PbDFB�MQ^!BFWH[OK n KFf�WHY,PqW � K���P#MQP#e2WaCHK n K r PbCaBFWHKNC�[ n WHY,P8ZHKNMQ^`WaP�[ n G,^`ebWa[QK n �
G,[QZ r P#CHZ\[OK n WaPbC _ ? Çñ � ë � Çñ ?1C\P#wx^,[QCHP#Z�f&^,CEWaY,PbChPbMtB 3 KNCaB�Wa[OK n ; � Y,P¡K n P2��PbMOPbebWaC\K n�z �
_ BFWaC\[@��P#MQP _ P n WaZ ð à×á B�CHP¡K 3 WlBF[ n PbGÁf&CHK _ WaY,PsB 3 [ n [QWH[OK�e�B�MQe#^,MOBFWa[QK n BFZqG,P#Z\e#CH[ 3 PbG
B 3 K"DNP�;±< 4 [ n ZHPbC\WH[ n R�WaY,P�[OG`P n Wa[@W 4 ?�Òÿþ Õ�� Ø Ü���Õ ?yB n G�C\P#Z\WHCH[QebWa[ n R�WaY,PJZH^ _ WaK�WaY`P
3 B�Z\[OZ�Z\WaBFWaPbZyK�fTWHY,P>Z\KNMO^`WHP�? � Poe�B n � CH[QWHP�WHY,P _ BFWHCH[@�qP#MOP _ P n WaZLKFfTWaY,P�W � K���P#MQP#e2WaCHK n
K r P#CHBFWaKNC[ n WaP#C _ ZKFf|K n P2��PbMOPbebWaC\K n _ BFWHCH[ë��PbMOP _ P n WHZ#?

� Çñ � ë � Çñ � à×á ô
«������	� �
º þ ñ à þ � ë � ñ þ á Ï �¬¹V;@S�ÕN�

� Y,[QZB r,r C\K��`[ _ B�Wa[OK n [OZªe#K n ZH[OZEWaP n W � [@WaYsB�MQMOK � [ n RkWHY,PiZHKNMQ^`WaPoWaK r KNMtBFCH[O§bP>B n Gc !^,e2�
Wa^,BFWaP�K n M 4 [ n WHY,P�Z r BFe#P�G,Pbv n P#G 3x4 WHY,P�ZHKNMQ^`WaP 3 B�ZH[QZ]f&^ n ebWH[OK n Zb;

¨pDFB�MO^!B�Wa[OK n K�f|WaY,PkZH^,Z\e#P r Wa[ 3 [OMQ[QW 4 WaP n ZHK�CLë�[OZ]^,Z\^!B�MOM 4 WaY,P _ K�Z\W�e#K _ r ^V�
WlB�Wa[OK n B�MOM 4 G,P _ B n G,[ n RiZ\WHP r [ n e#K n Z\WHCH^,e2Wa[ n R ÇÉ ·Zî ; � Y,P n K n M 4 BiZH[ n RNMQPZHKN^,C\e#PWaPbC _
[OZ r C\P#Z\P n W�?¤[QW _ B 4�3 PkPb¼.e#[QP n W�WaK¡P2DFB�MO^!B�WaPiWaY,Pk[ n G,^,e#PbG _ K _ P n WaZb? Ý Þ±ô 7�ë � í]?
^,Z\[ n RJB n [QWaPbCaBFWH[QD�P r CHK�e#P#G`^,CHPF;c<LP#e#B�^,Z\P~WaY`P~Z\KN^,CHebP.WHP#C _ [ n ÇÉ ·Zî [QZkB n K r PbCaBFWHKNC#?
Y,K � PbDNPbC#?1BcG,[Q£¤P#C\P n W�ZHP2W�K�f�[ n G,^`e#P#G _ K _ P n WaZ _ ^`Z\W 3 Pqe#K _ r ^`WHP#G�f&KNC�P#B�elY r B�[OC
K�f 3 B�ZH[QZ>Z\WaBFWaPbZ#;o� n e#MQ^,Z\WHP#CHZb? � Y,PbCHP�WHY,P n ^ _�3 P#CoK�f r KNMtBFCH[O§#B 3 MQPiZH[QWHP#Z�[QZoC\P#MOBFWa[@DNP#M 4
Z _ B�MQM¬?x[QWL[OZLWHY,P#C\Pbf&KNC\P _ K�CHP�P2¼~eb[OP n WLWaKqe#K _ r ^VWaPië0G,[OC\P#ebWHM 4.3*4 [ n D�P#CEWa[ n R�WaY,P _ B��
WaC\[@�9�¹ß Þ çh� è ��; � Y,[QZ _ BFWaC\[@�s[QZ r KNZH[@Wa[QD�P�G,P2v n [@WaP�^ n WH[OM�WaY,PhK n ZHP2WiK�f r KNMtBFCH[O§#BFWa[QK n
e�B�WlB�ZEWaCHK r Y,P�? � Y,[QelY¡K�e#e#^`CHZ � Y,P n WHY,P r KNMOB�CH[Q§�B 3 MOPyZ\[QWaPbZªK n G,[@£�PbCHP n W _ KNMOPbe#^,MQP#Z�B�CHP
WaK�K�e#MQKNZHPbM 4 Z r B�e#PbG��Ð×NÕ���;�ILY,KNMQP#Z\� 4 G`P#e#K _ r KNZH[@Wa[QK n �=×����![OZ � P#MOM!Z\^,[QWHP#G.f&KNCpWaY,P�e#K _ �
r ^`WaBFWa[QK n K�fPë 3 Pbe�B�^`ZHP8[QW>[OZ�Y,[QRNY,M 4 Pb¼.e#[QP n WkB n G�f�B�[QMOZ]f&KNC _ BFWaC\[Oe#PbZoWHY!BFW�B�C\P n K�W
r KNZH[@Wa[QD�P�G,P2v n [QWHP�? r C\K"DV[QG,[ n RsB � B�C n [ n R�WaY!BFWiWHY,PqMO[ n P�BFC>CHPbZ r K n Z\P~B r,r CHK��V[ _ BFWH[OK n
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[OZ n K~MQK n RNPbCLDFB�MO[QGT;

 �9! T9!3 4T��� +  �® +�%,��� � -b�  "� +�% $� � � � �
� Y,P�Z\Y,KNCEW\��CHB n RNPhPb£¤P#e2Wa[QD�PqA>B _ [QMQWaK n [tB n _ B 4�3 PhZ r MQ[QWo[ n WaK.W � KcebK _ r KF�

n P n WHZ#?

ÇÉEÍ!Î ô ÇÉMÍ�Î
�� Þ ¶ �� �¬¹V;@S"�*�

� Y,PbCHP���B n G õ G,P n K�WaPbZªWHY,P>Z\KNMO^`WHP>B n G¡Z\KNMQD�P n WyC\P#Z r P#e2Wa[@DNP#M 4 ; � Y,PoZHKNM@DNP n WE��Z\KNMQD�P n W
[ n WHP#CaBFebWa[QK n P n P#CHR 4 ? ¶ ��� ?>[OZ�B�ZHZ\^ _ PbG0WHK 3 P�[ n G,P r P n G,P n W�K�f�WaY`P�ZHKNM@DNP n W � B"D�P
f&^ n e2Wa[QK n ?�B n G¥ZHK®[OZ�ZH[ _ r M 4 B�f&^ n e2Wa[QK n K�foWHY,PcZHK�MQDNP n W n ^,ebMOP#B�C8e#K�KNCHG,[ n BFWHP#Z#;�� n
_ KNZ\W r KFWaP n WH[tB�M _ KVG,PbMOZ�^,ZHPbG�f&KNC�MO[Owx^,[QG~Z\[ _ ^`MtBFWH[OK n Zb?NWaY,P>ZHY,KNCEW\�¦CaB n R�Po[ n WHP#CHB�ebWH[OK n Z
B�C\P�CHP r CHPbZHP n WHP#G 3*4 r BF[OC � [QZHP�BFWaK _ �³B�WaK _ ��P n,n B�C\GV� � K n P#Z r K�WaP n WH[tB�MQZ#? � Y`[OMOPsWaY`P
MOK n RF��CHB n RNPLP#MOPbebWHCHKNZEWlBFWH[Oey[ n WHP#CHB�ebWH[OK n Z�BFCHPe�BFMOe#^`MtBFWHP#G8^,ZH[ n R�G,[OZEWaC\[ 3 ^`WHP#G8elY!B�C\RNP#Z}WHK
CHP r CHPbZHP n W�WHY,P�K"DNPbCaB�MQM|elY!B�C\RNPqG,[QZ\WaC\[ 3 ^VWa[OK n ;ijV^`elY _ K�G,P#MQZ#?TBF^,R _ P n WaPbG 3x4 WaY,P�[ n �
e#MQ^,ZH[QK n K�f¤ZHKNM@DNP n W r KNMtB�C\[O§#B 3 [OMQ[QW 4 ?�B�C\PP�B�Z\[OM 4 B r,r MO[OPbG�WaK�WaY,P]P2£�PbebWa[@DNP�A>B _ [QMQWaK n [tB n ;
:yWaK _ ��BFWaK _ ��P n,n B�C\GV� � K n P#Z r K�WHP n Wa[OB�MOZ�Y!B�D�P 3 PbP n ^`ZHP#GÁWHK�C\P r C\P#ZHP n W�WaY,P~ZHY,K�C\W\�
CaB n RNP�ZHKNM@DNP n W�[ n WHP#CHB�ebWH[OK n Z�[ n B r,r MO[Qe�BFWH[OK n Z�WaK�B�C\RNK n B n G�I 	 ZHK�MQDNP n WaZ*�ëS�×�?*S · ?"Í*Õ,�¬;

z PbWHP#C _ [ n [ n R.WaY,PqZ\Y,KNCEW\��CHB n RNPqZ\KNMO^VWaP2�¦ZHKNM@DNP n W�[ n WaP#CHB�ebWH[OK n Z>[OZiZ\K _ P � Y!BFW
_ KNCHPiebK _ r MO[Oe#BFWaPbGT;p� n RNP n P#CaBFM¬?`WHY,P#Z\Ph[ n WHP#CHB�ebWH[OK n Z � [QMOM¤G,P r P n GJK n WaY,P�PbMOP#e2WaC\K n [Oe
Z\WaBFWaPJK�f�WHY,P�Z\KNMO^`WHP�; � Y,P�B r,r C\K*B�elYËB�G`K r WaPbG°[ n WaY`[OZ � KNC\�¯Y,B�Z 3 P#P n WaK¾B�G,K r W
WaY`P.Z\[ _ r MOPbZ\W r K�WHP n Wa[OB�M _ KVG,PbM|f&KNC�WHY,PqZHY,K�C\W\�¦CaB n RNP8[ n WaPbCaB�e2Wa[OK n Z>WaY,BFW � [OMOM�v,WiWaY`P
B�DFB�[OMOB 3 MOPJG!BFWaB¥f&C\K _ P¢� r P#C\[ _ P n WaZb; d KNC 3 K�WaY±K�fhWaY,P�Z\KNMQD�P n WaZsWaY!B�WJY,B"D�P 3 P#P n
Z\WH^,G,[QP#G¾Z\K�f�BFC#?�Z\WlB�WaP2�¦[ n G`P r P n G,P n W�BFWHK _ �³BFWHK _ ��P n`n B�CHG�� � K n PbZ r B�CaB _ PbWHP#C\ZkY,B"D�P
3 P#P n v,W}WHK�CHP r CHK�G,^,e#PWHY,P r KFWaP n WH[tB�MQZ|K�f¤�|B n G8� � [ n WaP#CHB�ebWH[ n R � [QWaY.B�Z\[ n RNMQPyZHK�MQDNP n W
_ KNMOPbe#^,MQPB�Z�G,PbWHP#C _ [ n P#G 3x4 Y`[ORNYV�¦CHPbZHKNMQ^`Wa[QK n�r Y,KFWaK�P#MOPbebWHCHK n Z r P#e2WaCHK�ZHe#K r 4 �Ð×�U`? · Ó��¬;
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� Y,PbZHP r B�CaB _ P2WaP#C\Z�B�MOK n P � P#CHP8Z\^`¼.e#[OP n Whf&KNC>� �	 �¬I 	 �³«V? 3 ^`Wk[@W � BFZ n P#e#PbZHZHB�C 4 WHK
[ n WHCHK�G,^,e#P.B n B�G,G`[QWa[QK n B�M|Z\WlB�WaP2�¦G,P r P n G,P n W�WHP#C _ WaK�CHP r CHK�G,^,e#P8WaY`P¡B n [OZHKFWaCHK r 4 K�f
WaY`Pª��õ�:oC1[ n WaP#CHB�ebWH[OK n ? � Y,[QelY�G,P r P n G,ZpK n WHY,PLKNC\[OP n WaBFWa[QK n K�f`WHY,PL[QKVG`[ n P}wx^!B�G`CH^ r KNMOP
_ K _ P n W��ëS�×,���¬jVPbPhILY!B r WHP#CoÍqf&K�CG,PbWaB�[OMQZl�2;
 �9! T9=< % ã ��%!6Á� $*�8� �  ������������ �L� �! "� �  �&%!� 4�) + ' % $N���

� Y,P~P#[OR�P n ZEWlBFWHP#ZkK�f ÇÉ ·Zî B�CHP8K 3 WlB�[ n P#G�BFWhP�B�elY�Z\WaP r [ n B _ KNMQP#eb^,MtB�CiG 4 �
n B _ [OebZZH[ _ ^,MtB�Wa[OK n 3*4 WaY,Pif&KNMQMOK � [ n R r CHK�e#PbZHZb�

�ES"�k 3 WaB�[ n ZHK�MO^`WHP 3 BFZH[OZ�ZEWlBFWHP~P n P#C\RN[OPbZ�B n G®G,[QZ\WaC\[ 3 ^VWaP#G _ ^,M@Wa[ r KNMQP�K r �
P#CHBFWaK�CHZf&CHK _ Z r MQ[ n PbGJG!B�WlB8PbDFB�MO^,BFWaPbG�BFW]WHY,P�e#^,C\CHP n WoD�BFMO^,PiK�f1WaY,PkZHK�MO^`WHPk[ n WaP#C n B�M
e#K�KNC\G,[ n B�WaP#Zb; � Y,PqP n P#CHR�[OP#Z>K�f�WaY,P�Z\KNMO^VWaP 3 BFZH[OZ>Z\WlB�WaP#Z�f&K�C _ WaY,PqG`[tB�RNK n B�M _ B�WaCH[ë�
ÇÉ Ê ;

�¬¹���ILK _ r ^`WaP¯ILKN^,MQK _�3 [QeÁWaPbC _ Z�[ n WaY,P¥P¢� r CHP#Z\ZH[QK n f&KNC�WHY,P¥Pb£¤P#ebWH[QD�P
A>B _ [QMQWaK n [tB n ?`WaY,PhMtB�ZEW>W � K¡WaPbC _ Z>K�f�¨}w(;�¹�;QS�×�?uf&C\K _ WaY,PhG,[OZEWaCH[ 3 ^`WHP#G�Z\KNMO^`WHP _ ^,M@�
Wa[ r K�MOP#Zb?VWHY,P�ZHKNM@DNP n WoelY!B�C\RNP�G,[OZEWaCH[ 3 ^`WH[OK n ?`B n GcWaY`PkZ\KNMQD�P n W r KNMOB�CH[Q§�B 3 [OMO[@Wa[QP#Z#;

��ÍN�IyB�MOeb^,MtBFWHP�WaY,P�Z\KNMQD�P n W�[ n WaCHB _ K�MOP#eb^,MtBFCLP n P#CHR 4 ? ¶ ã¹ä^å Î¿æ ;
��Ï*�IyB�MOeb^,MtBFWHP�WaY,P�Z\Y,KNC\WE��CHB n RNPi[ n WHP#CHB�ebWH[OK n Zb? ÇÉ Í�Î ;
�¬×�� z [tB�RNK n B�MO[Q§#P ÇÉ ·Zî WaK8RNPbW�Pb[ORNP n D�P#e2WaKNC\Z>B n GJP n P#C\RN[OPbZ]f&K�C]B�MOM¤Z\WlB�WaP#Zb;
� · �8�¦f n P#ebP#ZHZHB�C 4 ?]e#K _ r ^`WHP�WHY,PJf&KNC\e#PbZ~K n WaY,P�e#^`CHCHP n WcB�G,[OB 3 BFWH[OecZEWlBFWHP

3*4 e�B�MQe#^,MOBFWa[ n RqWaY,PkG,PbCH[QDFBFWH[QD�P#Z]K�f|WHY,PkPb£¤P#ebWH[QD�P�A>B _ [QMQWaK n [tB n � [QWaY�CHPbZ r P#e2W>WaK8WaY`P
n ^,e#MQP�B�C]ebKVKNC\G,[ n BFWaPbZ 7 B n GJ^`ZH[ n R8WHY,PkAoPbMOM _ B n,n � d P 4 n _ B n WHY,P#KNC\P _ ?
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� Y,PkP#MQP#ebWHCHK n [Oe�P n PbCHR 4 K�f�WaY`PhZ\KNMO^`WHP2�¦ZHKNM@DNP n WoZ 4 Z\WHP _ [OZWHY,PhP¢� r PbebWlB�Wa[OK n
DFB�MO^`PiK�f ÇÉ ·Zî � [@WaYsCHPbZ r P#ebW�WaKqWHY,P � B�DNP�f&^ n e2Wa[QK n K�f|WHY,P�ZHKNMQ^`WaPF?

¶ � Û � ô ¶ ã¹ä^å Î�æ Þ Ü{ÛOÕ ÇÉ Ê Õ Û Ø Þ Ü{Û(Õ ÇÉ Í�Î Õ Û Ø
Þ S¹ Þ � ó Þ S

¹ Þ � Ü{ÛOÕ Çô Õ Û Ø Þ S
¹ Ü{Û(Õ ÇÌ Õ Û Ø � ó

7 S¹ í � ë � í+7 S
¹ Ü{ÛOÕ ïñ Õ Û Ø � ë � í+7 S

¹ í � ë � Ü{ÛOÕ ïñ Õ Û Ø
7 S¹ Ü{Û(Õ ïñ ïñ Õ Û Ø � ë �¬¹V;È¹�Ó*�

[ n � Y,[OelYÁWHY,P¡MOB�Z\WhMO[ n P.[ n DNKNM@DNPbZhWaY`P�ZHe#B�MtB�C r C\KVG,^`ebW�KFfWaY,P~ZHP#ebK n G�CHB n ��WaP n ZHKNC\Z

ïñ ïñ B n G�ë�; � Y,P¡WHP#C _ S,Â�¹ Ü ïð Ø � Ü ïñ Ø Y,B�Z 3 P#P n G,[OZ\e�B�C\G,P#G¾ZH[ n e#P�BFMOM�[ n WaCHB _ KNMOPbe#^,MOB�C
ILKN^,MQK _�3 [QeJWHP#C _ ZsB�C\P�§#P#C\K,; � Y,P�Z\P#MQft�¦P n PbCHR 4 Ü ÇÉ Ê Ø K�fkWaY,P�Z\KNMO^VWaP�[OZ¡PbDFB�MO^,BFWaPbG
P2�`B�e2WaM 4 ?|CHBFWaY`P#CiWaY!B n [ n WaY`P~^,Z\^!B�M�Y!B�C _ K n [Oe.B r,r CHK��V[ _ BFWa[QK n ��¨}w(;p¹�;ÔÕN�¢? 3 Pbe�B�^,Z\P
WaY`PhY,[QRNY,PbCE��K�CHG,PbC]WHP#C _ Z�B�C\PkPbZHZ\P n Wa[OB�M�f&K�C]WHY,PkG,P#Z\e#CH[ r Wa[QK n K�f}B8Y,[OR�Y,M 4 r KNMOB�CH[Q§�B 3 MOP
_ KNMOPbe#^,MQP�;�:>MOM}WHY,P¡WaPbC _ Z�[ n ¨}w(;}¹V;È¹�Ó�ebK n WlB�[ n [ n RJP#[@WaY,PbChWaY`P¡ZHK�MQDNP n W _ ^,M@Wa[ r KNMQP#Z
ÞXKNC]WaY,PhZHKNM@DNP n W r K�WHP n Wa[OB�M6í±G,P#Z\e#C\[ 3 P�P#MQP#ebWHCHKNZEWlBFWH[OekB n G�[ n G,^`ebWa[QK n [ n WaPbCaB�e2Wa[OK n Z#;
� Y,P�MtBFZ\WWaPbC _ ebK n WlB�[ n Z 3 KFWaYs[ n G`^,ebWH[OK n B n GsG,[QZ r P#C\ZH[OK n [ n WaP#CHB�ebWH[OK n Z#�

7 S¹ Ü ïñ�� Ø � ë ô 7 S¹ Ü ïñ Ø � ë � Ü ïñ Ø [ n G,^,ebWH[OK n

7 S¹ � Ü ïñ � Ø 7 Ü ïñ Ø 	 � � ë G,[QZ r P#CHZ\[OK n Ï �¬¹V;È¹VS��

� Y,Pi[ n G,^,e2Wa[OK n WaP#C _ G,PbZHebCH[ 3 P#ZyWHY,Pi[ n WHP#CaBFebWa[QK n K�f�WaY`P�ZHKNM@DNP n W r KNMtBFCH[O§#B 3 [QMO[QW 4 � [QWHY
WaY`P�ÿ���TWV\ÿ�ST r K�WaP n WH[tB�MªB�C\[OZH[ n R�f&C\K _ WHY,P�elY!BFCHRNPcG,[QZ\WHCH[ 3 ^`Wa[QK n K�f]WHY,P�ZHK�MO^`WHP�? Ü ïñ Ø ;
� Y,P�G,[OZ r PbCHZ\[OK n WaPbC _ B�C\[OZ\P#Zqf&CHK _ WaY,Ps[ n WHP#CaBFebWa[QK n K�f>WHY,PsZHKNM@DNP n W r KNMtB�C\[O§#B 3 [OMQ[QW 4
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� [QWHY�WaY`P� !^,e2Wa^!BFWH[OK n ZiB 3 KN^`W>WHY,[OZ>B�DNP#CHB�RNPF?r� Ü ïñ � Ø 7 Ü ïñ Ø 	 ��; � Y,P#Z\P� !^,e2Wa^!BFWH[OK n ZiB�CHP
G,^,P]WaK _ KFWa[OK n K�f�WHY,PoZ\KNMO^VWaP�P#MOPbebWHCHK n ZªB n G _ B 4q3 P�P2�Ve#P r Wa[QK n B�MQM 4 MOB�CHRNP � Y`P n W � K
r K�WaP n WH[tB�M�Z\^,C\f�B�ebP#ZqBFCHP n P�B�C\M 4 G,P#R�P n PbCaBFWHP�; � Y`[OZ�[QZhC\P�B�G`[OM 4 Z\P#P n f&KNCkWHY,P�e#B�ZHP~K�f
A��	 Z\WaC\PbWHelY,P#G®B�M _ KNZEWoWHK 3 K n G�G,[QZHZ\KVeb[tBFWH[OK n ? � Y,PbCHP�WHY,P�elY!BFCHRNPhG,[OZEWaCH[ 3 ^`WH[OK n  !^,e2�
Wa^,BFWaPbZ 3 P2W � PbP n A � Ï�Ï�Ï AËB n G8A Ï�Ï�Ï A � ? � [QWHY8B _ P�B n elY!B�CHR�PK�f�S,ÂN¹oK n P#B�elY.BFWaK _ ;
��B�CHR�P� ,^,ebWH^!BFWa[QK n Z _ B 4 KVebe#^,C � Y,P n PbDNPbC>W � K���P � [QZoZEWaCH^`ebWa^`CHP#Z>B�CHP 3 C\KN^,RNY*Wo[ n WaK
CHPbZHK n B n e#P 3*4 Z\KNMQDFBFWH[OK n Pb£¤P#e2WaZ#;q _ [OZ\ZH[QK n K�f�WHY,P� !^,e2Wa^!BFWH[OK n Z�MOP#B�G,Z>WHKcZ r ^,C\[OKN^`Z
MOK�e�BFMO[O§#BFWa[QK n K�fVWaY,PªP2�Ve#PbZHZpZ\KNMO^VWaP�elY!B�CHR�PªK n BoZ\[ n RNMQP�BFWaK _ ?�� S�Õ���ZH[ n e#P�WaY`PL[ n G,^,ebWH[OK n
P n P#CHR 4 [QZ�RNCHP#BFWaPbZ\Wy[@f�B�MQM`WaY`P>elY!B�C\RNP�[OZ�e#K n ebP n WaCHBFWaPbGcBFWLBkZ\[ n R�MOP r K�[ n W�;}<ªP#e�BF^,ZHPoK�f
WaY`PqMtB�C\RNP _ B�R n [@Wa^,G,P�K�fªWHY,P8ZHKNMQ^`WaPh !^,ebWH^!BFWH[OK n Zb?�[QWi[QZiP#ZHZ\P n Wa[OB�MpWaKc[ n e#MQ^,G,P�WHY,P _
WaK�K 3 WaB�[ n wx^!B�MQ[QWaBFWa[@DNP#M 4 ebKNCHC\P#e2W�C\P#ZH^`MQWaZ�� S�Õ"õ(S�U`?�¹�Í`? · S�? · ¹���; � Y,[QZh[QZ�[ n e#K n WHCaB�ZEW
WaKsWaY`P _ ^,elY�Z _ B�MOMQP#C� !^`ebWa^,BFWa[QK n ZhB�CH[QZH[ n Rsf&C\K _ WaY`P~Z\KNMQD�P n W�PbMOP#e2WaC\K n ZhB n G�f&C\K _
WaY`P¡e#K�CHP¡PbMOPbebWaC\K n Zh[ n WHY,P¡Z\KNMO^VWaP�? � Y,[OelYÁB�CHP~^,ZH^!BFMOM 4 B 3 ZHKNC 3 PbGÁ[ n WaY,P~P _ r [OC\[Oe#B�M
ZHY`KNC\WE��CaB n RNP�A>B _ [QMQWaK n [tB n ;

� Y,P]G,[QZ r P#CHZ\[OK n WHP#C _ [ n WaY,PP n P#C\R 4 P2� r C\P#Z\ZH[OK n ?�¨�w(;�¹V;È¹VSN?NB�CH[QZHP#Z 3 Pbe�B�^,Z\P
WaY`P�Z\KNMQD�P n W.P#MQP#ebWHCHK n [Oe r KNMtB�C\[O§#BFWa[QK n [QZ~BFZHZH^ _ PbG�WHK®C\P#Z r K n G¯[ n Z\WaB n WlB n PbKN^,Z\M 4 WHK
 !^,e2Wa^!B�Wa[OK n ZhKFfyWaY,P8DFB�MOP n e#P.ZHK�MO^`WHP~PbMOP#e2WaC\K n Z#;J n M 4 WaY,P~ZHKNMQ^`WaP8DFB�MOP n e#P.P#MQP#e2WaCHK n
 !^,e2Wa^!B�Wa[OK n ZpB�C\PL[ n e#MQ^,G,P#G 3 Pbe�B�^`ZHPyK�f`WaY,PªCHP#ZEWaC\[OebWH[OK n K�f,WHY,PyZHK�MO^`WHP 3 BFZH[OZ�WaKo[ n ebMO^,G,P
K n M 4 DFB�MOP n e#P.P2�Ve#[@WlBFWH[OK n Z#;s�¦f[ n Z\WaP#B�G¾WHY,P.WH[ _ P8ZHe�BFMOP#Zkf&KNC�WaY,P~P#MOPbebWHCHK n [Qe _ K�WH[OK n
[ n WaY,P~ZHKNMQ^`WaP¡B n G�ZHK�MQDNP n W � PbCHPcebK _ r B�CaB 3 MOP�?1[QW � K�^,MOG 3 P _ KNCHP¡B r,r C\K r C\[tBFWHP.WHK
^,Z\P�B�A>BFC\WaC\P#P¢� r C\KVG,^`ebW � B�D�P®f&^ n ebWa[QK n ��¨}w(;o¹V;=Ï*�~f&KNC�WaY,P�P n WH[OC\P®Z\KNMO^VWaP2�¦ZHKNM@DNP n W
Z 4 ZEWaP _ ; � Y,P>G`[OZ r P#C\ZH[QK n WaPbC _ � KN^,MOG~WaY,P n 3 P>B 3 ZHP n Wyf&CHK _ WHY,P>P n P#C\R 4 P¢� r CHPbZHZH[QK n
¨}w(;�¹V;È¹�Ó�B n G�WHY,P�ebKNCHC\P#Z r K n G`[ n R�jVelY`C"ÇKNG,[ n RNPbC�P#wx^!BFWH[OK n f&K�C>WaY,P�ZHKNMQ^`WaP � KN^,MQG 3 P
n K n MO[ n P�B�CO� S"U`? · Í���;
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� Pe�B nqn K � e#K _ r BFCHPyKN^`CpPb£¤P#e2Wa[QD�P]A>B _ [OM@WaK n [tB n B n GqP n P#C\R 4 P¢� r CHPbZHZH[QK n
� [QWHY r CHP2DV[QKN^,Z � KNCH��K n Z\[ _ [OMOB�C~Z 4 Z\WaP _ Zb; � P�G,K n KFW�BFWHWHP _ r WcWaK�C\PbD�[OP � WaY`P
_ B n 4 B r,r C\K*B�elY,PbZ>WaY!B�W>Y!B�D�P 3 PbP n WaB���P n WaK � B�CHG`Z�[ n ebKNC r KNCHBFWa[ n R _ PbG,[O^ _ Pb£¤P#ebWHZ
[ n WHK�P#MQP#ebWHCHK n [Oe.Z\WaC\^,ebWH^,CHPce#B�MOeb^,MtB�Wa[OK n Z#? 3 ^`W�CHBFWaY`P#C�f&K�e#^,ZhK n BJf&P � ZEWa^,G`[OP#ZhWaY!BFW
B�G,G`CHP#Z\Z.WHY,P r C\K 3 MOP _ [ n � Y`[OelY � P�B�C\Pc[ n WaPbCHP#ZEWaPbGT��B�Z _ BFMOM¬?|Y,[ORNY`M 4 r KNMOB�CH[Q§�B 3 MOP
ZHK�MO^`WHPiG,[OZ\ZHK�e#[tB�Wa[ n Rq[ n Z\[OG,P�B r KNMtB�C\[O§#B 3 MOPoZHKNM@DNP n W�KNC]ebMO^,ZEWaP#Cb;

 n P r K r ^,MOB�CpB r,r CHKNB�elYq[OZ�WaK>WHCHP�B�WpWaY,PLZHKNM@DNP n W�BFZ}B�G,[OPbMOPbebWaC\[Oe�e#K n WH[ n ^,^ _
� S�Õ"õ(S�U`?�¹N¹V? · Í`? · Ï���;1Å�[ _ B n G�A 4 n P#Z*�ëS"U��xY!B�DNP�G,PbD�P#MOK r PbG�ByDFB�CH[OBFWa[QK n B�M�P2� r C\P#ZHZ\[OK n ?
3 B�Z\P#G�K n B _ ^,M@Wa[OebK n v!R�^,CaBFWH[OK n Z\P#M@ft��e#K n ZH[QZ\WaP n Whv!PbMOG � B�D�P¡f&^ n e2Wa[OK n ?�f&KNCiWaY,P8f&CHPbP
P n P#CHR 4 K�f8B n [ n WaPbCaB�e2Wa[ n R¥ZHKNMQ^`WaP¢��ZHK�MQDNP n W�Z 4 ZEWaP _ ; � P®e#K n Z\[OG,PbCJY`P#CHP®K n M 4 WaY`P
B�G,[OB 3 BFWH[Oe�MQ[ _ [QW��&CHP2f&P#CHC\P#GÙWHK 3*4 Åi[ _ B n GXA 4 n P#Z�BFZ�WHY,PX¿\<LKNC n �E r,r P n Y,Pb[ _ P#C
MO[ _ [@WaÀx�LKFf�WHY,[OZoWaY,PbKNC 4 ?T[ n � Y,[QelY�WaY,P�Z\KNMQD�P n W�P#MQP#e2WaCHK n [Oe r KNMOB�CH[Q§�BFWH[OK n [OZoCHP#RNB�CHG,PbG
B�Z�f�B�ZEWie#K _ r BFCHP#G � [@WaY�WaY`P�P#MQP#ebWHCHK n [Oe�G,PbRNCHPbP#Z�K�f�f&CHPbP#G,K _ K�f�WaY`PqZHKNMQ^`WaPF;h� n WaY`P
B�G,[OB 3 BFWH[Oe�MO[ _ [@W.B n Pb£¤P#e2Wa[QD�P�A>B _ [QMQWaK n [tB n f&KNC~WaY,P�Z\KNMO^VWaP _ B 4�3 P�K 3 WlB�[ n P#G 3*4
_ [ n [ _ [Q§#[ n RJWaY`PJf&CHPbP2�¦P n PbCHR 4 P2� r C\P#Z\ZH[OK n � [QWHY¯C\P#Z r P#e2W�WaK�WaY`P�ZHK�MQDNP n W¡PbMOP#e2WaC\K n [Oe
r KNMtB�C\[O§#BFWa[QK n ; � Y,[QZ¡MQP�B�G,Z.WaK¾B n Pb£¤P#e2Wa[@DNP�f&C\P#P�P n P#C\R 4 K r PbCaBFWHKNC8f&KNC~WHY,P�Z\KNMO^`WHP�?� ¼�� ? � Y`[OelY _ B 4�3 P � CH[@WHWaP n [ n WaPbC _ Z�KFf|KN^`CRNP n PbCaB�MQ[O§bP#GsZHKNMQ^`WaP r K�WaP n Wa[tBFM Çô B�Z
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� Y,PbCHP � ÐUÎ [QZkWHY,P�[ n WHP#C n B�M�f&CHP#P~P n PbCHR 4 K�fWHY,P¡Z\KNMQD�P n Wq[ n e#MO^`G,[ n RsWaY`P¡ZHPbMQft�¦P n PbCHR 4
B n G~ZHKNM@DNP n WE��Z\KNMQD�P n Wy[ n WHP#CHB�ebWH[OK n Zb?� ·|¸ [OZ�WaY,P�ZHKNM@DNP n WLP#MQP#ebWHCHK n [Oe]ZH^,Z\e#P r Wa[ 3 [OMQ[QW 4 ?�B n G
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" ÐUÎ �+$��o[OZ�WaY,P�KNCH[QP n WlBFWH[OK n B�M r KNMOB�CH[Q§�BFWH[OK n K�f�WHY,P�ZHK�MQDNP n W�;�� n G,[OPbMOPbebWaC\[Oeke#K n WH[ n ^,^ _
_ KVG,PbMOZ|WHY,P]K n M 4 ZHK�MQDNP n W _ ^,MQWH[ r KNMOPbZpB�C\PG,[ r KNMOPbZ#?*Z\K�WHY,P]RNP n P#CaBFMO[O§bP#G8ZHK�MO^`WHP r K�WHP n �
Wa[OB�M Çô [QZ r CHK r KNC\WH[OK n B�M�WaK8WaY`PhPbMOP#e2WaC\[Oeiv!P#MQG�BFCH[OZ\[ n Rqf&C\K _ WaY`P�ZHK�MO^`WHPhB�WoP#B�elY r KN[ n W
[ n WHY,P~Z\KNMQD�P n W�;.:>ZhB n B�[OG�[ n ebK _ r B�CH[QZHK n � [@WaY�e#K n WH[ n ^,^ _ Z\KNMQD�P n W _ K�G,P#MQZ#?TWaY`P
Pb£¤P#e2Wa[@DNPhA>B _ [OM@WaK n [OB n ��¨}w(;�¹�;QS�×��Le�B n 3 PiC\P � C\[QWHWHP n B�Z

ÇÉM·Zî ô ÇÉ Ê Þ ¶ Í!Ð ¸ Ñ
Þ ïñ � �-, Þ â � ßr� �/. � Þ
7 S

¹ ïñ � è ß Þ â � èUê � è � ïñ �¬¹V;È¹�Í*�

^,Z\[ n RqWaY`Pk[QG,P n WH[QW 4

ß � �-, Þ â � ßs� �/. ô 7�ß � è�ß Þ â �/. ê �/. � ß Þ ß Ï �¬¹V;È¹FÏx�

� Y,PbCHP>[QZ�BkebMOKNZ\P�ebKNCHC\P#Z r K n G,P n ebP 3 PbW � P#P n WaY,P]f&CHPbP2��P n P#C\R 4 K r P#CHBFWaKNC�B n G
WaY`P¡AoB _ [QMQWHK n [tB n ?�B�ZkP2� r P#ebWHP#GT; � ÐUÎ e#KNC\CHP#Z r K n G,ZhWHKJWHY,P~[ n WaP#C n B�M�P n P#CHR 4 KFfLWaY`P
ZHK�MQDNP n W�? ¶ Í�Ð ¸ Ñ ?0 ·|¸ ebKNCHC\P#Z r K n G`ZLWaKkWaY,PoZHKNM@DNP n W r KNMOB�CH[Q§�B 3 [QMO[@W 4 ç ?VB n G " ÐUÎ �%$���e#KNC\CHP2�
Z r K n G`Z>WaK¡WHY,P r P#C _ B n P n WiZ\KNMQD�P n W _ ^`MQWa[ r K�MOP#Z$Þi; � Y,Phf&CHP#P¢��P n P#C\R 4 K r PbCaBFWHKNC�B n G
WaY`PA>B _ [OM@WaK n [tB n P¢�`Y`[ 3 [@W1WHY,PyZaB _ PªG,P r P n G`P n ebP�K n WaY,PªZHKNM@DNP n W r KNMOB�CH[Q§�B 3 [OMO[@W 4 ?�B n G
3 K�WaY8[ n D�KNMQD�P]WHY,P�	�a��`ÿ�VjT�KFfuWHY,P]ZHKNMQ^`WaP¢� r K�WaP n Wa[tBFM �jQBTWV\ÿ�R^��V¢?*CHBFWaY,PbC}WaY!B n WHY,P]ZHwx^!B�C\P
K�f�[@WaZ.P2� r PbebWaBFWa[QK n DFB�MO^,PF?CHP2 !P#e2Wa[ n R¾WaY,P�[ _ r KNCEWlB n e#PsK�f�P#MQP#e2WaCHK n [Oe� !^,ebWH^!BFWH[OK n Z

� [QWHY,[ n WaY,PhZHKNMQ^`WaPF;]�¦W�e�B n 3 PhZHY,K � n � · Ï���WaY,BFW>WHY,Phf�B�e2WaKNC�Ï'��[ n Ç� ��� B�C\[OZ\P#Zof&C\K _
WaY`P _ ^`WH^!B�M�[ n WaPbCaB�e2Wa[QK n 3 PbW � P#P n [ n G,^,ebP#G�ZHK�MQDNP n WiG,[ r KNMQP#Z#?uB n G r MtB 4 ZoWHY,P�CHK�MOPkK�f
WaY`Pk[ n WaP#CHB�ebWH[OK n WHP n Z\KNC�ß°[ n ÇÉ ·Zî ;

�JKNZEW r C\PbD�[OK�^,Z.WHCHP#BFW _ P n WaZ~K�f�WHY,P r Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n K�f�Z\KNMQDFBFWHP#G¯[OK n Z
Y!B�DNP~G,P#Z\e#C\[ 3 P#G�WHY,P8ZHKNMQ^`WaP8elY!BFCHRNP.G,[OZEWaC\[ 3 ^`WH[OK n [ n WHP#C _ Z�K�fyB n P _ r [QCH[Qe�B�M�?�MOK�e�BFM@�
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[O§bP#G 3 BFZH[OZb; d KNCyP2�`B _ r MQP�?VWHY,PielY!B�C\RNPiG,[QZ\WaC\[ 3 ^VWa[OK n f&KNCLWHY,P 3 B�Z\[OZLf&^ n ebWH[OK n Õ � � Ï�Ï�Ï � Ø
[OZ _ K�G,P#MQP#G 3*4 B.Z\[ n RNMQP r K�[ n W]elY!B�C\RNPkBFW]WaY,P�� � n ^`e#MOPb^,Z#?¤B n GsWaY`P�WHCaB n ZH[QWH[OK n _ ^,M@�
Wa[ r K�MOP#Z Ü � � Ï�Ï�Ï � Õ ÇÌ Õ � Ï�Ï�Ï � � Ø BFCHP�Z\PbW�WHK�§#PbCHK,; d CHK _ KN^`C r KN[ n W�KFfDV[QP � WaY`[OZ _ K�G,P#M
B _ KN^ n WaZ�WaKhB _ K n K r KNMQP]B r,r C\K��`[ _ B�Wa[OK n WHKkWHY,P>G`[OZ\WHCH[ 3 ^`WaPbG _ ^,MQWH[ r KNMOPyP¢� r B n Z\[OK n ;
j�WH^,G,[OPbZ�K�fWHY,P�P n P#CHR�PbWa[Qe#Z0�Ð¹�Ó`? · ×��yB n GÁRNC\KN^ n G���Z\WaBFWaP¡G 4 n B _ [Oe#Z��ÐU`?�S�Ï��ªK�f�� �	 [ n
e#MQ^,Z\WHP#C\Z8B n G�[ n ZHKNMQ^`Wa[QK n e#K _�3 [ n P#GÁWaY`[OZ�G`P#ZHebCH[ r Wa[QK n K�fWaY`PcelY!B�CHR�PcG,[OZEWaCH[ 3 ^`WH[OK n
� [QWHY�P _ r [OC\[Oe�BFM r K�WaP n Wa[tBFMpP n PbCHR 4 e#^,CEDNP#ZhK�f�WaY,Pq[QZHKNMOBFWaPbG�ZHKNMQ^`WaPF;8��K�e�BFMO[O§bP#G 3 BFZH[OZ
f&^ n e2Wa[QK n Zk��[ _ r MO[OPbG 3*4 ^,Z\PiK�f|B�Wa[OR�YxW 3 [ n G`[ n R8AoB _ [QMQWHK n [tB n �pY!B�DNPkB�MOZ\K 3 PbP n ^,ZHPbG
3*4 gkB�C\e#[OB`?|<ªP n,n P _ B n,n B n GÁe#K � KNCH�FP#CHZ�WHKJZEWa^,G 4 WHY,P¡G 4 n B _ [Qe#ZkK�f[OK n [O§bP#G�AoR�«
e#MQ^,Z\WHP#C\Z�� ·�· ? · Õ,�¬;�A�K � P2DNP#Cb?ª[ n WaY`P#[OC�B r,r C\K*B�elYT?pWHY,P�Z\KNMO^`WHP¡PbMOP#e2WaC\[Oe~v,P#MOG�K r PbCaB��
WaK�Cª[QZªC\P r MOB�e#PbG 3*4 [@WaZ�P2� r P#ebWaBFWa[QK n DFB�MQ^,P�?xZHKhWaY!BFW�WaY`P#[OC _ KVG,PbM(e#KNC\CHP#Z r K n G,ZLWHKhWaY`P
¿\Z\P#MQft�¦e#K n ZH[OZEWaP n WHÀiMO[ _ [@W1[ n � Y,[OelYqZ\KNMO^VWaPy !^,e2Wa^!B�Wa[OK n Z}B�C\P n P#R�MOP#e2WaPbG/� S"U`? · Ï���?*CaBFWHY,P#C
WaY,B n WHKqWaY,PkB�G,[OB 3 BFWH[OeoMO[ _ [QWL^,ZHPbGJY`P#CHPF;

� Y,P~P�B�C\MO[OPbZ\WkG 4 n B _ [Oe#B�MpZEWa^,G,[QP#Z��ÐU`?�S�Ï�� � PbCHP¡C\P#ZEWaCH[QebWHP#G�WHKJWHY,P~R�CHKN^ n G
Z\WaBFWaP r K�WaP n Wa[tBFMTP n PbCHR 4 ZH^,CEf�B�e#P�K�f�WaY,P�Z\KNMO^`WHP2�¦ZHKNM@DNP n W�Z 4 ZEWaP _ ;�<yBFWH[OZ\WaB8B n G�ILKN��PbC
�Ð¹�U`?"Í`S:�*Y!B�DNP�RNK n P 3 P 4 K n GkWaY,[QZTCHPbZ\WHCH[Oe2Wa[QK n WaKZH[ _ ^,MOBFWaP|WHY,P�B�G,[OB 3 BFWH[OepB n G n K n B�G`[tB��
3 BFWH[Oe r Y,K�WaK�G,[QZHZHK�e#[OBFWa[QK n G 4 n B _ [Qe#ZTK�fV� 	 �>Pb«�B n G�� �	 :oC\«K n _ ^,MQWH[ r MQP1PbMOP#e2WaC\K n [Oe}Z\^,CE�
f�B�ebP#Z#?!^`ZH[ n R8B n Pb£¤P#ebWH[QD�PhAoB _ [OMQWHK n [OB n 3 B�ZHPbGJK n WHY,P z [tBFWHK _ [Oe#Z³��[ n ����K n [Oe2�³j 4 Z\WHP _ Z
� z �\�Ej,� _ KVG,PbM`K�f���B�Z\W�B n G~g�PbKNCHRNP(� Í*¹���; � Y,P z �\�Ej _ K�G,P#M,B�^,R _ P n WaZ�BiZ\P _ [OP _ r [QCE�
[Oe#B�M z [OBFWaK _ [OebZE�¦[ n �³�JKNMOPbe#^,MQP#ZªA>B _ [OM@WaK n [tB n � [QWaYJB n K r P#CaB�WaKNCyWHY!BFW�CHP r CHPbZHP n WHZoWaY`P
Z\WHCHK n R�ILK�^,MOK _�3 [Oeª[ n WaPbCaB�e2Wa[OK n K�f¤WHY,P[OK n [OeªZHKNMQ^`WaP � [@WaYqWaY,PPbMOPbebWaC\K n [Qe r K�MtB�C\[O§�B 3 [OMë�
[QW 4 K�fªWHY,P8ZHKNM@DNP n W#; � Y,P8C\P#ZH^`MQWa[ n RsPb£¤P#e2Wa[QD�P¡AoB _ [OMQWHK n [OB n K r P#CHBFWaKNCi[QZiP#Z\ZHP n WH[tB�MQM 4
WaY`PkZHB _ PhBFZ�K�^,CPb£¤P#e2Wa[QD�P�AoB _ [OMQWHK n [OB n ��¨�w(;¤¹V;@S�×N�¢?!B�MQWHY,KN^,R�Y�WaY,PkG,P#C\[QDFBFWH[OK n B n G
r P#CHZ r PbebWH[QDNP.B�C\P�DNPbC 4 G,[@£�PbCHP n W#;q�^,C _ KVG`P#M|G`[Q£¤P#CHZ�f&C\K _ WaY,Pb[OCHZ r CH[ _ B�C\[OM 4 [ n WaY`P
elY,KN[Qe#P�K�fVZHKNMQ^`WaP 3 B�ZH[QZ�f&^ n ebWH[OK n Zb;|<LBFWa[QZ\WlBB n G�ILK���P#C�P2� r B n GkWHY,P�ZHKNMQ^`WaP � B�DNP�f&^ n e2�
Wa[QK n [ n B 3 B�ZH[QZ�K�f]P _ r [OCH[Qe�B�M�?�MOK�e�B�MQ[O§bP#G�f&^ n ebWH[OK n Z�ZH^`elY¥B�ZhWHY,P Õ � � Ï�Ï�Ï � Ø f&^ n e2Wa[OK n
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G,PbZHe#C\[ 3 P#GsB 3 K"DNPF; � Y`P�elY!B�C\RNP�G,[QZ\WaC\[ 3 ^VWa[OK n e#K�CHCHPbZ r K n G,[ n R�WHK�P�B�elY 3 BFZH[OZ�f&^ n e2Wa[OK n
[OZhB r,r CHK��V[ _ BFWaPbG 3*4 BJZH[ n RNMQP r KN[ n WkelY!B�C\RNP�B�WhWHY,P¡� � n ^,ebMOPb^,Z#?}B n GÁK�£(��G,[OB�RNK n B�M
_ BFWaC\[@�.P#MQP _ P n WaZLZH^,elY�B�Z Ü � � Ï�Ï�Ï � Õ Çô Õ � Ï�Ï�Ï � � Ø B�C\P�ZHP2WyWaKq§bP#CHK`;}:>ZB�ebK n Z\P#wx^,P n e#PkK�f
WaY`P#ZHP8B r,r CHK��V[ _ BFWH[OK n Z]WaY`P�WaY,PqZ\KNMO^VWaP _ ^,MQWH[ r KNMOPkB n G r K�WHP n Wa[OB�M1K r PbCaBFWHKNCHZb? ÇÌ B n G
Çô ?!B�C\PkG`[tB�RNK n B�M�[ n WaY,P�MOK�e�BFMO[O§bP#G 3 B�ZH[QZ#;

� Y,PbZHPLZ\P _ [OP _ r [QCH[Qe�B�M�?#MOK�e�BFMO[O§bP#GV� 3 B�Z\[OZ�B r`r CHK*BFelY,P#Z�e�B r Wa^,C\P�WHY,P�G,K _ [ n B n W
f&P�B�Wa^,C\P#Z�KFf]B n [QK n [QeqelY!B�CHR�P¡G,[QZ\WaC\[ 3 ^VWa[OK n ;cAoK � PbD�P#C#? � Y`[OMOP8P _ r [QCH[Qe�B�M}Z\KNMO^`WHP r KF�
WaP n Wa[tBFM|e#^`C\DNPbZ _ B 4�3 PqCHP#B�ZHK n B 3 M 4 B�e#eb^,CaB�WaP�?�P _ r [QCH[Qe�B�M�elY!B�C\RNPqG,[OZEWaC\[ 3 ^`WH[OK n ZiB�CHP
[ n DFB�C\[tB 3 M 4 CHBFWaY,PbC~ebCH^,G`P�?P#Z r Pbe#[OB�MOM 4 BFW~ZHY,K�C\WaPbC 3 K n G¯MOP n R�WaY`Z#; d KNC8[ n ZEWlB n e#P�?yB
ZH[ n RNMQP r KN[ n W\��elY,B�CHRNP _ B 4 B�G,Pbw�^,BFWaPbM 4 G,PbZHe#C\[ 3 P�WHY,P�elY!B�CHR�PoG,[QZ\WHCH[ 3 ^`Wa[QK n K�f Õ � � Ï�Ï�Ï � Ø
n P#B�C1G`[OZHZ\KVeb[tBFWH[OK n ? 3 ^`Wp[@W 3 P#ebK _ P#Z1B n [ n e#C\P�B�Z\[ n RNM 4 r KVKNC�B r`r CHK��V[ _ BFWa[QK n BFW1ZHY,KNCEWaPbC
3 K n G�MQP n RFWaY,Zb; � Y,P n PbRNMOPbebWoK�f _ BFWHCH[@�cP#MOP _ P n WaZ�K�fpWaY`P _ ^`MQWa[ r K�MOP�K r P#CHBFWaK�CHZ]WaY!BFW
B�C\PJK�£(��G`[tB�RNK n B�ML[ n WHY,P�MQKVe#B�MO[Q§#PbG 3 B�ZH[QZ#? � Y`[OelY�[QZ8P#ZHZ\P n Wa[OB�MOM 4 P#wx^,[@D�BFMOP n W8WaK n P2�
RNMQP#ebW�KFfLWaY`P.K"D�P#CHMOB r 3 PbW � P#P n WaY`P 3 B�ZH[QZ�f&^ n ebWH[OK n Zb? _ B 4 B�MQZHK 3 P8P¢� r P#e2WaPbG¾WaK 3 P
[ n B�e#eb^,CaBFWHP�BFW¡ZHY,K�C\Wc[ n WHP#C n ^`e#MOP#B�C¡G`[OZ\WaB n ebP#Z#; � Y`P#ZHP�B r,r CHK��V[ _ BFWH[OK n Z.[ n WHCHK�G,^,e#P
ZH[QR n [@v!e�B n W�P#CHC\KNCHZq[ n WaK�WHY,PcZHKNM@DFBFWaPbG r K�WHP n Wa[OB�M�ZH^,CEf�B�e#PbZq[ n WaY`P n P#[QRNY 3 K�CHY,K�KVG¾K�f
WaY`P�P#wx^,[QMO[ 3 CH[O^ _æ3 K n GcMOP n R�WaY�; � Y,[OMQP>[@WL[QZ n K�WLP�B�Z 4 WaK r CHPbG,[Oe2WLWaY`P#[OCªPb£¤P#e2W]K n WaY`P
r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n G 4 n B _ [Qe#Zb?�ZHK _ P�K�f,WHY,P _ KNZ\W1[ n WHP#CHPbZ\WH[ n R r CHK r P#CEWa[OPbZ1KFf!ZHKNM@DFBFWaPbG
[OK n Z#?�ZH^,elY�B�Z|B n K _ B�MOKN^`Z�elY!B�CHR�PªZ � [QWaelY`[ n RoK n P¢�Ve#[QWHP#GhZ\WlB�WaP#Z��ëS"×V?*S · ��?�BFCHP�ZHP n ZH[QWH[QD�P
WaK�WHY,P�G,P2WlB�[QMOZªK�f�WaY,PiZ\KNMO^VWaP>elY,B�CHRNPiG`[OZ\WHCH[ 3 ^`Wa[QK n B�WyWaY,P>P#wx^,[OMQ[ 3 C\[O^ _É3 K n GcMQP n RFWaYT;
� n e#K n WHCaB�ZEW�?}B 3 [ n [@Wa[OK � B�DNP�f&^ n e2Wa[QK n Z _ B 4®3 P�^`ZHP#GÁWHK�e�BFMOe#^`MtBFWHP _ ^`MQWa[ r K�MOP#ZiWHK
B n 4 KNC\G,P#Cb?VP n B 3 MQ[ n R�K n P�WaK 3 ^,[QMOG8^ r B n B�ebe#^,CHBFWaP�CHP r CHPbZHP n WaBFWa[QK n K�f¤WaY,P r KFWaP n WH[tB�M
B�C\[OZH[ n R�f&C\K _ WHY,PcZHKNMQ^`WaPcelY,B�CHRNPcG`[OZ\WHCH[ 3 ^`Wa[QK n ;�Ao[QRNYV��MQPbD�P#MyB 3 [ n [QWH[OKJe�B�MQe#^,MOBFWa[QK n Z
_ B 4 B�MQZHK 3 PiB r,r MO[OPbG~WHK _ KNMQP#eb^,MOPbZ � [QWHY�e#K _ r MQ[Oe#BFWaPbG�P#MQP#ebWHCHK n [Oe>ZEWaC\^,ebWH^,CHPF? � Y,P#C\P
BqZHP _ [QP _ r [OC\[Oe�BFMuDFB�MQP n ebP2� 3 K n G � B�DNPhf&^ n ebWH[OK n _ B 4 n K�W 3 PhBFG,P#wx^!BFWHP�;
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� Y,PkB�G,[OB 3 BFWH[Oe>B r,r C\K"�V[ _ BFWH[OK n [OZyK n M 4 D�BFMO[OG¡[Qf�WaY`PiZHKNM@DNP n W] !^,e2Wa^!B�WaP#Z�BFW

B8ZH[OR n [Qv!e#B n WaM 4 Y,[QRNY,P#Cf&C\P#wx^,P n e 4 WaY!B n WHY,PhZ\KNMO^VWaP��ëS�U��¬;���G,P#B�MOM 4 WaY`PhZ\KNMO^`WHP�P n PbCHR 4
MOP2DNPbMOZie#K n ZH[QZ\W�K�fLB n B�CHC\K � Z r PbebWaCHB�M}P n D�P#MOK r PqWaY,BFW�[OZiwx^!B�Z\[@�¦G,P#RNP n P#CHBFWaP � [@WaY�WaY`P
RNC\KN^ n G�ZEWlBFWHPqB n G � P#MQM1Z\P r BFCaBFWHP#G�f&CHK _ WHY,P _ KNCHPkY,[OR�Y,M 4 P¢�`eb[QWHP#G�Z\WaBFWaPbZ#; � CaB n ZH[@�
Wa[QK n Z 3 P2W � PbP n Z\WaBFWaPbZ � [QWaY`[ n WHY,[OZ1P n DNPbMOK r PRN[@DNPLC\[OZ\PLWaK�MQK � f&CHP#wx^,P n e 4  !^,ebWH^!BFWH[OK n Z
WaY,BFW _ B 4�3 PcWaC\P�BFWHP#G¯B�G,[tB 3 BFWa[Qe�B�MQM 4 ;ÁjV[ n e#Pc[@W8[OZ n KFW¡BFM � B 4 Z8[ _._ P#G,[OBFWaPbM 4 e#MQP�B�C

� Y,P2WaY,PbCyWaY,PiBFG,[tB 3 BFWa[QeoZ\P r B�CHBFWa[QK n B r,r MO[OPbZ#? � P n K � ebK n ZH[QG,P#CªWaY,P�DFB�C\[tBFWH[OK n K�f�WaY`P
G,[QZ r P#CHZ\[OK n P n P#C\R 4 � [QWHY¥WHY,Pc !^,e2Wa^!BFWH[OK n f&C\P#wx^,P n e 4 K�f�WaY,PsZHK�MO^`WHP�; d KNCqZH[ _ r MO[Oe¢�
[QW 4 � P.^,Z\P¡B r PbC\WH^,C 3 B�Wa[QD�P.B r,r C\K*B�elYT;.:>M@WaY,KN^`RNY�WaY,[QZ � [OMOM n K�W�RN[@DNP8wx^!B n Wa[@WlBFWH[QDNP
CHPbZH^,M@WaZ�f&KNCqZ 4 Z\WaP _ Z8P¢�`Y`[ 3 [@Wa[ n R�MtB�C\RNP¡ !^,e2Wa^!B�Wa[OK n Z#?�[QW8[QZ�ZH^V¼~eb[OP n W8WHK®G`PbWaPbC _ [ n P

� Y,P2WaY,PbC�WHY,PkB�G,[tB 3 BFWa[QeiB r,r CHK��V[ _ BFWa[QK n _ B 4¡3 P�^,Z\P#GT;
� Y,P®ZHKNM@DNP n W ½ ZJCHPbZ r K n ZHP�WaK¯B� !^,ebWH^!BFWH[ n R¥v!P#MQG±[OZ r CHK r KNCEWa[QK n B�M>WHK¥[QWaZ

f&CHPbwx^,P n e 4 ��G,P r P n G,P n W r KNMOB�CH[Q§�B 3 [OMO[@W 4 ?Mây��2L�¢; � Y,Pq^,Z\^!B�M r P#CEWa^,C 3 BFWa[@DNP�f&K�C _ ^,MOB.f&KNC
WaY`PkG`[OZ r P#C\ZH[QK n P n PbCHR 4 �Ð¹N×�� 3 PbW � P#P n W � K _ KNMOPbe#^,MQP#ZyñòB n G�ø _ B 4�3 P � C\[QWHWHP n B�Z

¶43oã Í65 · Î�Í ã Ð ä ô
7 S¹6º à67 ³98 Á ¼B³ Ü Ó Õ Ç² ³ Õ ± Ø Ü ± Õ Ç² ³ Õ Ó Ø Á ³M¼ â ¼G¼;:�< ¶ ³í à>=7 S¹6ºá?7 ¼@8 Á ³M¼ Ü Ó Õ Ç² ¼ Õ Å Ø Ü Å Õ Ç² ¼ Õ Ó Ø Á ¼B³ â ³M³ : < ¶ ¼í á = Ï �¬¹V;È¹N×N�

� Y,P�v,CHZ\W>WaP#C _ KFf}WaY,[QZ>P2� r C\P#Z\ZH[OK n e#K n WlBF[ n Z> ,^,ebWH^!BFWa[QK n ZoG,^,P�WHK _ K�MOP#eb^,MOPkñÉB n G
WaY`Pyf&CHP#wx^,P n e 4 �¦G,P r P n G`P n W r KNMtB�C\[O§#B 3 [OMQ[QW 4 K�f _ KNMQP#e#^`MOPyø~? � Y,[OMQPy[ n WHY,PZHPbe#K n G8WaPbC _
WaY`P�C\KNMOPbZqK�f _ KNMQP#e#^`MOP#Z�ñÖB n G�øîB�C\PcCHPbD�P#C\ZHP#G�; � Y,Pc !^,e2Wa^!BFWH[OK n Z~BFCH[OZ\[ n R�f&C\K _
_ KNMOPbe#^,MQPñ�? Ü Ó Õ Ç² ³ Õ ± Ø Ü ± Õ Ç² ³ Õ Ó Ø ?*K�e#e#^`CLBFW�f&C\P#wx^,P n e#[OPbZ < ¶�³í à ebKNCHC\P#Z r K n G`[ n R�WaKkP#MQP#e2�
WaC\K n [Qe¡WaCHB n ZH[@Wa[QK n Z�f&C\K _ WHY,PsRNCHKN^ n G¥Z\WlB�WaPcWaK�P2�Veb[QWaPbG¯ZEWlBFWHP#Z Õ ± Ø ; � Y,PsC\P#Z r K n Z\P
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K�f _ KNMQP#eb^,MOPqøü[OZ r C\K r KNC\WH[OK n BFM|WaKtâ ¼G¼ � < ¶ ³í à �2?�[QWHZ r KNMOB�CH[Q§�B 3 [OMO[@W 4 BFW�WaY,P.elY!B�CHB�e2�
WaPbCH[QZ\Wa[Qecf&CHP#wx^,P n e 4 f&KNC8 !^,ebWH^!BFWH[OK n Z.[ n WaY,P�K�WHY,P#C _ KNMQP#eb^,MOPF;°:yW�§bP#CHK�f&CHP#wx^,P n e 4
â ¼G¼ ��2L�[OZoP#wx^!B�M�WaK~WaY,P�ZEWlBFWH[Oe r K�MtB�C\[O§�B 3 [OMQ[QW 4 ;L:>ZA2±[ n e#C\P�B�Z\P#Zb?dâ ¼G¼ ��2L�[ n ebCHP#B�ZHPbZ
_ K n K�WHK n [Oe#B�MOM 4 ^ n Wa[QMy[QWqG`[QDNPbCHRNPbZ.BFW�WaY`Psv,CHZ\W8PbMOPbebWaC\K n [Qe�WaCaB n ZH[@Wa[OK n f&CHPbw�^`P n e 4 K�f
_ KNMOPbe#^,MQPqø¡; � Y,Pqf&KNC _ ^,MOB�RN[QD�P n B 3 K�D�P8[OZ n K�WiDFB�MQ[OG�B�WiWaY,P8CHPbZHK n B n Wkf&C\P#wx^,P n e 4 ?
3 ^`W � P.B�CHPqelY`[OPb  4 e#K n e#P#C n P#G � [QWHY�WaY,PqMQK � P#C�f&C\P#wx^,P n e#[QP#ZiWaY!B�W�elY!B�CaBFebWaPbCH[Q§#P�WaY`P
ZHK�MO^`WHP�;�:yW.MQK � f&CHPbw�^`P n eb[OP#Zb?yWaY,Psf&CHPbwx^,P n e 4 ��G,P r P n G,P n W r KNMtBFCH[O§#B 3 [QMO[QWH[OPbZ _ B 4¥3 P
CHP r MtBFe#P#G 3x4 Z\WaBFWa[Qe r KNMtBFCH[O§#B 3 [QMO[QWH[OPbZ#?�[ n � Y,[QelY�e�BFZHP�WHY,PqB 3 K"DNP�P¢� r CHP#Z\ZH[QK n CHPbG,^,e#PbZ
WaK�B r P#CEWa^,C 3 BFWH[QDNPsB r,r CHK��V[ _ BFWH[OK n WaK�WaY`PcB�G,[OB 3 BFWH[Oe¡MQ[ _ [QW#;��JKNC\PcRNP n P#CaBFMOM 4 ?|WaY`P
B�G,[OB 3 BFWH[Oe�ZHP r B�CaB�Wa[OK n _ B 4~3 P�^`ZHP#G � Y,P n PbD�P#C]WaY,PiZ\KNMQD�P n W ½ Zyf&CHPbwx^,P n e 4 ��G,P r P n G,P n W
r KNMtB�C\[O§#B 3 [OMQ[QW 4 [QZ]B r,r C\K"�V[ _ BFWHP#M 4 P#wx^!BFM�WHK~[@WaZZEWlBFWH[Oe r K�MtB�C\[O§�B 3 [OMQ[QW 4 K"DNPbC�WHY,PhCHB n RNP
K�f� !^,e2Wa^!BFWH[OK n f&C\P#wx^,P n e#[OPbZoP¢�VY,[ 3 [@WaPbG 3*4 WHY,P�ZHKNMQ^`WaPF;

:>Z®B n P2�`B _ r MQP � P�e#K n ZH[OG`P#C�WaY,P¥Z\KNMO^`WHP¥� �	 ?q[ n WaY`P�Z\KNMQD�P n WaZ�B�C\RNK n ?
e�BFC 3 K n ��G`[OK��V[OG,PF? � BFWaPbC#?�B _._ K n [tB.B n G 3 P n §bP n PF; � Y,P � B�DNPqf&^ n e2Wa[OK n K�f�ZHKNM@DFBFWaPbG
� �	 [OZªP2� r B n G,P#Gs[ n B 3 B�ZH[QZLebK n ZH[QZ\WH[ n R�KFf�WHY,P�Z\[@�~MOK � P#Z\W]ZEWlBFWHP#ZyKFf�[OZHK�MtBFWHP#G�� �	 ; � Y`P
ZHK�MO^`WHPL !^,e2Wa^!BFWHP#Z�BFWpf&C\P#wx^,P n e#[QP#Z�e#KNC\CHP#Z r K n G,[ n R�WaKiP#MQP#e2WaCHK n [OeyP¢�Ve#[QWaBFWa[QK n Zb?xB n G�WaY`P
Y,[QRNY,P#ZEW]P#MQP#ebWHCHK n [Oe�P¢�`eb[QWaBFWa[QK n [ n WHY,PiZH[ë���¦Z\WaBFWaP _ KVG`P#M � S�×��TKVebe#^,C\Z]BFW�ÍqPbÂ�;`:>ZyWaY`P
f&CHPbwx^,P n e 4 [OZ8[ n ebCHP#B�ZHPbG¯f&CHK _ Ó®P2ÂÄWaK�Í®P2Â�?}WaY,P r KNMtBFCH[O§#B 3 [QMO[QWH[OPbZhK�f>B�C\RNK n � · ���¬?
e�BFC 3 K n G,[OK��V[OG,Py� · U���?!B n G � BFWaPbC��=Õ�Ó���[ n ebCHP#B�ZHP 3*4 Í�õ�Ï
)c? � Y,[OMQP�B _~_ K n [OB��ÐÕ�Ó���B n G
3 P n §bP n P/�=Õ�S��}ZHY`K � B · õ`Õ¯)Ø[ n ebCHP�BFZHP�; � Y,P.B�G`[tB 3 B�Wa[Oe�B r,r C\K"�V[ _ BFWH[OK n WaKcWaY,P8G,[QZE�
r P#CHZ\[OK n P n PbCHR 4 � [OMOM 3 Py[ n P#C\CHKNC 3*4 CHKN^`RNY,M 4 Í�õVÕ¯)�?NB n G�WHY,[OZ1[OZ|B�e#eb^,CaBFWHPyP n KN^,RNY�f&KNC
_ KNZ\W r ^`C r KNZHPbZ#; � Y,P�P#C\CHKNC�[ n WHCHK�G,^,e#PbG 3*4 WHY,P�B�G,[tB 3 BFWa[QeB r,r CHK��V[ _ BFWa[QK n [ n ebCHP#B�ZHPbZ
CaB r [OG,M 4 � [@WaY¯WHY,Psf&CHP#wx^,P n e 4 K�foWaY,PJZHKNMQ^`WaPc !^,e2Wa^!B�Wa[OK n Z#;Ë:yW�×V;È×�P2ÂÒWaY`P r KNMtBFCE�
[O§#B 3 [QMO[QWH[OPbZ�K�f�B�C\RNK n ?1e�B�C 3 K n G,[OK��V[OG,P~B n G � BFWHP#CqBFCHP�S"Í�õuS"U¯)ÒRNCHP#BFWaPbChWaY,B n WaY`P#[OC
Z\WaBFWa[QekDFB�MQ^,P#Zb?uB n GJWHY,P r KNMOB�CH[Q§�B 3 [QMO[@Wa[OPbZªKFf}B _._ K n [tB8B n G 3 P n §#P n P�Y!B�D�P�[ n e#CHP#B�ZHPbG
3*4 Ïx¹"õxÏ · )�;
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� P�Y!B�DNPiG,PbCH[@DNP#GsB n Pb£¤P#ebWH[QD�P�A>B _ [OM@WaK n [OB n f&KNC�WaY,PiPbMOP#e2WaC\K n [Oe�Z\WHCH^,e2Wa^,C\P

K�f|B.Z\KNMO^VWaP�[ n WaPbCaB�e2Wa[ n R � [QWHY�B n B�Z\ZHP _�3 M 4 KFf r KNMtBFCH[O§#B 3 MQP�ZHKNM@DNP n W _ KNMOPbe#^,MQP#Zb; � Y`P
r K�WaP n WH[tB�MuZH^`C\f�B�ebP#Zyf&KNCªB n P n D�P#MOK r P�KFf�ZHKNMQ^`WaP�PbMOPbebWaC\K n [Qe>Z\WaBFWaPbZB�C\P>G,P2WaP#C _ [ n P#G 3*4
G,[OB�RNK n BFMO[O§b[ n RWHY,PPb£¤P#e2Wa[QD�P�A>B _ [OM@WaK n [OB n _ B�WaCH[ë�h[ n B 3 B�Z\[OZpKFf¤MQK � ��M 4 [ n R>PbMOP#e2WaC\K n [Oe
Z\WaBFWaPbZpK�f,WHY,PL[QZHKNMOBFWaPbG�Z\KNMO^`WHP�;|ILKN^,MQK _�3 [Qeª[ n WHP#CHB�ebWH[OK n Z 3 PbW � P#P n WHY,PLZ\KNMO^`WHPLB n G�WaY`P
ZHK�MQDNP n WpB�C\P�B�ZHZ\^ _ PbGhWHKoG,K _ [ n BFWaP1WaY,P r KFWaP n WH[tB�MNZ\^,C\f�BFe#P#Zb? � Y,[QelYh[QZ1B r,r CHK r CH[OBFWaPpf&KNC
3 K�WaY�[OK n [Oe�Z 4 Z\WHP _ Z�B n G�Y,[QRNY,M 4 r K�MtB�CZ 4 ZEWaP _ Zb; z [QZ\WHCH[ 3 ^`WaPbG _ ^`MQWa[ r K�MOP#ZyB�CHPk^,ZHPbG
WaK¾G,P#Z\e#CH[ 3 P�WHY,P�Z\KNMO^`WHP�elY!BFCHRNP�G,P n ZH[@W 4 K r PbCaBFWHKNC�B n G°WaY,P�Z\KNMQD�P n W ½ Z r PbC _ B n P n W
elY!B�C\RNP�G,[QZ\WHCH[ 3 ^`Wa[QK n ? � Y,[QMOP�G`[OZ\WHCH[ 3 ^`WaPbG r KNMtB�C\[O§#B 3 [OMQ[QWH[OP#Z�G,P#Z\e#CH[ 3 P�WHY,P�PbMOP#e2WaC\K n [Oe
r KNMtB�C\[O§#BFWa[QK n K�f]WHY,PsZHKNM@DNP n W#;¥jVY,KNCEW8CaB n RNPc[ n WaPbCaB�e2Wa[QK n Z8B�C\[OZH[ n R�f&C\K _ K"DNPbCHMOB r K�f
_ KNMOPbe#^,MOB�CLelY!BFCHRNPkG,[OZEWaC\[ 3 ^`WH[OK n ZB�CHP�WHCHP#BFWaPbGJP _ r [QCH[Qe�B�MQM 4 ;

� Y,PcP2£�PbebWa[@DNPsAoB _ [QMQWHK n [tB n ebK n Z\[OZ\WHZ�K�f]WaY`P¡v,DNP�WHP#C _ Z�R�[QDNP n [ n ¨�wx^!B��
Wa[QK n ¹�;QS · � ¶ ã¹ä^å Î¿æ G,PbZHebCH[ 3 P#ZªWaY,P�Z\KNMQD�P n W[ n WHP#C n B�M(G,P#R�CHP#PbZK�fTf&C\P#P#G`K _ ?VB n G¡[OZªWaB���P n
WaK 3 Pk§#PbCHK¡f&K�C�WHY,P�e#B�ZHPhK�f}CH[QRN[OG _ KNMOPbe#^,MQP#Z 5 ÇÉ Ê ?(WaY`P�A>B _ [QMQWaK n [tB n KFf|WaY`P�[OZ\KNMtB�WaP#G
ZHK�MO^`WHP�?}[OZ�B�G,[tB�R�K n B�M _ B�WaCH[ë��e#K n WlBF[ n [ n R�WaY`P r K�WHP n Wa[OB�MLZ\^,C\f�BFe#P#ZqKFf�WHY,Pc[OZ\KNMtB�WaP#G
ZHK�MO^`WHP 3 B�ZH[QZ}Z\WaBFWaPbZ 5 ÇÉ Í!Î [ n e#KNC r KNCHBFWaPbZpWaY,P]Z\Y,KNC\WE��CHB n RNPyf&KNC\e#PbZªBFCH[OZ\[ n Rof&CHK _ K�D�P#C\MtB r �
r [ n R _ KNMOPbe#^,MOB�C�elY!B�CHR�PyG,P n ZH[QWH[OPbZ}B n G�[QZ1v,W\WaPbG�WaKiCHP r CHK�G,^,ebPLWaY`Py� n K � n f&P#BFWa^`CHP#Z|K�f
WaY`P>P2� r P#C\[ _ P n WlB�M r KFWaP n WH[tB�MQZ 5 è	 �\Þ Þ ïð � � �|í Þ ïñ ��ebK n WlB�[ n ZLWaY`P>[ n WHP#CaBFebWa[QK n ZªK�fTWaY`P
ZHK�MO^`WHPyB n G�ZHKNM@DNP n W|elY!B�CHR�PyG,P n ZH[QWH[OPbZ � [QWHYhWHY,P r K�WaP n WH[tB�MxebCHP�B�WaP#G 3x4 WaY`P r PbC _ B n P n W
_ ^,M@Wa[ r KNMQP _ K _ P n WaZ�K�f�WaY`P�Z\KNMQD�P n W 5 B n Gy7 è	 �|í Þ Çô � � ë � �Zí Þ Çô ��C\P r C\P#ZHP n WaZ|[ n WaP#CHB�e2�
Wa[QK n Z�K�f�WHY,P>Z\KNMO^VWaPoB n G¡Z\KNMQD�P n WelY!BFCHRNP�G,P n ZH[QWH[OPbZ � [QWHY~WHY,PoPbMOPbebWaC\K n [Qe r KNMtBFCH[O§#BFWa[QK n
K�f1WaY,P�ZHK�MQDNP n W�? � Y,[OelYJ[OZ]B�Z\ZH^ _ P#G�WaK.CHP#Z r K n G�[ n Z\WaB n WlB n PbKN^,Z\M 4 WaK8 !^,e2Wa^!B�Wa[OK n Z]K�f
WaY`P�DFB�MQP n ebP�ZHKNMQ^`WaPiPbMOP#e2WaC\K n Z#;

� Y,PÁf&KNC _ K�f8WaY,PÁP2£�PbebWH[QDNP¥AoB _ [OMQWHK n [OB n B�MOMQK � ZJB°G,P2WlB�[QMOP#G r KFWaP n WH[tB�M
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_ KVG,PbMªKFf�WHY,P�Z\KNMO^`WHP2�¦ZHKNM@DNP n W8Z 4 ZEWaP _ WaK 3 P�e#K n Z\WHCH^,e2WaP#G¥f&CHK _ Y`[ORNYV�¦MOP2DNP#MLB 3 [ n [@�
Wa[QK8e�B�MQe#^,MOBFWa[QK n ZyK�f1WaY,P�RNC\KN^ n G�B n G�P2�Ve#[@WaPbG�Z\WaBFWaP � B"D�Phf&^ n ebWa[QK n Z]K�f�WaY,Pk[OZ\KNMtB�WaP#G
ZHK�MO^`WHP�;±�¦W¡[QZ n K�W n Pbe#PbZHZaBFC 4 WaK�B�Z\ZH^ _ PJB r B�CEWa[Oeb^,MtBFC�f&KNC _ ��PF;=R`;�DFB�MQP n ebP 3 K n G(�
f&KNCWaY`PhZ\KNMO^`WHP � B�DNPhf&^ n ebWH[OK n ;y{}CHPbMO[ _ [ n B�C 4 B r,r MQ[Oe#BFWa[QK n ZyWaK r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n K�f
� �	 [ n ebMO^,ZEWaP#C\Z�K�fyB�CHR�K n B n G¾e�BFC 3 K n G,[QK��`[QG,P.Y!B�DNP¡Z\Y,K � n RNK�KVG�B�RNC\P#P _ P n W � [QWHY
P2� r P#C\[ _ P n W8B n G�Y,B"D�PcG,P#P r P n P#G�KN^,Ch^ n G,PbCHZEWlB n G`[ n R�K�fWHY,P�^ n G`P#CHM 4 [ n R�G 4 n B _ �
[OebZ8� S�×V?�S · ?¤ÍNÕ��¬?¤B�Z>ILY!B r WHP#C\Z�×"õ`ÕqG,[OZ\e#^,Z\Z#;�: _ B�©\KNCv n G`[ n R~K�fpWaY`P#ZHPhZ\WH^,G,[OPbZ>Y!BFZ
3 P#P n WaY!B�WkWHY,P.G 4 n B _ [Oe#Z�K n WaY`P~P¢�`eb[QWHP#G¾ZEWlBFWHP#ZkG,P r P n G,Z�ZEWaCHK n RNM 4 K n WHY,P8G,[OC\P#e2�
Wa[QK n K�f,elY,B�CHRNP�MOK�e�BFMO[O§#BFWa[QK n ? � Y,[OelYh^ n G,PbCHRNK�P#Z1B]f&^ n G!B _ P n WlBFM*ZHY,[@fºW|BFZ�WHY,P _ KNMQP#eb^,MOP
G,[QZHZHK�e#[OBFWaPbZ 3 Pbe�B�^,Z\P�K�f|WaY,PkZ\WHCHK n R.Z\WaBFWaP _ [ë�V[ n Rq[ n G,^,ebP#G 3*4 Z r [ n �¦KNC 3 [@W]e#KN^ r MO[ n R,;
� Y,PbZHPiCHPbZH^,M@WaZ[ n G,[Oe#BFWaP]WaY,BFW]B�Y,[QRNYV�¦MOPbD�P#MuG,P#Z\e#C\[ r WH[OK n K�f�WHY,P�Z\KNMO^`WHP � B"D�P�f&^ n e2Wa[OK n
[OZ�CHP#wx^,[QCHPbG¥f&K�CqB n B�e#eb^,CaB�WaPcG,PbZHe#C\[ r WH[OK n KFfoWHY,PcZHKNMQ^`WaP¢��Z\KNMQD�P n W8[ n WaPbCaB�e2Wa[QK n ZqB n G
WaY`PkC\P#Z\^,MQWH[ n R8G 4 n B _ [OebZ#;
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� S�� � ;({|B r B n [Q��KNMOB�Z#? � ;ugiKNC\GT?!»h;(��P2DV[ n RNPbC#? z ;!��B 4 ?,Â�;VÂ�KNCHZHB`?(B n G
� ;(��[ n P 3 PbCHRNPbC#? � ;({}Y 4 Z#;�ILY,P _ ; IGH ?,�NÓ*¹����ES�UNU`S��¢;

�Ð¹�� � ;({|B r B n [Q��KNMOB�Z#?`Â�;,Â�KNCHZHB`?u��;(»oB�G!B�M�?,{1;uIyB _ r BFR n KNMOB`?,Ak;(<L^,elY,P n B�^T?uB n G
� ;(��[ n P 3 PbCHRNPbC#? � ;uILY,P _ ;({}Y 4 Z#; IGI ?,�*Õ�ÍNÍ��ES�UNUNÍ*�¢;

� Í��iÂ�;,Â�K�CHZaBV?({1; � ;(IyB _ r B�R n KNMtBV?!j¤;(»oB n G,[�?(��;(��B�CHZ\ZHK n ?(B n G � ;uI>;
��[ n P 3 PbCHRNPbC#? � ;(ILY,P _ ;({}Y 4 Z#; ý A;H ?(¹�¹�UN���ES"U�U · �2;

� Ï��iÂ�;,Â�K�CHZaBV?uj¤;(»>B n G,[¬?!{�; � ;uIyB _ r B�R n KNMtB`?,��;(��B�CHZ\ZHK n ?(B n G � ;uI>;
��[ n P 3 PbCHRNPbC#? � ;(ILY,P _ ;({}Y 4 Z#; ý A DT?TS#Ï*Ó*¹s�ES"U�U*ÕN�2;

�Ð×��k<>; � ;ugiCHPbP n 3 MtB�WHW�?!��; � ; Ã B n,n [�?!B n G z ;(�®;(»oP#^ _ B�C\�(?Lj�e#[OP n e#P  CEDT?�S · ÕN×
�ES�UNU*ÕN�¢;

� · � z ;!:�;VÂ�;(ÅiMO[ n P#Cb? � ;uI>;!:>M@f�B n K,?`B n GJ{1; d ;,<yB�C 3 B�CaB`? � ;uILY`P _ ;({�Y 4 Z#; I FT?
×�Í*Õ�×��³S"UNUNÍN�2;

�ÐÕ�� � ;!:>M@f�B n K,?SKq;!Åi[ _ ^,CaB`?`{1; � B�MOY`KN^`W�?,B n GJ{1;!<yBFC 3 B�CHB`?�ILY,P _ ;({}Y 4 Z#; ý C H ?S�ÏxÕs�³S"UNUNÍ*�¢;
� ���k{1;(Åq; � B�MOY`KN^`W�? � ;uI>;!:>M@f�B n K,?!Åq;,:h;u��; � Y!B��x^,Cb?(B n GJ{1; d ;,<yB�C 3 B�CaB`? � ;

{}Y 4 Zb;TILY`P _ ; IJI ?(Õ�× · ���ES"U�U*×N�2;
� U����l;(<LP n ©HB _ [ n ?!{�; d ;!<yBFC 3 B�CHB`?!<>; � ;!g�PbC\W n P#C#?(B n G � ; � ;(A 4 n P#Zb? � ;!{}Y 4 Z#;

ILY,P _ ; IGI ?uÕN×N×NÕs�³S"UNU*×N�¢;
� S"Ó�� m ;(<LB n [ n ?,:�; � B�MOG _ B n ?,B n G�j¤;!�]^,Y _ B n ? � ;uILY`P _ ;({�Y 4 Z#; I DT?u¹FÏ,S ·

�ES�UNU*¹N�¢;
� SNS�� m ;(<LB n [ n B n G�j¤;(�]^,Y _ B n ? � ;uILY,P _ ;({}Y 4 Zb; I FT?!Ï*ÍNUVS¡�³S"UNUNÍN�2;
� S�¹�� m ;(<LB n [ n ?!�k;(ÅiKNZ\MOK�£1?,B n G�ju;(��^,Y _ B n ?�ILY,P _ ;({}Y 4 Zb; ý F 3 ?(¹��NU��³S"UNU�Ïx�¢;
� S"Í��k{1;(¨;u��BFZHMOP n ? � ; d B�P#G`P#C#?(B n G��k;({1B�CHZ\K n ?ª�JKNM�;!{}Y 4 Zb;Q?�ZH^ 3`_ [@WHWaPbGT;
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� S�Ï�� � ;u��;({1B r B n [Q��KNMOB�Z#?,{1;(¨;u��B�Z\MOP n ?(B n GJ�k;!{1B�CHZ\K n ? � ;uILY,P _ ;({}Y 4 Z#; ý A; ?¹FÏx×�¹��³S"UNU*×��2;
� S�×�� � ; d B�P#G`P#C#?(»k; z P#MOB n P 4 ?!{1;u�JB�ZHMQP n ?(B n GJ��;({|BFCHZHK n ?ªILY,P _ ;({}Y 4 Zb;¤��P2WHW�; C A ?�S�U · �ES"UNUNÕN�2;
� S · �k»h; z PbMtB n P 4 ? � ; d BFP#G,PbC#?({1;(¨;u��BFZHMOP n ?(B n G���;({|B�C\ZHK n ? � ;({}Y 4 Z#;¤ILY,P _ ;!:

ý A ý ?(�VS�ÏxÕs�ES"U�U*ÕN�2;� S�Õ�� � ;(»h;ugiP#Y`MOP n ? z ;(ILY!B n G,MOPbC#?(Ah; � ;(Åi[ _ ?VB n G � ; � ;(A 4 n PbZ#? � ;({�Y 4 Z#;¤ILY,P _ ;I DT?�S�ÕFÏ*���ES�UNU*¹N�¢;
� S"���k��;!:�;u��B�C\e#^,Zb? � ;({�Y 4 Z#;¤ILY,P _ ; I DT?�S�ÕN×FÍs�ES"UNUN¹N�2;
� S"U��kAh; � ;(Åi[ _ B n G � ; � ;(A 4 n P#Z#? � ;uILY,P _ ;({}Y 4 Z#; I D�?u×FÓN�N�s�ES�UNU*¹N�¢;
�Ð¹�Ó��k<>; � ;ugiP#CEW n PbC#?(Åq;,: n G,K,?(��;!<L[tB n e#K,?,B n G � ; � ;(A 4 n P#Zb?yILY`P _ ;({�Y 4 Z#; ý F 3 ?ÍNÓNU��³S"UNU�Ïx�¢;
�Ð¹VS��k��;(<L[tB n e#K,? � ; � ;!�l; � [ _ K n P#G,B`?!B n G � ; � ;(A 4 n P#Z#? � ;({}Y 4 Zb;¤ILY,P _ ; I F�?

S�¹VS�ÓNÍ��ES"UNUFÏx�2;
�Ð¹N¹��k��;(<L[tB n e#K.B n G � ; � ;(A 4 n PbZ#? � ;uILY,P _ ;({}Y 4 Zb; ý AJ ?uÕ�� · Ï��³S"UNU*×��2;�Ð¹�Í��k��;(<L[tB n e#K.B n G � ; � ;(A 4 n PbZ#? � ;uILY,P _ ;({}Y 4 Zb; ý AJ ?uÕ��N�N×��³S"UNU*×��2;�Ð¹FÏ��k{1; � ;!:yWH�x[ n Zb?�u'����TjfW�S�@ÿ�VCB��`ÿ��BR[�b� u'Tjfjq`ÿ��BY\fj	2?�o��f&KNCHGT?(»�P � K�KNCH�(?�S"UN��Í`;
�Ð¹N×��hgq;uI>;u��B�[QWHMtB n GT?!��;(�][OR 3x4 ?!¨;(<>;uj _ [QWHYT?,B n G � ;,:h; � BF��P#Y,B _ ?~W�BRUTWV�������TjfW�b�@ÿ�V�D ��VmfjTj	FEiz6qBTWYZV���V�Y���YZ��ÿ��Jc�g8TWRUTWV���YZ�uÿ�R{Y\���!?}ILMtB�C\P n G,K n ?

o��f&KNCHGT?�S�UN�`SN;
�Ð¹ · �k�};({1PbCHP#CHB¡B n G d ;(g8;!: _ BFC#? � ;uILY,P _ ;({}Y 4 Z#; IBA ?uÕ�Í*×FÏJ�ES�UN�NU*�¢;
�Ð¹NÕ����l;!<LP n ©HB _ [ n ? m ;!<LB n [ n ?!B n G�j¤;,��^,Y _ B n ? � ;(ILY,P _ ;!{}Y 4 Z#; I FT?!�NÍNÍ*Õc�³S"UNUNÍN�2;
�Ð¹������l;(<LP n ©HB _ [ n B n G���;u��; � Y,[QW n P#MQM¬?pILY,P _ ;({}Y 4 Zb;���PbW\W�;  BAB< ?!Ïx×s�ES"U�UNÍ*�2;
�Ð¹�U��iÂ�;uju;(<yBFWa[QZ\WaB.B n G z ; d ;uILKN�FP#C#? � ;uILY,P _ ;({}Y 4 Z#; ý A D�?uÕ�S"Ó*¹s�ES"U�U*ÕN�2;� ÍNÓ��iÂ�;uju;(<yBFWa[QZ\WaB.B n G z ; d ;uILKN�FP#C#? � ;uILY,P _ ;({}Y 4 Z#; ý AJH ?!ÏNÓNÍNÍ��ES"U�U · �2;� Í`S��iÂ�;uju;(<yBFWa[QZ\WaB.B n G z ; d ;uILKN�FP#C#? � ;uILY,P _ ;({}Y 4 Z#; ý A D�? · U*¹�Í��ES"U�U*ÕN�2;
� Í*¹����l;(��B�Z\WoB n G � ; d ;!g�PbKNCHRNPF? � ;uILY,P _ ;({}Y 4 Zb;;FJDT?(Í*ÕF�*Õc�ES"U��*ÕN�2;
� ÍNÍ�� � ;uI>; � ^,MOM 4 ? � ;(ILY,P _ ;({}Y 4 Z#; IG3 ?�S"Ó · S~�ES�UNUNÓ*�¢;
� Í�Ï��hj¤;(AoB _~_ P#Z³�EjVelY`[Q£¤P#C]B n G � ;(I>; � ^,MOM 4 ? � ;uILY,P _ ;,{�Y 4 Z#; ý A ý ?!Ï · ×NÕc�ES�UNU�Ïx�¢;
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� Í*×�� z ; d ;(ILK���P#CoB n G��};,��[OB�K,? � ;uILY`P _ ;({�Y 4 Z#; ý AJ ?!Ï*U · �ES"U�U*×N�2;
� Í · � z ; d ;(ILK���P#Cb?ªILK _ r ^`WaPbC�Z\[ _ ^`MtBFWH[OK n _ PbWHY,K�G,Zyf&KNC n K n B�G,[tB 3 BFWa[Qe�G 4 n B _ [OebZ

[ n ebK n G,P n ZHPbG�Z 4 Z\WHP _ Z#?�[ n NP����QJ�SR^TWVLXGYZ���S�@ÿ�R{Y\���/YZ� N`qBTW��Y\fHÿ��JprqSh,	WY\fj	2?
P#G`[QWaPbG 3*4 ��;({�;,:>MQMOP n B n G z ; � ; � [OMQG,P#Z\MOP 4 ? r,r ;(ÍVS�×"õVÍ*Õ�ÕV?,ÅiMO^ � P#Cb?
z KNC\G,CHPbelYxW#?�S"UNUNÍ`;

� Í*Õ�� � ; d B�P#G`P#C�B n GJ�k;,{|B�C\ZHK n ? � ;uILY,P _ ;({}Y 4 Z#;@?ª[ nsr CHPbZHZ#;
� ÍN����:�; z ;,<L^,el�x[ n R�Y!B _ ?({1; � ; d K � MOPbC#?!B n GJ:h; � ;uj�WaK n P�?}� n WaPbC n BFW#;u��P2D¤;({}Y 4 Z#;

ILY,P _ ; H ?�S"Ó*Õs�³S"UN� · �¢;
� ÍNU���:�; � ;ujxWaK n PF?ªILY,P _ ;({}Y 4 Zb;¤��P2WHW�;JF 3 ?u¹�ÍNÍs�³S"UN�`S"�2;
� Ï*Ó���:�; � ;ujxWaK n PkB n G���;!:oMOG,PbC\WHK n ?��JKNM�;,{}Y 4 Z#; H DT?�S"ÓFÏxÕc�ES"U��*×N�2;
� Ï,S���:�; � ;ujxWaK n PF?ªILY,P _ ;({}Y 4 Zb;¤��P2WHW�; ý HGH ?�S"Ó*¹c�³S"UN�NU*�¢;
� Ïx¹���:�; � ;ujxWaK n PF?�z6qBT�z6qBTj��V�h��^]$~��BR^TWV�������TjfW�S�@ÿ�V�D`��VmfjTj	2?�o��f&KNC\GT?!»oP � K�KNC\�u?

S"UNU · ;
� Ï*Í��hI>;(:�;!A�^ n WaPbC#? � ;(Åq;(��;uj`B n G,P#C\Z#?uB n Gs:�; � ;ujxWaK n PF?ªILY,P _ ;({}Y 4 Zb; ý 3G3 ?(ÍNU*×�ES�UN�NU*�¢;
� ÏNÏ��hj¤;(�};({}CH[Qe#P�?!:h; � ;uj�WHK n P�?(B n G��®;!:>MOG`P#C\WHK n ?��JK�M¬;!{}Y 4 Z#; HG ?(U��*Õs�ES"UN�FÏx�2;
� Ïx×��k�};ug�C\P#P n R*B�C\G�B n GsÂ�;(��K���Y`MO[ n ? � ;uILK _ r ^`W�;,{�Y 4 Z#;dC 3 ?!Í*¹N×s�ES�UN�*ÕN�¢;
� Ï · �k�};ug�C\P#P n R*B�C\GT?8z6qBT e ÿWQJY[c��P��ÿ��l�,ÿ�R[Y\���1�^]Lp���R^TW�BR[Y�ÿ��@DrY\TW��c�	OYZ�0pÿ�V�R[Y\fW��TXGh	WR^TW��	2?ª�J� � {�C\P#Z\Z#?¤IyB _�3 C\[OG,R�P�?(�J:h?�S"UN�N�V;
� ÏxÕ��hI>;(:�; � Y`[QWaPkB n G��®;(AoP�BFGV�EgiKNCHG`K n ? � ;uILY,P _ ;({}Y 4 Z#; ý A ý ? · ×FUNÍs�ES"U�U�Ïx�2;
� Ï*����:�; � ;ujxWaK n PkB n G���; � ;!:�; � KN^`RNYT?ªILY,P _ ;({}Y 4 Zb;u��P2WHW#; ýuý A ?�S�¹�Í��³S"UN��Ïx�¢;
� Ï*U��hI>;(:�; � Y`[QWaPF?(<>;(gq; � KNY n Z\K n ?({�;u��; � ;ug�[QMOM�?VB n G��®;(AoP�BFGV�EgiKNCHG`K n ?

ILY,P _ ;({}Y 4 Z#;¤��P2WHW#;  J3BA ?!�J�ES"U�U�Ïx�2;
�Ð×�Ó���:�; � ;ujxWaK n PF?ª�JKNM¬;,{�Y 4 Z#; H DT?�S"Ó · ×c�³S"UN�*×��2;
�Ð×VS��k{1;(¨;u��BFZHMOP n ? � ; d B�P#G`P#C#?(B n G��k;({1B�CHZ\K n ?ªILY,P _ ;({}Y 4 Zb;u��P2WHW#;  D 3 ? · Í

�ES�UNU · �¢;
�Ð×N¹��hI>;¤g8;!g�CHB 4 B n GJÅq;!¨;ug�^ 3`3 [ n Zb?�z6qBTj��VWh��^]Lu'����TjfW�b�@ÿ�V�D �l�bY[c�	2?`D�KNMO^ _ PqSN?

ILMtBFCHP n G,K n ?uo��f&KNCHG�?�S"UN��Ï,;
�Ð×�Í��hI>;u¨; z 4 ��ZEWaCHB`?Pxi}i~W�BYZR[Y\��fHÿ���fW�b�@ÿ�R[Y\���M	8�^]ORZqBTi	WR{V��BfWR{�SVmTj	�ÿ��JcOQJVm�jQBTWVWR[Y\Tj	8�^]������TjfW�S��Tj	2?�¨�MQZHP2DV[QP#Cb?!: _ Z\WaPbCHG!B _ ?TS�UN�N�`;
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�Ð×FÏ��hI>;¤j¤;(�J^`C\WaY 4 ?�ju; d ;( ½ j�Y,P�B`?(B n GJ�l;(��;(�Je z K n B�MQGT?��JKNM�;!{}Y 4 Zb; HGA ?u×�ÍVS
�ES�UN�NÍ*�¢;

�Ð×N×��h��; � ; � P#[QG!B8B n G z ; � ;(»oPbZ 3 [@WHW�? � ;uILY`P _ ;({�Y 4 Z#; ý AJH ?�S"Ó*¹VS"Ós�³S"UNU · �2;�Ð× · � øìú`ûSüGý;ú ?(B r B�el��B�RNP�K�f|B 3 [ n [@Wa[QK r C\KNRNCaB _ Z 3*4 Ah; � � ; � PbC n PbCoB n G�{�; � ;
Å n K � MOPbZ#? � [QWHY�ebK n WaC\[ 3 ^`WH[OK n Zyf&CHK _�� ;!:>M _ M�ÇKFf³?`��; z ;,: _ KNZb?(��; � ;u�;
z P#PbR*B n ?uju; � ;(¨�M 3 PbC\W#?(I>;(A>B _ r P#M¬? � ;u�JP 4 P#Cb?�Åq;!{�PbWaPbCHZ\K n ?u�k;({}[@Wa§#PbC#?,:h;
� ;uj�WHK n P�?(B n G�{�;(�k; � B 4 MOKNCb?`DNPbCHZ\[OK n U�Ï,;=ÍJ�³S"UNU�Ï*�2;

�Ð×NÕ��k<>; � ; � Y,K�MOP�?�ILY`P _ ;({�Y 4 Z#; HGI ?!Í�Ï,S~�ES�UN�`S��¢;
�Ð×���� � ;(Ah;({}C\P#ZHZb?¤j¤;!:�; � P#^,�FKNMOZ\� 4 ? � ; � ;,Â�PbW\WaP#C\MO[ n R,?,B n G�<o;({1; d MOB n,n PbC 4 ?G �b��TWV�Y\fHÿ�� e TjfWY QBTj	OYZ� Nr��z6qBT$x�V�R��^]LX6fWY\TW�BR{Y H�f�NP����QJ�bR[YZ�S��?�IyB _�3 C\[OG,R�P

mon [QDNPbCHZ\[QW 4 {}CHPbZHZ#?u»�P � K�K�CH�(?u¹ n G�P#G,[@Wa[QK n ?�S�UNU*¹V;
�Ð×�U��LKq; Ã Y,B�K,?(I>;uI>;!:oC n KNMQGT?!B n G z ;(�®;(»oP#^ _ B�C\�(? � ;!ILY,P _ ;ujVK�e�; d B�CaBFG!B 4

� CaB n Zb;;F I ?TS#ÏNÏ*U��ES"U�UNÍ*�2;
� · Ó��LKq; Ã Y,B�K,?,�l;MK�KN^`CHZHY,B � ?¤gq;!�]P#[OZ\P#Cb?(I>;¤I>;!:>C n KNMOGT?,B n G z ;(��;(»�P#^ _ B�CH�(? � ;

ILY,P _ ;({}Y 4 Z#; ý A ý ? · ×�Í��s�ES"UNUFÏx�2;� · S�� z ;!gq; � CH^`Y,MtB�Cb?!Åq;! n G!BV?!�k;V:�;!¨�B�G`P#Z#?,B n G z ;`:h; z [@�VK n ?�� n W�; � ;!Úi^,B n Wa^ _
ILY,P _ ;uj 4�_ r K�ZH[O^ _ ý 3 ? · Ó`S~�ES"UNÕ�U*�2;� · ¹�� � ;ujVelY n [QWa�FP#CoB n GJ{1; � ;!�]KNZ\ZH� 4 ? � ;uILY,P _ ;({}Y 4 Zb;;FJDT?(Í�Ï · ¹c�ES"U��*ÕN�2;

� · Í��k<>; � ; � Y,K�MOPkB n G�{1; � ;,DFB nJz ^,[ © n P n ? � Y,P#KNCb;¤ILY,[ _ ;`:oebWlB HGH ?(ÍNÓ*Õs�ES"U��NÓ*�2;
� · Ï��kAh; � ;(Åi[ _ B n G � ; � ;(A 4 n P#Z#? � ;uILY,P _ ;({}Y 4 Z#; IG3 ?u×�S"U�Ï��ES�UNUNÓ*�¢;
� · ×��k{1;(¨;u��BFZHMOP n ? � ;u��;({1B r B n [Q��KNMOB�Z#? � ; d BFP#G,PbC#?(��;!{|B�C\ZHK n ?(B n G�j¤;,Â�;ui»oPb[OM�?

� ;uILY,P _ ;({}Y 4 Z#; ý A ý ?(×NÕFÍ`S~�ES"UNUFÏx�2;� ·N· �h��;(¨;ug�B�CHeb[tB`?(gq;(��;({1B�Z\WHKNC#?(B n G�Åq;!Ak;(<LP n`n P _ B n,n ?�{}Y 4 Z#;u��P2Du;(< < FT?
�NÍN���J�³S"UNUNÍN�2;

� · Õ�� � ;(ÅiMtB�^`Z#?(��;(¨;ug�B�CHeb[tB`?`B n GJÅq;!Ah;(<LP n,n P _ B n`n ? Ã ;!{}Y 4 Zb; z 3GH ?!ÏNÍ
�ES�UNU*×N�¢;

� · ���hj¤;(Åq;ugiY,KNZHY�B n G�<>;u�®; z P 3 ? � Y,PbKNC#;uILY`[ _ ;,:>e2WlB�D  ?u¹�Ó�Us�ES"UN��Í*�2;
� · U��k��; z ;,: _ KNZ#?,»h;uI>;(A>B n G 4 ?({�; � ;(Å n K � MOP#Zb? � ;(¨;(��[Qe#P�?`PbWoB�M¬;@? � ;({}Y 4 Z#;

ILY,P _ ;JF I ?u¹VS"� · �³S"UN�*×N�¢;
�ÐÕ�Ó��k¨; �¦:�;(�]P#[ n ZHelYT? � ;uILY,P _ ;({}Y 4 Z#;;F 3 ?u×NÕ���ÏJ�ES�UN�*×N�¢;
�ÐÕVS��hj¤;({�;(ÅkBFC n B`?!g8;!<o; � B�MOB r BFWHCaB`?`B n GJ{1;(»k;({�CHB�ZaBFGT? � ;uILY,P _ ;({}Y 4 Zb; IGH ?

×��*ÕFÍJ�³S"UNU`S"�2;
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� Y,[QZ�elY!B r WaP#CJG,[OZ\e#^,Z\ZHPbZ�PbDFB�MQ^!BFWa[QK n K�f�WaY`P¾Pb£¤P#e2Wa[@DNPÁAoB _ [OMQWHK n [OB n G,P2�
ZHebCH[ 3 PbGc[ n WHY,P r C\PbD�[OKN^`ZelY!B r WHP#Cyf&KNCLB�G,[OY,B�MO[QG,P>B n [OK n [ n DFB�C\[OKN^,ZªZHKNM@DNP n W]ebMO^,ZEWaPbCHZ#;
� Y,P _ B�[ n RNK*BFM¤Y,PbCHP�[QZªWHK�[ n ebKNC r KNCHBFWaP]WaY,P>P2� r PbCH[ _ P n WaB�MOM 4 � n K � n f&P�BFWH^,CHPbZyK�f�WaY`P
r K�WaP n WH[tB�MQZ � [QWHY�B n B�e#eb^,CaB�WaPqWaC\P�BFW _ P n W�KFf�WHY,PqP#MQP#e2WaCHK�Z\WlB�Wa[Oeq[ n WaP#CHB�ebWH[OK n Z#? � Y,[QelY
G,K _ [ n BFWaP 3 P#e�BF^,ZHPqK�f|WaY,PhP2�Ve#PbZHZ�ZHKNMQ^`WaPkelY!B�C\RNP�; � Y,P�Z\KNMO^`WHP�PbMOP#e2WaC\K n [OekZ\WHCH^,e2Wa^,C\P
[OZ�G,PbWHP#C _ [ n P#G¥^,ZH[ n R�Y,[OR�YV��MQPbDNPbMyB 3 [ n [QWH[OK�e#B�MOeb^,MtB�Wa[OK n Z#; � Y,P#Z\P�B 3 [ n [QWH[OK r K�WHP n �
Wa[OB�M,eb^,C\D�P#ZyK�f¤WaY,P�[OZ\KNMtB�WaP#G8Z\KNMO^`WHP�B�CHP�e#KNC\CHPbebWaPbG~WHK�B�R�CHP#P � [QWHY.WHY,P�P2� r PbCH[ _ P n WaB�MOM 4
� n K � n~r B�CaB _ PbWHP#C\Z#; � Y,PebKNCHC\P#Z r K n G,[ n R�Z\KNMO^`WHP � B�D�P]f&^ n ebWH[OK n Zb? r B�CHB _ P2WaPbCH[O§bP#G8[ n
WaPbC _ ZªKFf�G,[OZEWaC\[ 3 ^`WHP#G _ ^,M@Wa[ r KNMQPyK r P#CaB�WaKNC\Z#? r CHK"D�[OG,P�WaY,P 3 B�Z\[OZ�f&KNC�G,PbWHP#C _ [ n [ n RiWaY`P
P#MQP#e2WaCHK�Z\WlB�Wa[Oe�[ n WHP#CaBFebWa[QK n Z 3 P2W � PbP n WaY,PLZHKNMQ^`WaPLB n G�Z\KNMQD�P n W�; � Y`PyZHKNM@DNP n Wp[OZ�WaCHP#BFWaPbG
[ n B _ KNCHP.P _ r [OC\[Oe#B�Mpf�B�ZHY`[OK n ?1^,ZH[ n R�G`[OZ\WHCH[ 3 ^`WaPbGÁelY!B�C\RNP#Zb? r K�[ n W r KNMOB�CH[Q§�B 3 [QMO[@Wa[OPbZ#?
B n G r BF[OC r K�WHP n Wa[OB�MOZb; � Y`P�R�CHP�B�WaP#ZEW8^ n ebP#C\WaB�[ n W 4 MO[OPbZ�[ n WaY,PcZ\Y,KNC\WE��CHB n RNP�Z\KNMO^VWaP2�
ZHK�MQDNP n WL[ n WHP#CHB�ebWH[OK n Zb?*f&KNC � Y`[OelY¡K n M 4 C\KN^,RNY.P#ZEWa[ _ BFWHP#Z�K�f�WHY,P 3 [ n G`[ n RkP n PbCHRN[QP#ZªB�CHP
B�DFB�[OMOB 3 MOPF;q�JK�CHP r MOP n Wa[Qf&^`MpG!BFWaB�B 3 KN^VWiWaY,P8[ n WHP#CaBFebWa[QK n ZiK�f�WaY`P.[ n G,[@DV[QG,^!B�M1ZHKNMQ^`WaP
BFWHK _ Z�B n G~[QK n Z � [@WaY.BiZHKNM@DNP n W _ K�MOP#eb^,MOPyB�CHPv,W�WaK�RN[@DNP�B r B�[QC � [OZ\PCHP r CHPbZHP n WaBFWa[QK n
K�f�WaY,PbZHPh[ n WaPbCaB�e2Wa[OK n Z#? 3 ^`W]WaY,PbCHPkCHP _ B�[ n Z]B.Z\^ 3 ZEWlB n Wa[OB�M�^ n ebP#CEWlB�[ n W 4 [ n WaY,P�[ n WHP#CE�
B�e2Wa[OK n ZqK�f]WaY,PsG,[QZHZ\KVeb[tBFWH[ n R�Z\KNMO^VWaP � [QWHYÁWaY,PsZ\KNMQD�P n W�; � Y,PbCHP2f&KNCHPF?�WHY,PsK n M 4 � B 4
WaK�DFB�MQ[OG!B�WaP�WaY,PbZHP _ K�G,PbM r K�WaP n Wa[tBFMOZ>[QZ 3*4 ebK _ r B�CH[QZHK n KFfªG 4 n B _ [Qe�B�M�ZH[ _ ^,MOBFWa[QK n Z
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� [QWHYcWaY,P�CHPbZH^,M@WaZ]K�f1e#KNC\CHPbZ r K n G,[ n R~P¢� r PbCH[ _ P n WHZ#?(B�ZoILY!B r WaP#C\Z�×�õV��G,[OZ\e#^,Z\Z#;
:>M@WaY,K�^,RNY�WHY,[OZ1elY!B r WHP#C|f&K�e#^,Z\P#Z}K n � �	 B n Gq�EILM � B�ZpZ\KNMO^`WHP _ KNMOPbe#^,MQP#Z � [QWHY

B�C\RNK n B n G~I 	 BFZ�Z\KNMQD�P n W _ K�MOP#eb^,MOPbZ#?NWHY,P r CHK�e#PbG,^,CHPbZLB r,r M 4 WaKkBiCaB n RNP]K�fuZHKNMQ^`WaPbZ
B n G¾ZHKNM@DNP n WHZ#; � Y,PcB 3 [ n [@Wa[OK�e�BFMOe#^`MtBFWH[OK n ZkB n GÁP _ r [OC\[Oe#B�M�Z r [ n ��KNC 3 [QWhe#K�CHCHPbebWH[OK n Z
^,Z\P#G~WHKhK 3 WlB�[ n WaY,P�P#MQP#ebWHCHK n [OeZ\WHCH^,e2Wa^,C\PoKFfT� �	 B n G¡�EILM � e#KN^,MQG 3 P�B r,r MQ[OPbG.G`[OCHPbebWHM 4
WaK¡K�WaY,PbC�G,[QY!B�MO[QG,PkB n [QK n Z#;>:ÜZH[ _ [QMtB�C r BFCaB _ PbWHP#CH[Q§�BFWH[OK n e#K�^,MOG�BFMOZHK 3 P r PbC\f&KNC _ PbG
f&KNC r KNMtB�C _ KNMQP#eb^,MOPbZoB n GJ[QK n Z � [QWHY�B8MO[ _ [@WaPbG�Z r BFe#P�f&KNCD�BFMOP n e#PkP2�Ve#[@WlBFWH[OK n Zb; � Y`P
K n M 4 CHPbZ\WHCH[Oe2Wa[QK n K n Z\KNMQD�P n W _ KNMOPbe#^,MQP#Z�[QZ�WHY!BFW1elY!B�C\RNP�WHCaB n Z\f&P#C�KNC�elY,P _ [Qe�B�M*C\P�B�e2Wa[OK n
3 PbW � P#P n ZHK�MO^`WHP�B n GcZHK�MQDNP n W n K�W 3 Pi[ _ r KNCEWlB n Wª[ n WHY,PiP2�Ve#[@WlBFWH[OK n P n PbCHR 4 CHB n RNP>K�f
[ n WHP#CHPbZ\W#;

� Y,P�elY,B r WaPbC�[OZkKNC\R*B n [Q§#P#G¾B�Zhf&K�MOMOK � Zb; � Y`P¡v!CHZEW�Z\P#ebWH[OK n G,P#Z\e#CH[ 3 PbZ�WaY`P
P#MQP#e2WaCHK n [Oe�Z\WHCH^,e2Wa^,C\PiK�f�� �	 B n G��EILM � BFZLG,P2WaP#C _ [ n P#G 3x4 Y,[QRNYV��MQPbD�P#MuB 3 [ n [QWH[OKke�B�MQe#^V�
MtB�Wa[OK n Z�� S��ªB n G®G,[OZ\e#^,Z\ZHP#ZhY,K � WaY`P r C\K r P#C\WH[OPbZkKFfLWaY`P.MQK � ��M 4 [ n RcP#MQP#ebWHCHK n [Oe8Z\WaBFWaPbZ
BF£¤P#e2W�WaY,P r Y,K�WHKVG,[QZHZ\KVeb[tBFWH[OK n G 4 n B _ [OebZ#;� n M 4 WHY,P�v!C\Z\W r B�C\W>K�f}WaY,[QZ>Z\P#ebWH[OK n ?TG,P2�
ZHebCH[ 3 [ n R�WHY,P 3 B�ZH[Qe�ZHKNMQ^`WaP r C\K r PbC\WH[OP#Zb?iB n G±WaY`P®MOB�Z\WcW � K r B�C\WHZ#?�G,PbZHebCH[ 3 [ n R�WaY`P
ZHK�MO^`WHP � B�DNPkf&^ n ebWH[OK n Z>B n GJelY!BFCHRNPhG,[OZEWaCH[ 3 ^`WH[OK n Zb?!B�C\P n P#e#PbZHZHB�C 4 f&KNC�B.wx^!BFMO[QWaBFWa[@DNP
^ n G`P#CHZEWlB n G,[ n R�K�fVWaY,P�Z 4 Z\WHP _ 5 WaY`PªC\P _ B�[ n [ n RyZ\P#ebWH[OK n Z1G,[QZHeb^,ZHZ�G,PbWaB�[OMQZ�K�f`WHY,P�e�B�MQe#^V�
MtB�Wa[OK n ZB n GJe#K _ r B�C\[OZ\K n WaK8P2� r P#CH[ _ P n WaZoB n G r CHP2DV[QKN^,Z�e�B�MQe#^,MOBFWa[QK n Zb; � Y,PhZ\P#ebK n G
ZHPbebWH[OK n G,[QZHe#^`ZHZHPbZcWaY,P�Z\KNMQD�P n W _ K�G,PbMof&KNCcBFCHRNK n B n G0I 	 ? � Y,[QelY±[ n ebMO^,G,PbZ¡WaY`P
ZHK�MQDNP n W>elY!BFCHRNPkG,[OZEWaC\[ 3 ^`WH[OK n ?,ZHKNM@DNP n W>P#MQP#ebWHCHK n [Oe r K�MtB�C\[O§�B 3 [OMQ[QWa[QP#Zb?xB n G�Z\Y,KNCEW\��CHB n RNP
ZHK�MQDNP n W\��Z\KNMQD�P n Wi[ n WHP#CHB�ebWH[OK n Zb; � Y,P�WaY`[OCHGJZHPbebWa[QK n G,PbZHebCH[ 3 P#Z _ P2WaY,K�G,Zof&K�C r BFCaB _ P2�
WaPbCH[Q§#[ n R�WaY,PiZ\Y,KNCEW\��CHB n RNPiZ\KNMO^VWaP2�¦ZHKNM@DNP n W][ n WaP#CHB�ebWH[OK n Z#? � Y`[OelYs[OZ r KNZ\ZH[ 3 M 4 WaY,P _ KNZ\W
G,[@¼~eb^,MQWLZ\WHP r [ n G,P2WaPbC _ [ n [ n RhWHY,P _ K�G,PbM¤f&KNC�WaY,PiZ 4 ZEWaP _ ;�:>M@WaY,K�^,RNY�Z\K _ P>RNP n PbCaB�M
RN^,[QG,P#MQ[ n PbZiB�C\PqG,[OZ\e#^,Z\ZHP#G�?�WHY,P r CHK�e#PbG,^,CHPbZ�KN^`WaMQ[ n PbG�[ n WaY`[OZ�Z\P#ebWH[OK n B�C\P�WaY,P _ KNZ\W
Z 4 ZEWaP _ ��Z r Pbe#[@v!e�; � Y,Piv n B�M�Z\P#e2Wa[OK nJr C\P#Z\P n WaZ�ZHK _ P�e#K n e#MO^`ZH[OK n Z#;



· S

3�9 ý " � ��$� + � �1� $t4¤ + )1$� �) + ���(' - �	 %!� � -�/�� �
3�9 ý 9 ý á % � � $ �h+ � Ì � +  � ���

� Y,P�G`[OY!B�MQ[OG,P8B n [OK n Z#?|K n P¡PbMOP#e2WaC\K n ZHY`KNC\W�K�f]B�ebK _ r MOPbWHP.DFB�MQP n ebP~Z\Y,P#MQM¬?
3 P#Y!B�DNP.MO[Q��P�K n P2�¦P#MOPbebWHCHK n _ KNMOPbe#^,MQP#Z#? � [QWaY�WHY,P r K�ZH[QWH[OK n KFf�WHY,P8Y,KNMQP�G,PbWHP#C _ [ n [ n R
WaY`P¡Z 4�_._ P2WaC 4 K�fyWaY`P~PbMOP#e2WaC\K n [Oe.Z\WaBFWaPF;�ILK n Z\[OG,PbCH[ n RJWaY`P~DFB�MOP n e#PI�¡P#MQP#e2WaCHK n Z�B�Z
K�e#e#^ r 4 [ n R>BebMOKNZ\P#GkZH^ 3 Z\Y,P#MQM¬?"WaY`P#CHPªB�C\PSNS}D�BFMOP n e#P!JkP#MOPbebWHCHK n Z�WHY!BFW _ ^,ZEW 3 P r MOB�e#PbG
[ n WHK · D�BFMOP n e#PKJ�KNC 3 [QWaB�MOZ�þMLp?N�}?#� ß ?�B n GOL ß þ±B�ZªZ\Y,K � n [ n WaY`P>KNC 3 [QWaB�M!e#KNC\CHPbMtBFWH[OK n
G,[OB�RNCaB _ K�f d [OR`;"Í`;@SN;1� n WaY`PLB 3 ZHP n e#P�K�f,Z r [ n �¦KNC 3 [QW�Z r MO[@WHWa[ n R,?�WHY,P#C\PLB�C\P}f&KN^,C�G,[OZEWa[ n ebW
P n P#CHR 4 MOP2DNP#MQZB�C\[OZH[ n R�f&C\K _ B�WHK�WlB�M¤K�f�S�¹ _ KNMOPbe#^,MOB�CªZEWlBFWHP#Zb?u¹ 	QP B n G�¹ 	SR ? � Y,[QelY
B�MQM1G,[QZHZ\KVeb[tBFWHP�WaKcRN[@DNPqB 	aä Y!B�MQKNRNP n BFWaK _ B n G�B è õ Y!BFMO[OG`P�B n [QK n ; � Y,PbZHP8Z\WaBFWaPbZ
B�C\P¡CHP2f&P#C\CHP#G�WaK�BFZhWaY`P¡e�BFZHP���B*�kZEWlBFWHP#Z 3 Pbe�B�^,Z\P¡WaY`P 4 B�CHP.WaY,P~P#[QRNP n ZEWlBFWHP#ZhK�fyWaY`P
ZHK�MO^`WHP~AoB _ [OMQWHK n [OB n ? ÇÉ Ê ? � Y,P n Ao^ n G ½ Zhe#B�ZHP���B*��PbMOP#e2WaC\K n [Oe8B n RN^,MOB�C _ K _ P n WH^ _
e#K�^ r MO[ n R[OZ�BDFB�MO[QGiB r,r CHK��V[ _ BFWa[QK n ?"[¬;ÐP�;#[ n WaY,P�B 3 ZHP n e#P�K�f`Z r [ n ��KNC 3 [QW�ebKN^ r MQ[ n R`; � Y`P
r K�WaP n WH[tB�M*eb^,C\D�P#Z|f&K�C�WHY,P#Z\PLe#B�ZHP���B*�TZ\WaBFWaPbZ|[ n � �	 B n G��EILM � BFCHP�ZHY,K � n [ n�d [QR,;"Í`;È¹,��B*�2;
� Y,PbCHP>[QZLBkZH[ n RNMOP�B�Z 4�_ r WHK�WaP�f&KNC}WaY,PoY,K _ K n ^,e#MQP�B�C�G,[QY!B�MQ[OG,PbZªB n G~W � KqB�Z 4V_ r WHK�WaPbZ
f&KNCiWaY`P.Y`PbWaPbCHK n ^,ebMOP#B�ChG`[OY!B�MQ[OG,PbZ#?�Z r MO[@W 3x4 WHY,P.P#MOPbebWHCHK n BF¼ n [QW 4 G,[Q£¤P#C\P n ebP~K�f�WaY`P
W � K�Y!BFMOKNRNP n Z#;�� n WaY,PsY,K _ K n ^,ebMOP�BFC�G,[OY,B�MO[QG,P#ZkWaY,PbCHPs[OZ8B n B�G`G,[QWH[OK n BFMª[ n D�P#C\ZH[OK n
Z 4�_._ P2WaC 4 WaY!B�W][OZ 3 C\KN��P n K n M 4�3*4 WHY,P r CHPbZHP n e#P�KFfpB n B�Z 4V_._ PbWaC\[Oe�Z\KNMQD�P n W�v!P#MQGT;

� Y,PiA�^ n G ½ Zye#B�ZHP8��B*�}e#^,CEDNP#Z[QMOMQ^,Z\WHCaBFWHP�Z\PbD�P#CaBFM�[ _ r KNC\WaB n W r KN[ n WHZ#; d [QCHZEW�?
WaY`P#CHP>[OZªB�Z\WHCHK n R�BFWHWHCaB�e2Wa[OK n [ n WaY,P P 3 K n G,[ n R�Z\WaBFWaPF? � Y,[QMOP]WaY,PoCHP _ B�[ n [ n Rke#^`C\DNPbZ
B�C\PkC\P r ^`MOZH[@DNPkKNC]K n M 4 ZHMQ[ORNY*WHM 4 B�WHWaCHB�ebWH[QD�P�;LjVP#ebK n GT?(WaY,P P ß B n WH[ 3 K n G,[ n RqZ\WaBFWaPkMO[QP#Z
B 3 K"DNP�WaY`P R ß B n Wa[ 3 K n G,[ n RÁZ\WaBFWaP�B�W�WaY,P�Pbwx^,[OMQ[ 3 C\[O^ _ 3 K n GËMQP n R�WHYT?UT�V#? � Y,[QelY
Z\WHCHK n RNM 4 [ n  !^`P n ebP#ZqWaY,PselY!BFCaB�e2WaP#C8K�f�WaY`PcZ r [ n ��KNC 3 [QW�e#KN^ r MOP#G¥P¢�`eb[QWHP#G�Z\WlB�WaP#Zb?yB�Z
G,[QZHe#^`ZHZHPbG 3 PbMOK � ; d [ n B�MOM 4 ?!WaY,PbCHP�[QZ�B�ebCHKNZ\ZH[ n R 3 P2W � PbP n WaY,P P ß B n G R ß ZEWlBFWHP#ZiBFW
[ n WHP#C _ P#G`[tBFWHP 3 K n GqMOP n R�WHY,Z#? � Y,[QelY8[OZpG,^`PLWaK�WHY,P[ n WaPbCaB�e2Wa[QK n 3 PbW � P#P n WaY,P r KNZ\[QWH[QDNP
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d [QRN^,CHPJÍ`;@SN�¾iC 3 [QWaB�M]e#KNC\CHPbMtBFWH[OK n G,[tB�R�CaB _ f&KNC.� �	 � [@WaY,KN^VW�Z r [ n �¦KNC 3 [@W¡ebKN^ r MQ[ n R� Ao^ n G ½ Z�e�BFZHPJ��B*�U�¬; � Y,P#C\P~BFCHPqZH[ë��G,K�^ 3 MOP2W�Z\WaBFWaPbZkebKNCHC\P#Z r K n G,[ n RcWHK�WaY,P8P#MQP#e2WaCHK n
Y,KNMQPKVebe#^ r 4 [ n R�K n P]K�f¤WaY,P�ZH[ë�qDFB�MOP n e#P]KNC 3 [QWaB�MOZb; � Y`P>Z 4�_._ P2WaC 4 K�f�WHY,PWaK�WaB�M � B"D�P
f&^ n e2Wa[QK n [OZZH[ _ r M 4 WaY!BFW�K�f�WaY`PkK�C 3 [@WlB�M¤e#K n WlBF[ n [ n R�WaY,P�Y,K�MOP�;

wx^!B�G,C\^ r KNMOP _ K _ P n WhK�fyWHY,P n Pb^`WaCHB�MªBFWaK _ B n G¾WaY`P n PbR*BFWa[@DNP~elY!B�CHR�P¡K�fWHY,P¡[QK n ;
� Y,[QZ�[ n WaP#CHB�ebWH[OK n [QZ]BFWHWHCaB�e2Wa[@DNPif&KNCyWaY`P P Z\WaBFWaPbZ#?(B n G�CHP r ^,MQZH[QD�Pif&KNCyWaY,P R Z\WaBFWaPbZ#;

� n B�G,G`[QWa[QK n WHK 3 P#[ n R�^,Z\Pbf&^,M�f&K�CL^ n G`P#CHZEWlB n G,[ n R�WHY,P�PbMOP#e2WaC\K n [Oe�Z\WHCH^,e2Wa^,C\P
K�f¤WaY,PbZHPoB n [OK n Z#?*WaY`P�e#B�ZHP���BN�}ZEWlBFWHP#ZªB�CHP�[ _ r KNC\WaB n Wpf&KNC}e�BFMOe#^`MtBFWH[OK n Z 3 P#e#B�^,Z\P _ KNZ\W
B 3 [ n [QWH[OK r C\KNRNCaB _ Z�G,K n KFW�[ n e#MO^`G,P�Z r [ n �¦KNC 3 [QW�e#KN^ r MO[ n R,;�� n WaY,P�e�B�MQe#^,MOBFWa[QK n Z]G,P2�
ZHebCH[ 3 PbG 3 PbMOK � ?¤WHY,P�e#B�ZHPs��B*�Z\WlB�WaP#Z�B�CHPhG,PbWHP#C _ [ n P#G�^,Z\[ n R~WaY,PqB 3 [ n [@Wa[QK r CHKNRNCHB _
øìú`ûSüGý;ú B n G�WaY,P n ^,ZHPbG¯BFZ�B 3 BFZH[OZhf&KNC�ebK _ r ^`Wa[ n R�B�Z\P _ [OP _ r [QCH[Qe�B�MpZ r [ n ��KNC 3 [QW
A>B _ [QMQWaK n [tB n ;<LP#e#B�^,Z\P�WaY,[QZ>AoB _ [QMQWHK n [tB n WaB���PbZ�e#K _ r MQP2�sDFB�MQ^,P#Zb?�[QWo[OZ _ K�CHPke#K n �
DNP n [OP n WoWHK.P2DFB�MO^!B�WaP ÇÉ ·Zî ^,Z\[ n R8WaY,P�e#B�ZHP~��BN� 3 B�ZH[QZ]Z\WlB�WaP#Zb? � Y,[OelYJB�C\PkC\P�B�M�;

� Y,Pc[ n e#MQ^,ZH[QK n K�f]Z r [ n �¦KNC 3 [QW�ebKN^ r MQ[ n RJZ r MQ[QWHZ�WaY,P~f&KN^,CqA�^ n G ½ Zqe�B�Z\P®��B*�
MOP2DNPbMOZk[ n WaK�ZH[ë��?|B n G�MO[QfºWHZ�WaY,P.G,PbRNP n PbCaB�e 4 KFfLWaY`P¡BFWHK _ [Oe 	 ä é%W 	 B n G 	 ä èXW 	 ZEWlBFWHP#Z#?
RN[@DV[ n RkCH[OZ\PoWHK�W � K8BFZ 4�_ r WaK�WHP#Zy[ n � �	 B n G~f&KN^,CyBFZ 4�_ r WaK�WHP#ZL[ n �EILM � ?`B�ZL[OMOMQ^,Z\WHCaBFWHP#G
[ n¾d [OR`;1ÍV;Ô¹,� 3 �2;J: n KNC 3 [QWaB�M�e#KNC\CHPbMtBFWH[OK n G,[tBFRNCaB _å3 B�ZHPbG�K n WaY`PcAo^ n G ½ Z�e�B�Z\P®��e"�
BFWHK _ [Qe~ZEWlBFWHP#Z�[QZ�Z\Y,K � n [ n�d [QR,;|ÍV;ÈÍ`;�:>MQWHY,KN^,R�Y¾WaY,P�Ao^ n G ½ Zqe#B�ZHP���B*�kMOB 3 P#MOZ�B�CHP
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d [QRN^,CHPoÍ`;È¹V�p: 3 [ n [@Wa[OK r K�WaP n Wa[tBFM¤eb^,C\D�P#Zyf&KNCª�EILM � B n Gc� �	 ;���B*� � [QWHY,KN^`WªZ r [ n ��K�C 3 [@W�;� 3 �o� n e#MQ^,G,[ n RcZ r [ n ��K�C 3 [@W�e#K�^ r MO[ n R,; � Y,P8A�^ n G ½ Z�e�B�Z\P���B*��MtB 3 P#MQZ>^,Z\P#G®[ n � 3 ��B�CHP
B r,r CHK��V[ _ BFWaPbM 4 DFB�MO[QG n P#B�CbT�V2? 3 ^`W 3 P#ebK _ Py[ n B r,r CHK r CH[OBFWaPLB�Z|WaY`P 3 K n GqG,[OZ\ZHK�e#[tB�WaP#Z
��Z\P#P�jVP#eF;(Í`;@SN;ÔÕ��2;�{|BFCaB _ PbWHP#CHZf&KNCyWHY,P n P#^VWaCaBFM�e#^,CEDNP#Z � PbCHP�WlB��FP n f&CHK _ ��P2f³;u¹V;



· Ï

� B 3 MQP�Í`;QS���¨�MQP#e2WaCHK n BF¼ n [@Wa[QP#ZB n GJZ r [ n �¦KNC 3 [QWZ r MO[@WHWa[ n RNZyKFf1WHY,P�Y!B�MOK�RNP n BFWHK _ Zb;

:yWaK _ ¨�MQP#e2WaCHK n BF¼ n [@W 4*c ��P2Â�� j r [ n �¦KNC 3 [QWyZ r MO[@WHWH[ n R��&PbÂ��

d Í`;ÐÏ*Ó`S�¹ Ó`;=Ó*×VS�Ó'd
ILM Í`; · S�¹NÕ Ó`;@S"ÓNUFÏNe
<LC Í`;=Í · Í · Ó`;ÐÏx× · U'f
� Í`;=Ó*×�U`S Ó`;=U�Ïx¹NÕfc �]Pbf³;(Í`;d ��P2f³;,Ï,;eª��P2f³;u×V;f��]Pbf³; · ;

Z\WH[OMQM�^,ZHPbG�WaK~G,P#Z\e#CH[ 3 PkWaY,Phe#^,CEDNPbZ#?TK n M 4hg ?(WaY,P r CHK�©\PbebWH[OK n K�fpWaY`PhWaKFWlB�M�PbMOP#e2WaC\K n [Oe
B n R�^,MtB�C _ K _ P n Wa^ _ K n WaK.WaY,P�[ n WHP#C n ^,ebMOP#B�C>B��`[QZ#?(CHP _ BF[ n ZyDFB�MQ[OGT;�� n � �	 WaY,P�isB n GÄ r B�CH[@W 4 MtB 3 PbMOZB�MQZHK8CHP _ BF[ n DFB�MO[QGT;

:yW.MOK n R 3 K n G�MQP n RFWaY,Zb?�WHY,Pse�B�Z\P¾�&e"��e#K�^ r MO[ n R r [QebWa^`CHPce#K _ r MQPbWHP#M 4 G,P2�
ZHebCH[ 3 PbZ>WaY,PqZEWlBFWHP#Z�KFf�WHY,P�Z 4 ZEWaP _ ;�� n WaY,P�e�B�Z\PqK�f�BFWaK _ [Qeh[QKVG,[ n P 	 ä é%W 	 B n G 	 ä èXW 	
Z\WaBFWaPbZ�B�CHPLZ r MQ[QW 3x4 B 3 KN^`WySP2Â 5 K�WaY,PbC|DFB�MO^`P#ZpK�f(WHY,PyZ r [ n �¦KNC 3 [@W|ebKN^ r MQ[ n R�B�CHPªZHY,K � n
[ ns� B 3 MQP�Í`;QS�;

:yW 3 K n G�MQP n R�WHY,Z n P#B�C>WHY,P�P#wx^,[QMO[ 3 CH[Q^ _ ZHP r B�CaB�Wa[OK n ?¤WHY,P 3 K n G,[ n R¡[ n WHP#CE�
B�e2Wa[OK n [QZ8e#K _ r B�CHB 3 MOP�WHK�WaY,P�Z r [ n ��K�C 3 [@W8e#KN^ r MO[ n R,?�ZHK�B®Y 4�3 CH[QG�K�foWaY,Pse#B�ZHP¾��B*�
B n G�e�B�Z\P���e"� r [Oe2Wa^,C\P#Z�R�K�D�P#C n Z�WaY,P�Z\WlB�WaP#Zb; � Y,Pqe�BFZHPs�&e"�oZEWlBFWHP#ZiB�C\P�B _ [@��Wa^`CHPkK�f
WaY`Pqe�B�Z\P���B*�oZEWlBFWHP#Z � [QWHY�WaY,PqG`K _ [ n B n W�e#B�ZHPJ��B*�oZ\WaBFWaPqG`PbWaPbC _ [ n [ n R¡WHY,P8B r,r C\K����
[ _ BFWHP~Z 4V_._ PbWaC 4 MOB 3 P#M¬; � Y,PcG,K _ [ n B n W�e�B�Z\P®��B*��Z\WaBFWaPcebK _ r CH[OZ\P#ZqB�W�MOP#B�Z\WqUNÓ
)
K�f]WaY`P � B�DNPsf&^ n e2Wa[OK n BFWjT�Vs�&ZHP#PJjVPbe�;�Í`;@SN;ÈÕN�2?}Z\K�WaY,Pse�BFZHP���B*�kMtB 3 P#MQZ r CHK"D�[OG`PsB
RNK�KVG~G,P#Z\e#C\[ r WH[OK n~n P�B�C�WaY,P>P#wx^,[OMQ[ 3 C\[O^ _ö3 K n G�G,[QZ\WlB n e#PF; � Y,[OZ _ [ë�`[ n RhBFWkT�V�[OZ�[ _ �
r KNC\WaB n W>P¢� r P#C\[ _ P n WlBFMOM 4 ?(Y,K � P2DNP#Cb? 3 P#e�BF^,ZHP�WHY,PhWHCaB n ZH[QWH[OK n Z]WHY!BFW>Y!B�DNP 3 P#P n ^,ZHPbG
WaKsZEWa^,G 4 WHY,P#Z\P8Z 4 Z\WHP _ Z��&ZHP#P d [QR,;TÍ`;ÐÏx�>C\P#M 4 K n _ [ë�`[ n R�K�f�WaY`P P ß elY!B�CHB�ebWHP#Ck[ n WaK
K n PqKFf�WHY,P R Z\WaBFWaPbZif&KNC�[ n WHP n Z\[QW 4 ; � Y,P r P#C r P n G,[Oeb^,MtB�C Pml R WaCHB n ZH[@Wa[QK n [OZ�WHKVK



· ×

j=1/2

j=3/2

j=1/2

j=3/2

Ω=3/2,u

Ω=3/2,g

Ω=1/2,u

Ω=1/2,g

Ω=1/2,g

Ω=1/2,u

d [QRN^,CHP~Í`;=Í`�8�C 3 [QWlBFM}e#KNC\CHP#MOBFWa[QK n G,[tB�R�CaB _ f&K�Ch� �	 [ n ebMO^,G`[ n R�Z r [ n ��K�C 3 [@WhebKN^ r MQ[ n R� Ao^ n G ½ Zke�B�Z\PJ��e"�U�¬; � Y`P#CHP~B�C\P.Z\[@��G,KN^ 3 MQPbW�ZEWlBFWHP#Z�e#KNC\CHPbZ r K n G,[ n R�WHKcWaY,P8P#MQP#e2WaCHK n
Y,KNMQPoK�e#eb^ r 4 [ n R�K n P>K�f�WHY,P>Z\[@�.DFB�MOP n e#PoKNC 3 [QWlBFMOZ#;1:>Z�WaY,P 3 K n G�e#KN^ r MO[ n R�[ n e#C\P�B�Z\P#Z#?
WaY`PiKNC 3 [@WlB�MQZL[ n G,[Oe#BFWaPbG 3*4 WaY`P�B�CHC\K � e#C\KNZHZ 3 P#e#B�^,Z\P�WHY,Pi^ r,r P#C]B n GsMOK � PbCKNC 3 [QWlBFMOZ
e#K�CHCHPbMtBFWHP�WaK 3 K n G,[ n R.B n GJB n Wa[ 3 K n G`[ n R�K�C 3 [@WlB�MQZyCHPbZ r P#ebWH[QD�P#M 4 ;

� P�B���K n [QWHZqK � n WHK 3 Ps^,ZHPbG�[ n WHY,PsP2� r P#CH[ _ P n WaZ#? � Y,[OMQP�WaY,P r BFCaB�MQMOP#M Pnl P ß
WaCHB n Z\[QWa[QK n _ K _ P n W�[QZiB�M � B 4 ZiMtB�C\RNPc�&ZHP#P � B 3 MQPqÍ`;È×N�2; � Y,P _ [@�V[ n R¡[OZ�B�MOZ\K�[ _ r K�CE�
WlB n W 3 P#e�BF^,ZHP�WHY,P 3 K n G`[ n R¡B n G�B n WH[ 3 K n G,[ n R.elY!B�CaBFebWaPbC>K�fpP�B�elY�ZEWlBFWHP�G,P2WaP#C _ [ n P#Z
WaY`PhG,[QCHPbebWa[QK n K�fpP¢�`ebP#Z\ZielY!B�CHR�Pk !K � ; � Y,Pkf�B�ebW�WaY,BFW]WaY,PhelY!B�CaBFebWaPbCoKFfpWaY,PkP2�Veb[QWaPbG
Z\WaBFWaP � B"D�P¡f&^ n e2Wa[QK n elY!B n RNP#Z�G,CaB _ BFWH[Oe�BFMOM 4 B�ZkWaY,P _ KNMOPbe#^,MQP.G`[OZHZ\KVeb[tBFWHP#Z r MtB 4 ZhB
��P 4 CHKNMQP[ n WaY`P�G 4 n B _ [Qe#Zb?VBFZ�G`[OZHeb^,ZHZ\P#G~[ n ZH^ 3 ZHP#wx^,P n WelY!B r WHP#C\Z#; � Y,P�[ _ r K�C\WlB n e#P
K�f�WHY,P�B n Wa[ 3 K n G,[ n RhZ\WaBFWaPbZyf&KNC 3 K�WaY�WHY,P>WHCaB n Z\[QWH[OK n _ K _ P n WaZLB n G�WHY,PielY!B�C\RNP> !K �
G,P _ K n Z\WaCHBFWaPbZkWHY,P n P#PbG¾WaK�[ n e#MO^`G,P8B�MOM1f&KN^,C�K�fLWHY,P.MOK � ��M 4 [ n R�e#B�ZHP���B*�>PbMOP#e2WaC\K n [Oe
Z\WaBFWaPbZ][ n WaY,P�Z\KNMO^`WHPkA>B _ [OM@WaK n [OB n ;

� Y,P.[OZ\KNMtBFWHP#G _ KNMOPbe#^,MQP r K�WaP n WH[tB�M|e#^,CEDNP#Zk[ n e#MO^`G,[ n RcZ r [ n ��KNC 3 [QWiebKN^ r MQ[ n R
WaY,BFWyBFCHP>^`ZHP#Gc[ n WHY,P>Z\[ _ ^,MOBFWa[QK n Z}K�fT� �	 B n G��EILM � r Y`K�WaK�G,[OZ\ZHK�e#[OBFWa[QK n B�CHPoZHY,K � n [ n
d [QR,;�Í`;ÐÏ,; � Y,PLe#^,CEDNP#Z|G,[Q£¤P#C�f&CHK _ WHY,PB 3 [ n [@Wa[OK]eb^,C\D�P#Z}[ n�d [OR`;FÍV;Ô¹][ n WHY!BFW1WaY,P 4 Y,B"D�P
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d [QRN^,CHP�ÍV;=Ï,�ªjVe#B�MOPbG r K�WHP n Wa[OB�M�e#^,CEDNPbZof&KNC� �	 B n G��EILM � ; � Y,PkRNCHKN^ n GJZEWlBFWHP�K�fpP#B�elY_ KNMOPbe#^,MQP�Y,B�Z 3 P#P n ZHe#B�MOPbG¯WaK _ B�WaelY¯WHY,P�P¢� r PbCH[ _ P n WaB�M � P#MQM]G,P r WHY,Z#? � Y,[QMOPcWaY`P
P2�Veb[QWaPbG�Z\WaBFWaPbZ�Y!B�DNP 3 P#P n ZHY`[QfºWaPbG 3*4 WHY,P¡ZHB _ P�B _ KN^ n W�WHK r C\P#Z\P#C\D�P�WaY,P¡P n PbCHR 4
Z r B�e#[ n RNZ#; � Y`PsWHCaB n ZH[QWH[OK n Z�^,ZHPbG¯WHK®P¢�Ve#[QWHP�WaY,PsZ\KNMO^`WHPc[ n WaY`P r Y,K�WHKVG,[QZHZ\KVeb[tBFWH[OK n
P2� r P#C\[ _ P n WaZ�B�C\Pk[ n G,[Qe�BFWHP#G 3*4 WaY,PkB�C\CHK � Z#;

3 P#P n Z\e�B�MQP#G�WaKcC\P r C\KVG`^,e#P�WHY,P�P2� r P#C\[ _ P n WlB�MQM 4 � n K � n � P#MQM|G,P r WaY�[ n WaY,PqR�CHKN^ n G
P#MQP#e2WaCHK n [Oe�ZEWlBFWHP�? � Y,[QelY�[QZ�SN;=Ó`ScPbÂØf&K�C 3 KFWaY¥� �	 �=Õ,�]B n G¥�EILM � � ����;¾<ªP#e�BF^,ZHPcWaY`P
P n P#CHR 4 R*B r Z 3 PbW � P#P n WaY`P�R�CHKN^ n G~B n G~P¢�Ve#[QWHP#G.Z\WaBFWaPbZªBFCHP][ n RNK�K�G~BFRNCHPbP _ P n W � [QWHY
P2� r P#C\[ _ P n W8BFW�TAVc��Z\P#P�jVPbe�;}ÍV;QSN; · �¢?pWaY,P�P¢�Ve#[QWHP#G¥Z\WaBFWaPbZ8B�CHP¡ZHe�BFMOP#G 3*4 WaY,PcZHB _ P
B _ KN^ n WªB�Z�WaY,P�RNCHK�^ n G.Z\WlB�WaP]WaK r CHP#Z\P#CEDNP>WHY,PoZ r B�eb[ n RNZ 3 PbW � P#P n Z\WlB�WaP#Zb; z PbWaB�[OMQZ}K�f
WaY`P>ZHe#B�MO[ n R r CHK�e#PbG,^,CHP>B�CHP�G,PbZHe#C\[ 3 P#G�[ n jVPbe�;VÍ`;@SN;=Ï`;}<LK�WHY�B n [QK n Z�Y!B�DNP>ZHMO[QRNY*W � PbMOMOZ
[ n ZHP2DNP#CHB�MTK�f�WaY,Pb[OCLP¢�Ve#[QWHP#G�ZEWlBFWHP#Zb? � Y,[OelY�B�CHPo[ n ebCHP�BFZHP#G 3*4 WaY,PoZHe#B�MO[ n R r C\KVebP#G,^`CHP�;
� n � �	 WaY,PcñÝZ\WlB�WaP � P#MOMªG,P r WaY¥K�fkS · Ó _ PbÂØBFWqÏ,;=Ó|{:�[OZ�G,P#P r P n KN^,RNYÁWHK�e#C\P�BFWHP
r P#C _ B n P n WaM 4 WaCHB r,r P#G _ P2WlB�ZEWlB 3 MQPcZ r P#eb[OP#Zb? � Y,[QelY�BFCHPsK 3 Z\P#C\D�P#G¯P2� r PbCH[ _ P n WaB�MOM 4
��Z\P#PhILY!B r WaP#Co×N�¢;}� n �EILM � WaY,P�ñ�Z\WaBFWaP�[QZ]B�MOZ\KqZHMO[QRNY*WaM 4¡3 KN^ n G�? 3 ^`W]WaY`P#CHP�[QZ]B�MOZ\K8B
_ KNCHPkZH^ 3 Z\WlB n WH[tB�M � PbMOM1[ n WHY,P�ñ 8 Z\WaBFWaP�K n � Y,[QelY r Y,K�WHKVG,[QZHZ\KVeb[tBFWH[OK n KVebe#^,C\Z#; � Y`PCHK�MOPiK�f�WaY,PbZHP�f&P�BFWH^,CHPbZ][ n �EILM � [OZZ\K.f�BFCMOP#Z\Z]e#MOP#B�C#;
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? � �u)1��"�# Ì � +���6 � �  �� %!� � /h%!� $*) �&%  � � � �
� Y,PbCHPL[QZ�CHP#MOBFWa[@DNPbM 4 MQ[QW\WaMOP|P2� r PbCH[ _ P n WaB�Mx[ n f&K�C _ BFWa[QK n B 3 KN^`W�WaY`PªPbMOP#e2WaC\K n [Oe

Z\WHCH^,e2Wa^,C\P�K�fp� �	 B n GJ�EILM � [ n WaY,PkR*B�Z r Y!B�Z\P�;o n M 4 WaY,PhRNCHKN^ n G�ZEWlBFWHP r K�WaP n Wa[tBFM�K�f
� �	 Y!B�Z 3 P#P n G,[OC\P#ebWHM 4 elY!B�CHB�ebWHP#CH[Q§#PbG 3*4 Z r PbebWHCHKNZ\e#K r [Qe�WaPbelY n [Owx^,PbZ��=Õ���; � Y,P 3 K n G
G,[QZHZHK�e#[OBFWa[QK n P n P#CHR�[OP#Z�K�f 3 K�WaY�B n [QK n Zi[ n WHY,P~R�CHKN^ n G®ZEWlBFWHP~Y,B"D�P 3 P#P n PbZ\WH[ _ BFWaPbG
3*4 KFWaY,PbCLWaPbelY n [Owx^,PbZ(�Ð�"õuS�¹���?`BFMQWaY`KN^,RNY.WaY,PbCHP�[QZLe#K n ZH[QG,P#CHB 3 MOP�DFB�CH[OBFWa[QK n B _ K n RhWaY`P
DFB�MO^`P#Z#;o: 3 Z\KNC r Wa[OK n Z r P#e2WaCaB¡f&C\K _ r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n P¢� r P#C\[ _ P n WaZ>Y!B�DNP 3 P#P n CHP2�
r KNC\WHP#Ghf&K�C�WHY,P 3 B n G�B�C\KN^ n GqÕ�ÓNÓ n _ �Ð�`?xS"Í��¬; � Y,PyK n M 4 K�WHY,P#C1R*B�Z r Y!B�Z\PLG!B�WlB>B�DFB�[QM@�
B 3 MQP�B�C\P~f&C\K _ G,[OZ\ZHK�e#[tB�Wa[QD�P¡PbMOP#e2WaC\K n BFW\WlB�elY _ P n W _ P�BFZH^,C\P _ P n WaZ�� S�Ï,?�S�×���? � Y,[QelY
4 [OPbMOGs[ n f&K�C _ BFWa[QK n B 3 KN^`WWHY,PkB n [QK n e#^,CEDNP#Z n P#B�CWaY,P n Pb^`WaCHB�M�RNP#K _ P2WaC 4 ;

d KNCL� �	 WHY,P�PbMOP#e2WaC\K n [OeoB 3 Z\KNC r Wa[OK n Z r P#e2WaCH^ _ B n G�WHY,P>f&C\P#wx^,P n e#[OPbZK�f�ZHP2D*�
P#CHB�MpD�[ 3 CHBFWa[QK n B�M�WaCHB n ZH[@Wa[QK n ZiY!B�DNP 3 P#P n _ P#B�ZH^`CHP#G 3 K�WaY®[ n e#C 4 Z\WlBFM _ BFWHCH[OebP#Z�B n G
ZHK�MO^`WH[OK n � S · ?LS�Õ���;�ILY,P n B n G � P n W � KNC\WHY � U��Y!B�D�P�ebK _�3 [ n P#GÁWHY,PsP2� r P#CH[ _ P n WlB�M
G!BFWaB�f&KNC _ KNZ\WhK�fyWHY,P¡G,[OBFWaK _ [QeqY!B�MOK�RNP n B n [QK n Z�WaK�ebCHP#BFWaP~ZHP _ [OP _ r [OCH[Qe�B�M r K�WHP n �
Wa[OB�MLP n P#C\R 4 eb^,C\D�P#Z8f&KNC8B�MOMªK�f�WaY,PcZEWlBFWHP#Z8e#K n ZH[OG`P#CHPbG¯Y`P#CHPF;¥��Pbe#P n WHM 4 ?�WHY,P 4 Y,B"D�P
[ _ r C\K�D�P#G¾WHY,P#Z\P�v,WaZ 3x4 [ n ebKNC r KNCHBFWa[ n R n P � P#CqG!BFWaB�� S"�`?�S"U���;��¦W�[QZ�[ _ r K�C\WlB n W�WHK
r KN[ n W�K�^`W�?pY`K � PbD�P#Cb?�WHY!BFW � Y,[QMOP8WaY,PbZHP�v,WHZqe#K _�3 [ n P.WaY,P�B"DFB�[QMtB 3 MOP8P2� r P#CH[ _ P n WlB�M
G!BFWaB`?�WaY,PbCHP~B�CHP n K�G,[OC\P#e2WhP¢� r PbCH[ _ P n WaB�M _ P#B�ZH^`CHP _ P n WHZhK�f _ K�Z\WkK�fLWHY,P.Z r P#ebWHCHKF�
ZHebK r [QeJwx^!B n WH[QWa[QP#Z8WaY!B�W�B�C\P�P¢�VWHCaB�e2WaPbG�f&CHK _ WHY,P#Z\P�eb^,C\D�P#Z#;X n M 4 WHY,P�WHCaB n ZH[QWH[OK n
P n P#CHR�[OP#Zb?yWaY,PsDNPbC\WH[Oe�BFM�PbMOPbebWaC\K n BF¼ n [@Wa[QP#Z#?�WaY,P 3 K n G�G`[OZHZ\KVeb[tBFWH[OK n P n P#CHR 4 KFf>WaY`P
RNC\KN^ n G¥P#MQP#e2WaCHK n [Oe�ZEWlBFWHP�?�B n G�D�[ 3 CaBFWH[OK n BFM�f&C\P#wx^,P n e#[OPbZ8K�foWHY,PcRNC\KN^ n G�PbMOP#e2WaC\K n [Oe
Z\WaBFWaPhY!B�DNP 3 P#P n _ P#B�ZH^`CHP#G�G,[OC\P#ebWHM 4 ; d KNC�P2�`B _ r MQP�?(WaY,PhP#wx^,[OMQ[ 3 C\[O^ _Ý3 K n G�MOP n R�WHY
K�f!WHY,PLRNC\KN^ n GqPbMOPbebWaC\K n [QeªZEWlBFWHP � BFZpP#ZEWa[ _ BFWHP#G 3*4 ZH^ _._ [ n RoWHY,Py[QK n [Oe�B n Gqe#K"DFB�MOP n W
CaBFG,[O[�K�f[QKVG`[ n P/�ëS��`?�S"U���;J�¦W�[OZ�BFMOZHKJ^ n � n K � n � Y!BFW�Pb£¤P#e2W _ B�WaCH[Qe#PbZhKNChZHKNMQ^`Wa[QK n Z
Y!B�DNPqK n WaY,P _ P#B�ZH^`CHP _ P n WHZ�WaK � Y`[OelY�WaY`P�e#^,CEDNPbZ � PbCHP�v,W#; Ã B n,n [�PbW�B�M¬;(Y!B�D�PqCHP2�



· �

e#P n WaM 4 ^,ZHPbG r Y,KFWaK�P#MOPbebWHCHK n Z r P#e2WaC\KNZHebK r 4 WHK�K 3 WlBF[ n WaY`P]v,CHZ\W�G,[QCHPbebW _ P#B�ZH^`CHP _ P n WHZ
K�f!WHY,PLPbw�^`[OMO[ 3 CH[Q^ _X3 K n GqMQP n R�WHY�B n G�WaY,P 3 K n G�G,[OZ\ZHK�e#[OBFWa[QK n P n P#C\R 4 �ÐÕ���; � Y,P 4 Y,B"D�P
B�MQZHK¡^`ZHP#G®B¡C\P#Z\K n B n ebP8�oB _ B n WaPbelY n [Owx^,P�WHK�K 3 WaB�[ n WaY,P�P#wx^,[OMQ[ 3 C\[O^ _ DV[ 3 CaB�Wa[OK n B�M
f&CHPbwx^,P n e 4 ; � Y,Pb[OC _ P#B�ZH^,C\P _ P n WaZªY!B�DNPoZHY,K � n WHY!BFW�WaY,P r CHP2D�[OKN^,Z�DFB�MO^`P#Z�K�f}T�V�B n G~ V � P#CHPk[ n PbCHCHK�C 3x4 B 3 KN^VWo×"õuS"Ó
)�;

��P#Z\ZiG!BFWlB~[OZ�B�DFB�[QMtB 3 MQP�f&KNC>�EILM � ; � Y,P�K n M 4 PbMOP#e2WaC\K n [Oe�B 3 Z\KNC r WH[OK n Z r P#e¢�
WaC\^ _ K�WaY,PbCpWaY!B n WaY,PZ\[ n RNMQP 3 B n G8e#[QWHP#G8B 3 K"DNP � B�Z _ P�B�Z\^,CHPbG.[ n ZHK�MO^`WH[OK n 3*4 jVY,[OG,B
PbW>B�M�; �ëS�Õ,�¬; � Y`P�K 3 Z\P#CEDNP#G r P�BF� r KNZ\[QWH[OK n Z�B�C\P n P�B�C\M 4 [QG,P n Wa[Qe�B�MTWHK~WHY,KNZHPkCHP r K�C\WaPbG
f&KNC�� �	 [ n WaY,PcZHB _ P � KNC\�u?ªB�CHPbZH^,M@W � Y,[OelY�[OZ�[ n ebK n ZH[QZ\WHP n W � [QWHY¥WHY,PcMO[ _ [@WaPbG¾R*B�Z
r Y!BFZHP�G!BFWaB/� ����B n G�WHY,P r CHPbZHP n Woe�B�MQe#^,MOBFWa[QK n Zb;

� Y,PbCHP.Y!B�DNP�BFMOZHK 3 P#P n f&P � B 3 [ n [@Wa[OK¡e�B�MQe#^,MOBFWa[QK n Z r P#CEf&KNC _ P#G®K n P#[QWHY,P#C
K�foWaY,PbZHP _ KNMQP#eb^,MOPbZ#?ªB n G n K n PF?ªWaK®KN^,C8� n K � MOPbG,RNPF?y[ n ebMO^,G`PsWHY,PsPb£¤P#e2WaZ¡KFf>Z r [ n �
KNC 3 [QW�e#KN^ r MO[ n R,; � Y,P¡v,CHZ\W8e#B�MOeb^,MtB�Wa[OK n ZhK n 3 K�WHY _ KNMOPbe#^,MQP#Z � P#C\PcG,^,P�WHK � BFZH��PbC
PbWoB�M�;d�Ð¹�Ó�� � [@WaY�BqD�BFMOP n e#P 3 K n G _ P2WaY,K�Gs^,ZH[ n R8e#KNC\P r K�WHP n Wa[OB�MOZB n G�B.Z _ B�MQM 3 BFZH[OZ
e#K n ZH[QZ\Wa[ n R�K�f]K n M 4 �cB n G�JÁf&^ n ebWH[OK n Zb; � Y,[QZ�[OZkWaY,P�K n M 4 e�BFMOe#^`MtBFWH[OK n K�f]�EILM � K�f
� Y,[QelY � P�B�C\P�B � B�C\P�; � Y,P�P2�Veb[QWaPbG¡ZEWlBFWHP#Z � PbCHP>e#B�MOeb^,MtB�WaP#G.B n G.WHCaB n Z\[QWH[OK n P n P#C\RN[OPbZ

� P#CHPcC\P r KNC\WHP#GT? 3 ^`W � [QWHY,KN^`W�WaY,P�[ n e#MQ^,ZH[QK n KFf]Z r [ n ��KNC 3 [QWhe#K�^ r MO[ n R�[@W�[QZ�G,[Q¼.eb^,MQW
WaKÁB�ZHZ\P#ZHZ�WHY,P _ P�B n [ n R�K�f�WHY,P#Z\P�P n PbCHRN[QP#Z#; d KNC~P¢�`B _ r MOP�?yWHY,P 	FR é%W 	 B n G 	?R èXW 	
Z\WaBFWaPbZ~KFf>WaY`P#ZHP _ K�MOP#eb^,MOPbZ#? � Y,[OelY�B�CHP�G,PbRNP n PbCaBFWHP�[ n WHY,PJB 3 ZHP n e#PJK�f�Z r [ n ��KNC 3 [QW
e#K�^ r MO[ n R,?1B�CHP~Z r MQ[QW 3*4 B 3 KN^`W�Ó`;È×JPbÂ�;p<LK � _ B���PbC�P2WqB�M�; r P#CEf&KNC _ P#G¾e�B�MQe#^,MOBFWa[QK n Z
K n � �	 B�W�WaY`Pcj,I d MQPbDNPbMi�Ð¹VS���;��JK�CHP�C\P#e#P n WaM 4 ? z B n K"D�[OelYÁP2W8B�M�;�^`ZHP#G�C\P#MOBFWa[@DV[QZ\WH[Oe
e#K�CHP r K�WHP n Wa[OB�MOZ}WHK r P#CEf&KNC _ e#B�MOeb^,MtBFWH[OK n Z}K n � �	 B n G¡Z\PbD�P#CaBFM¤K�WHY,P#C�[OK�G,KF�¦e#K n WaB�[ n [ n R
Z r P#eb[OPbZ/�Ð¹N¹���; � Y,P 4 CHP r K�C\WaPbG¯C\P#Z\^,MQWHZ�f&KNC�WaY,PcR�CHKN^ n G�ZEWlBFWHP�?�e#K _ r B�CHB 3 MQP¡WaK�KN^,C
CHPbZH^,M@WaZ 3 ^`W}K _ [QW\Wa[ n R]Z r [ n ��KNC 3 [QW1e#K�^ r MO[ n R,; � Y,[QMOP�WaY,Pb[OC|G`[OZHZ\KVeb[tBFWH[OK n P n P#CHR�[OP#Z|ZHY,K �
f&KNCEWa^,[@WaKN^,Z�B�R�CHP#P _ P n W � [@WaY¡P¢� r PbCH[ _ P n W#?�K�^,CªP¢� r PbCH[OP n e#Po[OZ�WaY!B�WL[ n e#MQ^,ZH[QK n K�fTZ r [ n �
KNC 3 [QWªe#KN^ r MO[ n R�C\P#G,^,ebP#ZWaY`P>e�BFMOe#^`MtBFWHP#G�G,[QZHZ\KVeb[tBFWH[OK n P n PbCHRN[QP#Z 3*4 B�Z _ ^`elYsB�Z]×�Ó
)�;



· U

giP#MOMQP n P�B n G�jVY,B�C r Y!B�DNP�BFMOZHK.CHPbe#P n WHM 4 r P#CEf&KNC _ P#G�e�B�MQe#^,MOBFWa[QK n ZK�f1WaY,Pk� �	 R�CHKN^ n G
Z\WaBFWaP~^,ZH[ n R�ebKN^ r MQP#GÁebMO^,ZEWaPbC�B n GÁG,P n ZH[QW 4 f&^ n ebWa[QK n B�M _ PbWHY,KVG`Z��Ð¹�Í���;c: r,r M 4 [ n R�B
ZHP _ [QP _ r [OC\[Oe#B�M|ebKNCHC\P#ebWH[OK n f&KNCiWaY`P~Z r [ n �¦KNC 3 [QWiebKN^ r MQ[ n R,?�WHY,P 4 K 3 WlB�[ n RNK�K�G�DFB�MQ^,P#Z
f&KNCpWHY,P]� �	 � P#MQM,G,P r WaY¡^`ZH[ n R�WHY,P]G,P n ZH[QW 4 f&^ n ebWH[OK n BFM _ P2WaY,K�G,Z 3 ^VW�v n G.WHKVK�Z\Y!B�MOMQK �
B � PbMOM�^,Z\[ n RqWHY,P�e#KN^ r MOP#G�e#MQ^,Z\WHP#C _ PbWaY`KVG,Zb;

� P�Y!B�DNP r P#CEf&KNC _ P#G _ ^,MQWH[OC\Pbf&P#C\P n ebP�ebK n v!RN^`CaBFWH[OK n [ n WaP#CHB�ebWH[OK n �¬���yIL�E�
e�BFMOe#^`MtBFWH[OK n Z�K�f!WHY,PRNCHK�^ n G8B n GqP¢�Ve#[QWHP#GqZEWlBFWHP#Z}K�f(WaY`P#ZHP[QK n Z|B n Gq[ n e#KNC r KNCHBFWaPbG�WaY`P
Pb£¤P#e2WaZ�K�f�Z r [ n �¦KNC 3 [@W>ebKN^ r MQ[ n R 3x4 B�G,G,[ n RcB n P _ r [QCH[Oe#B�M�K n P¢��P#MQP#e2WaCHK n K r PbCaBFWHKNC>WHK
WaY`P>B 3 [ n [@Wa[QK�A>B _ [OM@WaK n [OB n ; � Y,PoCHPbZH^,M@WaZ�CHP r CHP#Z\P n WyWHY,P _ KNZEWªebK _ r MOP2WaPWaY,PbKNCHP2Wa[Qe�B�M
WaC\P�BFW _ P n W]K�f|WHY,P#Z\Pk[QK n ZyWHK~G!B�WaP�;

3�9 ý 9!3 % �* %!��� ���('] ���� ´ â°-b�1�  � � /h%!� $*) �&%  � � � �
� Y,P�B 3 [ n [QWH[OK>e#B�MOeb^,MtB�Wa[OK n Z � P#C\P r P#CEf&KNC _ P#G � [@WaYqWaY`P øìú û�üGý�ú r CHKNRNCHB _

�Ð¹FÏ���?F^,Z\[ n R�WaY,P�[ n WHP#C n B�MOM 4 e#K n WHCaB�e2WaP#G _ ^,MQWH[@�¦CHPbf&PbCHP n e#P�IL�Ej z _ PbWHY,K�GhG,P2DNPbMOK r P#G 3*4
Å n K � MOPbZ�B n G � PbC n PbCy�=¹�×V?�¹ · �¬; � Y,PqKNC 3 [QWlBFMOZ�B n G�CHPbf&PbCHP n e#P8e#K n v!RN^,CHBFWa[QK n Z � P#C\P
K 3 WaB�[ n P#G°f&CHK _ Z\WaBFWaP¢�³B�DNPbCaB�R�P#G±e#K _ r MQPbWaP�B�ebWH[QDNP�Z r B�ebP���IL:ij,j`I d ��e�B�MQe#^,MOBFWa[QK n Z
�Ð¹NÕV?�¹����p[ n ebMO^,G,[ n R�WaY`P~MQK � P#ZEWhW � K P Z\WaBFWaPbZ#?�WaY,P8MOK � P#ZEWhW � K R�� ZEWlBFWHP#Z#?1B n G�WaY`P
MOK � P#ZEW�W � K RU� Z\WlB�WaP#Zb; � Y,P¡ZH[@��ZEWlBFWHP#ZqB�C\[OZ\P~f&CHK _ WaY,P 	 ä ZEWlBFWHP#Z�KFfWaY,P n P#^`WHCaB�M
Y!B�MQKNRNP n B n G�WHY,P è õ ZEWlBFWHP>K�f�WHY,P�Y!B�MQKNRNP n [OK n ;p:>MQM(ZH[@�¡Z\WaBFWaPbZ � P#CHP�B�ZHZ\[OR n PbGcP#wx^!B�M
� P#[OR�YxW�G,^`CH[ n R8WHY,P�KNC 3 [QWlBFM�K r WH[ _ [O§#BFWa[QK n ;

¨p£�PbebWH[QDNP�ebKNCHP r KFWaP n WH[tB�MQZ � P#C\P�B"D�KN[OG`P#GË[ n f�B�DNKNC�KFfkB�MOMë��P#MQP#e2WaCHK n 3 BFZH[OZ
ZHP2WaZb?!MtB�C\RNP#M 483 Pbe�B�^,Z\P�K�f�G,KN^ 3 WaZ]B 3 KN^`WyWHY,PiB�ebe#^,CHB�e 4 K�f�WaY,P�B�DFB�[QMtB 3 MQPoebKNCHP r K�WHP n �
Wa[OB�MOZf&KNCo[OK�G,[ n P�; � Y,P _ P#G,[Q^ _ ��ZH[Q§#PbG r KNMtBFCH[O§bP#G 3 B�Z\[OZ>Z\PbWHZ�K�fªj`B�G`MOP³©��=¹�UV?�ÍNÓ�� � P#C\P
^,Z\P#Gc[ n B�MQMuKFfTWaY,Poe�B�MQe#^,MOBFWa[QK n Zb; � Y,P>ZH^,RNR�P#Z\WHP#GsB�G`G,[QWH[OK n BFM r KNMOB�CH[Q§�BFWH[OK n f&^ n ebWH[OK n Z
Y!B�DNP�B�MOZ\K 3 P#P n [ n e#MQ^,G,PbG�ZHK�WaY!BFW~WaY,P 3 B�Z\[OZ¡Z\PbWHZcB�CHPÁ�ES"ÍFZ#S"Ó r ÏNG(�H¸M�=ÕFZa× r ¹FGb��B n G
�ES�U�Z#S�× r S�¹FG,ÏFfl�\¸E�ëS�S�ZaU r · G(¹�f��`f&KNC}ILM(B n G.�1C\P#Z r P#e2Wa[@DNP#M 4 ;}� n KNC\G,P#C}WaK�C\KN^,RNY,M 4 Pbwx^!B�M@�



ÕFÓ

[O§bPkWHY,P�PbCHC\KNCo[ n WHY,PqIL�Ej z PbMOPbebWaC\K n B�¼ n [QWa[QP#Z�K�f�ILM1B n GJ�l?uWHY,P�KNC 3 [QWaB�M�P2� r K n P n WHZ
K�f�elY,MQKNCH[ n P ½ Z�v!CHZEW�e#K n WHCaB�e2WaP#G®G�f&^ n e2Wa[OK n ��Ó`;=U*×N¹��cB n G�Ó`;=Í*×��NÓ*��Y!B�DNP 3 PbP n ZHe#B�MOPbG
3*4 Ó`;=U`S"U*×�; � Y,P�CHP#Z\^,MQWH[ n R8P¢� r K n P n WaZoB�CHPkÓ`;=�*Õ · S�B n G�ÓV;ÈÍ*¹FU*¹V;

� K~C\P#G,^,ebPkWHY,Pke#KNZEWoKFf|WaY`P�IL:�j,j,I d e�B�MQe#^,MOBFWa[QK n Z#?�WaY,P�[ n,n P#C]KNC 3 [QWaB�MOZLK�f
WaY`PyG,[OY,B�MO[QG,P#Z � PbCHPK r Wa[ _ [O§bP#GkDV[OB>B�Z\[ n RNMQP2�¦CHPbf&PbCHP n e#PLB�MOMë��P#MQP#e2WaCHK n j,I d e#B�MOeb^,MtB�Wa[OK n ?
B n G�WHY,P n f&C\KN§#P n G`^,CH[ n R>WaY`P�IL:ij,j,I d e#B�MOeb^,MtBFWH[OK n ; z ^`CH[ n R>WaY,P�IL�Ej z e#B�MOeb^,MtB�Wa[OK n ?
K n M 4 WaY,P�ZH[ë�8DFB�MOP n e#P�J�KNC 3 [QWaB�MOZ � P#C\P�e#KNC\CHPbMtBFWHP#GT;p� n e#MO^`G,[ n R�WaY`PoDFB�MOP n e#P���KNC 3 [QWlBFMOZ
[ n WaY,P�e#KNC\CHP#MOBFWa[QK n Z r B�ebPqY!B�G�K n M 4 B¡Z _ B�MQM�Pb£¤P#ebW#?�G,Pbe#C\P�B�Z\[ n R�WHY,P � P#MOM�G,P r WaY�f&KNC
WaY`PyRNCHK�^ n GqZ\WaBFWaPLK�fu� �	 3x4 S"� _ PbÂ�?�KNCp¹¯)�; � PLK r WaPbG�WaKiP¢�`ebMO^,G`PLWaY,PyDFB�MQP n ebP��KNCE�
3 [@WlB�MQZ�f&C\K _ WaY,Pªe#KNC\CHPbMtBFWH[OK n Z r BFe#P 3 P#e#B�^,ZHP 3 B�ZH[QZ|Z\PbW}Z\^ r PbC r KNZH[@Wa[QK n PbCHC\KNC|C\[OZHPbZ1D�P#C 4
CaB r [OG,M 4 � [@WaYJWHY,P n ^ _�3 PbCoKFfpe#K�CHCHPbMtBFWHP#G�P#MQP#ebWHCHK n Z#?uB n GJ[OZ]P#Z r Pbe#[tBFMOM 4 r CHK 3 MOP _ BFWH[Oe
f&KNC � P�B��xM 4 � 3 K�^ n G�Y,K _ K n ^,e#MQP�B�C _ KNMOPbe#^,MQP#Zb;

� B 3 MOP]ÍV;Ô¹>ebK n WlB�[ n ZpWaY,P n ^ _�3 P#C}KFf�BFebWa[@DNP]KNC 3 [QWaB�MOZ1[ n WaY`P�j,I d ?�IL:ij`j,I d
B n G�IL�Ej z e�B�MQe#^,MOBFWa[QK n Z#;�jV[Q§#P�ebK n ZH[QZ\WHP n e 4 P#C\CHKNC\Z�[ n Y,P#C\P n W�[ n WaY,PcIL�Ej z P n PbCHR 4
� P#CHPJB _ P#MQ[OKNCHBFWaPbG 3*4 B�G,G,[ n R®B n B r,r C\K"�V[ _ BFWHP�e#MQ^,Z\WHP#C8e#K�CHCHPbebWH[OK n G,^,PsWaK®{�K r MOP
�Ð¹FÏ���; � Y`P.elY,B�CHRNP.G,[QZ\WaC\[ 3 ^VWa[OK n Z�K�f�WaY,P � B�DNP~f&^ n ebWH[OK n Z � P#C\P~K 3 WlB�[ n P#G�^,Z\[ n RcWaY`P
G,[QZ\WaC\[ 3 ^VWaP#G _ ^`MQWa[ r K�MOP�B n B�M 4 Z\[OZk� z ��:i�LG,P2DNP#MQK r P#G 3x4 jxWaK n P�� Í`S���;
� B 3 MOP�ÍV;Ô¹V��»�^ _�3 P#C]K�f|B�ebWH[QDNPkKNC 3 [QWaB�MOZ 3 P#MQK n RN[ n R�WaK8P#B�elY�[QCHCHPbG,^,eb[ 3 MQP�CHP r CHPbZHP n WaB��
Wa[QK n K�f1WaY,Pkú 	¦û r KN[ n W]R�CHKN^ r f&KNC�EILM � B n G�� �	 ;

_ KNMOPbe#^,MQP _ P2WaY,K�G ñkè økè ø 	 ñ 	
�EILM � j,I d S"� � � ¹

IL:ij,j`I d � Ï Ï S
IL�Ej z ¹ ¹ ¹ Ó

� �	 j,I d ¹ · S�¹ S"¹ Ï
IL:ij,j`I d S"� � � ¹
IL�Ej z ¹ ¹ ¹ Ó
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B n G�ILM¬; � Y`Pqe�B�MQe#^,MOBFWaPbGJDFB�MO^`P�K�fpWHY,[OZoG,[Q£¤P#C\P n ebP�?�ÓV;Ô×�U · PbÂ�?�ebK _ r B�CHPbZ � PbMOM � [QWHY
WaY`PP2� r PbCH[ _ P n WaB�MVDFB�MQ^,PyK�fuÓV;Ô×N×FÍ�PbÂ � Í��¬?FWaY,KN^`RNYq[QW}Z\Y,KN^,MQG 3 P n K�WaPbGqWaY!BFW|WaY,P 3 BFZH[OZ
ZHP2W � B�ZoB�G�©\^`Z\WaPbG�WHK _ [ n [ _ [O§bPoWaY`PkG`[OZHebCHP r B n e 4 ;

� B 3 MOPbZ�Í`;ÈÍkB n G~Í`;ÐÏ r CHPbZHP n WªWaY,P]Z r P#e2WaC\KNZHebK r [Oe�e#K n Z\WaB n WaZ�P2��WaCHB�ebWHP#G~f&C\K _
WaY`P r K�WaP n Wa[tBFMe#^,CEDNP#Z�B n G¯B�MOZ\K¾B�e#K _ r B�C\[OZ\K n � [@WaY r CHP2D�[OKN^,Z.P2� r P#C\[ _ P n WlB�M�B n G
WaY`P#KNC\PbWa[Qe�B�M�C\P#ZH^`MQWaZb; � P�Y!B�D�P n K�W r CHPbZHP n WHP#G�WaY`PhDNPbC\WH[Oe�BFM1PbMOP#e2WaC\K n BF¼ n [@Wa[OPbZoKFf}� 	
KNC��EILM¬? 3 P#e�BF^,ZHP�WaY,P>B 3 [ n [QWH[OKie�BFMOe#^`MtBFWH[OK n Z}G`K n K�W�ebK n DNP#C\RNP � P#MQM(f&K�C 3 K n G~MOP n R�WaY,Z
_ ^,elY¥Z\Y,KNC\WHP#C�WHY!B n T�V2;¾:>Z8e#B n 3 PcZ\P#P n f&C\K _ d [QR,;1Í`;Ô¹�?�WHY,PcP#wx^,[QMO[ 3 CH[Q^ _ 3 K n G
MOP n R�WHY¡K�f¤WaY,P n P#^`WHCaB�Mu[OZ�[ n 3 K�WaY~e�B�Z\P#ZLebK n Z\[OG,PbCaB 3 M 4 ZHY,K�C\WaPbCªWHY!B n WHY!BFWªK�fTWHY,P>[QK n ;

ILK _ r B�C\[OZHK n KFfTe�BFMOe#^`MtBFWHP#G~B n G _ P#B�ZH^,C\P#G 3 K n G~G,[QZHZ\KVeb[tBFWH[OK n P n P#CHR�[OP#Z�[ n
WaY`P�R�CHKN^ n GkZEWlBFWHP}ZHY,K � Z�WaY!B�W�WaY,P�e�BFMOe#^`MtBFWHP#G ~ VT[OZ�[ n P#C\CHKNC 3*4 B 3 KN^`W}S�Ó�õ`¹�Ó
)�; � Y,[OZ
ZHY`KNC\W\f�B�MOM*[QZ r CHK 3 B 3 M 4 G,^`PªWaK�[ n B�G,P#wx^!BFe#[OPbZ|[ n WHY,PªK n PLPbMOP#e2WaC\K n 3 BFZH[OZ�ZHP2WaZb; � P#[OelY*WHP#[OM
B n G�{�P#MO[QZHZ\[OP#C(� Í*×��TY!B�DNPkCHP r KNCEWaP#GsZ\[ _ [OMtBFC r C\K 3 MQP _ Z[ n K 3 WaB�[ n [ n RqBFe#e#^`CaBFWHPkC\P#Z\^,MQWHZ
f&KNC ~ V�[ n � 	 ; � Y,PbCHPy[QZ|RNK�KVG�B�RNCHPbP _ P n W 3 PbW � P#P n WHY,Pyeb^,CHC\P n W}CHPbZH^,M@WaZ � [@WaY,K�^`WpZ r [ n �
KNC 3 [QW]ebKN^ r MQ[ n R~B n GsWaY,P 3 P#Z\W r C\PbD�[OKN^`Zoe#B�MOeb^,MtBFWH[OK n �Ð¹N¹���? 3 ^`W�WaY,PkRNK�KVGJB�RNC\P#P _ P n W
3 PbW � P#P n WHY,PyCHPbZH^,M@WaZ n P#RNMQP#e2Wa[ n R�Z r [ n ��K�C 3 [@W1ebKN^ r MQ[ n R>B n G�P¢� r PbCH[ _ P n W}[QZ1f&KNCEWa^,[@WaKN^`Z#;
»oPbRNMOPbebWH[ n R�Z r [ n ��KNC 3 [QWªe#KN^ r MO[ n R�CHB�[OZ\P#ZLWHY,PiP n PbCHR 4 K�f�WaY`PiB�Z 4�_ r WaKFWaP � [@WaY�C\P#Z r P#e2W
WaK�WHY,P � P#MOM 3 Pbe�B�^,Z\PWaY,P _ [@�V[ n R>[OZ _ ^,elY8Z\WHCHK n R�P#C�BFW}MQK n R 3 K n GqMQP n R�WHY,Z � Y,PbCHPyWaY`P



Õ ·

� B 3 MOPkÍ`;=Í`��j r P#ebWHCHKNZ\e#K r [Oe�e#K n Z\WlB n WHZ�f&K�C� �	 ;

°'±%²³±+´ µ V ¶¡V ·�V ¸�V ¸@V ¹0Vº ´F»k¼ º�½¾ ¼ º ´F»�¼ ºÀ¿FÁ � è ¼ ºÀ¿FÁ � è ¼
	QÂ �À,» èXW 	 ¿FÃ#Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È ÉNÊËÉ ÌNÊÍÌÇÌ ÉNÊÍÎ³ÉÐÏ ÎÇÎ#ÊÍÎ ÉNÊÍÌÇÏ¿FÃ#Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È*Ñ ¿ ²ÇÆ-´?Ò c ÉNÊËÉ ÌNÊÍÌÇÓ Ô³ÊËÉ#Ô?Ì ÔFÉÐÕ#Ê�Ö ÉNÊÍÌÇÕ¿FÃ#Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È*¿ ² Ñ ´ º ²�¼ ÉNÊËÉ ÌNÊÍÌÇÏ Ô³Ê�ÔÇÔÇÔ ÔFÉÐÏ#ÊÍÎ ÉNÊÍÌNÔ× Ä ´FØ È�¿ ²ÇÆ ¿³È�Ù¡ÚÜÛ�ÑFÈ�Û#ÈË¿³È d ÉNÊËÉ ÌNÊÍÓÇÌ Ô³Ê�ÔÇÔÇÔ ÔÇÔ?Ó#ÊÍÕ ÉNÊÍÌÇÏÑ ´ Á�Ý	Þ ´ Á × Ý-Ä Ý�¿ ²ÇÆ e ÉNÊËÉ ÌNÊ�ÖÐÉ Ô³Ê�ÔÇÔ?Ì ÔÇÔ?Õ ÉNÊÍÌÐß´Sà × ± È*f ÉNÊËÉ ÌNÊÍÓ³ÉÐÏ Ô³ÊËÉ#ÔSÖ ÔÇÔFÉ ÉNÊÍÌÐß
	Fáãâ » é%W 	 ¿FÃ#Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È Ô³Ê�Ô?Õ Ö�Ê�Ô?ä ÉNÊ�ÔÇÔ ÌÇä¿FÃ#Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È*Ñ ¿ ²ÇÆ-´?Ò Ô³Ê�ÔQß ÌNÊÍÎÇÕ ÉNÊ�Ô?Õ ÏÇÏÑ ´ Á�Ý	Þ ´ Á × Ý-Ä Ý�¿ ²ÇÆ Ô³Ê�ÔSÖ Ö�ÊËÉÐÕ ÉNÊÍÓ³ÉÇÉ Ö�Õ
	 á â » èXW 	 ¿FÃ#Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È Ô³Êåß'Ô Ã Åæ ÛÐÃ Å�ÒÑ ´ Á�Ý	Þ ´ Á × Ý-Ä Ý�¿ ²ÇÆ Ô³ÊÍÏÇÏ Ö�Êåß'Ô ÉNÊËÉÐÕ ÓÇÌ
	Sá À,» é%W 	 ¿FÃ#Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È Ô³ÊÍÎÇÕ Ã Åæ ÛÐÃ Å�ÒÑ ´ Á�Ý	Þ ´ Á × Ý-Ä Ý�¿ ²ÇÆ Ô³ÊÍÕÇÏ Ö�ÊÍÕÐß ÉNÊËÉÐä ÓÐß
	 á À,» èXW 	 ¿FÃ#Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È Ó'ÊÍÕÇÕ Ö�Êåß³Î ÉNÊËÉÐä ÓÇÏÑ ´ Á�Ý	Þ ´ Á × Ý-Ä Ý�¿ ²ÇÆ Ó'ÊÍÌÇÏ Ö�ÊÍÌÇÌ ÉNÊ�Ô?ä ÖÐÉ
	?Â �â » èXW 	 ¿FÃ#Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È Ì'Ê�ÔSÖ ÏNÊ�ÖÐÉ ÉNÊËÉÐÓÇÏ Ô?ÓÑ ´ Á�Ý	Þ ´ Á × Ý-Ä Ý�¿ ²ÇÆ Ì'Ê�ÔFÉ ÏNÊÍÓ�Ö ÉNÊ�ÔÇÔ Ó�Öc °N´F´A°'´ ¿³È Í`;@SN;ÐÏ,;�jVe�BFMO[ n RqY!B�Z�B _ [ n [ _ B�M(Pb£¤P#ebW�K n B�MQM 3 ^`W]WHY,P�MOK � PbZ\W]W � K¡Z\WaBFWaPbZ#;d ��P2f³;(¹N¹V;�Ú�IL�Ej z ^,ZH[ n R8CHP#MOBFWa[@D�[OZ\WH[OeoPb£¤P#ebWH[QD�PhebKNCHP r K�WaP n WH[tB�MQZ#;e ��P2f³;�S"U`;f �]Pbf³;!ÕV;



Õ�Õ

� B 3 MQP�Í`;=Ï`��j r PbebWHCHKNZ\e#K r [Qe�e#K n ZEWlB n WHZ�f&KNC�EILM � ;

°'±%²³±+´ µ V ¶¯V ·�V ¸@V ¸@Vº ´F»k¼ º ½¾ ¼ º ´F»�¼ ºÀ¿FÁ � è ¼ ºÀ¿FÁ � è ¼
	 Â � èXW 	 ¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È ÉNÊËÉ Ó'ÊÍÎÇÌ É#ÊÍäÇÌNÔ ÔQß³Î#ÊÍÏ ÉNÊÍÎ¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È*Ñ%¿ ²ÇÆ-´?Ò c ÉNÊËÉ Ó'ÊÍÎÇÌ ÔÇÊËÉ#ÔÇÔ Ô?ÎÇÏ#ÊÍä ÉNÊÍÎ¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È*¿ ² Ñ ´ º ²�¼ ÉNÊËÉ Ó'ÊÍÎÇÓ ÔÇÊËÉÐÕÇä Ô?ä�Ö*Ê�Ô× Ä ´FØ È�¿ ²ÇÆ ¿³È�Ù¡ÚÜÛ4ÑFÈ�Û#ÈË¿³È0d ÉNÊËÉ Ì'ÊËÉ�ß É#Êåß³Ì Ô?ÏÇÎ ÉNÊÍÎ´Sà × ± È e ÉNÊËÉ ç ÔÇÊËÉ#Ô ç
	 á é%W 	 ¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È Ô³ÊÍÌÇÕ Ã Å�æ ÛÐÃ Å�Ò¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È*Ñ%¿ ²ÇÆ-´?Ò Ô³ÊÍÌÐß Ì'ÊÍÕ³É É#ÊËÉÐÌ³É ß³Ï
	 á èXW 	 ¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È Ô³ÊÍäÇÕ Ö#ÊÍÌÇÕ É#Ê�ÔSÖ ÌÇÌ¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È*Ñ%¿ ²ÇÆ-´?Ò Ô³ÊÍäÇÕ Ì'Êåß³Ì É#ÊÍÓ³É ÕÇäÓ 	Fá é%W 	 ¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È Ó'ÊÍÕÇÌ Ã Å�æ ÛÐÃ Å�Ò¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È*Ñ%¿ ²ÇÆ-´?Ò Ó'ÊÍÕ�Ö Ö#Ê�ÔÇÔ É#ÊËÉÐÓ Ö�ÏÓ 	 á èXW 	 ¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È Ó'ÊÍäÇÕ Ö#ÊÍäÇä É#ÊËÉÐÓÇä ÌNÔ¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È*Ñ%¿ ²ÇÆ-´?Ò Ó'ÊÍäÐß Ö#ÊÍÕÇä É#ÊËÉÐÌNÔ ÓÇäÓ 	QÂ � èXW 	 ¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È Ì'ÊÍÏÐß Ã Å�æ ÛÐÃ Å�Ò¿FÃ�Ä%Ä ´?Å± ¿ ²ÇÆ ¿³È*Ñ%¿ ²ÇÆ-´?Ò Ì'ÊÍÏÇä Ã Å�æ ÛÐÃ Å�Òc °N´F´A°'´ ¿³È Í`;@SN;ÐÏ,;d �]Pbf³;�¹FÓ`;�Â�BFMOP n e#P 3 K n Gh^,Z\[ n R�Z _ B�MQM 3 B�ZH[QZ�ZHPbW|B n G n K n C\P#MOBFWa[@DV[QZ\WH[OepebKNCHP r KFWaP n WH[tB�MQZ#;e ��P2f³;(�`;



ÕF�

Ao^ n G ½ Zke#B�ZHP���BN�>Z\WlB�WaP#ZkB�C\PqG,P#R�P n PbCaBFWHP�; � Y,P.e#^,C\CHP n Wke�BFMOe#^`MtBFWH[OK n ZoK"DNP#C\P#ZEWa[ _ BFWHP
WaY`PoP¢� r P#C\[ _ P n WlBFMuDFB�MQ^,P]K�f}T�V 3*4 B 3 K�^`WL×¯)�; � Y,PoDFB�MQ^,P]CHP r KNCEWaP#G 3x4 z B n K�D�[QelY¡PbW
B�M�; �=¹N¹,�1[QZoebMOKNZ\P#C]WaK.WaY,PhP2� r PbCH[ _ P n W#? � Y`[OelY _ B 4s3 PhG,^,PhWHK~WHY,P#[QC�^`ZHP�K�fpPb£¤P#ebWH[QD�P
e#K�CHP r KFWaP n WH[tB�MQZ#?`K�C]WHK8KN^,C n PbRNMOPbebW�K�f1K�WaY,PbC]CHP#MOBFWa[@D�[OZ\WH[OeoPb£¤P#ebWHZ#;

� Y,P�P2�Ve#[@WaPbG�Z\WaBFWaP�e#^`C\DNPbZ�B�C\P�B�MOMy^ n 3 KN^ n G�KNCqDNPbC 4 � P�B��xM 4¥3 KN^ n G�[ n
e#K _ r BFCH[OZ\K n � [@WaY�WHY,P�RNC\KN^ n GcZEWlBFWHP�?,BFZyK n P � KN^,MQGcP2� r P#ebWf&C\K _ ZH[ _ r MQP _ KNMOPbe#^,MOB�C
KNC 3 [QWaB�M!e#K n ZH[OG`P#CaB�Wa[OK n Z#; � Y`CHKN^,R�Y¡e#K _ r BFCH[OZ\K n � [QWaY.WaY,P�� n K � n 3 K n G¡G,[QZHZ\KVeb[tBFWH[OK n
P n P#CHR�[OP#Z�K�f��>P �	 ?�ILY,P n B n G � P n W � KNC\WHY&� S"�`?pS�U��}Y!B�DNP8Z\^,RNRNPbZ\WaPbG�WHY!BFWkB�MQM|K�f�WaY`P
P2�Veb[QWaPbG�Z\WaBFWaPbZyK�f�� �	 B�CHPoZHMO[QRNY*WaM 4q3 K�^ n GT;�gi[QD�P n WHY,P>MQ[ _ [QWHZ}K�fTWaY`P>e#^`CHCHP n We�B�MQe#^,MOB��
Wa[QK n Zb? � PiG,K n K�W]P¢� r P#e2WWaY,PbZHP � P#MOMQZLWaK 3 PiB�ebe#^,CHBFWaPbM 4 CHP r CHK�G,^,e#PbGT?!B n GsWHY,P#C\P�B�CHP
G,[@£�PbCHP n e#P#Z 3 PbW � P#P n KN^,C]e�BFMOe#^`MtBFWHP#G�DFB�MO^`P#Z�B n GsWaY,P�Z\P _ [OP _ r [QCH[Oe#B�M!v,WaZb;

jV[ _ ^,MtB�WaP#G�B 3 ZHKNC r Wa[QK n Z r PbebWHCaB~f&KNC]� �	 B n G��EILM � BFCHPkZHY,K � n [ n�d [QRNZ#;LÍ`;È×
B n GÖÍ`; · ;}� n � �	 WaY,PbCHPkB�CHP�W � K r CHK _ [ n P n W 3 B n G,Z�BFW]B 3 KN^`W]ÕN×�ÓqB n GsÏ*Ó�Ó n _ ; � Y`P
Ï*ÓNÓ n _ç3 B n G�e#KNC\CHPbZ r K n G,Z.WaK®B®elY,B�CHRNPcWHCaB n ZEf&P#CqWaCHB n Z\[QWa[QK n B n G�[OZ _ ^`elY _ KNCHP
[ n WHP n Z\P>WaY!B n WaY,P 3 B n G�BFW]Õ�Ó�Ó n _ ? � Y`[OelY 3 KNCHC\K � Zª[QWHZL[ n WHP n Z\[QW 4 f&CHK _ WHY,P>Ï*Ó�Ó n _
3 B n GT; � Y,P � P#B�� 3 B n G�BFW�B 3 KN^`W�SNS"ÓNÓ n _ B�C\[OZHPbZ>f&CHK _ B r P#C r P n G,[Oeb^,MtBFC Pèl R
WaCHB n Z\[QWa[QK n ;1� n �EILM � WaY`P#CHPoB�C\P�WHY,CHPbP r C\K _ [ n P n W 3 B n G,Z#; � Y`P>elY!B�C\RNP]WaCaB n Z\f&PbC 3 B n G
BFW>Í*×�Ó n _ [OZ 3*4 f�B�C]WaY,P _ K�Z\Wo[ n WaP n ZHPF? � [@WaYsWaY,PhK�WaY,PbC�W � K 3 B n G,Z�G,P#C\[QD�[ n R8WaY`P#[OC
[ n WHP n Z\[QW 4 WHY,CHK�^,RNY _ [ë�V[ n RÁKFf P B n G P ß elY!B�CHB�ebWHP#C#; � Y,[OZc[ n WHP n Z\[QW 4Ë3 KNC\CHK � [ n R
[OZ�Z\^ 3 Z\WaB n Wa[OB�MOM 4 � P#B���PbC�[ n �EILM � ; � Y,P#C\P�B�C\P¡BFMOZHKsW � KJDNPbC 4 � P�B�� r PbC r P n G`[Oe#^`MtB�C
WaCHB n Z\[QWa[QK n ZB�W>B 3 KN^VWo×�ÓNÓ8B n G�UNÓNÓ n _ ;

z [OC\P#e2W�e#K _ r BFCH[OZ\K n KFfWaY,P�Z\[ _ ^`MtBFWHP#G¾Z r PbebWHCaB � [QWHY�P2� r P#CH[ _ P n WlB�M�G!BFWaB
[OZhZHY,K � n [ nÁ� B 3 MQPcÍ`;È×V; d KNChWHY,P�WaY`CHP#PcK r Wa[Qe�B�MQM 4 B�MQMOK � P#GÁWaCHB n Z\[QWa[QK n ZkK�f�� �	 ?pWaY`P
B�RNC\P#P _ P n Wk[QZiw�^`[QWaPqR�KVK�GT;q{1B�C\WH[Oe#^`MtB�C\M 4 P n ebKN^,CaBFRN[ n Rs[QZ�WaY,P.B�RNC\P#P _ P n W � [@WaY�WaY`P
r KNZH[@Wa[OK n Z#? � [QG`WaY,Zb?�B n G�B 3 Z\KNMO^`WHP�e#C\KNZHZ8Z\P#ebWH[OK n ZqK�foWHY,P 	FR èXW 	 B 3 ZHKNC r Wa[QK n 3 B n G`Z
K 3 Z\P#CEDNP#G 3*4 R*B�Z r Y!BFZHP r Y,K�WHKVG,[QZHZ\KVeb[tBFWH[OK n � �`?,S�Í��¬;|<LP#e#B�^,Z\P�WHY,P Pél R WHCaB n ZH[QWH[OK n



ÕFU
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d [QRN^,CHP�Í`;È×V��IyBFMOe#^`MtBFWHP#G~B 3 ZHK�C r WH[OK n Z r P#ebWHCH^ _ f&CHK _ WaY,PoRNCHKN^ n G¡ZEWlBFWHP>K�f�� �	 ;}� n ZHP2WZHY`K � ZpWHY,P � P�B��h[ n f&CHB�CHPbG 3 B n GqG`^,PyWaK>WHY,P r P#C r P n G,[Oeb^,MtB�C�WaCHB n ZH[@Wa[QK n WHK>WaY,P 	 RUâ » é%W 	Z\WaBFWaPF;
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d [QRN^,CHP�Í`; · ��IyB�MOeb^,MtB�WaP#G¯B 3 Z\KNC r Wa[OK n Z r PbebWaC\^ _ f&CHK _ WHY,P�RNCHKN^ n G�ZEWlBFWHP�K�f>�EILM � ;
� n Z\PbW�ZHY,K � ZWaY`P � P#B���[ n f&CaB�C\P#G 3 B n G�G`^,P�WaK�WHY,P r PbC r P n G`[Oe#^`MtB�CLWHCaB n ZH[QWH[OK n WaK�WaY`P	FR é%W 	 Z\WaBFWaPF;



�VS

_ K _ P n Wy[OZ�DNPbC 4 Z _ BFMOM¬?�B�M _ K�Z\WLB�MOM(WaY,P>KNZHeb[OMOMOBFWaK�C�ZEWaC\P n R�WHYcK�f�WaY`[OZ 3 B n Gc[OZªG,P#C\[QDNPbG
f&CHK _ Rñð P ß _ [@�V[ n R¡[ n G,^,e#PbG 3*4 WaY,P8Z r [ n �¦KNC 3 [@W�ebKN^ r MQ[ n R,; � Y,P.B 3 ZHKNMQ^`WaPqebCHKNZ\Z
ZHPbebWH[OK n ZHY,KN^`MOG¥WaYx^,Z 3 P�ZHP n ZH[QWH[QD�P�WHK�WaY`PJP¢�VWHP n W�KFf>WaY`[OZ _ [ë�`[ n R,?�B n G�WaY,P�RNK�KVG
B�RNC\P#P _ P n W#?FWHK � [QWHY,[ n WaY`PLCHP r K�C\WaPbG�P2� r P#C\[ _ P n WlB�MxPbCHCHK�C#?�Z\^,RNRNPbZ\WHZ|WaY!B�W|[@W1[QZ1ebKNCHC\P#e2W
BFW�T�Vb; � Y,P�e�BFZHP���BN��elY!B�CHB�ebWHP#C�KFf}WaY,P � B�DNPqf&^ n ebWa[QK n Zo[OZ>Z\Y,K � n BFW�Z\PbDNPbCaB�M 3 K n G
MOP n R�WHY,ZL[ n¡� B 3 MOPbZyÍ`; · B n GcÍ`;ÈÕV; � Y,P 	FR èXW 	 ZEWlBFWHP>Y!B�ZyU`;È�¯) P ß elY!B�CaBFebWaPbCL[ n � �	 3 ^VW
K n M 4 SN; · ) P ß [ n �EILM � ? � Y`[OelY�BFe#e#K�^ n WaZ�f&KNC}WaY,P]ZH[ë�x�¦f&KNMQG.C\P#G,^`ebWa[QK n [ n WaY,P][ n WHP n Z\[QW 4
K�f�WaY,[QZ 3 B n G�CHPbMtBFWH[QD�P�WaKqWaY,P 	 P � èXW 	 3 B n Gs[ n RNK�[ n R�f&C\K _ � �	 WaK.�EILM � ;

� Y,PbCHP>[QZ}ZH[QR n [Qv,e�B n W�G,[OZHB�RNC\P#P _ P n W�[ n WHY,PoP¢�Ve#[QWaBFWa[QK n P n PbCHRN[QP#Z�WaKiWaY`P�W � K
P2�Veb[QWaPbGcZ\WaBFWaPbZyK�f R À Z 4�_~_ PbWHC 4 [ n � �	 ; � Y,[OZ�WaCaB n ZH[@Wa[OK n [OZªG,[ r KNMQP]f&K�C 3 [QG,G,P n ?`ZHK�[QWaZ
B r,r P�BFCaB n ebP�B�Wi×��N× n _ ��¹V;@S�¹8P2Â��[ n WaY,P _ BFWaC\[@�sB 3 ZHKNC r Wa[QK n Z r P#ebWHCaB _ P#B n Z]WaY!BFW
WaY`P�e#C 4 ZEWlB�M¤v!P#MQG _ ^,Z\W 3 P�e#B�^,Z\[ n RqZ\[OR n [@v!e�B n W _ [ë�V[ n R � [QWaY¡Z\WlB�WaP#ZKFf!i¡Z 4V_._ PbWaC 4 ;
�¦Wh[OZ n K�Wk� n K � n � Y,P2WaY,PbChWaY`[OZ _ [ë�V[ n RcZ\Y,[QfºWHZkWHY,P~P n P#C\R 4 K�fªWaY,P R À ZEWlBFWHP~Z\[OR n [Qft�
[Oe#B n WaM 4 ?}KNC � Y,P2WaY,PbC.WHY,PcZ\WaBFWaPs[ n D�KNMQD�P#G¥[OZ�WHY,P R À» é%W 	 KNC�WHY,P R À» èXW 	 ;�ILY,P n B n G
� P n W � K�C\WaY+� U`?�S"����Y!B�D�PhBFZHZH[QR n PbG�WaY,Pk×��N× n _ WaCaB n ZH[@Wa[OK n WaK�WHY,P R À» èXW 	 Z\WaBFWaPF? 3 ^VW
[Qf�WaY`PhBFZHZH[QR n _ P n W � PbCHPhelY!B n RNPbGJWHK R À» é%W 	 ?,WaY,PhB�RNC\P#P _ P n W � [QWHYJK�^,C]e�B�MQe#^,MOBFWa[QK n Z
� KN^,MOG 3 PoebK n ZH[QG,P#CHB 3 M 4q3 P2WHWHP#C#; � Y,P#C\P>[OZ}P2D�[OG,P n e#P�f&CHK _ WHY,P�ZHKNMQ^`Wa[QK n G!BFWaB�� S�Õ��!f&KNC
B n BFG,G,[QWH[OK n B�M�B 3 Z\KNC r WH[OK n 3 B n G�B�CHKN^ n G�Ï*�NÓ n _ �¬¹V;È×��~P2Â��¢? � Y,[QelY�ZH^ r`r KNCEWaZ>WHY,[OZ
CHP¢�³B�Z\ZH[QR n _ P n W�;

� Y,PbCHPc[OZ�B�MOZ\K�ZHK _ P¡G`[OZaBFRNCHPbP _ P n W 3 PbW � P#P n WaY`P�e�B�MQe#^,MOBFWaPbG�B 3 Z\KNC r Wa[OK n
Z r P#e2WaC\^ _ f&KNC��EILM � B n G®WHY,P8Z r P#e2WaCH^ _Ñ_ P#B�ZH^`CHP#G®[ n Z\KNMO^`WH[OK n � S�Õ���; � Y,P8Z\KNMO^`WH[OK n
G!BFWaBhZ\Y,K � BFM _ KNZ\W n KhZHY,[@fºWL[ n WaY`P>Z r P#e2WaCHB 3 P2W � PbP n � �	 B n G¡�EILM � ? � Y,[QelY�G,[QZaB�RNC\P#PbZ
wx^!B�MQ[QWlB�Wa[QD�P#M 4 � [QWHY�WaY`P¡e#^`CHCHP n Wqe�B�MQe#^,MOBFWa[QK n Zb; � Y,P�KNC\[ORN[ n KFfWaY,[QZhG,[QZHebCHP r B n e 4 [OZ
^ n � n K � n ? 3 ^`W�WaY,P�RNK�KVGkCHPbZH^,M@WaZ�f&KNC1� �	 e#K _�3 [ n P#G � [@WaY�WaY,P�RNK�KVGhB�RNC\P#P _ P n W�f&KNC�WaY`P
	FR èXW 	 B 3 ZHKNC r Wa[QK n K�f��EILM � _ P�BFZH^,C\P#G 3*4 r Y,K�WHKVG`[OZHZ\KVeb[tBFWH[OK nJr CHK"D�[OG`P�ZHK _ P � P#[QRNY*W
f&KNCyWHY,PiD�BFMO[OG`[QW 4 K�f1WHY,P�e#^,C\CHP n W�e#B�MOeb^,MtBFWH[OK n Z#;



�N¹

� B 3 MOPLÍ`;È×V�pIyBFMOe#^`MtBFWHP#GqB 3 ZHKNC r Wa[QK n Z r P#e2WaCHB>f&CHK _ WaY,PLRNCHKN^ n GqP#MQP#ebWHCHK n [OeLZEWlBFWHPye#K _ �
r B�C\P#G � [QWHY�P¢� r PbCH[ _ P n WaB�M�CHPbZH^,M@WaZ#;

ò à ¿FÝ ±+´?ÒC°N±%²³±+´ ó@´?²³ôõó ÛÐÑ Ý ± Ý-Û Å ö�÷ æ�ø ù�úãû§ü ý Û ±%²ÇÆ Ý Å±+´?Å Ñ%Ý ±Xþº ´F»�¼ º Å Á ¼ º ½¾ 	 ¼ º ´F»�¼ º6Ä ´?Æ�²³± Ý ØÇ´ Ã Å Ý ± Ñ ¼
ÿ �	 	Fá�â » é%W 	 ¿ ²ÇÆ ¿³È ÔÇÊ�Ô?Õ ÔFÉ�ß�É ÉNÈËÉÇÉ#Ô?Õ ÉNÊ�Ô?Õ ÔQÚ³ÓÇä³ÉÁ ²³± Ä Ý à c ÔÇÊËÉÐä ÔÇÔ?Ï³É ÉNÊ�Ô?Î ÔQÚ³ÏÇÕÑ%Û Æ Ã ± Ý-Û Å d ÔÇÊÍÓ³É ÔFÉÐÌ³É

	Fá�â » èXW 	 ¿ ²ÇÆ ¿³È ÔÇÊÍÕÇÎ ß³ÌÇÕ ÉNÈ�Ö�Ì ÉNÊ�Ô?ä Ô³ÈËÉÁ ²³± Ä Ý à ÔÇÊÍÏÇÏ ä³ÉÇÉ ÉNÊÍÓÇÓ Ô³ÈËÉÑ%Û Æ Ã ± Ý-Û Å ÔÇÊÍÕÇä ß³ÌÐßÒ Ý-Ä ´ ¿ ± e ÔÇÊÍÕÇÏ ß³Ï³É ÉNÈÍÏ ÉNÊ�Ô?ä
	 Â �â » èXW 	 ¿ ²ÇÆ ¿³È ÌNÊ�Ô?Ó ÌÇÎÐß Ô³ÈÍÌ ÉNÊÍÌÇÏ Ï'ÈÍÕÁ ²³± Ä Ý à ÌNÊ�ÔFÉ ÖÐÉÇÉ ÉNÊÍÏÇÏ Õ'È�ÔÑ%Û Æ Ã ± Ý-Û Å ÌNÊ�Ô?Ì ÌÇÎÇÏÿ�� Æ � 	 á é%W 	 ¿ ²ÇÆ ¿³È ÔÇÊÍÌÇÕ ÎNÔSÖ ÉNÈËÉÇÉÇÉ#Ô?Ï ÉNÊÍÓ�Ö ÔQÚÇß'ÔÑ%Û Æ Ã ± Ý-Û Å ÔÇÊÍÓ³É ÔFÉÐÌ³É
	 á èXW 	 ¿ ²ÇÆ ¿³È ÔÇÊÍäÇÌ ÕÐß³Õ ÉNÈËÉÐÌÇÎ ÉNÊÍÓÇÏ ÔÑ%Û Æ Ã ± Ý-Û Å ÔÇÊÍÕÇä ß³ÌÐßÒ Ý-Ä ´ ¿ ± f ÔÇÊåßÇß ß�ÉÇÉ ÉNÈËÉÐÌÇÎ ÉNÊÍÓÇÌÓ 	 á é%W 	 ¿ ²ÇÆ ¿³È ÓNÊÍÕÇÕ Ö�ÕÐß ÉNÈËÉÇÉÇÉÐÎÐß ÉNÊ�Ö�Õ ÔQÚ³ÓÇÓÓ 	 á èXW 	 ¿ ²ÇÆ ¿³È ÓNÊÍäÇÌ Ö�ÌÇä ÉNÈËÉÐÕÇä ÉNÊ�ÖÇÖ Ì'ÈËÉÓ 	QÂ � èXW 	 ¿ ²ÇÆ ¿³È ÌNÊÍÏÇÎ Ì�Ö�Õ ÉNÈÍÕÇÌ ÉNÊÍÏÇÕ ÌÇÕÑ%Û Æ Ã ± Ý-Û Å ÌNÊÍÓÇÓ ÌÇäÇÏc�� ´�� È Ô?Õ'È d � ´�� È ÔQßÈ9e � ´�� È�Ô?Ì'È9f � ´�� È0ä'È



��Í

� B 3 MOP�Í`; · ��IyB�ZHP¾��B*�qe#K _ r KNZH[@Wa[QK n K�f>WHY,P�Z r [ n ��KNC 3 [QW.ebKN^ r MQP#G�Z\WlB�WaP#Z~K�f�� �	 B�Z~Bf&^ n e2Wa[QK n K�f1WHY,P 3 K n GJMQP n RFWaYT;

)Ý<yB�Z\[OZ d ^ n e2Wa[OK n ILY,B�CaB�e2WaPbC
j�WaBFWaP TÝ� {:i� P À P ßâ RUâ R ßÀ
	QP �À» èXW 	 T�V U*×V;=U Ó`;=Ó Ó`;=Ó Ï,;@S

×V;=Í ÕNÕV;ÈÕ Ó`;=Ó Ó`;=Ó ¹�¹V;ÈÍ� ·N· ;ÈÕ Ó`;=Ó Ó`;=Ó Í�Í`;ÈÍ

	 R â » é%W 	 T�V Ó`;=Ó Ó`;=Ó S"ÓNÓ`;=Ó Ó`;=Ó
×V;=Í Ó`;=Ó Ó`;=Ó S"ÓNÓ`;=Ó Ó`;=Ó� Ó`;=Ó Ó`;=Ó S"ÓNÓ`;=Ó Ó`;=Ó

	 RUâ » èXW 	 T�V Ó`;=Ó U`;=� UNÓ`;È¹ Ó`;=Ó
×V;=Í Ó`;=Ó · Í`;ÐÏ Í · ; · Ó`;=Ó� Ó`;=Ó ·N· ;ÈÕ ÍNÍ`;=Í Ó`;=Ó

	 R À,» é%W 	 T�V Ó`;=Ó Ó`;=Ó Ó`;=Ó S"Ó�Ó`;ÈÓ
×V;=Í Ó`;=Ó Ó`;=Ó Ó`;=Ó S"Ó�Ó`;ÈÓ� Ó`;=Ó Ó`;=Ó Ó`;=Ó S"Ó�Ó`;ÈÓ

	 R À,» èXW 	 T�V Ï,;@S Ó`;=Ó Ó`;=Ó UN×V;ÈU
×V;=Í ¹N¹V;=Í Ó`;=Ó Ó`;=Ó Õ�ÕV;ÔÕ� ÍNÍ`;=Í Ó`;=Ó Ó`;=Ó ·�· ;ÔÕ

	?P �â » èXW 	 T�V Ó`;=Ó UNÓ`;È¹ U`;=� Ó`;=Ó
×V;=Í Ó`;=Ó Í · ; · · Í`;ÐÏ Ó`;=Ó� Ó`;=Ó ÍNÍ`;=Í ·N· ;ÈÕ Ó`;=Ó



�FÏ

� B 3 MOP�Í`;ÔÕ���IyB�ZHPJ��B*�oe#K _ r KNZH[@Wa[QK n K�f�WaY`PqZ r [ n ��KNC 3 [QW>e#KN^ r MOPbG®ZEWlBFWHP#ZiK�fª�EILM � BFZ�B
f&^ n e2Wa[QK n K�f1WHY,P 3 K n GJMQP n RFWaYT;

)Ý<LB�ZH[QZ d ^ n ebWH[OK n ILY!B�CHB�ebWHP#C
j�WaBFWaP T�� {:i� P P ß R R ß
	 P � èXW 	 T�V U · ; · Ó`;=Ó ¹V;È� Ó`; ·

×V;=Í · �`; · Í`;=U ¹�×V;ÔÕ SN;=�� ·N· ;ÈÕ Ó`;=Ó Í�Í`;ÈÍ Ó`;=Ó

	?R é%W 	 T�V Ó`;=Ó Ó`;=Ó U�U`;ÈÓ SN;=Ó
×V;=Í Ó`;=Ó Ó`;=Ó U · ;ÈU Í`;@S� Ó`;=Ó Ó`;=Ó S"Ó�Ó`;ÈÓ Ó`;=Ó

	 R èXW 	 T�V ¹V;ÐÏ SN; · UFÏ,;ÈÓ ¹V;@S
×V;=Í S�ÕV;=Ó ÏxÕV;=Í ¹�Ï,;=Ï S�SN;=Ï� Ó`;=Ó ·N· ;ÈÕ Ó`;ÈÓ Í�Í`;ÈÍ

¹ 	FR é%W 	 T�V Ó`;=Ó Ó`;=Ó SN;ÈÓ U�U`;ÈÓ
×V;=Í Ó`;=Ó Ó`;=Ó Í`;QS U · ;ÈU� Ó`;=Ó Ó`;=Ó Ó`;ÈÓ S"Ó�Ó`;ÈÓ

¹ 	FR èXW 	 T�V SN;=Ó Í`; · SN;QS UFÏ,;ÈÍ
×V;=Í Ó`;@S ¹��`; · ÕV; · · Í`;ÈÓ� Ó`;=Ó ÍNÍ`;=Í Ó`;ÈÓ ·�· ;ÔÕ

¹ 	?P � èXW 	 T�V Ó`;@S U�Ï,;=� ¹V;QS Í`;=Ó
×V;=Í S"Í`;ÈÕ ¹�Ó`;È¹ Ï*¹V;=Ï ¹FÍ`;È�� ÍNÍ`;=Í Ó`;=Ó ·�· ;ÔÕ Ó`;=Ó



�N×

 n PLv n B�M r KN[ n W1K�f(ebK n WaP n WH[OK n BFCH[OZ\P#Z�f&CHK _ WaY`PB�ZHZ\[OR n _ P n W1K�f!WHY,PAo^ n G ½ Z
e�BFZHP>��B*�TMtB 3 PbMOZ�[ n G,[QZHZ\KVeb[tBFWH[QDNP�PbMOP#e2WaC\K n B�WHWlBFelY _ P n W1P¢� r PbCH[ _ P n WHZ�� S�Ï,?*S�×,�¬;�� n WHY,P#Z\P
P2� r P#C\[ _ P n WaZb?pWaY,P�f&CHB�R _ P n WqB n RN^,MtBFChG,[QZ\WHCH[ 3 ^`Wa[QK n ZkZHY,K � n K�PbD�[OG`P n ebPcK�f _ [ë�V[ n R
K�f�G,[Q£¤P#C\P n W��üZEWlBFWHP#Z 3*4 Z r [ n ��KNC 3 [QWsebKN^ r MQ[ n R`; � Y`[OZsCHPbZH^,M@WJ[QZse#K n Z\[OZEWaP n W � [QWHY
KN^,CiK 3 ZHPbC\DFBFWa[QK n WaY,BFWiWaY,P8A�^ n G ½ Z�e�B�Z\PJ��B*�>elY!BFCaB�e2WaP#C 3 P#ebK _ P#Z�G,K _ [ n B n W�B�Z�WaY`P
3 K n G¡[QZªZ\Y,KNCEWaP n P#GT;�� n 3 K�WaY~Z\WH^,G,[OPbZ#?VY,K � P2DNP#Cb?`WaY`P>Y,[QRNY,P#ZEWyP n P#C\R 4 r P#B��8Y!B�Z 3 P#P n
B�Z\ZH[OR n P#G¥WaK®B�Z\WlB�WaPsK�f R Z 4�_~_ PbWHC 4 ?�[ n G,[QCHPbebW.e#K n WHCaB�G,[QebWH[OK n � [@WaY�WaY,P�e#^`CHCHP n W
e�BFMOe#^`MtBFWH[OK n Z�B n G¡K�WHY,P#CLB�ZHZ\[OR n _ P n WHZ 3 B�ZHPbG�K n WHY,P�B 3 ZHKNC r Wa[QK n Z r P#ebWHCaB�� U`?(S · ?(S"���¬;
:0e#CHK�ZHZH[ n RkK�f�WHY,P P ß B n G R ß ZEWlBFWHP#Zªe#CHK�ZHZªBFW 3 K n G.MOP n R�WHY,ZªZ\Y,KNCEWaP#C�WaY,B n T�V}ebKN^,MQG
B�ebe#KN^ n W~f&KNC.WHY,[OZ.K 3 Z\P#CED�B�Wa[OK n ? 3 ^`W~WaY,PbCHPJ[OZ n K¾PbD�[QG,P n ebP�K�fiZ\^,elY±B�ebCHKNZ\ZH[ n RÁ[ n
WaY`P�eb^,CHC\P n W�e#B�MOeb^,MtB�Wa[OK n Z#;¥»�PbDNPbC\WHY,P#MQP#ZHZb?yWaY,PJB 3 Z\KNC r Wa[OK n G,BFWlB®B n G¥WaY,P�e#^`CHCHP n W
e�BFMOe#^`MtBFWH[OK n ZLZ\WaC\K n RNM 4 Z\^ r,r KNC\W]WaY`PhBFZHZH[QR n _ P n W]K�f�WaY,P�Y,[QRNY,PbZ\W�P#MQP#ebWHCHK n [OeiZ\WaBFWaPkB�Z
r C\P#G,K _ [ n B n WaM 4 P [ n elY!B�CaBFebWaPbC�BFWAT�Vb;
3�9 ý 9 C � � # ����� �(' ���� /h% �#�	� %�
 4¤ %  ��V� % )��� "�¨4 Ì1��� ®:> +�â1�  / �u) Ì|�������

� Y,P _ [@�V[ n R�K�f�WHY,P�e�BFZHP���BN�.Z\WaBFWaPbZ 3*4 Z r [ n �¦KNC 3 [QW~e#KN^ r MO[ n RÁY!B�Z 3 P#P n
WlB 3 ^,MtB�WaP#G�f&K�C�P�B�elY�ZEWlBFWHPqK�f�� �	 B n G��EILM � BFWiZ\PbD�P#CaBFM 3 K n G�MOP n R�WaY,Zi[ n�� B 3 MOPbZiÍ`; ·
B n G�Í`;ÈÕV;|<ªP#e�BF^,ZHP g [OZ�BoebK n Z\P#C\D�P#Gqwx^!B n WH^ _ n ^ _�3 PbC#?�WaY,PbCHP�[OZ n K _ [@�V[ n R 3 P2W � PbP nP B n G R ZEWlBFWHP#Z�BFW�B n 4q3 K n G8MQP n R�WHYqf&KNCpWaY,P g ôÙÍ
ÂN¹>ZEWlBFWHP#Z#; � Y`P g ôòS,ÂN¹�ZEWlBFWHP#Z#?
Y,K � PbDNPbC#?�e#B n 3 P�Z\WaC\K n RNM 4�_ [ë�`PbG�B�ZoWaY,P 3 K n G�MOP n R�WaY�[ n e#C\P�B�Z\P#Z>f&C\K _ T�Vb; � Y,P#C\P
[OZ�B�ebK _ r P2Wa[QWH[OK n 3 P2W � PbP n WaY,P 3 K n G,[ n R�[ n WHP#CaBFebWa[QK n Zb? � Y,[OelY�f�B�DNKNC�WHY,Pse�B�Z\P®��B*�
Z\WaBFWaPbZ#?LB n G¥WaY,P�BFWHK _ [Qe�Z r [ n �¦KNC 3 [@Wqe#K�^ r MO[ n R,? � Y,[QelY¯f�B�DNKNC\ZqWaY,Pse�BFZHP¾��e"��ZEWlBFWHP#Z#;
:yWAT�VK�f�WaY,PkRNC\KN^ n GsP#MQP#e2WaCHK n [Oe�Z\WaBFWaPF?,WaY,P 3 K n G,[ n R8[ n WaPbCaB�e2Wa[QK n Z]G,K _ [ n B�WaP�? � [QWHY
WaY`P�e#B�ZHP���B*��elY!B�CHB�ebWHP#C.B�e#ebKN^ n Wa[ n R�f&KNC8B 3 KN^`W.UNÓ¯)îK�f]WaY`P � B�DNPsf&^ n e2Wa[OK n [ n � �	
B n GsB 3 KN^VW]U*×¯)É�EILM � ; d KNC�WaY,PiR�CHKN^ n GcP#MOPbebWHCHK n [Qe�Z\WaBFWaPbZ#? � Y`[OelY�B�CHP>P n PbCHRNP2Wa[Oe#B�MOM 4
� P#MOMë��Z\P r B�CHBFWaPbGqf&CHK _ WHY,P]CHP _ B�[ n [ n R�Z\WaBFWaPbZ#?xWaY,P _ [@�V[ n R>[OZ}P#Z r Pbe#[OB�MOM 4 Z _ B�MQM¬; � Y,P#C\P



� ·

[OZiZ\^ 3 ZEWlB n Wa[OB�MOM 4�_ KNCHP _ [@�V[ n Rc[ n � �	 WaY!B n �EILM � 3 P#e#B�^,ZHP8WaY`P.Z r [ n ��KNC 3 [QWiebKN^ r MQ[ n R
[OZ]MOB�CHRNP�f&K�C 3 K�WHY�BFWHK _ Zb?(B n GsWaY,[QZ>BFe#e#K�^ n WaZof&K�C]WHY,P _ ^,elY�MOB�CHR�P#Ce#C\KNZHZoZHPbebWa[QK n K�f
WaY`PP2� r PbCH[ _ P n WaB�MOM 4 [ _ r KNCEWlB n W1RNCHK�^ n GqZ\WaBFWaPyWHCaB n ZH[QWH[OK n WaK�WaY`P 	?R èXW 	 Z\WaBFWaP]BFCHKN^ n G
Õ�ÓNÓ n _ ;

¨pDNP n B�Z _ B�MQMªP¢�VWHP n Z\[OK n K�f]WaY`PcZHKNMQ^`WaP 3 K n G�e#B n 3 CH[ n R�B 3 KN^`W8B�MtBFCHRNP
elY!B n RNP�[ n WaY,P¡elY!B�CaBFebWaPbC�K�fyWHY,P�Z\KNMO^`WHP � B�DNP�f&^ n e2Wa[QK n ; � Y,P 	FRUâ » èXW 	 ZEWlBFWHP¡[ n � �	
B n G.WaY,P 	?R èXW 	 Z\WlB�WaP�[ n �EILM � P#B�elY¡elY,B n RNP�f&CHK _É3 P#[ n RhK"D�P#CyU�Ó
) R [ n elY!B�CaBFebWaPbCyBFWT�V�WaK r CHP#G`K _ [ n B n WaM 4 P ßBFW]×�;ÈÍ {:h; � Y`P r K�MtB�C\[O§�B 3 [OMQ[QW 4 K�f�B n B n WH[ 3 K n G,[ n R�ZEWlBFWHP>[OZ
n PbR*BFWa[@DNPF? _ P�B n [ n RWaY,BFW1WHY,P�P#MQP#ebWHCH[Qe�v,P#MOGhB n GkWaY,P�Z\KNMO^`WHP r KNMOB�CH[Q§�BFWH[OK n BFCHP]S"�NÓ��KN^`W
K�f r Y!B�Z\P�; � Yx^,Z#?�WaY,P r KNMtB�C\[O§#B 3 [OMQ[QW 4 KFfLWaY`P.P¢�Ve#[QWHP#G®Z\WaBFWaPbZh[QZiP2��WaC\P _ P#M 4 ZHP n ZH[QWH[QD�P
WaK�WHY,P 3 K n G�MOP n R�WHYT?TelY!B n RN[ n RcZ\[OR n [ n WaY`[OZ�e#B�ZHP 3 PbW � P#P n ÍcB n G¾× {:h; � Y,P8K�WHY,P#Cg ôòS,ÂN¹oZEWlBFWHP#Z�B�MOZ\K�^ n G`P#CHR�KkZ\^ 3 ZEWlB n Wa[OB�M,elY!B n RNP#Z}[ n elY!B�CHB�ebWHP#C#? _ KNZ\W n K�WlB 3 M 4 WaY`P
	?P �â » èXW 	 �¬¹ 	?P � èXW 	 [ n �EILM � �2? � Y,[QelY�[OZ r C\P#G,K _ [ n B n WaM 4 R [ n elY,B�CaB�e2WaPbC�BFW�MOK n R 3 K n G
MOP n R�WHY,Z#;

� Y,P�Z\WHCHK n R�Z\KNMQD�P n W�P#MQP#ebWHCHKNZEWlBFWH[Oe|v,P#MOG`Z�[ n e#MQ^,Z\WHP#CHZ�B n G�e#K n G`P n Z\P#G r Y!B�ZHPbZ
f&^,CEWaY,PbC _ [ë�JWHY,PqZHK�MO^`WHP � B�DNPqf&^ n ebWa[QK n Zb?�B�Z � P � [QMOM�ZHPbP.[ n f&^`Wa^`CHPqelY!B r WaP#C\Z#; � Y`P
_ [@�V[ n R¾K�fhWHY,P�ZHK�MO^`WHP � B�DNP�f&^ n e2Wa[QK n Zc[ n G,^,e#PbG 3*4 Z r [ n ��KNC 3 [QW¡e#KN^ r MO[ n R � [OMOM 3 P
e#C\[QWH[Oe�BFM¤f&KNC^ n G,P#C\Z\WlB n G,[ n R.WHY,P�G 4 n B _ [Oe#Z]K�f r Y,KFWaK�G,[OZ\ZHK�e#[tB�Wa[OK n ;

3�9 ý 9 F 4�� � )� "� / � %,+�� � %�� �b +��&â )� � � �
� Y,PiZ\KNMO^`WHP�elY!B�C\RNPiG,[QZ\WaC\[ 3 ^VWa[OK n [OZ r B�CHB _ P2WaPbCH[O§bP#Gc^,Z\[ n R�WHY,P�G,[QZ\WHCH[ 3 ^`WaPbG

_ ^,M@Wa[ r KNMQP>K r P#CHBFWaK�CHZ]G,[OZ\e#^,Z\ZHPbG�[ n ILY!B r WaP#C>¹V; � Y,P _ BFWHCH[ë��PbMOP _ P n WHZ�KFf|WaY`P#ZHPkK r �
P#CHBFWaK�CHZ�B�CHP]G,P2WaPbC _ [ n PbG.f&KNC�P#B�elY¡RNPbK _ PbWaC 4 BFW � Y,[QelY~WHY,P>B 3 [ n [QWH[OK � B�DNPof&^ n ebWH[OK n Z
B�C\P�e�B�MQe#^,MOBFWaPbGT; � Y,P n WHY,P 3 K n G,[ n R�[ n WHP#CaBFebWa[QK n Z>B�CHPqZEWaCHK n R,?�WHY,P _ ^,M@Wa[ r KNMQP#ZoB�CHP
G,[QZ\WaC\[ 3 ^VWaP#GcK"D�P#Cf&KN^,CyZ\[QWHP#Z³þËK n PiK n P#B�elY n ^`e#MOPb^,Z�B n GcW � K~B�WP#wx^,[QG,[OZEWlB n W r KN[ n WaZ
B�MQK n R�WaY,P 3 K n GËB��V[OZb;²:yW¡MOK n R�P#C 3 K n G°MOP n R�WHY,Z#?yWHY,P 3 K n G°Z\[QWHP#Z�BFCHP�RNCaB�G`^!B�MOM 4



�NÕ

G!B _ r P#G�^,Z\[ n RsB�Y 4 r PbC 3 KNMO[Qe�WlB n RNP n W�Z � [QWaelY`[ n R�f&^ n ebWa[QK n WaKcC\Pb !PbebWiWHY,PqMOK�e�B�MQ[O§#B��
Wa[QK n K�fuWaY,P � B�DNP]f&^ n ebWH[OK n K n WHK�WHY,P n ^,e#MQP#[¬;p�J^,M@Wa[ r KNMQP#Z|WHY,CHKN^`RNY8w�^,B�G,CH^ r KNMQP _ ^,Z\W
3 P�[ n ebMO^,G`P#G�BFW�B _ [ n [ _ ^ _Ý3 Pbe�B�^,Z\PqWaY,PqK r P n ��ZHY`P#MOM1Y!B�MQKNRNP n BFWaK _ Z>Y,B"D�P.B¡ZH^ 3 �
Z\WaB n Wa[OB�M]w�^,B�G,CH^ r KNMQP _ K _ P n W8WaY!B�W�[ n WHP#CaBFebWaZ.Z\WHCHK n RNM 4 � [@WaY¯WHY,P�Z\KNMQD�P n W�?]BFZ � P
G,[QZHe#^`ZHZk[ n _ KNCHPqG,P2WlB�[QM 3 P#MOK � ; � Y,P.wx^!B�G,C\^ r KNMOP _ K _ P n WaZ�f&KNC�WHY,PqDFB�MOP n e#P�J�KNCE�
3 [@WlB�M�[ n ILM�B n G��Lf&C\K _ WaY`P�B 3 [ n [QWa[QKqe�B�MQe#^,MOBFWa[QK n B�C\P�Í`;=ÓNÍ.B n G®SN;ÈÕFÏ¡B�WaK _ [Oei^ n [QWaZ
��Ï`;ÈÓN�8B n G�¹�;ÈÍ�Ï z P 3x4 P {:��yCHP#Z r PbebWH[QDNPbM 4 ;

� Y,P>B 3 ZHK�C r WH[OK n Z r P#e2WaCaBhG,[OZ\e#^,Z\ZHP#Gc[ n j�P#e�;VÍ`;@SN; · B 3 K"DNP r CHK"D�[OG,P]WaY`PoK n M 4
G,[QCHP#e2W]WaP#ZEW>KFfpWaY,PkB�ebe#^,CHB�e 4 K�f1WaY,Pke�BFMOe#^`MtBFWHP#G _ ^,MQWH[ r KNMOPoK r P#CaB�WaKNC\Z#; � Y,PbCHPk[OZ�B r �
r B�C\P n WaM 4 R�KVK�G8B�RNC\P#P _ P n Wpf&K�C|WaY,P _ B�R n [QWa^`G,P#Z1K�f(WaY,P r BFCaB�MQMOP#MxWaCHB n Z\[QWa[QK n _ K _ P n WaZ
f&CHK _ WHY,P�RNC\KN^ n GcPbMOPbebWaC\K n [Qe>Z\WaBFWaP�BFWyPbw�^`[OMO[ 3 CH[Q^ _ ZHP r B�CHBFWa[QK n ; � Y,PbCHPi[QZyB�MQZHK�Z\K _ P
PbD�[QG,P n ebP�WHY!BFW}WHY,P]e�B�MQe#^,MOBFWaPbG r PbC r P n G,[Qe#^,MOB�CpWaCHB n Z\[QWa[QK n _ K _ P n WaZ n P#B�C�T�V}B�C\P]WHKVK
Z _ B�MQM¬; � B 3 MOPhÍ`;È×~ZH^`RNRNP#ZEWaZ>WHY!BFW r PbC r P n G,[Qe#^,MOB�C]WaCaB n ZH[@Wa[OK n Z]ZHY,KN^`MOG 3 P�Z\PbDNPbCaB�M|KNCE�
G,PbCHZpK�f _ B�R n [QWH^,G,P�MOP#Z\Z|[ n WHP n Z\PLWaY,B n WaY`P r B�CHB�MOMQP#MNWHCaB n Z\[QWH[OK n Zb?�B n G 4 P2W r C\P#MO[ _ [ n B�C 4
_ P�B�Z\^,CHP _ P n WHZ>K�f|WaY,P r CHK 3 PhB 3 ZHK�C r WH[OK n BFWoD�P#C 4 P#B�CHM 4 Wa[ _ P#Zh�%�X¹�Ó�Ó8f&Za��[ n G,[Oe#BFWaP
BqZ\WHCHK n R r P#C r P n G,[Oeb^,MtB�CebK _ r K n P n W��ÐÍ · �¬;

:>Z\[OG,P�f&C\K _ WaY,PbZHP _ P#B�ZH^`CHP _ P n WHZ#?oWHY,P�K n M 4 � B 4 WaK�G`PbWaPbC _ [ n P�[QfiWaY`P
elY!B�C\RNP�G,[QZ\WHCH[ 3 ^`Wa[QK n Z�K�f�WaY,P�G`[OZHZ\KVeb[tBFWH[ n R _ KNMOPbe#^,MQP�B�C\P�e#K�CHCHPbebWi[QZ 3*4 ebK _ r B�CH[QZHK n
K�f�ZH[ _ ^,MtBFWH[OK n Z|WaK r Y,K�WHK�f&CaB�R _ P n WaBFWa[QK n B n G r ^ _ r � r CHK 3 P]Z\Wa^`G,[OPbZªK�f r Y,K�WHKVG,[QZHZ\KVeb[@�
BFWH[OK n [ n ebMO^,ZEWaP#C\Z#;ª 3 DV[QKN^,Z\M 4 ?�WaY,PbZHP _ P�B�Z\^,CHP _ P n WaZ]B�C\P>ZHP n ZH[@Wa[@DNP�WaK _ B n 4 f�B�ebWHKNCHZ
K�WHY,P#C]WaY!B n WHY,PhG`[OZ\WHCH[ 3 ^`Wa[QK n K�fpZ\KNMO^VWaP�elY!B�C\RNP�?(ZHK~[QW�[OZ]G,[@¼.e#^,M@WWaK8WaP#ZEW r BFC\Wa[Qe#^,MOB�C
e#K _ r K n P n WHZ�K�fªWHY,P _ K�G,PbM¬; � Y,P8K"DNPbCaB�MQM�B�RNCHPbP _ P n W�?�Y,K � PbD�P#C#?|[OZiwx^,[QWHP8RNKVK�GT?�B�Z

� P � [OMOMuZHPbP�; � Y,PbCHPi[OZLB�MOZ\KqB�RNC\K � [ n R 3 KVG 4 K�f�P2D�[OG,P n e#PiWaY,BFWLWHY,P r CH[ _ BFC 4 f&P�B�Wa^,C\P
K�fªWaY,P8P2�Veb[QWaPbG¾ZEWlBFWHP.elY,B�CHRNP.G,[QZ\WaC\[ 3 ^VWa[OK n ? n B _ P#M 4 B n K _ B�MQKN^,Z�elY,B�CHRNP.Z � [@WaelY,[ n R,?
[OZ]BqebP n WaCHB�M�e#K _ r K n P n W]K�f 3 KFWaYsWaY,P _ KVG,PbM�B n GcWHY,P�CHP�BFM�Z 4 Z\WHP _ Z#;
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� Y,P.ZHKNM@DNP n Whe�B n 3 P.C\P r C\P#Z\P n WaPbGÁe#MOB�ZHZ\[Oe�BFMOM 4�3*4 G,[OZEWaCH[ 3 ^`WHP#G _ ^,M@Wa[ r KNMQP#Z

B n G r KNMOB�CH[Q§�B 3 [QMO[@Wa[OPbZ#; d KNC 3 K�WHYÁe#MQ^,Z\WHP#C�Z\KNMQD�P n WaZ � PcY!B�DNPcZEWa^,G`[OP#G�Z\K�f�B�C#?pB�CHRNK n
B n GÁI 	 ? � P~Y,B"D�P~f&KN^ n G�WHY!BFWkG,[OZEWaC\[ 3 ^`WHP#G�elY!B�CHR�P#ZhB n G¾Z\[ n R�MOP8ZH[@WaP r K�MtB�C\[O§�B 3 [OMë�
[QWH[OPbZ�B�CHP8B�G`P#wx^!BFWHP.f&KNCiebCHP#BFWa[ n RsCHP�BFMO[OZEWa[Qe�[ n WaPbCaB�e2Wa[QK n�r K�WHP n Wa[OB�MOZb; d KNC�B�CHR�K n ?TWaY`P
P#MQP#e2WaCHK�Z\WlB�Wa[Oe _ K�G,PbMuebK n Z\[OZ\WHZyK�f�B�Z\[ n R�MOP�G,[ r KNMOP r KNMtB�C\[O§#B 3 [OMQ[QW 4 ? � Y,[OelYc[QZªZ\PbWyWHK�WaY`P
P2� r P#C\[ _ P n WlB�M�ZEWlBFWH[Oe�v!P#MQGJDFB�MO^`P�; d [QD�PhG`[OZ\WHCH[ 3 ^`WaPbG�elY!BFCHRNPbZ�B�C\P�^,Z\P#G�f&KNC]WaY`PqI 	
_ KVG,PbM¬? � Y`P#CHPcWHY,PcelY!B�C\RNP#Z.B�C\P�WlB��FP n f&CHK _ �J^,CEWaY 4 PbW.BFM¬;�� Í*Õ���; � Y,P#Z\PJelY!BFCHRNPbZ
CHP r CHK�G,^,ebPhWHY,P�wx^!B�G`CH^ r KNMOP _ K _ P n WoKFf�I 	 ?�B n G�[ n e#K n ©\^ n ebWH[OK n � [QWHY���P n,n B�CHGV�
� K n PbZyZH[@WaPbZyK n WaY`PiBFWaK _ ZªRN[QD�P>[ n WHP#CaBFebWa[QK n�r K�WaP n Wa[tBFMOZ�WaY!BFWyCHP r CHK�G,^,e#PoWaY,P�P¢� r PbCH[@�
_ P n WlB�MQM 4 K 3 Z\P#C\D�P#GJZ\WaC\^,ebWH^,CHPbZ�f&K�CyWaY,PiG,[ _ PbCB n GsWaC\[ _ P#CªK�f��I 	 �³«qebMO^,ZEWaP#C\Z��ÐÍN���¬;
� Y,P r KNMtB�C\[O§#B 3 [OMQ[QW 4 K�fyI 	 Y,B�Z n P#RNMQ[ORN[ 3 MOPhPb£¤P#e2WhK n WHY,P8ZHKNM@DNP n WE��ZHK�MQDNP n Wh[ n WaP#CHB�e2�
Wa[QK n Z 3 ^`WiY!B�Z�B�Z\WaC\K n Rs[ n WHP#CaBFebWa[QK n � [@WaY�WHY,PqZHKNMQ^`WaP�B n [OK n ; � Y,P _ KVG,PbM|[ n e#MQ^,G,P#Z
BcZH[ n RNMOPqZ\[QWHP.K n I 	 � [QWaY®G,[@£�PbCHP n W r KNMtB�C\[O§#B 3 [OMQ[QWH[OP#Z r B�CaB�MQMOPbM}B n G r PbC r P n G`[Oe#^`MtB�C
WaK�WHY,P 3 K n GT; � Y,PsDFB�MO^,PbZ�f&KNC8B�MQMLK�f�WaY,P r B�CaB _ PbWHP#C\Z.^`ZHP#G¥WaK�G,PbZHebCH[ 3 PcWaY,PsZ\KNM@�
DNP n WielY!B�C\RNP�G,[QZ\WHCH[ 3 ^`Wa[QK n ?!WaY,PhZHKNM@DNP n WE��Z\KNMQD�P n Wi[ n WHP#CaBFebWa[QK n Zb?�B n G�WaY,PhZHY,K�C\W�CHB n RNP
ZHK�MO^`WHP2��Z\KNMQD�P n W}[ n WHP#CHB�ebWH[OK n Z|G,P#Z\e#CH[ 3 PbG8[ n WaY`P n P2��W�Z\P#ebWH[OK n B�C\PyZHY`K � n [ n�� B 3 MOPÍ`;=�`;

3�9!3 4T��� +  �®H7 %!��� �14�� � )� "�¯®:4�� � ?u� �  -#�  "� +�% $� � � � �
� Y,P _ K�G,PbM*A>B _ [OM@WaK n [tB n Y!B�Z 3 PbP n e#K n ZEWaC\^,ebWHP#G�^ n G,P#C�WaY`P 3 B�ZH[QeªBFZHZH^ _ r �

Wa[QK n WaY!BFW1P#MQP#e2WaCHK�Z\WlB�Wa[Oe}WHP#C _ Z � [QMOMNG`K _ [ n BFWHP 3 K�WHYhWaY`PLMOK n RF��CHB n RNP}[ n WaP#CHB�ebWH[OK n Z|B n G
WaY`P _ [@�V[ n R�K�f¤G,[Q£¤P#C\P n W�ZHK�MO^`WHPZ\WlB�WaP#Zb; � Y,P]CHP _ B�[ n [ n R>WaPbC _ Z#?�B�CH[QZH[ n R>f&CHK _ G,[QZ r P#CE�
ZH[QK n B n G�CHP r ^,MOZ\[OK n ? r C\K�D�[QG,PhWHY,P�ZHY,B r P�B n G�P n P#CHR�PbWa[Qe#Z�KFf}WaY,PhZHY,KNCEW\�¦CaB n R�P�[ n WHP#CE�
B�e2Wa[OK n�r KFWaP n WH[tB�MQZ#;|� n R�P n PbCaB�MuWaY,PbZHP�WaPbC _ Z � [OMQM(G,P r P n GsK n WaY,P�PbMOPbebWaC\K n [Qe>Z\WaBFWaP>K�f
WaY`P�ZHK�MO^`WHP�? 3 ^`W � P�P¢� r PbebW>WHY!BFWo[QfpWHY,P�PbMOPbebWaC\KNZ\WaBFWa[QeiWaP#C _ Z>B�CHPkMtBFCHRNPF?¤BFZ�WHY,P 4 B�CHP



��U

� B 3 MOP�Í`;=�`��{1KFWaP n WH[tB�M r BFCaB _ PbWHP#CHZyf&K�C� �	 :>C\«V?,� �	 ��I 	 �³«V?(B n Gs�EILM � ��I 	 �³«V;

¾ Ä�Á�Û Ò#´?Æó Û Æ�² Ä Ý�� ²³æ Ý Æ Ý ±�þ c� �F��� � � ��� � µ^µ º ½¾ é ¼ Ô³ÈåÕ�Ö�Ó� Ý�Ñ × ´ Ä Ñ%Ý-Û Å × Ñ ´ Ã Ò Û³Þ�¿�� ² Ä�� ´� 3mã Í 5 º ² Ã ¼ ç¡Ó³ÉNÊÍÉÿ Å�Ò Ã*¿ ± Ý-Û Å®Ò�² Á × Ý Å �Ðd¶ 3 æ ÷ 5 º�½¾ ¼ Ì'ÈåÏÐß� 3 æ ÷ 5 º ½¾ ¼ ÉNÈåÏÇÓÇÎ��� × ² Ä ² Á ´F±+´ Ä Ñ ö º ½¾ ¼ � ºÀÁ ´F»�¼¾ Ä�� ¾ Ä e Ì'ÈåÌ�Öß Ô?Ó'ÈåÓ¾ Ä�� ÿ Ì'ÈåÕÇÕÇÓ Ô?Ï'ÈåÎ
� � 	 Á�Û Ò#´?Æü Û Æ-´ ¿FÃ Æ ² Ä � ´ ÛÐÁ ´F± Ä þ¶"! � � º ½¾ ¼ Ô³È Ô?Õ� � ² Ä�� ´�Ò Ý�Ñ ± Ä Ý æ Ã ± Ý�Û Å f ¿#� ² Ä�� ´ º ² Ã ¼ Ò Ý�Ñ ±%²ÇÅ ¿ ´"� Ä%ÛÐÁ � º ½¾ ¼� è � �%$ ÉNÈ Ô?ÓNÔ?Õ Ô³ÈÍÏÇÓÇÌ� 	 � � ÷ ç�ÉNÊÍÕ�Ö�Ô?ä Ô³ÈËÉÐÕÇÕ� é Ô³ÈÍÉ³ÖÐÉ³Ö ÉNÈËÉÇÉÇÉó Û Æ�² Ä Ý�� ²³æ Ý Æ Ý ±�þ c� µ^µ º ½¾ é ¼ Ö#ÈËÖ�äÐß� �F��� � � � º ½¾ é ¼ Ó'È Ô?ÓÐßÿ Å�Ò Ã*¿ ± Ý-Û Å®Ò�² Á × Ý Å �Ðd¶ 3 æ ÷ 5 º�½¾ ¼ Ó'È ß³Ï� 3 æ ÷ 5 º ½¾ ¼ ÉNÈåÏÇÓÇÎ��� × ² Ä ² Á ´F±+´ Ä Ñ ö º ½¾ ¼ � ºÀÁ ´F»�¼� � � f Ó'ÈåäÇÓ�Ö Ó'ÈÍÓÇÏÇÕ� � � f Ì'ÈÍÉÐÓÇÕ Õ'È�ÖßÇß� � � f Ó'ÈåÎÇÓÇÏ Ì'ÈÍäÇÓÇÌ� � ÿ Ì'Èåä³ÉÐÏ Ô?Õ'ÈåÌÇÌ� � ÿ Ì'ÈåÓ³ÉÇÉ Ô?Ó'ÈåÏÇÕ� � � Æ Ì'ÈåÌ�Ö�Î ÔFÉNÈåäÇÏ� � � Æ Ó'È ß�ÉÇÉ Ï'ÈÍÕÇÌÇÌc � ´�� È/ÌÇÎ'Èd °'´F´ ò'& È0Ì ;ÔÕV;eª��P2f³;!Ï*Ó`;f �]Pbf³;,Í*ÕV;
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[ n [OK n [Oe8Z 4 Z\WHP _ Z#?pWHY,P¡ZEWlBFWHP¡G,P r P n G,P n e#P � [OMQM 3 P~CHPbMtBFWH[QDNPbM 4 Z _ B�MQMëþ°WaK�KcZ _ B�MOMpWHK
P2��WHCaB�e2WLf&CHK _ WHY,P>C\P#MOBFWa[@DNP#M 4 MOK � C\P#Z\KNMO^`WH[OK n Z r P#e2WaC\KNZHebK r [Oe>G!BFWlBhB�D�BF[OMtB 3 MOPyf&KNC�[OK n [Oe
B n GsK r P n ��ZHY`P#MOMQP#GcZ 4 ZEWaP _ Zb;ª�¦W][QZLWaY,PbCHP2f&KNCHPª©\^,ZEWa[@v!P#GT? � P 3 P#MO[QPbD�P�?`WHK.^`ZHP�P _ r [OC\[Oe#B�M
Z\WaBFWaP¢��[ n G,P r P n G,P n W r BFCaB _ PbWHP#CHZ]WaK¡G,P#Z\e#CH[ 3 PkWaY,PhZHY,K�C\W\�¦CaB n RNPh[ n WaP#CHB�ebWH[OK n Z#?uP2�Ve#P r W

� Y,P n WaY`PkZEWlBFWHP2�¦G,P r P n G`P n ebP�[OZ� n K � n WaK 3 PkB n [ _ r KNC\WaB n WPb£¤P#e2W�;
� Y,P 3 B�Z\[Oe _ PbWHY,K�G�K�f.Y!B n G,MQ[ n R¯WaY,PÁZ\Y,KNCEW\��CHB n RNP�[ n WaP#CHB�ebWH[OK n Z r MtBFe#P#Z

[OZ\K�WaC\K r [Qe�? r B�[QC � [QZHPk��P n,n BFCHGV� � K n P#Z���� � �ZH[QWHP#Z�K n BFMOMTWaY`P n ^,e#MQP#[ � [QWHY r BFCaB _ PbWHP#CHZ
v,W]WaK _ BFWaelY�B�DFB�[OMOB 3 MQP>P2� r P#C\[ _ P n WlB�M�G,BFWlB`?

ÇË Í�Î ô º 8à×á Ï)( à×á �
L è 	à¹áT è 	à×á 7 L ìà×áT ìà×á � ) ��ÍV; · �

� Y,PbCHP}WaY,P�[ n G,[OebP#Zd±(B n G$Å�CH^ n K"DNPbC1BFMOMFWHY,P�BFWHK _ [QepZH[@WaPbZ�[ n WaY`P�Z 4 Z\WaP _ ?FB n GiWHY,P�ZH^ _
[OZªCHPbZ\WaC\[Oe2WaP#GcWHKq[ n ebMO^,G,PoK n M 4 r BF[OCHZ � Y,P#C\P�WaY,PiZ\[QWHP#ZyC\P#ZH[QG,PiK n G`[Q£¤P#CHP n W _ KNMQP#eb^,MOPbZ#;
»oKFWaP¡WHY!BFW�Z\[ n ebP¡WaY`P�elY!B�C\RNPcK n P#B�elY¥ZHKNMQ^`WaP¡BFWaK _ G,P r P n G,ZqK n WHY,P�Z\KNMO^`WHP � B"D�P
f&^ n e2Wa[QK n ?]Y!B�D�[ n R�G,[@£�PbCHP n W�ZHY,KNCEW\�¦CaB n R�P�[ n WaPbCaB�e2Wa[QK n Z~f&K�C¡WaY,P�[QK n [Qe�B n G n P#^`WHCaB�M
BFWHK _ Z�CHP#wx^,[QCHPbZ.[ n WaCHK�G,^,eb[ n R�B�ZEWlBFWHP2�¦G,P r P n G`P n W.[ n WaPbCaB�e2Wa[OK n ;¾�¦Wq[QZ n K�WqK 3 D�[QKN^,Z#?
Y,K � PbDNPbC#?�WaY!BFW�ByZ\PbW�K�fV� � r B�CaB _ PbWHP#C\ZTWaY!BFWTRN[QD�P#Z�Be#KNC\CHPbebW�K"DNPbCaB�MQM r KFWaP n WH[tB�M�f&KNC�WaY`P
� ����� I 	 [ n WaP#CHB�ebWH[OK n � [OMQM*B�MQZHK�RN[QD�P�WHY,PªebKNCHC\P#e2W|[ n WHP#CHB�ebWH[OK n f&KNC�� ��� I 	 ? 3 Pbe�B�^,Z\P
K n P � KN^,MOG~P2� r P#ebWªWaY,P r C\P#ZHP n e#P>K�fTWaY`PoP¢�VWHCaBkP#MOPbebWHCHK n WaK�elY,B n RNP]WaY,PoPb£¤P#e2Wa[QD�P>Z\[O§#P
K�f¤WaY,P][OK�G,[QG,P�;pi^`C r CHK�e#P#G`^,CHP�[OZpWHKhZEWlB�CEW � [@WaY8WaY,P�ZH[ _ r MOP#ZEW�P _ r [OC\[Oe#B�M`G,PbZHebCH[ r Wa[OK n
K�f�WaY,P r K�WaP n Wa[tBFMOZ#?�B�ZqR�[QDNP n 3*4 ¨}w(;�Í`; · ?�B n G _ K�G,[Qf 4 WaY`P#ZHPJB�Zq[QZ � B�C\CaB n WHP#G 3*4
WaY`P¾B�DFB�[OMOB 3 MQP�G!BFWaB`; � P�Y!B�DNP®f&KN^ n G±WaY!B�WJ[@W�[OZ n K�W n Pbe#P#Z\ZaB�C 4 WaK�elY!B n RNP�WaY`P
� � r B�CHB _ PbWaPbCHZ.RNKN[ n R®f&C\K _ � � WHK��q[ n KNC\G,P#C.WaK�RNPbW¡B®v,W.WaK®WaY,PJP2� r P#CH[ _ P n WlB�M
[ n WHP#CaBFebWa[QK n�r K�WHP n Wa[OB�MOZb;�� n WaY,P�e�B�Z\P�K�f}WaY`P�� ��� :oC r KFWaP n WH[tB�MQZ#?uY,K � P2DNP#Cb? � P�Y,B"D�P
f&KN^ n G�WaY!BFWyB n B n [OZHKFWaCHK r [OeoB n GcZEWlBFWHP2��G`P r P n G,P n WoG`[OZ r P#C\ZH[QK n WaPbC _ù_ ^,ZEW 3 PiB�G,G,PbG
WaK8C\P r C\KVG,^`e#P�WaY,P�P2� r P#C\[ _ P n WlB�M r K�WHP n Wa[OB�MTeb^,C\D�P#Z#?¤B�Z � PhBFMOZHK8G,[QZHeb^,ZHZ 3 PbMOK � ;



UVS

: n [ _ r KNCEWlB n W�MO[ _ [@WlBFWH[OK n K�f!WHY,PLG,BFWlB�B�DFB�[QMtB 3 MQP}f&KNC1WHY,P#Z\PyZ 4 Z\WHP _ Z}[OZ�WaY!BFW
MO[@WHWHMOP�[QZ�� n K � n B 3 KN^`WiWHY,Pq[ n WHP#CaBFebWa[QK n ZiK�f�WaY`P.G`[tBFWHK _ [QehZ\KNMO^VWaP � [QWHY�WaY,P8ZHK�MQDNP n W
_ KNMOPbe#^,MQP#Z#;�:ØCHKN^`RNY¥P#Z\WH[ _ BFWaPcKFf�WHY,P 3 [ n G,[ n R�P n P#C\R 4 Y!BFZ 3 PbP n K 3 WlBF[ n PbG¥f&C\K _
r Y,KFWaK�f&CHB�R _ P n WlBFWH[OK n ZEWa^,G,[QP#ZL�ëS"ÍV?�Ï`S��¬? 3 ^VW n KhZ r P#ebWHCHKNZ\e#K r [Oe>G,BFWlB�[OZ 4 P2WB�DFB�[OMOB 3 MOPF;
� Y,PbCHPbf&K�CHP�?,B�MOM(K�fTWHY,P�Z\KNMO^`WHP2�¦ZHKNM@DNP n W r K�WHP n Wa[OB�MOZªB�C\Pov,WªWaK�WHY,P 3 PbW\WaP#C³��� n K � n [ n WHP#CE�
B�e2Wa[OK n Z 3 PbW � P#P n WaY,P~ZHKNMQ^`WaP8f&CaBFR _ P n WaZhB n G¾WHY,P~Z\KNMQD�P n W _ KNMQP#e#^`MOP#Zb;c�¦W�[QZkY`K r PbG
WaY,BFW 3*4 v,WHWH[ n R r K�WHP n Wa[OB�MOZ�WaKhWaY,Po� ����� :>CLB n G�� ��� :>CL[ n WaP#CHB�ebWH[OK n Z#?Vf&K�CªP¢�,B _ r MQP�?
WaY,BFW|WHY,P r K�WaP n WH[tB�Mxf&KNC1� �	 ��� :>Cb? � Y,P#C\PP�B�elYq��BFWHK _ [OZ|B r,r C\K"�V[ _ BFWHP#M 4 Y!B�MQf � B 4�3 P2�
W � P#P n B n Gq�1B n G8� � [ n 3 K�WaY8Z\[O§#P]B n G8elY!B�CHR�P�? � [OMQM 3 Pe#KNC\CHPbebW�;p<LP#e#B�^,ZHP � P][ n ebMO^,G,P
WaY`PhPbMOP#e2WaC\KNZ\WaBFWa[QekP2£�PbebWHZ�BFWoB8Y,[ORNY�MOP2DNPbM¬? � P�B�C\PkK n M 4 C\P#M 4 [ n R8K n WHY,PhB�ZHZ\^ _ r Wa[OK n
WaY,BFW}WaY,P]Z\Y,KNC\WE��CHB n RNP]ZHK�MO^`WHP2��Z\KNMQD�P n W�[ n WaPbCaB�e2Wa[QK n Z�B�C\P n K�W�G,CaB _ BFWH[Oe#B�MOM 4 BFMQWaPbCHPbG 3*4
WaY`P>elY,P _ [Qe�B�M 3 K n G,[ n R � [@WaY,[ n WaY`P>ZHK�MO^`WHP�; � Y,PbCHP�[QZ#?�^ n f&KNCEWa^ n BFWaPbM 4 ? n KhG,[OC\P#ebW � B 4
WaKoWaP#ZEW}WaY,PyB�e#eb^,CaB�e 4 K�f(WHY,P r K�WaP n WH[tB�MQZ#?�B n G � P _ ^,Z\WpCHP#M 4 K n e#K _ r B�C\[OZ\K n � [QWHY�WaY`P
r Y,KFWaK�f&CHB�R _ P n WlBFWH[OK n B n G r ^ _ r � r C\K 3 PhG!BFWaB¡WaK�G,P2WaPbC _ [ n Ph[Qf�KN^,C _ K�G,PbM1K�f}WHY,P#Z\P
Z 4 ZEWaP _ Z�[OZCHP#B�MO[QZ\WH[Oe�;

:0e#K _�3 [ n BFWH[OK n KFfTZHe#BFWHWHP#C\[ n RkG!BFWaBhB n G r Y,KFWaK�P#MOPbebWHCHK n Z r P#e2WaCHK�ZHe#K r 4 Y!BFZ
3 P#P n ^,ZHPbG�WaK�G,P2WaPbC _ [ n P r KFWaP n WH[tB�MQZ�f&KNC n Pb^`WaCHB�M|B n G n PbR*BFWa[@DNPbM 4 ��elY!BFCHRNPbG�Y!B�MQKNRNP n
BFWHK _ Zk[ n WHP#CaBFebWa[ n R � [@WaY®D�BFCH[OK�^,Z�Z\KNMQD�P n W _ KNMOPbe#^,MQP#Z�� Ï*¹V?1ÏNÍ��¬; � Y,P 3 K n G¾MOP n R�WaY,Z
f&CHK _ WHY,P#Z\P¡v,WHZqB�CHP¡B�e#eb^,CaB�WaP¡WHK�B�f&P � r P#C\e#P n W#? � Y,[OMQP~WHY,P 3 [ n G,[ n R�P n P#C\RN[OPbZqB�CHP
� n K � n WHK¾B 3 KN^`W~×�)c;�gi[QDNP n WHY!BFWqWHY,P 3 [ n G,[ n R�P n P#CHR�[OP#Z8f&KNC�WHY,PJZ\KNMO^VWaP2�¦ZHKNM@DNP n W
r B�[QCHZoB�CHPkK n WaY,PhKNCHG,PbC>K�fyS"Ó�õ`×�Ó�Ó _ PbÂ�?(WHP#C _ Z]WaY!B�W>ebK n WaCH[ 3 ^`WHP�K n M 4 B.f&P � e _ � è

WaKqWHY,P�P n PbCHR 4 Y!B�D�PhMQ[QWHWHMOPo[ n  !^`P n ebPkK n WHY,Piv,W�;
:>MQMTK�f�WaY,PiWHP#C _ Z^,Z\P#GJWHKqv,WWaY,P�Z\Y,KNC\WE��CHB n RNP�[ n WHP#CaBFebWa[QK n ZBFCHP r B�[QC � [OZ\P2�

B�G,G`[QWa[@DNPF; � Y,P#C\P~[QZkMQ[QW\WaMOPhG!BFWaBcf&K�C�WHY,P#Z\P~Z 4 Z\WaP _ ZkZH^V¼~eb[OP n WkWaKsC\P#ZHK�MQDNP8WaY`P.Z _ BFMOM
_ B n 4 � 3 K�G 4 G,[OZ r PbCHZH[QK n WaPbC _ Z#; � Y,PkK n M 4 G!BFWaB.K n _ B n 4 � 3 KVG 4 [ n WaPbCaB�e2Wa[OK n ZK�f1G,[@�
CHPbebW�CHPbMOP2D�B n e#PWaK�WaY`P _ K�G,P#M,[QZpWaY,P]ZEWa^,G 4 KFf�� � :oC\« r K�WaP n Wa[tBFMOZ _ B�G,P 3*4 K�KN^,C\ZHY!B �



UN¹

PbWiB�M¬; � Ï�Ï��¬; � Y,P 4 f&KN^ n G�WaY!BFW _ B n 4 � 3 K�G 4 [ n G,^,e2Wa[QK n � B�Z�WaY,P _ B�©\KNCoe#K n WHCH[ 3 ^`WaKNC
WaK�WaY`P _ B n 4 � 3 KVG 4 [ n WaPbCaB�e2Wa[QK n þ0B 3 KN^VWsS�×¯)ÎK�foWaY,PcWHK�WlB�M[ n WaP#CHB�ebWH[OK n P n P#C\R 4 þ

� Y,[QMOP _ B n 4 � 3 KVG 4 P2�VelY!B n RNP�B n G¥G,[OZ r PbCHZH[QK n WaPbC _ ZqY!B�G¯B n Pb£¤P#ebW.K�foBFW _ KNZEW.B
f&P � r PbCHe#P n W�;ojV[ n e#PkKN^,C _ K�G,PbM�G,KVPbZoWHCHP�B�W�WHY,P _ B n 4 � 3 K�G 4 [ n G`^,ebWH[OK n B�e#eb^,CaB�WaP#M 4 ?
[ n e#MO^`ZH[OK n K�f|Z\Y,KNCEW\��CHB n RNPbG n K n B�G,G`[QWa[@DNPiP2£�PbebWaZ�G,K�P#Z n K�W]Z\P#P _ � B�C\CaB n WHP#GT;

: � P#MQM@��� n K � n�r CHK 3 MQP _ [ n _ B n 4 � 3 KVG 4 r KNMOB�CH[Q§�BFWH[OK n _ KVG,PbMOZ�[OZ>WHY,P�Z\[ n �
RN^,MOB�CH[@W 4 WHY!BFW�B�C\[OZ\P#Z � Y,P n~r K�MtB�C\[O§�B 3 MOPªZH[QWHP#Z}WaK�K�e#MQKNZHPbM 4 Z r B�ebP#G�� Ïx×���;} n P]Z\KNMO^`WH[OK n
WaKJWaY,[QZ r C\K 3 MOP _ WaK�G!B _ r WHY,P r KNMtBFCH[O§#BFWa[QK n [ n WaPbCaB�e2Wa[QK n Z�B�W�ZHY`KNC\W 3 K n G�MOP n R�WaY,Z
^,Z\[ n R.BqZH[ _ r MQPiCaB�G`[tB�Muf&^ n ebWH[OK n ?

* ��T���ô S
¹
+ WaB n Y � Tò7¬T 3 æ ÷ 5� 3 æ ÷ 5 � Þ S-, ) ��ÍV;ÔÕN�

� Y,[QelY°[OZ~B r,r MQ[OPbG¯WaK�P�B�elYË[ n WaP#CHB�ebWH[OK n WaP n ZHK�C�P#MQP _ P n W¡ebK n,n PbebWH[ n RÁP#B�elY r B�[QC8K�f
r KNMtB�C\[O§#B 3 MOPkZH[@WaPbZy� Ï · �¬; � Y,P r B�CaB _ P2WaP#C\Z�T 3 æ ÷ 5 B n G � 3 æ ÷ 5 B�CHPqelY`KNZHP n WHK�Y,B"D�P.B
Z _ B�MQM,Pb£¤P#e2W n P#B�CªPbwx^,[OMQ[ 3 C\[O^ _ ZHP r B�CaB�Wa[OK n Z 3 ^`WªWHKkWH^,C n K n G!B _ r [ n R�CHB r [OG`M 4 � Y,P n
WaY`PJelY!BFCHRNP�e#MQKN^,G,Z~B�CHP r P n P2WaCHBFWaPbGT;�Â�B�MQ^,P#Z.K�f>WHY,P#Z\P r BFCaB _ PbWHP#CHZ.B�C\PJZ\Y,K � n [ n
� B 3 MOP�ÍV;È�`;

3�9!3T9 ý ´ +�� � �
:>ebe#^,CHBFWaP�[ n WaP#CHB�ebWH[OK nÝr K�WHP n Wa[OB�MOZ�f&KNC�� ����� :>CËB n GØ�2� 	 ä � ��� :oCËB�CHP

� n K � n f&CHK _ B.ebK _�3 [ n BFWH[OK n K�f|ZHe#BFWHWHP#CH[ n R~B n G Ã ¨�Å�¨�Z r PbebWaC\KNZHebK r 4 P¢� r PbCH[ _ P n WHZ
� Ï*Í���; d [@WHWa[ n R�WHY,Ps��� 	lä � ��� :>C r K�WHP n Wa[OB�ML[QZqe#K _ r MO[Qe�BFWHP#G 3*4 WHY,P�f�B�e2WqWaY!BFWqWHY,[OZ
[ n WHP#CaBFebWa[QK n G,P r P n G,Z¡K n WHY,PsKNCH[QP n WlB�Wa[OK n K�foWHY,PsP _ r W 4 J¯KNC 3 [QWlBFMLK n WaY`P�[QKVG`[ n P
BFWHK _ ; � Y`P�B n [OZHKFWaCHK r 4 K�foWHY,Ps� ��� :oC r K�WHP n Wa[OB�My[OZ8[ _ r KNC\WaB n Wq[ n WHY,P _ K�G,P#MLK�f
� �	 :oC\« 3 P#e�BF^,ZHP�[QW�[QZpWaY,P�K n M 4�_ P#elY!B n [OZ _ WaY!BFW�e#B n Z\[OR n [Qv!e#B n WaM 4�_ [ë��Z\KNMO^VWaP]Z\WaBFWaPbZ
K�fiG`[Q£¤P#CHP n W~WHK�WlB�M�B n RN^,MtBFC _ K _ P n Wa^ _ r CHK�©\PbebWH[OK n g ; � Y`P#CHP�[OZ~B n B n [OZHKFWaCHK r [Oe



U�Í

wx^!B�G,C\^ r KNMOP�[ n G,^,e#PbGV��G`[ r KNMOPi[ n WHP#CHB�ebWH[OK n ? 3 ^`Wo[QWaZ _ B�R n [@Wa^,G`Pi[OZWaK�K8Z _ B�MOM�WHK~Y,B"D�P
B n K 3 Z\P#CED�B 3 MOP�Pb£¤P#e2W�;

� KqG,PbWHP#C _ [ n P � Y!BFWWHP#C _ Z _ ^`Z\W 3 PiB�G,G`P#GcWaK�WHY,P r KFWaP n WH[tB�M�?VMQPbWy^`Ze#K n �
ZH[QG,P#C�WHY,P _ K�G,PbM}A>B _ [OM@WaK n [tB n G,P#Z\e#C\[ 3 P#G®ZHKsf�B�C�f&KNC>WHY,P8[ n WaPbCaB�e2Wa[OK n K�fyB n [QKVG`[ n P
BFWHK _ � [@WaY�B�C\RNK n ?`B�ZZHY,K � n [ ncd [OR,;`Í`;ÔÕ�;p��KVG`[ n Pi[QZyK n PiPbMOP#e2WaC\K n ZHY,K�C\W]K�f1Bqe#MQKNZHPbG
ZHY`P#MOM�?|Z\K�WaY,P~WaY,C\P#P¡DFB�MQP n ebP¡Z\WaBFWaPbZ�K�fWHY,P�BFWHK _ B�CH[QZHP.f&CHK _ WHY,P�P#MQP#e2WaCHK n Y,KNMQP¡[ n
K n PqKFfªWHY,PqWaY,C\P#P�J®KNC 3 [@WlB�MQZ#; � Y,P#C\P¡BFCHP�W � K R ZEWlBFWHP#Z � [QWHY�WHY,PqP _ r W 4 J®KNC 3 [QWaB�M
KNC\[OP n WHP#G r P#C r P n G,[Oeb^,MtB�CoWaK�WaY`Pq��õ�:>C�B��V[QZ#?�B n G®K n P P Z\WlB�WaP � [QWHY�WaY,PqY`KNMOPqBFMOK n R
WaY`PoB��`[QZ#; � Y`P _ KVG`P#M,[ n e#MQ^,G,P#ZpWHY,P�e#KNC\CHP#e2WªBFWaK _ [OeLZ r [ n ��KNC 3 [QWpe#KN^ r MO[ n R�WHY!BFW _ [@�VP#Z
WaY`P P B n G R KNC 3 [QWaB�MOZ�WHK�RN[@DNPsWaY,P 	lä é%W 	 B n G 	lä èXW 	 Z\WlB�WaP#Zb? � Y,[OelY�B�CHPsZ r MO[@W 3*4
n P#B�CHM 4 ScP2Â�; � Y,Ps� � ZH[@WaP#Z�K n WaY,Pc[QKVG,[ n P~B n G�B�CHR�K n BFWaK _ Zhe�B n 3 P¡v,WqWaK�R�[QDNP
B r,r CHK��V[ _ BFWaPbM 4 WaY,P�ebKNCHC\P#ebW]G`[OZ\WaB n ebPiG,P r P n G`P n ebPhK�f�WaY`Pi[ n WaPbCaB�e2Wa[OK n ? 3 ^VWWaY,PbCHPi[OZ
K n M 4 BoWa[ n 4 Z r MO[@WHWH[ n R 3 P2W � PbP n WaY`PkÅqô0Í
ÂN¹�ZEWlBFWHP#Z|WHY!BFWpB�CH[QZHP#Z�f&CHK _ WHY,PLwx^!B�G`CH^ r KNMOP
K n [QKVG,[ n P�[ n WaP#CHB�ebWH[ n R � [@WaY�WHY,PqG,[ r KNMQP r KNMtB�C\[O§#B 3 [OMQ[QW 4 K�fyBFCHRNK n þËWaY`[OZ>[ n WaP#CHB�ebWH[OK n
[OZ r CHK r KNCEWa[QK n B�M�WaK�SÂ'T/.�; � Y,PqC\P#ZH^`MQWi[QZoWaY,BFW�WaY`P�W � Kc�h� 	¢ä é%W 	 � ��� :>C�eb^,C\D�P#ZkB�CHP
Pb£¤P#e2Wa[@DNP#M 4 [OG`P n Wa[Qe�B�M�B n G�WHY,P�[ n WaPbCaB�e2Wa[QK n [OZ[QZHK�WHCHK r [Qe�;

� Y,P�Z\[ _ r MOPbZ\W � B 4 WHKÁ[ n G,^,e#P�BÁZ r MQ[QWHWH[ n R 3 PbW � P#P n WaY`P g ô Í
ÂN¹¾B n Gg ô SÂN¹®ZEWlBFWHP#Z¡[QZ~WHKÁB�G,G°B�Z _ B�MQM n P#R*B�Wa[QD�P r KN[ n W~elY!B�C\RNPJWHK¾WaY,P�B�CHR�K n BFWHK _
WaY,BFW[ n WHP#CaBFebWaZK n M 4 � [QWHY�WaY,Piwx^!BFG,CH^ r KNMQP�K r P#CaB�WaKNC\ZyK n WaY,P>ZHKNMQ^`WaPF; � K _ B���P>WHY,[OZ
B�Z\Y,KNC\WE��CHB n RNP�[ n WaP#CHB�ebWH[OK n ? � PcelY,B n RNP�WHY,P To��G`P r P n G,P n e#PcWHKÁS,Â'T ì ; � Y,P�B n RN^V�
MtBFCiG,P r P n G`P n ebP�K�fy[QK n �¦w�^,B�G,CH^ r KNMQPq[ n WaPbCaB�e2Wa[QK n ?'0 ä 	 �&e#KNZ21��2?�[OZ�[OG,P n Wa[Oe#B�MpWaKsWaY`P
� n K � n B n RN^,MtBFCyG,P r P n G,P n ebP�K�f�WaY`Ph�>� 	 ä � ��� :>C][ n WaPbCaB�e2Wa[QK n ? 3 P#e#B�^,ZHP 3 K�WaY�B�C\[OZHP
f&CHK _ BCJ`��Z\Y!B r P#GÁelY,B�CHRNP¡G,P n Z\[QW 4 [ n WHP#CaBFebWa[ n R � [@WaY�B n �b��Z\Y!B r P#GÁelY!BFCHRNP�G`P n Z\[QW 4 ;
� Ph^,Z\PhWHY,Phwx^!BFG,CH^ r KNMQPhK r P#CHBFWaK�CHZ]f&CHK _ WHY,PhZ\KNMO^VWaP z �J:ÜB n GJv,WoK n M 4 WaY`P _ B�RF�
n [@Wa^,G,P�K�f�WaY,P r Z\P#^,G`KF��elY!BFCHRNP8K n WHY,P8B�CHR�K n BFWaK _ Zb? � Y,[OelY�[QZ�RN[QD�P n [ n�� B 3 MOPqÍ`;=�`;
� Y,P n P#R*BFWH[QD�P r Z\P#^,G,K���elY!B�C\RNP�C\P#ZH^`MQWaZ�f&CHK _ WHY,Phf�BFebW>WHY!BFW�WaY,P�[ n WaPbCaB�e2Wa[OK n [QZ _ KNCHP
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2P1 /2 +1S

2Σ1/2ground state:

d [QRN̂,CHP�Í̀ ;ÔÕ��¡� n WaPbCaB�e2Wa[OK n KFf 	¢ä Y!B�MQKNRNP n B�WaK _ � [QWHȲ BFCHRNK n ;°��B*�hZHỲ K � Z8WaY,BFW�WaỲ P
Z\WaBFWaP � [QWaY�B>Y,KNMQPL[ n WaY,P P K�C 3 [@WlB�M�[OZ1MOK � PbC|[ n P n PbCHR 4�3 Pbe�B�̂ Z̀HPLWHY,PyP#MQP#e2WaCHK n G,P n Z\[QW 4
B�MQK n R~WHY,Ph�]õ�:>C>B��V[OZo[OZ>MQK � PbC#?�R�[QD�[ n R.MOPbZHZ�C\P r ^̀ MOZH[@DNP�K"D�P#CHMOB r ; � Y,P�MOP#B�G,[ n R¡KNC\G,P#C
P#MQP#e2WaCHK�Z\WlB�Wa[Oe�WaPbC _ B�C\[OZHPbZ1f&C\K _ WaY,Pªwx̂!B�G,C\̂ r K�MOPLK n �°[ n WaP#CHB�ebWH[ n R � [QWHYhWaỲ PL[ n G,̂,e#PbG
G,[ r KNMQPK n :>C#? 3 ^̀ W�WaỲ P _ B�R n [@Wâ,G̀ Pk�30ÜS,Â'T . ��[QZU�ÙS _ PbÂ�;u� 3 �}ZHY,K � ZªWHY,P�CHP#Z\̂,MQWH[ n R
Z\WaBFWaPqK�CHG,PbCH[ n R � Y,P n Z r [ n �¦KNC 3 [@W�ebKN̂ r MQ[ n R�[QZ�[ n e#MÔ G̀,P#GT; � Y,P4�Xwx̂!B n WĤ _ n ^ _�3 PbC
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3 ^̀ W]WHY,P _ B�R n [QWĤ,G,P�K�f�WaỲ PkG̀ [OZaBFRNCHPbP _ P n W�[OZZ _ B�MQM¬;



UN×

35 4
6

57 68 79 8:
RI−Ar (Å)

−40

−20

0

20

I
−
 + Ar

−40

−20

0

20

I (
2
P3/2) + Ar

−40

−20

0

20

model
experiment

I (
2
P1/2) + Ar

po
te

nt
ia

l e
ne

rg
y 

(m
eV

)

2Π3/2

2Σ1/2

2Π1/2

;=<?>@BADCFEHGJIHK L'MONDCQP)NR<TSOU�V-@BA#WOCQX"YZMA\[^]Z_%`ba <TP)NRC-ARSOV^NR<?PB>dc�<?NDefSOAD>OMPgGih"eBCkjlSmXDeBC-jnSOPHjXDMOUT<TjnUT<TPHCQX/X#eBMocpSfVQMqsrlSOA#<TX#MPutvC^NwcxC-CQPyNReBCzqsM{jHCQU|SmPBj}C^~{rvC-AD<?q�C-P�NRSOU=�BNDXQGdh"eHCXDrHUT<?N#NR<?PB>�t�C-Nwc�CQC-PsNDeBC _^����� _ SOPBj�NReBC _%����� _ X#N�S�NRCQX'Y�SOUTU?X'MO�sNRM�M/X#UTMoc�U?��<TP�NReBC\qsM�jBCQUr�MONRC-P�ND<�SOU��vX#@B>>C-X#ND<TPB>�NDelSmN/NDeBC����m�/�/jBCQr�CQPHjBCQPBV-C4MOYiNReBCdSOPB<TX#MONRA#Mr)�n@HXDCQj}<?P�NReHCqsM{jBC-U��BNDX�<?X\NRM�M4UTMPB>��wARSmPB>CQj�G



�O�
� �?�g�?¡ ¢4£ _

h"eBC4[D¤�¥o¥o¥�¦"§ _ SOPBjy[�¥o¥o¥�¦"§ _ <TP)NRC-ARSOV^NR<?MPurvMmNRCQP)ND<�SOU?XFYZMAFNDeBC4hx�wXDeBSOrvC-jVQMOPH�l>@BADSmNR<?MP�SOADC�SOU?XDM�¨�PHM�c�PsNRM�>M{M�jsSOVQV-@BARSmV-�4YZADMqp©gª¬«ª®qsC¯SOX#@BADC-q�C-P)NRXF°²±�³�´3G
µ�@BV�e¶UTC-XDX4<TPHYZMOADq�SmNR<?MP®<TX4S¯WmSO<?U�SOtBU?C�YZMAzNDeBC·V�eBUTMA#<TPBCf<?P)NRCQADSOV-ND<TMP¸r�MONDCQP)NR<TSOUTX-��X#M
NReBSmNFc�eB<?UTC�NReBCbYZMOADq¹MOY NReBCb<TP)NRC-ARSOV^NR<TMOPnr�MONRC-P�ND<�SOUº<TX�NReBCbXRSOqsCzSOX�YZMAF<?M{jB<?PBCO�2NReHC
rlSOADSOqsC-NRC-ADXºSOA#C¬PHMON|SmX»c�CQU?U�jBC-NDCQADqs<TPHCQjgGº¼FU?UMOYHNDeBC¬jB<TX#VQ@BX#XD<TMOP�NReBSmN»YZMUTU?M�c�X»SmrBrBUT<?CQX
CQ½�@lSmUTU?��NRM4<TM�jB<?PBCkSOPBj�V�eBU?MAD<?PBCkC^~{VQC-rHN�c�eBCQA#C�PBMmNRCQj�G

h"eBC·SOPH<TMP¸<?Xdhx�wX#elSOr�CQj	tvC-V¯SO@HXDC·MOY�NReBC�X#NRA#MPB>}<TP)NDCQARSmV-NR<?MP®MOY�NDeBCf<TMP
c�<?NDezNReBC"UTSOAD>C"¦"§ _ ½�@lSOjBA#@Br�MUTCmG=h"eBC�CQU?CQV^NRADMOPBCQ>)S�NR<?WOC"M¯~{��>C-P�S�NRMqsX SOADC"A#CQr�CQU?UTCQjX#NDADMPH>U?�ut)�}NReHC�SOPH<TMPg�ºC-WOCQP¾YZMOADVQ<?PB>n¦"§ _ NRM�tvC-PBj¾X#UT<T>Oe�NDU?�}S¯cxS¯�yYZA#Mq¿NDeBC�<?MPg�
c�eB<?V�e�elSOX¬t�CQCQP�MtBX#CQA#WOCQjfC%~Hr�CQA#<TqsCQP)N�SmUTU?�f°²±)À�´3G=[wP�[D¤']�¦"§ _ a=NDeBC�t�CQPHjB<TPB>�<TX¬SOt�M@HNÁ jHCQ>A#CQCQX-�"tB@HNsNReBC�t�CQPBjB<?PB>¾q�S¯�¸t�CÂSOXsU�SOA#>C·SOX��oÃÄs<TPÅ¦xU�¤']�¦"§ _ a·°Æ±�À�´�GÇh"eB<TX
XD@H>>CQX�NRX»NRelS�N NReBC qsM{jBC-UXDeHM@BUTj�SOU?UTMoc}NReBC�¦"§ _ NDM�t�CQPHjg�OS�N»UTC¯SmX#Nº<TPkX��{X�NRC-q�Xºc�eBCQA#CV�eBU?MAD<?PBC<TX�rBADC-XDC-P�NQG�È�MocxC^WC-AQ��>O<?WC-P�NDeBC�UTSOV�¨fMOY=rvMONDCQP)NR<TSOU jlSmNRSH�Bc�CbelS¯WC�V�eBMX#CQP
NRM�¨OC-CQr·¦"§ _ A#<T><?jz<TPsM@BA rBA#CQUT<?q�<?PlSOA��bX#<Tqd@BUTSmNR<?MPBXiMOY�[�¦xU�¤']�¦"§ _ a�É{G µ�M�jBCQU?<TPB>elSmX<TPHjB<TVQSmNRC-j·NDelSmN"NDeBCtvC-PBjB<TPH>�SOA#<TX#CQX�q�MOX#NRUÊ��YZA#MqËC-UTCQV^NRA#MX#NRSmNR<?VkC-�vCQV-NDX�ADSmNReHCQA"NRelSmP
V�elSOA#>C4NRARSmPBX#YZC-A�°Æ±�À�´��»XD@B>O>CQX�NR<TPH>�NDelSmN�<?Nkc�<?UTU|t�C4rvMX#XD<?tBUTCdNDM�C%~{NDCQPBjyNReBCsVQ@HADADC-P)N
qsM{jBC-U)NRM�<TPBV-UT@BjBC¬t�CQPBjB<?PB>F<?P�NDeBC¬YZ@{NR@BA#COGi§/PBC�q�<?>e)NºC^~{rvC-V-N'NRelSmNºYZMAºVQU?@BX#NDCQADXºc�<?NDe
qsMADC/NDelSOP�S4YZC^cÌ¦"§ _ qsMUTC-VQ@BU?CQXQ�{NReBC�C^~�NRC-P)NFMOY'NReBCt�CQPBjH<TPB>4c�<TU?UgtvCA#CQjB@BV-CQjÂt)�NReHC�X#MU?WOCQP)N#��XDMUÊWC-P�N�<TP)NRC-ARSOV^NR<?MPBXQ� c�eB<?V�eÍY�S¯WMOAsU?<TPBCQSOAs¦"§ _ G	h"eBC�rHeBMONRM�CQU?CQV^NRADMOPC^~{r�CQA#<TqsCQP)NRX�rBADMt�CFMOPBU?�4NReHCFhx�wX#elSOr�CQjf[�¥o¥o¥R¦"§ _ >OCQMqsC-NDAD<TC-XQ�)c�eB<?V�e·SOADC�rBADC-rlSOADC-jt)��jBC-NRSOV�eB<TPH>fSOPÂC-UTCQV^NRA#MP�YZA#MqÎNReBCbSOPB<TMOPgG"h"eBCdU?<TPBCQSOA�>CQMqsC-NDA#�·MOYiNDeBCdSmPB<TMP�<TX
X#NDADMPH>U?��ADCQrH@BUTX#<?WCt�CQVQSO@BXDC�MOYºNReBC<?MP{�w½�@lSmjBAD@Br�MU?C/<TP)NRC-ARSOV^NR<?MPgG

[�N<TX�NReBM@H>e)N�MOPÂNReBC4tlSOX#<TX/MmY�NDeBCzC^~{r�CQAD<?q�C-P)NRXkNRelS�N/NReBC-ADCsSOA#C4SmNkUTCQSOX#N
X#NRSOtBU?CdUTM�V¯SOUºqs<TPB<?q�SzYZMA�NDeBCzPBC-@HNRADSOU=hx��XDelSOr�Cz>C-Mq�C^NRA#<TCQX-Gkh"eBC4CQU?CQV-NDADMX�N�SmND<TV�<TP{�



� À
NRC-ARSOV^NR<?MP}tvC^NwcxC-CQP®NReHCseBSOUTM>OCQPySmNRMOqÏSOPBj®¦"§ _ ½�@lSOjBA#@Br�MUTC-X�<?X�rHADMr�MA#ND<TMPBSOU'NDM���O�/Ð�SOPBj�<TX\NDeBC�U?C¯SOjH<TPB>zNRC-ADqË<?P�NDeBCPBCQ@{NRARSmUºr�MONDCQP)NR<TSOU3G h"eB<?X�NDCQA#qÎVQMP)N�Sm<TPBX"NReHC
VQMOADADC-V-N¬SOPH<TXDMmNRADMOr���NRMkjHCQXDV-AD<?tvC\NDeBC\XDrHUT<?N#NR<?PB>FMOY2NDeBC\NReBA#CQC"MtHXDCQA�WC-j�PBC-@HNRADSOUBX�N�SmNDCQXQ�
c�eB<?V�ezADCQ½�@B<?ADC-jdNReBC"SmjBjB<?ND<TMPBSOU)NRCQA#qÑ<?P�NDeBC"SOA#>MPdVQSOXDCmG|h"eBC"<TP)NDCQARSmV-NR<?MPBX'tvC^NwcxC-CQP
NReHCz½�@BSOjBAD@HrvMU?CdMPÂNDeBCzPBCQ@{NRARSmU|elSOU?M>CQP}S�NRMqÒSOPBjÂNDeBCz½�@lSOjBA#@BrvMOUTCdMPÓ¦"§ _ SOADC<TU?UT@BX�NRADSmNRC-j¾<TP®;=<T>@HADC�E{G � G}h"eBCfr�MX#<?NR<ÊWC�elSOUTMO>CQP®½�@lSmjBAD@Br�MU?C�<TX�rlSOARSmUTUTC-U¬NDMnNReHC
PBC->)SmNR<ÊWC�¦"§ _ ½�@lSOjHAD@Br�MUTC·<?P	NDeBC�ÔÖÕ×E�³ÂX#N�S�NRCO��ADC-XD@BUÊNR<TPH>y<?PÅSuqsMADC�SmN#NRADSOV^�
NR<ÊWCd<?P)NRCQADSOV-ND<TMPÂNDelSOPu<?PÂNReBC4ÔØÕÙ�o�³�X#NRSmNRCm�gc�eBCQA#C4NDeBCd½�@lSOjHAD@Br�MUTC%�w½�@lSOjHAD@Br�MUTC
<TP)NDCQARSmV-NR<?MPf<TX"@HPHY�S¯WMADSOtBUTCmG h"eBC�X#<?ND@lSmNR<?MPf<TX"A#C-WOCQADX#CQjÂ<?P�NReBCU?<TPBCQSOA\>C-Mq�C^NRA��G

ÚÓCdelS¯WCzMt{N�SO<?PBCQjÂ>OM{M�j��BNDX/@BX#<TPB>�NDeBCbYZM@HA/ÛºÜ�rlSOADSOq�C^NRC-ADXkSOX#XDM�VQ<TSmNRC-j
c�<?NDe�NReBCkrBSO<TA�c�<TXDCS�NRMqs<TV�<TP)NRC-ARSOV^NR<?MPBX"<TP·SmjBjB<?ND<TMP�NRMdNReHCkCQUTC-V-NDADMX�N�SmND<TVkÈ�SOq�<?U?NDMm�
PB<TSOPgG"h"eBC��BNRX�NRM�NDeBC�[D¤b¥o¥o¥R¦"§ _ SOPBj�[�¥o¥o¥�¦"§ _ VQ@HA#WC-XSOADC�XDeHM�c�Pu<?Pn;'<T>@BA#C�EHG?�¯ÃSOPBjdNDeBC"ÛºÜ/rlSOADSOq�C^NRC-ADX'YZMOA|tvMmNRed[ºSOPBjs¦xUHSOADCx><?WOCQPz<TPbh=SOtHUTC\E{GÝIHG|Þ{<TPHVQC\PBM�©gª «ª
X#ND@BjB<?CQX MOY�¦xU ¤ ¥o¥o¥R¦"§ _ elS¯WC�t�CQC-P�r�CQA�YZMADqsCQjg�mNReBC�MPBUÊ�bC%~{rvC-AD<TqsCQP)NRSOUB<TP{YZMADq�SmNR<?MPS¯WmSO<TUTSOtBUTCFSOt�M@HN�NReBC<?P�NDCQADSOV-ND<TMP·r�MONRC-P�ND<�SOU?X"SOA#C�SmrBrBADM¯~{<Tq�SmNDC/WOSmUT@BC-X�MmY'NDeBCbSmPB<TMP
c�CQUTU»jBC-rHNRe���ßzà�ÕáE Á Ã4q�C^âd��SOPBj·NReHC�C-½�@H<TUT<?tBAD<?@BqÙ>OCQMqsC-NDA#����/ãä åÊã�ÕáEHæÝÃØç¼Ù°²±�À�´3G
h"eBC�ADC-XD@BUÊNR<TPH>�r�MONRC-P)NR<�SmU VQ@BA�WCQX�YZMA�tvMmNRe�NDeBC�SOPB<TMOP�SmPBjnPBC-@HNRADSOU»<TP)NRC-ARSOV^NR<?MPBX�SOADC
XDeHM�c�P¾<TPÓ;=<T>BG»E{G?��OG�è�MmNRC4NRelSmN�<TPHjB@BV-ND<TMPyjlSOqsrB<?PB>·<TX�PBMON�SOrBrBU?<TC-jyNDM�NReHC�[�¦xUZ¤
<TP)NDCQARSmV-NR<?MPyrvMONDCQP)NR<TSOUTX-G·h"eBC�jB<Ê��C-ADC-PBVQC�t�C-Nwc�CQC-P®NReBC�[D¤�¥o¥o¥�¦"§ _ <TP)NDCQARSmV-NR<?MP¾r�Mm�NRC-P)NR<�SmU SmN��Fà\c�<ÊNRe�SOPBj·c�<?NDeBM@HN�jlSmq�rB<?PB>z<TX�SmtvM@{N��éêMOYºNReBCtB<?PBjB<?PB>zCQPBC-AD>O�OG



� I

X Σ

Π
(a) (b)

2Π3 /2

2Σ1/2

2Π1 /2

2P3 /2 +1S

2P1 /2 +1S

ground state:
2Π3 /2

RX-CO2

C

O

O

+

−+

−+

;=<?>@BADC�EHG � K}[wP)NRCQADSOV-ND<TMPÅMOY_�`×elSOUTMO>CQPÅSmNRMqëc�<ÊNReì¦"§ _ Gp]�S)asX#eBMoc�X�NRelS�N�NReHCX#NRSmNRCzc�<ÊNReÓS�eBMOUTC4<TPuNReHC � MA#tB<?NRSOU|<TXkU?MocxC-A�<?PÓC-PBCQA#>O�}t�CQV¯Sm@BXDC�MOY�NDeBCsADCQX#@BU?ND<TPB>r�MXD<ÊNR<?WOC�½�@lSOjBA#@Br�MUTCfqsMqsCQP)N¯�|c�eB<?V�e	<TP)NRC-ARSOV^NRXzY�S¯WMADSOtBU?�yc�<?NDe¸NReBCf½�@lSOjHAD@Br�MUTCMPÓ¦"§ _ Gb[wP}NReBC � MAD<?CQP)N�S�NR<TMOPg�vNDeBC4eBMUTCb<TP)NRC-ARSOV^NR<TMOPÂc�<?NReuNDeBCs¦"§ _ ½�@lSOjHAD@Br�MUTC<TX4X#UT<T>Oe�NDU?�¾ADCQrH@BUTX#<?WCmGí]�tla4X#eBMoc�X�NReHC�A#CQXD@HU?NR<?PB>yX#N�S�NRC�MADjBC-AD<?PB>yc�eHCQPÅX#rB<TP��wMA#tB<?NVQMO@BrBUT<?PB>�<?X/<TPBV-UT@BjHCQjgG�h"eBCzMADjHCQAD<?PB>fMOY NReHCzUTMocxC-A/NwcxM�X#NRSmNRC-Xk<TX/A#C-WOCQADX#CQjyYZMAFNReHCUT<?PBC¯SmA\>CQMOq�C^NRA#�OG



�O�

3î 4
ï

5ð 6ñ 7ò 8ó
RI−C (Å)

−200

−100

0

100

T−shaped (model)
T−shaped (experiment)
linear (model)

−200

−100

0

100

−200

−100

0

100

po
te

nt
ia

l e
ne

rg
y 

(m
eV

)

I
−
 + CO2

I (
2
P3/2) + CO2

I (
2
P1/2) + CO2

2Π3/2

2Π3/2

2Σ1/2

2Π1/2

2Σ1/2

;=<?>@BADCE{G?�oÃ{K L'MONDCQP)NR<TSOU VQ@BA�WC-X�YZMA"[^]Z_%`bax<?P�NDCQADSOV-ND<TPB>dc�<ÊNRen¦"§ _ <TPfNDeBCUT<TPHC¯SOA�SOPHjhx�wX#elSOr�CQjÂ>OCQMqsC-NDAD<TC-XQG"h"eBC�jlSOX#eBCQjuSmPBjnX#MUT<?j�U?<TPBC-X�X#eBMocÑS�VQMOq�rlSmAD<TX#MP�tvC^NwcxC-CQPNReHC�q�M�jBC-UxSOPHj¸C^~{rvC-AD<?q�C-P�NRSOU��HNRXQG}h"eBC�<TP)NRC-ARSOV^NR<TMOP¾YZMA�NDeBC�U?<TPBCQSOAb>C-MqsC-NRA��yMOYNReHCFSOPH<TMPs<TX¬X#NDADMPB>OU?�4ADC-rB@BU?XD<?WOCO��tB@HN¬NReBC-ADCFSOADC�XD<?>PB<?�BV¯SOP)N�SmNDNDARSOV^NR<ÊWC�cxC-UTUTX YZMAiNReHCUT<?PBC¯SmA\VQMP{�l>@BADSmNR<?MPBX"MOYºNReBCPBC-@HNRADSOU X#NRSmNRC-XQG



�oÃOÃ

3ô 4õ 5ö 6÷
RI−C (Å)ø

−300

−200

−100

0

100

T−shaped (model)
linear (model)

−50

0

50

−50

0

50

Cl
−
 + CO2

Cl (
2
P3/2) + CO2

Cl (
2
P1/2) + CO2

2Π3/2

2Σ1/2
2Π3/2

2Σ1/2

2Π1/2

po
te

nt
ia

l e
ne

rg
y 

(m
eV

)

;=<?>@BADC\EHG?�O�K|LºMONRC-P�ND<�SOUHVQ@BA�WCQX YZMA¬¦xU�]�_�`�a=<TP)NRC-ARSOV^NR<?PB>/c�<?NDe�¦"§ _ <TPzNReHC�U?<TPBCQSOAiSOPHjhx�wX#elSOr�CQjf>C-MqsC-NRA#<TC-XQGiè�MzC^~{rvC-AD<?q�C-P�NRSOU�<?PHYZMA#q�SmND<TMP4<?X\S¯WmSO<TUTSOtBUTC"YZMA¬NReBCFPBCQ@HNDARSOU<TP)NDCQARSmV-NR<?MPBX-�BXDM4NReBC-XDC�VQ@BA�WC-X�A#CQrBA#CQXDC-P)NkSyù#t�CQX#N�>@HCQXDX-GJú



�oÃ{�
� �üû ¢�ý�þºÿ��������Zývþ��

h"eB<?X|V�elSOrHNDCQAielSmX|jBCQX#VQA#<Tt�CQj4XDMqsC\MOYlNDeBCxNDCQV�eBPB<?½�@BCQXiNReBSmNiV¯SmPztvC\@HXDCQjzNDM
rlSOADSOqsC-NRC-AD<	�QC�NDeBCdC^��C-V-NR<ÊWCdX#MUT@{NRC^��XDMUÊWC-P�NkÈFSOqs<TUÊNRMPB<TSOP·MOY�¦xelSOr{NRCQA�³�G/¼Ftu<?PB<?ND<TM
V¯SmUTVQ@HU�SmND<TMPBX¬SO@H>q�C-P)NRCQjft)��C^~{r�CQAD<?q�C-P)N�SOU�jlSmNRSbSOA#C/@BXDC-j�NRMdjHC-NRC-ADqs<TPBC�NReHC/XDMU?@HNRC
CQU?CQV^NRADMOPB<TVzX�N�SmNDCQXQGzh"eHC�X#MU?WOCQP)N�q�M�jBCQU=<TXk><ÊWCQP}t)�}SfVQMOqdtB<TPBSmNR<?MPuMOY¬NReBCz¨�PBMoc�P
CQU?CQV^NRADMOX#N�S�NR<TV�rBADMOrvC-A#NR<?CQXzMOY"NDeBCfXDMOU?WC-P)N4q�MU?CQV-@BUTC-XdSOPBj¸X#<TqsrBUTC�CQqsrB<TA#<TVQSOU rvMONDCQP{�
NR<TSOUTX��BN/NDMfC^~{rvC-AD<?q�C-P�NRSOU|jlS�N�SHG�h"eBCzXDMOUT@HNDC^�wX#MU?WOCQP)N<TP)NDCQARSmV-NR<?MPBXFSOADCzjBC^NRC-ADqs<TPBC-j
t)� NReHCyVQSOADC^YZ@BUTUÊ�ÅrBSOARSOqsC-NDCQA#<
�QC-jÇCQU?CQV-NDADMX�N�SmND<TVu<?P�NDCQADSOV-ND<TMPBX�tvC^NwcxC-CQP NDeBC}XDMU?@HNRC
qd@BUÊNR<?rvMU?CkMr�CQARS�NRMA#XFSOPHjnNReBCbXDMUÊWCQP)NFCQUTC-V-NDADMX�N�SmND<TV�rBADMr�CQA�NR<?CQXQ��SOPBjÂt)��CQqsrB<TA#<TVQSOU
XDeHMA#N��wARSmPB>CsrvMONDCQP)NR<TSOUTX-� c�eB<TV�e¾SOADC4�BN�NRMnA#CQrBA#M{jH@BVQCsC^~{r�CQAD<?q�C-P)N�SOU?U?�ujBC^NRC-ADqs<TPBC-j
rlSO<?AFr�MONRC-P)NR<�SmUTXQGFh"eBCzq�C^NReBM�jÂMOY¬rlSmARSOqsC-NDCQAD<	�¯SmND<TMP�<TXFXD<Tqs<TUTSOA\NRM�NDeBCdX#CQqs<TCQqsrB<?A��
<TVQSOU|jB<TSmNRMOq�<?VQX���<TP{��q�MOUTCQV-@BUTC-X�SOPBjyjB<�SmNDMqs<TVQX��w<?P{�w<?MPB<TV%�wX��{X�NRC-q�X�qsC-NReHM{jBXjB<?XDV-@BXDX#CQj
tBA#<TC��H�z<TP�¦xelSOrHNDCQAx³{�)tB@HN¬c�<?NDe�SmP�<?q�rBA#MoWCQjsjBC-XDVQA#<TrHND<TMP4MOYvNReBC�XDMOUT@HNDC�cxS¯WC�YZ@BPBV^�
NR<?MPBX-G

h"eBC�jBC-XDVQA#<TrHND<TMP4MOY�eBMoc¶NReBC�qsM{jBC-UHrlSmARSOqsC-NDCQADX SmADC"jBC^NRCQA#q�<?PBCQj4elSmX�SmUTXDM
ADC^WCQSOUTC-j�X#C-WC-ARSOU»rBA#Mr�CQA#ND<TC-X�MmYºNDeBCX#��X#NDCQqÎNReBSmN�X#NDADMPB>OU?��<?P�l@BC-PBVQCkNDeBCjH��PlSOqs<TVQX
X#ND@BjB<?CQju<TPnU�SmNDCQAFV�eBSOrHNRC-ADX-Gdµ�MOX#Nk<?q�r�MA#NRSOP)NF<?X�NDeBCdV�elSOADSOV-NDCQAkMOYiNDeBCdX#MUT@HNDCbcxSoWOC
YZ@BPBV^NR<?MP4SOPBjzNReHC"V�elSOPB>C-XiNRelSmN|M{V-VQ@BA SOX|NDeBC"qsMUTC-VQ@BU?CxjB<?XDXDM�VQ<TSmNRC-XQ�)V-ADC¯S�NR<TPH>kX#N�S�NRC^�
jBC-rvC-PBjBCQP)NiV�eBSOAD>C��lMocG=h"eBC�<TP)NRC-ARSOV^NR<?MP�MmYBNReBC�XDMU?@HNRC YZARSm>q�C-P)NRX»c�<?NReNReHCxXDMOU?WC-P)N
SOU?XDM	Sm�vCQV^NRX·q�C-V�elSOPB<?XDqsX�YZMA�C-UTCQV^NRA#MPB<TVuA#CQUTS�~HSmNR<?MPgGÌ[wP NDeBC}SOtBX#CQPBV-CÓMOY�X#NDADMPH>
VQMO@BrBUT<?PB>kt�C-Nwc�CQCQP�X#N�S�NRCQX¬MOY�jB<?�vCQA#CQP)N�ÔÍWmSOUT@HCQXQ��MPHC�qs<T>Oe�N|PBMON¬C^~{r�CQV-N¬NReHC��ìX�N�SmNDC
]Z�BADX#N=C^~{VQ<ÊNRC-jdX#NRSmNRC¯a»NRM�rBU�S¯��SOP�<TqsrvMOA#N�SmP�NºA#MUTC <TP�NReBC�jH��PlSOqs<TV-XQ�OtH@HN¯�OSOX=jB<?XDV-@BXDX#CQj
<TPfYZ@HND@BADCV�elSmrHNRC-ADXQ�2<ÊN"VQU?C¯SOA#U?��jHM{C-XQG

;=<?PlSOUTUÊ��eHCQADCFSOADC�X#Mq�C�NReHM@B>e)NRX�MP4YZ@HNR@BA#CF<?q�rBA#MoWCQqsCQP)NDX¬NDM�NDeBC�qsM�jBCQU
SOPBj�qsC-NReHM{jBX»@BX#CQj�NRM�jBC-NDCQA#q�<?PBC q�M�jBCQUOrlSOARSmq�C^NRCQA#XQG=¦xUTCQSOADUÊ��oNReBC¬qsMX#N»jB<?ADC-V-N»c\S¯�



�oÃ³
NRMb<TqsrBADMoWC�NReBCFrvMONDCQP)NR<TSOUTX¬<TX¬NRMzMt{N�SO<?P�qsMADC�jlSmN�S�YZMA�NDeBC/XDMOUT@HNDC^�wX#MU?WOCQP)N\<?P)NRCQADSOV^�
NR<?MPBX-G è�CQ@Hq�SOA#¨��JX">A#M@BrfelSmX"ADCQV-CQP)NRUÊ�fqsC¯SOX#@BADC-j�C-UTC-V-NRA#MP·S��sPB<ÊNR<TC-X\MOYº[ ¤_ ¼�A#É4SOPHj[ ¤_ ]�¦"§ _ awÉH�vc�eB<TV�e}><ÊWCbNDeBCb�lA#X#NjB<?ADCQV^NkjlSmNRSfSOt�M@HN/NDeBCd<TP)NDCQARSmV-NR<?MPuMOYiNDeBCzXDMU?@HNRCSOPB<?MPc�<?NRe�<TPBjH<?W�<TjB@BSOU)XDMUÊWC-P�N=q�MOUTCQV-@BUTC-XQGº¼ÅV-Mq�rHUTC-NDC rBeBMONDM{C-UTCQV^NRA#MPbX#rvC-V-NRA#@BqÌMOY
[ ¤_ ¼�A"MA\[ ¤_ ]3¦"§ _ ax<?X"SOU?XDM4SzrvMOXDXD<?tB<TU?<?Nw�OG=[wPfNReBC/YZ@{NR@BA#CO�lADC-XDMPBSOPBVQC���SOq�SOPfVQM@HrBUTC-j
c�<?NDeìrBeBMONDM{C-UTCQV^NRA#MPÇXDr�CQV^NRADMOXDVQMOr�� X�NR@BjB<?CQX·q�So� SOUTX#M¸eBCQU?rÇNRM	tvC^NDNDCQAfV�elSOADSOV-NDCQA��
<
�-CdNReBCzC%~{VQ<?NDCQj}X#NRSmNRC-XMOYx[ ¤_ SOPHjyMmNReBC-AkjB<TelSmUT<TjHCbSOPH<TMPBX-Gz§/PuNReBCzV-MqsrB@HN�S�NR<TMOPlSOUXD<?jBCO�BSOtf<TPB<ÊNR<?M�VQSOUTV-@BU�SmND<TMPHXxMOY»NReHC/XDMU?@HNRC/c�<ÊNRefA#CQU�S�NR<?W�<?X#NR<?V�VQMP)NRA#<TtB@{NR<TMOPBX]�<?PBVQU?@Bj{�
<TPH>�XDrB<?P{�wMOADtB<ÊN/VQMO@BrBUT<?PB>�a"VQM@HUTjut�Cd@BXDC-jyNDM�NRC-X#N�SOPHju<TqsrBADMoWC�NReBCzV-@BADA#CQP)NXDMU?@HNRC
qsM{jBC-U3G�¼Ft}<TPH<?NR<?M�qsC-NDeBM{jHXSOUTX#MfeBMUTj}rBA#Mqs<TXDC�YZMA/<TqsrBA#M�W�<?PB>�NReHCsX#MUT@{NRC^��XDMUÊWC-P�N
r�MONRC-P�ND<�SOU?XQ��rlSOA�NR<TV-@BU�SmADU?��YZMA»>CQMOq�C^NRAD<?CQX'SOPBj�XDMUÊWCQP)N=q�MU?CQV-@BUTC-X»NDelSmN'elS¯WC\PHMON=t�CQC-P
X#ND@BjB<?CQj4C^~{r�CQAD<?q�C-P)N�SOU?U?�Gº¼FPH<TXDMmNRADMOrB<TVxÛ»C-PBPlSOA#j{��ÜOMOPBCQX rlSOADSOqsC-NRC-ADX�°Æ±)IH�O± � ´BMOA|C-WOCQP
NReHC�qsMA#C�SmqdtB<?ND<TM@HX���Sm@BXDX#<�SOPsqd@BUÊNR<Tr�MU?CQX"° Á Ã�� Á ³�´lqs<T>e)N t�C�@BXDC-j�NRM><ÊWC�St�C-N#NRC-A
jBC-XDVQA#<TrHND<TMPbMOYBNReHC\q�MOUTCQV-@BU�SmAºX#elSOr�CQX|jHC-NRC-ADqs<TPBC-jdt)�bNDeBCxX#eBMA#N��wADSOPB>C�<TP)NRC-ARSOV^NR<TMOPBXQG
[wPBV-UT@BX#<TMP}MOY�X#NRSmNRC%�wjBC-rvC-PBjBCQPHVQC�<?PuNReBC4XDeHMA#N��wARSmPB>Czr�MONRC-P�ND<�SOU?Xk<TXSOU?XDM·¨OC^�uNRM·<Tqz�
rBA#M�W�<?PB>yNDeBC�q�M�jBCQU?X4MOY/X#Mq�C·PBMOP{�welSmUTM>C-P	XDMU?@HNRC-XQ�\X#@BV�eÇSOX�µ�>��_ �¬c�eBCQA#C�NDeBCQA#CSOA#C�@BPHM{V-VQ@BrB<?CQj¾WmSOU?CQPBV-C�MA#tB<?NRSOUTX-G�ÚìeB<?UTCzNReBC-ADC�SOADC�VQUTCQSOADUÊ�uq�SOP)�ÓjH<TADC-V-ND<TMPBXkYZMA
YZ@HND@BADC/<?q�rHADMoWC-q�C-P�NQ��NDeBC/V-@BADA#CQP)N"qsM{jBC-U3��SOX\jHCQXDV-AD<?tvC-jf<TP�NDeB<TXxSOPBj�NDeBCFrBA#CQV-CQjB<?PB>
V�elSOr{NRCQA-�¬SOUTA#C¯SOjH�yVQSOP¸rBADMoW�<TjHC�q�SmP��y<?PBXD<?>e)NRXd<?P�NDM�NDeBC�X#��X�NRCQqsXzNRelS�NdelS¯WCft�CQC-P
X#ND@BjB<?CQjgG



��� �!� "�� þ'ÿ � � � ý " ¢$#�%&�' � " �

°��Q´�L'G2ª"G�µnSmXDUTC-Pg��ÜHG2;2SOCQjHCQAQ�2SmPBj(��G2L'SOADX#MPg��¦xeBCQq�G2Lie)�{X-G�Û»C^NDNQG ¡*)2� � � E]�� ��� a%G
° ³�´�«zG2L'G2È�@BtvC-A�SOPBj+�4G2È�CQA,�Qt�CQAD>H�.-0/21
3547681:9<;>=@?A3547B�;,9C9<D*EF-0/21
35476G1:9<;=�BH;76A47BH6G;I3KJMLN�JPOQ/2DR7B!9<DABSRT/VU>WYXH9<BZ/2[\X]4>-0/21
35476G1
35R^�|â¬SmP�è�MX#NDARSOPHjg�2è�C^c^¬MA#¨�� � � À � G
°²Em´hkGvµÓG�µ�<?UTUTC-AQ�=ª U?CQV^NRADMOP�S2��PH<?NR<?CQX-�i[wPnÛ <TjHCs° Á E�´3G
°Æ±O´�ÞvG�_\SmXDeB¨�<TP�SOPBjnÜHG2§dG�Þ�NDMPBCQA-��ÜOAQ��`aBZ/2[\X]4cbQDd37;]e<f2g]hM37i<371M9<D*EkjP;I/2BH;7XH9<DWYXH9le<;,9<[$RKJ>N*/21m68[n3oLKJqp>f<E<;I/re837D(Ltsvu�wA/lRZ?AwA/2;I/26 RyxkN �xè�MA#NDe{��È�MUTUTSOPBjg�è�C^cz^¬MA#¨�� � � ÀOIHG
° Á ´�ÞvG�_\SmXDeB¨�<TP�SOPBjnÜHG2§dG�Þ�NDMPBCQA-��ÜOAQ��`aBZ/2[\X]4cbQDd37;]e<f2g]hM37i<371M9<D*EkjP;I/2BH;7XH9<DWYXH9le<;,9<[$RKJ>N*/21m68[n3oLrL�J�=�681 U{6G;oLts0|MXSB!9<DAXS68[}xoxoLrL%� è�MA�NRe{�wÈ�MU?U�SOPHjg�Hè�C-c^¬MA#¨�� � � ÀOIHG
° � ´�¦FG�ª"G2µ�M�MADCm�~`aBZ/2[\X]4>bQDd37;�e<fFhM37i<371�R^�HWOMUT@Hq�CE Á MOY��c9<B�X]/2D*9<1�=�B]9<D*E�9<;,E2R�y3�U�37;I37Dd453>Wt9<B]9�=�37;7X]35R^�|èFSmND<TMPlSmUq_x@BA#C¯SO@�MOY|Þ�N�SOPHjlSOADjHXQ��³mPBj�CQjH<?NR<?MPg�v� � À{�G
° À�´�µÓGlhkGv©gSOPBPH<3�HhkG��GBh'S¯�{U?MAQ��_�G2ÜHG*�A#CQC-P�tHU�SmN#N¯�A_FG�Þ�M{C-rg�2SOPBj+�dG2µÓGè�C-@Bq�SOAD¨2��ÜHG�¦xeBCQq�G2Lie)�{X-G��8�d�v��À � �¯E·]�� �� Àa^G
°²Im´�µÓG2è�SOjlSOU��T|�wA3c=�B�6E<fC/VUYB�wA3cu�wA/2BZ/KE<X
R5Rl/l47XH9<B�X]/2D�9<D*Ev��3545/2[v�KXSD*9<BHX]/2DWYf2D*9<[\X]45RT/VU>-�92R5R7g!=�371
3547BV3rEkO�1m6�R7BZ37;aL�/2DRK�y=�/21mi<37DAB�b*�>3547B�R\/2D�BSwA3=�BH;76A47BH6G;I3T9<D*EvWYf2D*9<[\X]45R$/VUYBSwA3aLl/2DAX]4FO�w8;I/2[n/5?AwA/2;I3^�iLieA�íNReBC-XD<TX-���PH<?WC-ADX#<?Nw�·MOY|¦xMUTMOARSOjBMH��� ��O� G
° � ´�ª"G�¦FG�µÓG�¦xeBC-PÂSOPBj·ÚíG2ª"GBÚ¾C-P)NwcxMA�NReg�xÜHG2Lie)�{X-Gv¦xeBCQq�G*��� �l±Ã �� ]�� � I Á a%G
°��oÃm´��dG�ÜHGB¼�@BCQA#tlSOV�eg�vµÓG�µÓG2È�@Bt�CQADX-�2¼bG2L'G�µyG�_\SOCQjHCO�2SOPBjnÜHGlÛ MX-�x¦xeHCQq�GLie)�{X-G��� ) � �oÃ)Àf]�� � ÀOE)a%G
°���Q´���G���MX#XQ�lhkG�Þ{V�e�@BU	�QCO��SOPHjnÈ�G²��ÜHG2µ�C-�OCQA-�"¦xeBC-q�G2Lie)��XQG�Û C-NDNQGM� ¡ �l�g�oÀm±]�� � I Á a%G



�oÃm±
°���³�´�ÛiG�_\S��PlSOA#CQX�SOPHj�¼�G*�4GA��ADC �PBSH� ¦xeBC-q�G2Lie)��XQGvÛ»C^NDNQGM��� ) �g��ÀmI�]�� �� �oa^G
°��oEm´�ÜHG2L=SmrlSOPB<?¨OMUTSOXQ�2ÜHG*�kMA#jg�lè�G2Û C^W{<?PB>C-AQ���dGA��S¯��BâdG{â MADXDSH�2SOPBjÚíG2Û <TPBC-tvC-AD>C-AQ�¬ÜHG2Lie)��XQG�¦xeBCQq�G*��� �BIÃ)³OI�]�� �� ��a%G
°��¯±O´��Gl¼a�QA#<�SH����GB¼�tvMO@lSmY��lSOPHjk�dGBhºCQ<?UTU?C-N#�Z_x<TU?U?�O�=ÜHG2Lie)��XQG*_FKl¼\NQG�µ�MU3Gl§kr{N¯GLie)�{X-G ¡ �l�2Ûº³{�oE·]�� � II)a%G
°�� Á ´>^zG2Û C�¦xM)SmNQ��ÜHG²�wL'G��k@B<?UTUTMmNR<TP��{SmPBj�Û G�_�M@Bt)���ÜHG2Lie)�{X-G*_FKl¼\N¯G�µ�MOU3G2§/rHNQGLie)�{X-G ¡Bû �2E)³OI Á ]�� �� ��a^G
°�� � ´�¦FG2ÜHG�/CQUTt�CQV-½2�{ÚíGBÈ�S¯�CQX-�2SOPBj·LºGBÈ�G ^¬@BX#NDCQA-�iLie���X-GA��C^W�Gq� ¡ �l�v�oÃO±)Ef]�� �� �oa^G
°���À�´hkGvÞ{eB<?jlSH�G^dGBh=Sm¨mSmelSOXDeH<3�2SOPBj�È�G2ÈFSmNRSOPBMB�¬¦xeBC-q�G2Lie)��XQG�Û C-N#N¯G �2� �l± � �]�� � À Á a%G
°��oIm´�ÜHG*�zGA�/M2�DSOeBP��2ª�G�¦FG�µyG�¦xeBCQPg�2SmPBj�ÚíG2ª"GBÚÓCQP)Nwc�MA#NDeg�\ÜHG2Lie)��XQGv¦xeBC-q�G� ���»� �O� ± � ]�� �O�� a^G
°�� � ´�ª"G�¦FG�µÓG�¦xeBC-Pg�vÜHG*�4GA�/M��DSOeBPg�lSmPBj�ÚíG2ª"GBÚÓCQP)Nwc�MA#NDeg�\ÜHG2Lie)��XQGv¦xeBC-q�Gl¼� �M�2�2EOÃII�]�� �O� Àa^G
° ³OÃm´�L'GBÚíGlh'SOX#¨OCQA-���4G*�zGA_\SOU?<TP)N#�w«k@BA#ND<3��SOPBj+��GBè�G��/<Ê~{MP��¬µ�MU3GHLie���X-G �2¡ � � �)Á �]�� � À � a%G
° ³{�Q´t�zGH¼bG_xMoc�q�Sm¨OCQA-�lL'GBÞ{V�e)cxC-ADjHN#YZCQ>C-AQ��SOPBj·ÛiG�WMP�ÞG�-CQP)NRrlSmU?��iÜHGlµ�MU�GBÞ�NRAD@HV-N¯Gh�ÈFª¬§¦\ÈFª¬µ�� � �2I)À·]�� � I � a%G
° ³³�´��dG��kSOPBMoW�<TV�e��2ÜHG2È�A#@��XA�SO¨2�2SOPHjÂÞvG�Þ�elSO<T¨2�¬¦xeBC-q�G2Lie)��XQG�Û C-N#N¯G ¡2�2� ��³�± �]�� ��)Á a%G
° ³OEm´�ÞvG�_FG�Þ�elSOADr�SOPBj+�zGl[�G��kCQUTU?CQPBCm�¬ÜHGlLie)�{X-Gg¦xeHCQq�GM�8�M�l��³{� � ³f]�� �� Àa^G
° ³m±O´t�����8 �¡��¬�2SzrlSOV�¨�SO>CMOY=SOt�<TPB<ÊNR<?MbrBA#M>ARSmq�X"t)��È�GÆ��ÜHG{Ú¾C-ADPBC-A�SmPBjnLºG�ÜHG«kPBMoc�UTC-XQ�lc�<?NDe�V-MP)NRA#<TtB@HND<TMPHX\YZADMqËÜHGl¼FUTqsUZ¢MmY���GA�dGB¼�q�MX-�2µÓG�ÜHG�§dG�/CQC->)SOPg��Þ�GlhkG2ª U?tvC-A#NQ�2¦FG2ÈFSOqsr�CQU3��ÚíG�µ�C-�OCQA-��«zGlLºC-NRC-ADX#MPg�*��G2Li<ÊNI�QC-AQ�B¼�GÜHG�Þ�NDMPBCO�2SmPBjnLºG���GHh=S¯��UTMA-�HWC-ADX#<TMP � ±BGJE�]�� �� ±)a^G
° ³ Á ´�È�GÆ��ÜHGBÚÓCQA#PBCQA�SOPHjnLºG�ÜHG2«PHM�c�U?CQX-�¬ÜHG�¦xeBCQq�G2Lie���X-Gd���g� Á IÃOE�]�� � IIa^G
° ³ � ´�L'G�ÜHG2«kPBMoc�U?CQX�SOPBj�È�GÆ��ÜHGHÚÓCQA#PBCQA-��¦xeBCQq�G2Lie���X-G�Û C-N#N¯GM� û �g� Á �¯±�]�� � II)a%G
° ³À�´�È�GÆ��ÜHGBÚÓCQA#PBCQA�SOPHjnLºG�ÜHG2«PHM�c�U?CQX-�¬ÜHG�¦xeBCQq�G2Lie���X-Gd� ¡ � Á Ã Á E�]�� � I Á a^G
° ³OIm´�L'G�ÜHG2«kPBMoc�U?CQX�SOPBj�È�GÆ��ÜHGHÚÓCQA#PBCQA-��¦xeBCQq�G2Lie���X-G�Û C-N#N¯GM���8�g�2³ ÁO� ]�� � I Á a%G
° ³ � ´¼bG�ÜHG�Þ{SOjBUTCZ�-�ih"eBCQMOADC-ND<TVQS�¦xeH<Tqs<TV¯Sd¼�V-NRSC���g� ��³OE·]�� �� ��a%G



�oÃ Á
°²EÃm´¼bG�ÜHG�Þ{SOjBUTCZ�-�ih"eBCQMOADC-ND<TVQS�¦xeH<Tqs<TV¯Sd¼�V-NRSn�q�l�2EE � ]�� �� ³a%G
°²EH�Q´¼bG�ÜHG�Þ�NRMPBCm��¦xeBCQq�G2Lie���X-GvÛ C^NDN¯G*� � ��³OEE·]�� � IH�oa^G
°²E)³�´�È�G2Û C^YZCQt)W�ADC^�Z_xAD<?MP�SOPBj+��GHÚíG2;'<TCQU?jg�Quy37;{B�68;��59<B�X]/2DR�XSDkB�wA3Y=@?A3547BH;,9(/VUWYXH9<BZ/2[\X]4>-0/21
35476G1
35R^�i¼�V¯SOjBC-q�<?VLiADCQX#XQ�*_xMX�NRMP�� � � I � G
°²EEm´t�zG2È�CQA,�Qt�CQA#>B�P-£/21
3547681:9<;>=@?A3547B�;,9C9<D*EF-0/21
3547681:9<;Y=�BH;{6�47BH68;53KJML�J�=@?A3547B�;,9(/VUWYXH9<BZ/2[\X]4>-0/21
35476G1
35R^�|â¬SOP�è�MOX#NRADSOPBjg�2è�C-c¤^¬MAD¨2��³mPBj�CQjH<?NR<?MPg�v� �)Á ÃHG
°²EO±O´�ª"G�ÜHG2È�C-UTUTC-AQ� ÜHG�¦xeHCQq�G2L e)��XQG ) �g�2³OÃ �� ]�� � ÀOI)a%G
°²E Á ´�¦FG2h'C-<TV�e)NRC-<TU SmPBjÂµyG2L'CQU?<TX#XD<TC-AQ�¬¦xeBC-q�G2Lie)��XQG��8�A�»� ��]�� �� ±�a%G
°²E � ´¼bG�Þ{SOPBMoW·SOPBj·ÚíG�¦FG2Û <TPBC-tvC-AD>C-AQ�irBA#<?WmSmNDCkVQMqsqd@BPB<?V¯SmND<TMP�G
°²E)À�´�¦FGvÞvG2µ�@HA#NRe)�O��Þ�G2;xG2§T� Þ�eBC¯SH�2SmPBj�[�G��G2µ�VK�/MPlSOU?jg�¬µ�MU�GlLie)�{X-G���� � Á E{�]�� � IE)a%G
°²EIm´�µÓG�ÜHGBÚÓCQ<?jlS4SOPBj+�dG2ÜHG2è�C-XDtB<ÊNDN¯�¬ÜHG�¦xeHCQq�G2L e)��XQG�� �*�g� �oÃ)³{�oÃ·]�� ��� a^G
°²E � ´�¦FG��4GA�ADSo��SOPBj�«zGlª"G*�@BtHtB<TPBX-�\|�wA35/2;7f�/VU>-0/21
35476G1:9<;a¥¦1m6GXHE2R^�HWOMUT@Hq�Cz��¦xU�SmADCQPHjBMPg��§�~�YZMADj�� � � IO±BG
°Æ±)Ãm´�«zGlhkGlh=SmPB>�SmPBj�ÜHG2L'GlhºM{C-PBPB<TC-XQ��ÜHG2¦xeBC-q�G2Lie)��XQGd�A�»�BE)À³ � ]�� � IO±�a%G
°Æ±B�Q´kâdGBâ MOADXRS{�2L'G�ÜHG2¦\SOqsrlSO>OPBMU�S{�lÞvG2è�SOPBjB<��2µÓG2Û»SOADX#XDMP��2SOPBj·ÚíG�¦FGÛ <TPBC-tvC-AD>C-AQ��ÜHG2¦xeBC-q�G2Lie)��XQG�� ���g�2³O³ � I�]�� �O�� a^G
°Æ±�³�´>^zG�©�eBSOMB�2¦FG�¦FGl¼�ADPBMU?jg�lSOPHjk�dG2µyG2è�CQ@Hq�SOA#¨2�xÜHGl¦xeBCQq�G�Þ{M�VOG2;2SOARSmjlS¯�hºARSOPBX-G��*�g�g�Q±± � ]�� �O� E)a^G
°Æ±)Em´>^zG�©�eBSOMB�B[�G^¬M@HADXDeBSoc���zGA��CQ<TX#CQA-�2¦FGv¦FGl¼FADPHMUTjg�BSOPBj(�dG2µÓG2è�CQ@Bq�SOAD¨2��ÜHG¦xeBC-q�G2Lie)��XQG��8�M�l� �)Á EOI·]�� �� ±�a^G
°Æ±±O´[�G^¬M@BA#XDelS¯c��^zG�©�eBSOMB�lSOPHj+�dGlµÓG2è�C-@Bq�SmAD¨2��ÜHG�¦xeBCQq�G2Lie���X-G�� �*�g�2E Á �]�� ��� a%G
°Æ± Á ´�_FGlhkGlh"eBMOUTCO�¬¦xeHCQq�G2L e)��XQGd���g�lEO±B��]�� � IH��a%G
°Æ± � ´¼bG�ÜHG�Þ�NRMPBCm�\|�wA3C|�wA35/2;{fC/VUoL{DABV37;{[n/21
3547681:9<;a¥�/2;I4535R^� §�~�YZMA#jg�lè�C^cz^¬MA#¨��� ��O� G
°Æ±�À�´��dGBÚíGB¼�ADPBMU?jg�2ÞvG2ª"G�_xADSOjHYZMA�NReg�Bª�G2È�G2«k<Tq��BSOPBj+�dG2µÓG2è�CQ@Bq�SOA#¨��¬ÜHG¦xeBC-q�G2Lie)��XQG��8� ¡ �2EO± � E·]�� ��Á a^G
°Æ±)Im´�L'G�µyG���M�jB>C-AQ�B¼�G�ÜHG�Þ�NRMPHCO�2SOPBj+�dG2ÜHGlh"<?UTjBC-XDUTC^�� ¦xeHCQq�G2L e)��XQGvÛ C-N#N¯Gq� û �g�E �)Á ]�� � II)a%G



�oÃ �
°Æ± � ´�L'G�µyG���M�jB>C-AQ�B¼�G�ÜHG�Þ�NRMPHCO�2SOPBj+�dG2ÜHGlh"<?UTjBC-XDUTC^�� µ�MU3GlLie)��XQG )2� ����ÀOE]�� � II)a%G
° Á Ãm´��G�ÜHGBÚìeBC¯SmNDUTC^��¬µ�MU�GlLie)�{X-GM���g� ÁO� À�]�� �� Ea^G
° Á �Q´��G�ÜHGBÚìeBC¯SmNDUTC^�·SOPBj�ÜHG�_FG�§dG2µ�<ÊNRV�eBC-UTU�� ÜHG�¦xMqsrgG2¦xeBC-q�GM�8�g� ��oI)À·]�� �� ±�a%G
° Á ³�´��G�ÜHGBÚìeBC¯SmNDUTC^��¬µ�MU�GlLie)�{X-G�� ) �B±±E�]�� ��)Á a^G
° Á Em´��dG��GlÛ <TjBCm�BCQjB<ÊNRMA-�YO���O§pc9<D*E��7/l/l¨�/VUFO�wA37[\X
R7BH;{f�9<D*EFu�w8flR7X]45R^�¬¦xeBCQqs<TVQSOU��@BtBt�CQAQ��_�M{VQS���SmNRMOPg�2ÀOEOA#j·CQjB<ÊNR<TMOPg��� �O� EHG



¢$#�%&�' � " û
© ' " �'ÿ<'�� "�� %lþ�ª¬«�»þM%A®¯��ÿ��v° � '�#»ýqª��

¦xelSOr{NRCQA#X¬³/SOPBj4EFjHCQXDV-AD<?tvC-j�SmPzC-�vCQV-ND<?WOC�ÈFSOqs<TUÊNRMPB<TSOPkYZMA'NDeBC\C-UTCQV^NRA#MPB<TV
X#NRSmNRC-X�MmY|S4XDMU?@HNRCC-qdtvC-jBjBC-jn<TP�S4q�MOUTCQV-@BU�SmA\VQU?@BX#NDCQA�MA�XDMUÊWC-P�NQG�h"eHC�C-<T>C-PBX#NRSmNRC-X
MOY�NReB<?XzÈFSmq�<?U?NRMOPB<�SOPÓjBC-�BPBC·rvMONDCQP)NR<TSOU\X#@BA#Y�SOV-CQXzYZMAzCQSOV�e¶C-UTC-V-NRA#MPB<?V�X#NRSmNRC·MOY�NReHC
XDMOUT@HNDC�SmX�SzYZ@BPBV^NR<?MP·MOY=NDeBCP�@HVQUTCQSOA�rvMX#<?ND<TMPBX�±HNReHCQXDC�SOA#CNDeBCt_xMADP���§/rBr�CQPBeBC-<TqsCQA
MAzSmjB<�SOtBSmNR<?V�X#@BA#Y�SOV-CQXdNDelSmNz>MoWOCQADP¸NDeBC�P�@BVQU?C¯SOAbq�MOND<TMPyc�eBCQP¸NDeBC�CQU?CQV^NRADMOPBX4SOADC
SOX#XD@BqsCQjzNRMkqsMoWC\<?PH�lPB<ÊNRC-U?��½�@B<TV�¨�U?�OG'ÚÓC\c\SmP�NiNDMkq�M�jBC-U�NDeBC"jH��PlSOqs<TV-X=NRelS�N|M�VQVQ@HA
c�eBC-PbNReBC�XDMU?@HNRC¬<TP�<?NDX'>A#M@BPBj�CQU?CQV-NDADMPH<TV¬X#N�S�NRC�SOtBXDMOADtBX=S�rBeBMmNRMPzSmPBjb<?X'C%~HV-<?NDCQjbNDM
Sdr�MONRC-P�ND<�SOUvXD@BA�Y�SOVQCMP�c�eH<TV�efNReBCkX#MUT@{NRCkP�@BVQU?CQ< SmADC/A#CQr�CQUTU?CQj8²ÇrBeBMONDM{jH<TXDX#M{V-<�SmND<TMP�G
_xC-V¯SO@BX#C�NDeBCQA#CbSOA#Cq�SOP)�·P�@BV-UTC¯SmA�jHCQ>A#CQCQX�MOY=YZA#CQC-jBMqÎ<TPfNDeBC�V-UT@BX�NRC-AQ�lNReBC�P�@BVQU?C¯SOA
jH��PlSOqs<TV-X"MP·C¯SOV�e�r�MONRC-P�ND<�SOUvXD@BA�Y�SOVQCqd@HX#N�t�CNDADCQSmNRC-j�@HXD<TPH>sV-U�SOX#XD<?V¯SOUvq�C-V�elSOPB<?VQXQ�
<3G COGlX#MU?W�<?PB>4è�C^c"NRMP�� XFC-½�@lSmNR<?MPBX�MOY=q�MOND<TMP�YZMOA\NReBC�P�@BVQU?CQ< @BPBjHCQA�NReBC<TPG�l@BCQPHVQC�MOY
NReHCt_�MADP{��§/rBrvC-PBeBC-<TqsCQA"r�MONRC-P�ND<�SOU�XD@BA�Y�SOVQCmG

h"eBC4<TPH<?NR<TSOU»VQMP{�l>@BADSmNR<?MPBX/MOY¬NReHCzVQUT@HX#NRC-AkrBAD<?MAFNDMfrBeBMONDM{C%~HV-<?NRSmNR<?MP}SOADC
jBC^NRCQA#q�<?PBCQjÍt)�	YZMUTU?M�c�<?PB>ÂNReHC�qsMUTC-VQ@BUTSOAdjH��PlSmq�<?VQXn]3µk�a]²ÇNReHC�qsMOND<TMPBXzMmYFNReHC
P�@BVQU?CQ<m²ìMP}NReBC�>ADMO@BPBj¾X�N�SmNDC�r�MONRC-P)NR<�SmUiXD@BA�Y�SOVQCmG�hºARSl�#CQV-NDMAD<?CQXbSOADCsVQMqsrB@HNDCQj®MOP
NReHC¬>OADM@BPHj�X�N�SmNDC¬X#@BA#Y�SmVQC¬X#N�SmA#NR<?PB>"YZADMqáSOP�SOADtB<ÊNRADSOA#�FVQMPH�B>@BARS�NR<TMOP�S�N=S\�H~{C-j�NRMmN�SOU
CQPHCQAD>m��{SOPBj�SOADC"YZMU?UTMocxC-jz@BP)NR<?UBNReBC�jB<?X#NRA#<TtB@{NR<TMOPzMOYgC-PBCQA#>O�dNReHADM@B>OeBM@HN NReHC�V-UT@BX�NRC-A
ADCQSOV�eBC-X�C-½�@H<TUT<?tBAD<?@Bq�Gº¼�Y NRC-A¬C-½�@B<TU?<TtBADSmNR<?MPg�OV-UT@BX�NRC-A¬V-MPH�l>O@BARSmND<TMPHX SOADC�r�CQAD<?M{jH<TV¯SmUTU?�



�oÃOI
XRSmq�rBU?CQj�NDMsV-MPBX�NRAD@HV-N�SOP·CQPHXDCQqbtBUTCkMOY'X#NRSOA#ND<TPB>zr�M<?P�NDXxYZMA\rHeBMONRM�jB<?XDXDM�VQ<TSmNR<?MP�NDARS��
�#CQV^NRMA#<TC-XQG�h"eBCbC-PBXDC-qdtBU?Cb<TX�qsC¯SOP)N�NRM�XDSOqsrBUTCNReBC�ARSmPB>CbMmYi<TPB<ÊNR<TSOU�V-MPH�l>@HARSmND<TMPBX
XRSmq�rBU?CQj�t)�nSmPnC^~{r�CQA#<TqsCQP)N/r�CQA�YZMADqsCQj�@BPBjBC-AFX#rvC-VQ<?�BVbVQMOPBjB<?ND<TMPHXQ�lqsMX#N�MOY NRC-PÂSmN
�H~{CQjfNDCQqsrvC-ARSmND@BADCmGi[wPfV�elSOARSmV-NRC-AD<	�Q<TPH>bNReBCFtvC-elS¯W{<?MA\MOY»V-UT@BX�NRC-ADX�SmN"C-½�@B<TU?<TtBA#<T@Bq��)<?N
<TXSmUTXDMf@HXDC-YZ@HU|NRM·<TjBC-P)NR<?Y ��UTM�V¯SmU=qs<TPB<?q�SsMOY�NDeBC4rvMmNRCQP)ND<�SOU'XD@BA�Y�SOVQC�°��Q´3GzÞ�NRA#@BV-ND@BARSOU
YZC¯S�NR@BA#CQXbMmY"NReBC-XDC�qs<TPB<?q�S�MmY NRCQP¾<TP�l@HCQPBV-C�NReHC�jH��PlSOqs<TV-Xbt�MONReÓtvC^YZMADC�SOPBj¸S�Y NRCQA
rBeBMmNRM�C^~{VQ<ÊN�SmND<TMPgG

;lMUTU?Moc�<TPB>�rBeBMONDM{C%~HV-<?NRSmNR<?MPg�|NReHCfXDMU?@HNRCfP�@BV-UTCQ<Q�B�	SOrlSmA#NzMP¸NDeBC·ADCQrH@BUÊ�
XD<ÊWC�C^~{VQ<ÊNRCQj�X#N�S�NRC�XD@BA�Y�SOVQCmG¬¼�X¬NDeBCFX#MUT@{NRC�PBC¯SOA#XxjB<?XDX#M{V-<�SmND<TMPg�)<ÊNRX CQU?CQV^NRADMOPB<TV�X#NRSmNRC-X
tB@BPHV�edNRM>C^NReBC-AQ�mUTC¯SmjB<TPB>�NRM/S�tBA#C¯SO¨�jBMoc�PzMOYBNDeBCP_�MADP{��§/rBrvC-PBeBC-<TqsCQAºrB<TV^NR@BA#COG=h"eHC
CQU?CQV^NRADMOPBX�MmYxNReHC�X#MUT@HNDC4PBMnU?MPB>C-AkADCQX#rvMOPBj®<TPHX#N�SmP�NDU?��NRM�NDeBCsq�MOND<TMPHXkMOYxNDeBC�P�@{�
VQU?CQ<��HXDMzNDelSmN"NReHC/NRAD@HCkCQUTC-V-NDADMPB<?V/c\S¯WOC�YZ@BPHV-NR<?MPfMOY»NReHC�X#MUT@{NRC/t�CQV-Mq�C-X�S4qs<Ê~�ND@BADC
MOY"NDeBC·SOjB<TSOtlSmND<TVsX#N�S�NRCQX-G}¼FP	C^~HSOV^NdNRA#C¯SmNDq�C-P�NdMOY�NReBC-XDC�Dd/2D*9�E<XH9��59<BHX]4sjH��PlSOqs<TVQX
c�M@BUTj�ADCQ½�@B<?ADCFSb½�@lSOP)NR@Bqz�wqsCQV�eBSOPB<TVQSOU2jBCQX#VQA#<TrHND<TMP�MmY tvMmNRe�NDeBCFC-UTCQV^NRA#MPBX\SmPBj�NReHC
P�@BVQU?CQ<��vtB@{N/NReB<?X�<?XFPBMmNFYZC¯SmXD<TtHUTCYZMA�X���X#NRC-q�XkV-MP)N�SO<?PB<TPH>�qsMADCNRelSmPuS�YZC-cÌS�NRMqsXQG
;lMA#ND@BPlSmNDCQUÊ��lNReBC-ADCzSmADCbX#C-WOCQARSmU|SOrBrHADM¯~{<Tq�SmNRC�q�C^NReBM�jBX�YZMA�NDADCQSmNR<?PB>�PHMPlSOjB<TSOtlSmND<TV
jH��PlSOqs<TV-X�NDelSmN"SmUTUTMocÅ@BXxNRM�ADC^N�SO<?PfS�V-U�SOX#XD<TVQSOU�jBCQX#VQAD<?rHNR<?MP�MmY NReBC�P�@HVQUTC-<3G|h"eHC/XD<?q4�
@BUTSmNR<?MPBXxA#CQr�MA#NDCQj�eBCQA#C/cxC-ADC�rvC-A#YZMA#q�C-jf@BXD<?PB>sSdXD@BA�Y�SOVQC%�weBMOrBrB<TPH>n]�ÞHÈ/a\SmrBrBADMSOV�e
NRM�jBC-XDVQA#<Tt�C�NDeBC�PBMPlSOjH<�SOtlS�NR<TVxjH��PlSOqs<TVQX-G|h"eBC�P�@HVQUTC-<2C-WMOU?WC�MP�S�X#<TPB>OUTC�SOjB<TSOtlSmND<TV
X#NRSmNRC·S�N4SnNR<?q�Cm�|tB@HNzNDeB<TXdX�N�SmNDCfV¯SOP	V�elSmPB>C�c�eBC-PÍPHMPlSOjB<TSOtlSmND<TV�VQM@BrHUT<TPH>nc�<?NDe
MONDeBCQA"X�N�SmNDCQX"M�VQVQ@HADXQG�Þ{@HA#Y�SOV-C�eHMrBrB<?PB>z<TX\jHC-NRC-ADqs<TPBC-jfX#NDM{V�elSmX#NR<?V¯SOU?U?��SOVQV-MADjH<TPB>dNDM
SOPzSmUT>MA#<?NDeBqá<TP�c�eB<TV�edNDeBC\rBA#MtlSOtH<TUT<ÊNw�kMOYlM�VQV-@Br)��<TPB>kCQSOV�e4SOjB<TSOtlSmND<TV X#NRSmNRC\<?X=><ÊWC-P
t)�·NReBC�XD½�@lSOA#CbMOY|<?NRX�SOqsrBU?<?NR@HjBCk<TP·NReBC�NRMONRSOU PBMPBSOjB<�SmtlSmNR<?VCQUTC-V-NDADMPB<?Vkc\S¯WC�YZ@BPBV^�
NR<?MPgG�_xC-V¯SO@BX#CzNReB<?X/<TXSOP}SmUTUÊ��MA���PBMONDeB<TPB>sSOrHrBADM)SmV�e8²ÇNDeBCdNRADS��#CQV^NRMA��Âqd@BX�N�SOU?cxS¯��X
t�CxMPzMPHCxXD@HA#Y�SOV-C\MA|SmPBMONReHCQAV²ìSFU�SmAD>C¬P�@Bqdt�CQA|MOYlNDARS��#C-V-NDMAD<?CQX|qd@HX#N|t�C\V-Mq�rH@HNRC-j
NRMFjBC-NDCQADqs<TPHC¬NDeBCxV-MADA#CQV-N|tBARSOPHV�eB<TPB>FrBADMtBSOtB<TU?<?ND<TCQX <?P)NRMFCQSOV�ezMOYBNDeBC\V-M@BrBU?CQjdX�N�SmNDCQXQG



�oÃ �
h"eB<?X�V�eBSOrHNRC-A�jHC-N�Sm<TUTX\NDeBCq�C^NReBM�jBX"@BX#CQj�NRMsVQMqsrB@HNDC�MOrHNR<?q�<	�QCQjf>OCQMqsC^�

NRA#<TC-XQ�=X#<TPB>OUTC^��X#NRSmNRC�µk�ÙNDARS��#C-V-NRMOAD<TC-XQ�=SOPBj¾PHMPlSOjB<TSOtlSmND<TV4jH��PlSOqs<TV-XQG�Û <T¨mC�SOPBV-<TC-P�N
�SO@BU3�¬<?Ns<?XsjH<?W�<TjBC-j¶<?P)NRMÓEyrlSmA#NRXn° ³�´3G¶h"eBC��BADX#N�rlSOA�NsrBADC-XDCQP)NDX�NReBC�VQM�MA#jB<TPlS�NRCQX
jBC^�lPB<TPH>·NDeBC4P�@BVQU?C¯SOAjBC->ADC-CQXMOY¬YZADCQC-jBMqÏSmPBjÓX#eBMoc�X�eHM�c MrHND<Tqs<
�QC-jÂ>C-Mq�C^NRA#<TCQX
SOPBjfµk� NRADS��#CQV^NRMA#<TC-X\SOA#CFVQMOq�rB@{NRCQj�<TP�NDeB<TX¬VQM�MA#jB<TPlS�NRC�X#��X#NDCQq�Gih"eBC/XDC-VQMPHjfrlSOA#N
jBC-XDVQA#<Tt�CQX=NDeBCxX#@BA#Y�SmVQC^��eBMrBrH<TPB>�q�C^NReBM�jb@BX#CQjdNDMFVQMOq�rB@{NRCxPHMPlSOjB<TSOtlSmND<TV jH��PlSOqs<TV-XQ�
q�SO¨�<TPB>kSkV-Mq�rBSOAD<?XDMPbc�<ÊNRe4MONDeBCQAiqsC-NDeBM{jHX SOPBj4SOjBjHADCQX#XD<?PB>�r�MX#XD<TtHUTC\rB<ÊNDY�SOU?UTX-Gºh"eHC
�lPlSmUgrlSOA�N"jBC-NRSO<TU?XxVQSOUTV-@BU�SmND<TMP�MOY»NReBC/YZMOADVQC-X�SOPBj·PBMPBSOjB<�SmtlSmNR<?VFV-M@BrBU?<TPB>X�ADC-½�@H<TADC-j
NRMbVQMqsrB@HNDCFNRADS��#CQV^NRMA#<TCQX\SOPBjfXD@HA#Y�SOV-C^�weHMrBrB<?PB>BGih"eBCkqsC-NDeBM{jHX\rBADC-XDC-P�NDCQj�eBCQA#CkSOr{�
rBUÊ��>OCQPBC-ARSOU?U?�·NRM·SOU?U»MOY NReBCdX#<Tqd@HU�SmND<TMPBX�rBA#CQX#CQP)NRC-jÓ<?PnNReB<?XFc�MAD¨2G�Þ{r�CQVQ<Ê�lVdjBC^N�SO<?UTX
SOt�M@HNºNReBC�UTC-PB>ONRe�MOYBNDARS��#C-V-NRMOAD<TC-X=@BX#CQjz<?PbCQ½�@B<?UT<?tBARSmND<TMP�SOPHjdrBeBMONDM{jH<TXDX#M{V-<�SmND<TMP�SOPHj
NReHC�rHADM�VQCQjH@BADC-X�YZMA\�BPBjB<TPH>sqs<TPH<Tq�SbSOA#C�rHADCQX#CQP)NRC-jÂ<TPfNDeBC�SOrBrBU?<TV¯S�NR<TMOP�V�elSOrHNDCQA#XQG
ûº� � ³ ª���%�´�%G'���ÿµ«�»þM%A®¯��ÿ��

[�N¬<TX VQMOq�qsMPzrBADSOV-ND<TVQC�<?P�µk� XD<?qd@BU�S�NR<TMOPBX'NDM�V-MPBX#NDARSO<?PsNDeBC�<TP)NRADSOqsMUTC-V^�
@BUTSOAkjBCQ>OADCQC-XbMOY�YZADC-CQjBMq c�eHCQP¾NDeBC-�ySOA#C�PHMON�VQMPBX#<TjBC-ADC-jÓW�<?NRSOU|NRM·NReBCsrBA#MrvC-A#ND<TCQX
MOY'<TP)NRC-ADC-X#N¯G h"eBCNRA#C¯SmNDq�C-P)N�MOY=qsMU?CQVQ@HUTCQX�SmX�A#<T><?j�Mt8�#C-V-NDX�<?X"@BXD@lSmUTU?�Y�#@BX#ND<?�lC-j�t�C^�
V¯Sm@BXDC NReBC YZADC-½�@BCQPBV-<TC-X'MOY{NReBC <?P�NDARSOqsMU?CQVQ@HU�SOA�W{<?tBARS�NR<TMOPBX»SOADC¬>C-PBCQADSOUTUÊ�/qd@BV�e�eB<?>eBCQA
NReBSOPnNReHCbYZADC-½�@HCQPBV-<TCQX/YZMOAF<TP)NDCQADqsMU?CQVQ@HU�SOA�q�MmNR<TMOPBXQG�h"eBCdYZMA#VQCQX�NRelSmN/SOV-N/tvC^NwcxC-CQP
qsMUTC-VQ@BU?CQX�SOADC�NRe�@BX"S¯WC-ARSO>OCQjfMoWC-AxNReBC-XDC/<?P)NRCQA#PlSOU2W�<TtBADSmNR<?MPBX�SOPBjfSOA#CF@BX#@lSOU?U?�4cxC-UTU
SOrBrHADM¯~{<Tq�SmNRC-j�t)���{~H<?PB>sC¯SOV�e�q�MOUTCQV-@BUTC/SmN�<?NDX�C-½�@B<TU?<TtBA#<T@Bq >C-Mq�C^NRA��G¬¦xMPBX�NRADSO<TP{�
<TPH>zq�MU?CQV-@BUTC-XxNRM4t�CkAD<T>O<TjfelSOX\NDeBCVQMqsrB@HNRSmNR<?MPlSOUvSOjHWmSOP)NRSO>C/NReBSmN�Szqd@BV�e�U�SOA#>CQA
NR<?q�CzX�NRC-r¾V¯SmPÓt�C�@HXDCQjÓ<TP}<TP)NDCQ>ADSmNR<?PB>fNReBC4CQ½�@lS�NR<TMOPBX�MmYxqsMONR<?MPuXD<?PBVQC4NReHC�ADSOrB<Tj
W�<TtBADSmNR<?MPlSOU�MX#VQ<TU?U�SmND<TMPHX'elS¯WOC�t�CQC-PsA#CQqsMoWCQj�G¬§kPzNDeBC"MONReHCQA elSOPBj��NReBC-ADC�SOADC"q�SOP)�
V¯SmXDCQX�c�eBCQP}<?N�<TX�PBMONFjBCQX#<TARSmtBUTCNRM�V-MPBX�NRARSm<TPnNDeBCb<?P�NDCQA#PlSOUºjBCQ>A#CQC-XkMOYiYZADC-CQjBMq�GF[�N



��¯Ã
<TX¬Mt)W�<TM@HX¬NDelSmN�<TP�qsM�jBCQU?<TPB>krBeHMONRM�jB<TX#XDM�VQ<TSmNR<?MPzNReBC�XDMU?@HNRC�tvMOPBj�qd@HX#N�tvC�SOUTU?MocxC-j
NRM�tBA#C¯SO¨2G�[�N�<?X�SmUTXDM·r�MXDX#<TtBU?CdNRelS�N¯�»c�eBCQP¾S�UTSOAD>C4Smq�M@HP�N�MOY�CQPHCQAD>m�}<TXrB@HN�<TP)NRM
SÂVQU?@BX#NDCQAdMOP	SÂXDeBMA�NzNR<?q�CsXDVQSOUTC�NDeBADMO@B>e	rBeBMONDM{C%~{VQ<?NRSmNR<?MPg�'XDMqsC�MOY�NReHCfCQPBC-AD>O�
c�<TU?Uv>OMdNRMdC%~HV-<?NDCk<TP)NRC-ADPlSOU�W�<TtBADSmNR<?MPBXxMmYºNDeBCkXDMOU?WC-P)N�q�MU?CQV-@BUTC-XQG|¼�UTqsMX#NxSOUTUvMOY NReHC
XD<?qd@BUTSmNR<?MPBX=r�CQA�YZMADqsCQj4<?P4NDeB<TXic�MAD¨belS¯WC�@BXDC-j�Sc�lC^~{<TtHUTC"XDMOUT@HNDC�SOPBjsAD<T>O<TjzXDMOU?WC-P)N
qsMUTC-VQ@BU?CQXQ�gSOPBjuNReBC4>M�M�j}SO>ADC-CQqsCQP)NMOY¬NReBCzA#CQX#@BU?NDXc�<ÊNRe}C^~{r�CQA#<TqsCQP)NXDeBMocÑNRelSmN
NReH<TX<TX�S�A#C¯SOX#MPlSOtHUTCsSOrBrBA#M¯~H<?q�S�NR<TMOPy<?PÓq�SOP)�uVQSOXDC-XQGf[wPÓNDeBC4YZ@HNR@BA#CO�'eBMocxC^WCQA-�i<?N
c�<TU?U=t�C4<TqsrvMA�N�SOP)N�NRM·X#ND@BjH�uNReHCzC-�vCQV-NDX�MmYxA#CQU�S�~H<?PB>�NReHCs<?P)NRCQA#PlSOU|qsMU?CQVQ@HU�SOA�VQMP{�
X#NDARSO<?P)NRXbNDMÂjBC-NDCQA#q�<?PBC�c�elSmNdADMU?C�<TP)NDARSOqsMUTC-VQ@BUTSOAkW�<TtBADSmNR<?MPBXbrHU�S¯�y<TP®jB<?XDX#<TrlSmND<TPB>
t�MONRe·C^~{V-CQXDX�W�<TtBADSmNR<?MPlSOU�SOPBj�CQUTC-V-NDADMPB<?VkCQPBC-AD>O��jB@BCNRM4rBeBMONDM{C%~{VQ<?NRSmNR<?MPgG

h\c�M¾rBA#M{V-CQjB@BA#CQX�SOADC·<?PÍV-Mqsq�MP	@BX#C�YZMOAsµk�ÒMOY�AD<?><Tj¸qsMU?CQVQ@HUTCQX-G¸[wP
NReHCd�lADX�N¯� C¯SmV�eÓqsMUTC-VQ@BU?Cb<?X/XDr�CQV-<?�lC-jyt)�u<ÊNRX/V-CQP)NRC-AkMOY�q�SOX#X/r�MXD<ÊNR<TMOPuSOPBju<ÊNRX/MA#<Ê�
CQP)NRSmNR<?MPg��SOXFjHC-�lPBC-jut)��NDeBADC-Cdªi@BU?CQA�SOPB>U?CQXb° Em´�G�_xCQVQSO@BX#CbNReBC�ªi@BUTC-AFC-½�@BSmNR<?MPBX�MOY
qsMONR<?MPnV-MP)N�SO<?P}S�XD<?PB>@BUTSOAD<ÊNw��NDelSmNkq�SO¨mCQX/P�@BqsCQA#<TV¯SmU=<TP)NDCQ>ADSmNR<?MPnjB<:�sVQ@BUÊN¯�vNDeBCQX#C
SOPB>OUTCQX�SOADCnADC^��C^~{rBA#CQXDX#CQj SOX�S®X#C-NfMmY½�@BSmNRC-ADPB<?MPBX}°²EH�¬±O´3�"c�eB<?V�eÇ><?WOCQX�A#<TX#C�NRM®S
XD<?PB>@BUTSOAD<ÊNw�)��YZADC-CkXDC^N/MOYiC-½�@lSmNR<?MPBXd° EH� Á ´�G"[wPnNDeBC�X#CQV-MPBjuqsC-NReHM{jg�2A#C-YZCQA#ADC-jnNRM�eBCQA#C
SOXiNReHC"q�C^NReBM�j4MOY�V-MPBX�NRARSm<TP)NRX-��NDeBC�q�MOUTCQV-@BU�SmA=>C-Mq�C^NRA��d<TXiX#rvC-VQ<Ê�lCQj�t��bNReBC�¦\SOA�NRC^�
XD<TSOPyVQM�MADjB<?PlSmNDCQXMOY�S·VQMA#C�>OADM@BrÓMOY"S�NRMqsX�° � �ºÀ�´3Gfª SOV�e¾q�MU?CQV-@BUTCz<?X�eHCQUTjÓAD<?><Tj
t)�ÓNDeBCfSOrHrBUT<?V¯SmND<TMPyMOY�VQMOPBX#NDARSO<?P�NDX�NDelSmNdeHMUTj¾�{~HC-j¸WOSmAD<TMO@BX�t�MPBj¾jB<TX�N�SOPBV-CQX4SOPHj
jB<?eBCQjBADSOUiSOPH>UTC-X4° E{�»À�´�Gdh"eBC4q�C^NReBM�juMOY¬VQMOPBX#NDARSO<?P�NDX<TX/@BX#CQjyeBCQA#C4tvC-V¯SO@BX#C�<ÊN/VQSOP
NRA#C¯SmN4A#<T><?jg���lC%~{<TtBU?CO��SOPBj	XDC-q�<ü�!�lC%~H<?tBUTC�q�MOUTCQV-@BUTC-XzSOU?UxMP¸NReHCfXRSOqsC�YZM{MmNR<TPH>B�ijBC^�
r�CQPBjB<?PB>zMPfc�eB<?V�e�V-MPBX�NRARSm<TP)NRX�SOA#CSOrBrBU?<TC-jgG|h"eBCP�@Bqdt�CQA"MOYºV-MADCSmNDMqsX\jBCQr�CQPHjBX
MP¸NReHCfq�MU?CQV-@BU�SOA�>C-Mq�C^NRA��vK�NwcxM}VQMOADC·SmNDMq�XbXDr�CQVQ<ÊY �¸SÂU?<TPBCQSOAdqsMUTC-VQ@BU?CO�=NDeBADC-C
S�rHU�SOPlSmA�qsMU?CQVQ@HUTCO�'SOPBj®S�q�S�~{<Tqd@Bq¿MOY\YZM@BA�SOA#C�PBC-CQjBC-j®YZMA�SOP¸SOA#tB<?NDARSOA��uPBMP{�
rBUTSOPlSOAiqsMUTC-VQ@BU?COG=¦xMPBX�NRARSm<TPB<?PB>�SOUTUBMmY�NReHC�V-MADC�SmNDMq jB<?X#NRSOPBVQC-X¬�{~HC-X�NDeBC�q�MU?CQV-@BUTC
SOX AD<?><Tj��)tB@HN¬<TPBjH<?W�<TjB@BSOUBVQMOPBX#NDARSO<?P�NDX�q�S¯�zt�C�C-UT<?q�<?PlSmNRC-j4SOPBjsADC-rBU�SOV-CQj�t��4<?P)NRCQA#PlSOU



��O�
r�MONRC-P�ND<�SOU?X/NRM�><?WOCzNReBC4qsMUTC-VQ@BU?CT�lC^~{<TtH<TUT<ÊNw�G4h"eBC�SOjHWmSOP)N�Sm>C4MOYxNDeB<TX�SOrBrHADM)SOV�ey<TX
NReBSmN<TP)NRA#M{jH@BVQ<?PB>n�lC%~H<?tB<TU?<?Nw��jBM�CQXPBMON/ADCQ½�@B<?ADCzYZ@BPBjBSOq�C-P)N�SOU?U?��SOU?NDCQA#<TPB>�NDeBCzCQ½�@lS��
NR<?MPBX�MOYiqsMONR<?MPg��SOPBju<ÊNF<?XFC¯SmX#��NRM�V-ADC¯S�NRCzS�V-MqsrB@HNRC-AF<?q�rBU?CQqsCQP)N�S�NR<TMOP�<?P�c�eB<?V�e
NReHC\q�MOUTCQV-@BU�SmA'qsM{jHCQU�V¯SOP4t�C\V�elSOPB>OCQj4XD<?q�rBUÊ�kNReBA#M@B>ez<?PBrB@HN|rlSOARSmq�C^NRCQA#XQG|Þ{CQV^NR<TMOP
±BGÊ�GÊ�bjBC-XDVQA#<Tt�CQX/<?PnqsMADC�jBC^N�SO<?U»NDeBCbqsMU?CQVQ@HU�SOA�VQM�MA#jB<TPlS�NRC�X#��X#NDCQqÖ<TP�NDeBCbqsC-NDeBM�j
MOY�VQMPBX�NRADSO<TP)NRX-�{c�eB<?UTC�Þ{C-V-NR<?MPBX¬±BGÊ�G ³SOPBj�±BGÊ�GÝE�rBADC-XDC-P�N�NReBC�CQ½�@lSmND<TMPHX¬NDelSmN�>MoWCQA#P
>C-Mq�C^NRA���MrHND<Tqs<
�QSmNR<?MP�SOPHjÂµk�í<TP)NDCQ>ADSmNR<?MPf<TPfNReH<TX"VQM�MA#jB<TPlS�NRCkX#��X�NRCQq�G
ûº� � � � °Øý*� � ÿ����H% " ¢�ýgý " ª���þ�%' � © M��' � ®

h"eBCsjBCQX#VQA#<TrHND<TMPyMOY\V-M{MOADjB<?PlSmNRC-Xk@BXDC-j¾eBC-ADCs<TXtlSOX#CQjÓMPyNDeBCsq�C^NReBM�j}MOY
VQMOPBX#NDARSO<?P�NDXdjBC^WCQU?Mr�CQjÍt��¸¦x<TV-VQMON#NR<3�|;2C-ADADSOAD<?MB�iSOPBj¶�"��V�¨�SOCQA�N�° � �|À�´�� c�eH<TV�e¸tB@B<?U?N
MP¶C¯SOA#UT<TC-AdcxMOAD¨	<TP)WMOU?W�<TPB>}V-MPBX#NDARSO<?P)N�jH��PlSmq�<?VQXn° IH� � ´3G h"eHC-�¶@BXDC-jÅNReBCn¦\SOA�NRC^�
XD<TSOPuVQM�MA#jB<TPlS�NRCQXFMOY�S·qs<TPH<Tq�SOU VQMA#CzMOY�SmNRMOq�XFNDM·jBC-�lPHCzAD<T>O<TjÂX#@BtB@BPB<ÊNRX/c�<ÊNReB<?P}S
qsMUTC-VQ@BU?CO�)SOPHj�X#eBMocxC-j�NReBSmN�SOPsSOADtB<ÊNRADSOA#�bq�MU?CQV-@BUTCxc�<ÊNRe4XDMOq�C"jBC->ADC-CQX¬MOY�YZADCQC-jBMq
eBC-UTj}�H~{CQj¸SOPHj¾MONDeBCQA#XbSOU?UTMoc�CQj}NRM�WmSOA��uVQMO@BUTjÓtvCsjBCQX#VQA#<Tt�CQj¾@HXD<TPH>�V-MqdtB<?PlSmNR<?MPBX
MOY A#<T><?jnXD@HtB@BPB<ÊNRXkSOPHjueBMUTMOPBMqs<TVVQMPHX#NRADSO<TP)NDX4°²±m´3Gkh"eBC^�uSOU?XDM�jBC-WOCQUTMOrvC-jyC7�sVQ<TC-P)N
qsC-NReHM{jBX�YZMA"XDMUÊW�<TPB>bNDeBCkCQ½�@lS�NR<TMOPBX"MOYºq�MmNR<TMOP�<TP�NDeB<TX\V-M{MOADjB<?PlSmNRC�X#��X#NDCQqÎX#@Bt8�#CQV^N
NRM�NReBC�VQMPBX�NRADSO<TP)NRX-�HX#eBMoc�<TPB>bNDelSmN�YZMAxS�AD<T>O<Tjsq�MU?CQV-@BUTC"NReHC/q�C^NReBM�j�MmY VQMPHX#NRADSO<TP)NDX
<TX·SmtvM@{N�SOX·C��sVQ<?CQP)NÂSmX�@HXD<TPH>	NDeBC}AD<?><TjÇt�M{j{� CQ½�@lS�NR<TMOPBX·MOYbqsMOND<TMPÌ° � ´�G h"eHC
qsMX#N C%~Hr�CQPHXD<?WOC�rBSOA#N MOYvqsMX#NiqsMU?CQVQ@HU�SOA'q�M�jBCQU?X|<TX|NDeBC�C-WmSOU?@lSmNR<?MPdMOYvCQPHCQAD>O<TCQX¬SOPHj
YZMA#VQCQXd]�rlSmA#NR<?VQ@BUTSOADUÊ��c�eBC-PnNReHCQADCbSOADC�PBMP���SOjBjH<?NR<ÊWCVQMOP�NDAD<?tB@HNR<?MPBX-�vSmX�NDeBCQA#CdSOA#Cb<TP
M@BA�q�M�jBC-U a^��SOPHj�MoWCQA#eBC¯Smj�SmXDXDM�VQ<TSmNRC-j�c�<?NDe�<?P�NDCQ>ADSmNR<?PB>�NDeBC/SmjBjB<?ND<TMPBSOU2CQ½�@lSmND<TMPBX
MOY'q�MmNR<TMOPfMA�SOrBrBUÊ��<TPB>4VQMOPBX#NDARSO<?P�NDX�<TX"@BX#@lSOUTUÊ��X#q�SOU?U3G=ÚìeBSmN�<TX"qsMX#N�<?q�r�MA#NRSOP)N"<TX
rB<?V�¨�<?PB>·SOPu<?P�NDCQ>ADSmNR<?MPnqsC-NDeBM�jÂNRelSmNF�{<?CQU?jBXkSOV-VQCQr{N�SOtBU?CzSOV-VQ@BADSOV-��YZMAkS�q�S�~{<Tq�SOU
X#NDCQr}XD<	�QCm� XDMfNRelS�N/NReBCzP�@BqbtvC-AkMOY YZMADV-CdC-WmSOU?@lSmNR<?MPBX�V¯SOP}t�CzUT<Tqs<?NDCQjgGFh"eBCdâ CQA#UTC-N
SOU?>MAD<ÊNReBq¿°��oÃm´»SOPHj�<ÊNRX"jBC-XDVQC-PBjlSOP)N/NDeBCkWC-UTM�VQ<?Nw��â CQA#UTC-N�SOU?>MA#<?NReHq °���Q´��Hc�eB<?V�e�c�C



��o³
elS¯WC�@BX#CQjg�2rBA#M�W�<?jBC�SOP·MrHNR<?q�SmU�tlSOUTSOPBV-CktvC^NwcxC-CQPÂC7��V-<TC-PBV-��SOPHj�SmVQVQ@HARSOV^�Ó° Em´�G

h"eBC}qsC-NReHM{jìMOY�VQMPHX#NRADSO<TP)NDX�X#rvC-VQ<Ê�lCQX·NReBA#CQC}XD<ÊNRCuVQSmNRC->MAD<?CQX-K¸rBAD<?q�SOA��
SmNDMq��=XDCQV-MPBjlSmA#�	SmNDMq��iSOPBj®YZMA#VQCfV-CQP)NRC-AQGyh"eBCfrBAD<?q�SmA#�ÓSmNRMOq�XzSmADC�NDeBC·SmNRMOq�X
@BX#CQj¸NRMujBC^�lPBC·C¯SmV�eÍX#@BtB@BPH<?N¯�¬SOPHj	NDeBCQ<?AdVQM�MA#jB<TPlS�NRCQXbSOADCf@HXDCQj¸NDMu<TP)NRC->ARSmNDC�NReHC
CQ½�@lS�NR<TMOPBX/MOY¬qsMONR<?MPgGF¼�UTU»YZMADV-CQXSOPHjÂNRMA#½�@HCQXk<TP�NReBCzX��{X�NRC-q¿qd@BX�NtvCbVQMP)WC-A#NDCQj
NRMYZMA#VQCQX¬MP4NReBC�rBA#<Tq�SOA#�dSmNRMOq�X-G Þ{CQV-MPBjlSmA#�sSmNDMq�X SmPBj�YZMA#VQC�VQC-P)NRCQA#X\SOA#C�jBC-�lPHCQj
c�<?NDe}ADCQX#rvC-V-N�NRMfNReHCsrHAD<Tq�SOA��uSmNDMq�XF<TPuNReBC4X#@BtB@BPB<ÊNNRMfc�eB<TV�e}NReHC-�}t�CQUTMOPB>·t��uS
XD<?q�rHUTC/U?<TPBCQSOA\ADC-U�SmND<TMP��

"�·dÕ É7¸¹ º » ��¼ ·
º � º ½ ]�±HG?��a

c�eBC-ADCP"�·/><ÊWC-X=NReBC�rvMOXD<?ND<TMP�MOYBNDeBC\XD<ÊNRCQ¾��ONDeBC~� º SOA#C�NReHCxr�MXD<ÊNR<TMOPBX'MmYlNReBC�rBAD<?q�SOA��
SmNDMq�X�<TP�NReBC�XD@BtH@BPB<?NQ�gSOPHjk¿Àz<?X�NDeBCdP�@Bqdt�CQA�MOYirBA#<Tq�SOA#�fSmNRMqsX�<TP�NDeBCbX#@BtB@BPH<?N¯G
¼FX�SOP�C^~HSOqsrBU?CO�B<?UTUT@HX#NRADSmNRC-jf<TP�;=<?>BGB±BGÊ��Hc�C�VQSOP�jBC-�lPHC�U?<TPBCQSOA�¦"§ _ t)��NRSO¨�<TPB>zNReHC§ SmNDMqsX�SmX¬rHAD<Tq�SOA��zSmNDMq�X¬SOPHj�jBC^�lPB<TPH>�NDeBC�r�MX#<?NR<?MPzMOYvNReBC�V¯SOA#tvMOP�SmNDMqpSOXiNReHC
qs<TjBr�M<TP)NxMOY'NDeBC�§��H§ÌX#CQrlSOADSmNR<?MPg�

"2Á�Õ �³ �CÂ�ÃdÄ �³ �CÂÅ-æ ]�±HG ³a
��X#<TPB>�NDeBC4V�elSO<?PuAD@BU?CO� <?N/<TX/CQSOXD<?U?��XDCQC-PyNDelSmNkNDeBCdYZMADV-CzMPuNReBC4X#CQVQMOPBjlSOA��uV¯SOA#tvMOP
XD<ÊNRCm���ZÁfVQADCQSmNRC-X¬SOPsSOjBjB<ÊNR<TMOPlSOU�YZMADV-C�MmY �_ �!Á�MP4CQSOV�e�MmY�NDeBC"rBA#<Tq�SOA#��M¯~{��>C-P�S�NRMqsXQGh"eBCkYZMA#VQCQX�MP·XDC-VQMPHjlSOA#�·X#<?NDCQX�SOADCkNDARSOPBX�YZCQA#ADCQj·NRMzNDeBCrBAD<?q�SOA���X#<?NRC-X"t)�

Æ.Çº Õ ¹ · ¼ ·
º �!·læ ]�±HGÝE)a

[wP·NReBC�CQ½�@lSmND<TMPHX�MmY|qsMONR<?MP�YZMA"NReBC�X#��X�NRCQq��lNReBC�q�SOXDX#CQX�MOY'NDeBC�XDCQV-MPBjlSmA#��SmNRMOq�X
SOU?XDM�V-MP)NRAD<?tB@HNDCd<TPBC-A#ND<�SOU YZMA#VQCQX-��c�eB<?V�e}SOADCdjH<TXDV-@BXDX#CQj}<TPuÞ{CQVmGg±BGÊ�GÝE{G/h"eB<TXF<TPBC-A#NR<TSOU



��¯E

. .O. C. O.

primary atoms

secondary atom

force centers

Ro-o = 3.32 Å

;'<T>@BA#C/±BGÊ�K���<T><?j�¦"§ _ qsM{jBC-Ug@BX#<TPB>4qsC-NReHM{j·MOY'VQMPHX#NRADSO<TP)NDXQG
YZMA#VQCb<?X�NDeBCdMPHU?�fY�SOV^NRMA�NRelSmN�jB<?X#NR<?PB>@B<?XDeBC-X�NDeBCbX#CQVQMOPBjlSOA��ÂSmNDMqsX�YZADMOqËNReBCbYZMOADVQC
VQC-P)NRCQA#XQG

h"eBC"V-Mq�rHUTC-NDCxqsM{jHCQU�YZMA=A#<T><?jz¦"§ _ elSOX=NDeBCxNwc�M�rHAD<Tq�SOA��Mo~���>C-P�S�NRMqsXQ�S�X#CQV-MPBjlSOA��nVQSOADt�MPuS�NRMq¹SmN�NReHCbt�MPBjÂqs<TjBr�M<?P�NQ�2SOPBjuSstvMOPBjÂVQMOPBX#NDARSO<?P�N��H~{<TPH>
NReHCb§��H§íjB<TX�N�SOPHVQC�SmNyÈlÂ ¤ Â=�

É Â ¤ ÂÂÕ}Ê �CÂ Ã�Ë ��Â Ã Ê _ Ë È _Â ¤ Â Õ Ã{æ ]�±HGJ±�a
;=<ÊWC�SOjBjB<ÊNR<TMOPlSOU\YZMA#VQCnV-CQP)NRC-ADX�YZMOAsNDeBCnr�M<TP)N�V�elSOA#>CQX�SOPBj MPHCÂSOjBjH<?NR<?MPlSOU\YZMOADVQC
VQC-P)NRCQA|YZMOA=NReBCxrvMUTSOAD<	�¯SOtH<TUT<ÊNw�kSOU?MPB>�c�<?NRedNDeBC\rlSm<TA#c�<?XDCxÛ»C-PBPlSOA#j{��ÜOMOPBCQXi<?P�NDCQADSOV-ND<TMPBX
SOX#XDM�VQ<�S�NRCQj c�<ÊNReÅNDeBC}SmNDMq�<?V�X#<?NDCQX�V-Mq�rHUTC-NDCnNReHCÂrvMmNRCQP)ND<�SOU�q�M�jBC-UFjBC-XDVQA#<Tt�CQjì<TP
¦xelSOr{NRCQA|EHG�_�CQV¯Sm@BXDC\NDeBCxr�MU�SmAD<
�QSOtB<?UT<?Nw��MOYv¦"§ _ <?X|SOPB<?XDMONDADMrH<TVO��NReHC\rvMOU�SOA#<
�¯SmtBUTCiX#<?NRCC^~{C-A#NRX�S�NDMAD½�@BCzMPÂNDeBCzqsMUTC-VQ@BU?CO�vc�eH<TV�e}<TX/A#CQX#MU?WOCQj}<TP)NRM�YZMOADVQC-XkMPÂNReHCzrBAD<?q�SOA��
SmNDMq�X"@HXD<TPH>sNDeBCjBCQA#<?WmSmNR<ÊWC-X�MmY'NDeBC�qsMU?CQVQ@HU�SOAxS�~{CQX�c�<?NRe�ADC-XDr�CQV^N�NDMsNDeBCrBAD<?q�SOA��
SmNDMq¿r�MXD<ÊNR<?MPBXQGbµ�C^NReBM�jBXkYZMA/A#CQXDMOU?W�<TPB>�NDeBCQX#CzNRMA#½�@HCQX�SOPBjuYZMA/jBC^NRC-ADqs<TPB<?PB>�NReHC
YZMA#VQCQX·jB@HCyNDMÍqb@BU?ND<Tr�MUTC�XD<?NDCQX·MOYbSOADtH<?NRADSOA#�ÅMADjHCQA�SOADC}jB<?XDV-@BXDX#CQj <?P Þ{CQVmG�±HGÝEHG ±BG
h"eBC/A#CQ½�@B<?ADCQjfjHCQAD<ÊWmSmNR<ÊWCQX\SOADC�X#NRADSO<T>Oe�N#YZMA#cxSOA#j�YZMA\S�UT<TPHC¯SOA¬q�MOUTCQV-@BUTCm��tB@HN"t�CQV-Mq�C
VQ@HqdtvC-ADX#Mq�C�C-WOCQPzYZMA=PHMPBUT<?PBC¯SmAºNDAD<�S�NRMqs<TV-XQG»;lMA=A#<T><?j�PHMP{�wrHU�SOPlSmA'qsMUTC-VQ@BU?CQX»c�<?NDe
qd@BUÊNR<?rvMU?CQXiMOYgjB<Tr�MUTC�SOPHj�eB<T>OeBCQA�MADjBC-AQ��<?N�<TX¬rBADMOtlSOtBUÊ�4XD<TqsrBU?CQAiNRMd@HXDC�NDeBCFNDMAD½�@BC-X
<TP�NReBCdA#<T><?jnt�M{j{�nC-½�@BSmNR<?MPBXkMOY qsMONR<?MPnADSmNReHCQAFNDelSOPÂNReHCdq�C^NReBM�juMOY V-MPBX#NDARSO<?P)NRXQG
h"eBCySOjHWmSOP)NRSO>CÂMOYNDeBC}VQMPBX�NRADSO<TP)NfqsC-NDeBM{jÇV-MqsCQX�c�eBC-P MPHCuMA�qsMADCÂ<?P)NRCQA#PlSOU



��Q±
jBC->ADC-CQX·MOYYZADC-CQjBMq <TXn�BC^~{<TtBU?COGÑ;=UTC%~{<TtBU?CÂ¦"§ _ ��YZMA�C^~HSOqsrBU?CO��V¯SOPìt�Cuq�M�jBC-UTCQj
@BX#<TPB>�NReBA#CQC�rHAD<Tq�SOA��}SmNRMOq�Xc�<?NDeÓNReHC�Nwc�M}¦��H§Ùt�MPBjBX�eBCQU?jÓ�H~{CQj��iUTC¯S¯W�<TPH>�MPHU?�
NReHCÂUTMoc�CQX#NfYZA#CQ½�@BC-PBV-�ÇqsM�jBCO�\NDeBCÂt�CQPBjg��SOV^NR<?WOCOGíh"eBCuV�elSmAD>C-XfADCQq�SO<?P¶�H~{CQj SmN
VQMOPBX#NRSOP)N/r�M<TP)NRX�SOU?MPB>4NReBCb¦��H§ t�MPBjBXFSOX�NDeBC�qsMU?CQVQ@HUTCtvC-PBjBX-��VQA#C¯SmND<TPB>�S�X#q�SmUTU
jB<?rvMU?C\YZMA¬XDUT<?>e)NRUÊ�dt�CQP)N\V-MPH�l>@HARSmND<TMPBX-G�_\SmXDCQj�MP�NDeBC�c�MA#¨sMmY ¼FA#PBMUTjsC-NxSOU�G�°ü��³�´3�
NReH<TXºjB<Tr�MUTC q�S¯�tvC�SOPd<?q�r�MA#NRSOP)N»VQMqsr�MPBCQP)N=MOYBNReHC�elSmUTM>C-Pb<?MP8�H¦"§ _ <?P)NRCQADSOV-ND<TMPYZMA NReBCFhx�wXDeBSOrvC-jfVQMP{�l>@BADSmNR<?MPg��SOU?NDeBM@B>Oe�c�C/elS¯WCkPBMmN��OC-N\NDCQX#NDCQjfNReH<TX¬@BXD<?PB>dM@BA
qsM{jBC-U3G

h"eBC/qsM�jBCQUlYZMA NReBC�jB<�S�NRMqs<TV�XDMOUT@HNDC�V-MPBXD<?X#NDX\MOYgNwc�MdrBA#<Tq�SOA#�sSmNDMqsXxSOPHj
±	YZMADV-CyV-CQP)NRC-ADX·YZMAfNReBC}qd@HU?NR<?rvMOUTCQX�UTM�V¯SmNDCQjìMPÇNReBCyP�@BVQU?CQ<SOPHj SmN�C-½�@H<TjB<?X#N�SmP�N
r�M<TP)NRX�SOU?MPB>}NReBC�tvMPHjgGìh"eBCn<?P�NDCQA#PlSOU�rvMmNRCQP)ND<�SOU�MOY/NDeBCnqsMU?CQVQ@HUTC·<TXstB@B<?U?Ns<TP)NRM
NReHCzC-�vCQV-ND<?WOC�È�SOq�<?U?NDMPB<�SmP�jBC-XDV-AD<Tt�CQjy<TPy¦xeBSOrHNRC-ADXb³�SOPBjÓEHGb¼�X<TPÂNReHCsqsM�jBCQU'MOY
¦"§ _ �NReBC�rBA#<Tq�SOA#�bSmNRMOq�<?V\XD<ÊNRCQX¬SOA#C�SOUTX#M�SmXDXDM�VQ<TSmNRC-jzc�<?NResrlSO<?A#c�<?XDC�Û CQPBPBSOADj{��ÜOMPBC-Xr�MONRC-P�ND<�SOU?X�NDelSmNbjBCQX#VQAD<?tvC�NReBC�XDeBMA�N#��ARSOPB>OC�<TP)NDCQARSmV-NR<?MPBX�c�<?NReÓNReBC�XDMUÊWCQP)N4S�NRMqsXQG
h"eBCqsM{jBC-U�YZMA�SOA#>MP·VQMPHXD<TX�NRX�XD<?q�rHU?��MOY|S4XD<?PB>U?C/rBAD<?q�SmA#��SmNRMqêc�<?NRe�SOX#XDM�VQ<TSmNRC-j
Û CQPBPBSOADj{��ÜOMPBC-X�r�MONDCQP)NR<TSOUTX�SOPHjnSdYZMA#VQCVQC-P�NDCQA"YZMA"NReHC�r�MUTSOAD<	�¯SOtB<?UT<ÊNw�G
ûº� � �?¡ Ì � ý*® � ' " Ç£F&M'���®Í�HÎ�%'l��ý�þ

Û M{VQSOU�q�<?PB<Tq�SkMOY»rvMmNRCQP)ND<�SOU2CQPHCQAD>m��X#@BA#Y�SOV-CQX"<?P�VQU?@BX#NDCQA#X\MOY NRC-P�ADC^WCQSOUg<Tqz�
r�MA#NRSOP)N�X�NRA#@BV-ND@BARSOU�V�elSOADSOV-NDCQA#<TX#ND<TV-XsNDelSmN�Sm�vCQV-N�t�MONReÍX#NRSmNR<?V�SmPBjÅjH��PlSmq�<?V�rHADMr{�
CQA�NR<?CQXn°ü�Q´�G¶ÚÓC·�lPBjÅqs<TPH<Tqd@Bq CQPHCQAD>m�¶X�NRA#@BV-ND@BADC-X�@BX#<TPB>yX#NRSOPBjlSOA#jÅMr{NR<Tqs<
�QSmNR<?MP
NRC-V�eBPB<?½�@HCQXSO@B>Oq�C-P�NDCQjÂt)�·NReHCdq�C^NReBM�jnMmYiVQMPHX#NRADSO<TP)NDXQGFh"eHCbMrHND<Tqs<
�QSmNR<?MP·q�C^NRe{�
M�jBX·jBCQX#VQAD<?tvC-j eBC-ADCySOA#CytBSOXDC-j MPìNReBCyrBA#M2�#CQV^NR<TMOP MOrvC-ARSmNDMA·q�C^NReBM�jìjBCQX#VQAD<?tvC-j
t)�ÇÛ @g��©�elSOMH��SmPBjÇh'A#@BeBUTSOAu°��oEm´�Gíh"eBCQX#CÂcxMA#¨OC-ADX·VQMqbtB<TPBC-jÇrBADM��#CQV-ND<TMPÇMOrvC-ARS��
NRMOADXxc�<ÊNRe�½�@lSOX#<Ê�wè�C-c"NDMPfMrHND<Tqs<
�QSmNR<?MP�SmUT>MA#<?NDeBq�X�°��¯±O´��{c�eB<?UTC�cxCkelS¯WOCk@BXDC-j�t�MONDe
½�@lSOX#<Ê��è�C-c"NDMPnSmPBj�V-MP2�#@B>SmNRCk>ADSOjB<?CQP)N"NRC-V�eBPB<T½�@BC-Xz°��¯±O´gNDMz�lPBj�q�<?PB<Tq�SHG



�� Á
h\c�M¾YZC¯SmND@BADC-X�qb@BX#N�tvC�SOjBjHCQj¶NDMÓqs<TPH<Tqs<
�¯S�NR<TMOP®SOU?>MAD<ÊNReBqsXbNDMÓC-PBXD@BA#C

NReBSmN\NReHC�V-MPBX�NRARSm<TP)NRX�SOA#C/Mt�C-�OCQj�SOPBjfNRelS�N"NReBCkC7��V-<TC-PBV-�fMmYºNDeBCq�C^NReBM�jf<TXxq�SO<?P{�
N�Sm<TPBC-jgGf;=<?ADX#NQ�ºNDeBC�V-MPBX�NRARSm<TP)NRX�qd@BX�Ndt�C�rBA#M2�#CQV^NRC-j®M@HN�MOY\NDeBC�>OARSOjB<?CQP)N�MA�YZMOADVQC
WC-V-NDMAQ�|X#M�NDelSmN�<TPH�lPH<?NRC-XD<?q�SOU=jB<TX#rBU�SOV-CQqsCQP)NRX�SOU?MPB>·NReBC�VQMPBX�NRADSO<TPBC-j¾>ADSOjB<?CQP)NbjHM
PBMON¬W�<TMUTSmNRC\NDeBC�VQMPBX�NRADSO<TP)NRX-Gi¼FU?UlMOY�NDeBCFqsMUTC-VQ@BUTSOA|V-MPBX#NDARSO<?P)NRX�SOADC�eBMU?MPBMqs<TV�SOPHj
V¯SmP�t�Ckc�AD<?N#NRC-P�<?PfNReBCkYZMA#q

É À�]H�·aiÕ Ã ½ ]�±HG Á a
c�eBC-ADC>�Ë<?X\S�WOCQV^NRMA\V-MP)N�SO<?PB<TPH>�NReHC/rvMOXD<?ND<TMPHX¬MmYºSOUTU2MOY NDeBC/rBA#<Tq�SOA#�4S�NRMqsXx<?P�NReHC
qsMUTC-VQ@BU?COG|h"eBCV-MPBX#NDARSO<?P)N�jH<TADC-V-ND<TMPBX-��ÏÐ À)�lSOA#C><?WOCQP�t��

ÏÐ ÀFÕÒÑFÓ É À�]H�·a#�>Ê ÑFÓ É À�]H�·alÊ�æ ]�±HG � a
h"eBCrBA#M2�#CQV^NR<TMOP�Mr�CQADSmNRMOA"<TX\NReHCQP�jBC-�lPHCQjnt)�

Ô ]H�·a¦Õ ¹ À ÏÐ À~Ö ÏÐ À ½ ]�±HG Àa
c�eBC-ADC(ÖÒjBC-PBMONDCQX4SOP¸M@{NRCQAbrBADM�jB@BV^N¯��] % Ö ´ a ºØ× ÕÚÙ º�ÛV× Guh"eBCfV-MPBX�NRARSm<TPBC-j	YZMOADVQC
WC-V-NDMA�VQSOPfNReBC-Pnt�C/c�AD<ÊNDNRC-P

ÆPÜiÕ ]ÞÝ Ë¬Ô ]H�·a#a=¥lÆ ½ ]�±HGÝI)a
c�eBC-ADCtÆ <TX\NDeBC@BPBV-MPBX#NDARSO<?PBCQj·YZMA#VQCOG

h"eBC�XDC-VQMPBjÅADCQ½�@B<?ADC-j¶V-Mq�r�MPBC-P)N�<?X4SyqsC-NDeBM{j	YZMA4SOrHrBU?��<TPH>}NDeBC�VQMP{�
X#NDARSO<?P)NRXgNRM�S"VQMOPH�l>@BADSmNR<?MPkc�eBCQA#CiNReBC VQMOPBX#NDARSO<?P�NDXºSOADC|W�<TMOU�SmNDCQjkt)�S"XDq�SOUTUOSOqsM@BP)N¯G
h"eBC-XDC4VQMP{�l>@BADSmNR<?MPBXkSOA#<TX#CdC-WOCQP}YZMA/jB<?XDrBUTSOVQC-q�C-P�NDXkq�SmjBCd@BX#<TPB>µÆ Ü t�CQV¯Sm@BXDCzNReHC



�� �
VQMOPBX#NDARSO<?P�NDXdSOA#C�<?PÓ>OCQPBC-ARSOU¬PBMON�UT<?PBC¯SOAkc�<ÊNReyADCQX#rvC-V-NdNDM�NDeBC�jH<TXDrHU�SOV-CQqsCQP)NRX-G�[�N�<TX
NReHCQADC^YZMADCbPBCQV-CQXDXDSOA#�nNRMfSOj��#@BX#N/NDeBCdqsMUTC-VQ@BUTSOA�VQMP{�l>@BADSmNR<?MPnYZMU?UTMoc�<TPB>sS�qsMoWCdX#M
NReBSmNiNReBC"V-MPBX�NRARSm<TP)NRX¬SOA#C"MtvC^�C-jsNDMc�<ÊNReB<?P4SkPlSOADA#Moc¶NDMUTC-ARSOPBV-COG'h"eB<TX V¯SmPst�C"jBMPHC
t)�fq�SO¨�<TPB>4VQMOADADC-V-ND<TMPBX�SmUTMPB>dNDeBCjB<TA#CQV^NR<TMOP�MmY'NDeBCVQMPBX�NRADSO<TP)N�>ADSOjB<TC-P)NRXQ�

� Ü Õß� Ë ¹ Àáà À�ÑFÓ É À�]H�·a ½ ]�±HG � a
c�eBC-ADC à À�<TX�Sz@BPBjHC-NRC-ADqs<TPBC-j�V-MPBX�N�SOP)N�jBC-NDCQA#q�<?PBCQj�t)�fXDMUÊW�<TPB>zNReHC�C-½�@lSmNR<?MP

É À�]H� Ü a¬Õ Ã ]�±BGÊ�oÃ)a
YZMA à À)G=¦x<TV-MONDND<HSmPBj\�"�{V�¨�SOC-A#N"°JÀ�´{elS¯WCxADC-W�<?C-c�CQjdNReHCxqsC-NReHM{jBX=S¯WOSm<TU�SmtBUTC|YZMAºXDMOU?W�<TPB>
NReHCdVQMPHX#NRADSO<TP)NFCQ½�@lSmND<TMPBX-� SOPBjÂc�CbYZM�VQ@BXFeBCQA#CzMPuSOPÂ<ÊNRC-ARSmND<?WC�XDMU?@HNR<?MPntBSOXDC-jyMOP
NReHC�>C-PBCQADSOU�SOrBrBA#M)SOV�e�MOY�NDeBC�âdãqä�å�æ�SmUT>MA#<?NDeBqÑ@HXDCQj�NRM�SOrBrBUÊ�4VQMPBX�NRADSO<TP)NRX jB@HAD<TPH>
µk�×<TP)NRC->ARS�NR<TMOPÌ° EH��I{� � ´�Gç� Ü <?XfjBC-NDCQA#q�<?PBCQjìt)�ì<?NDCQARS�NR<?WOCuSOrBrHUT<TVQSmNR<?MP MOY�NReHC
VQMOPBX#NDARSO<?P�NDXQG¬;lMA"C¯SmV�e�V-MPBX#NDARSO<?P)N¯�A�¹<TX�SOj��#@BX#NDCQj�<?NRC-ARSmND<?WOCQU?��@BXD<?PB>

�Cè	Õé�Cè ¤ � Ë à èÀ ÑFÓ É À�]H�Cè ¤ � a ½ ]�±BGÊ���a
c�eBC-ADC$�nê"Õz�ÂG à èÀ <?X�jBC-NDCQADqs<TPHCQjnt)�·h'S¯�{U?MA�C^~{rlSOPHjB<TPB>4NReHC�V-MPBjB<ÊNR<TMOP·NDelSmN�NReHC
VQMOPBX#NDARSO<?P�N�t�CMt�C-�C-jÂSmNy� è �

É À�]H�Cè�a�Õ É ÀTëì�Cè ¤ � Ä à èÀ ÑFÓ É À�]H�Cè ¤ � aVí�Õ Ã ½ ]�±BGÊ��³a



��oÀ
SOt�M@HNy� è ¤ � ¨mCQC-rB<TPB>sMPBUÊ���lA#X#N�MA#jBCQA"NR<?q�C-X\<TP à èÀ G h"eB<?X"><?WOCQX

à èÀ Õ É À{]�� è ¤ � aÊØÑvÓ É À�]�� è ¤ � a�Ê _ æ ]�±BGÊ�oE)a
h"eBC}<?NDCQADSmNR<?MPÇ<TPéî <TXfV-MP)NR<?P�@HCQj @HP�ND<TUFNDeBC}VQMPHX#NRADSO<TP)N·<?XfMtvC^�C-j NRM¸c�<ÊNReB<?PìS
XDr�CQV-<?�lC-j�NDMUTC-ARSOPBV-CO��@BX#@lSOUTUÊ�d�oÃ�¤��Þ���oÃ�¤8ïQ��c�eB<?V�e�NRSO¨OC-XºNw��rB<?V¯SOU?U?�FMPBU?�/S�YZC^c®X�NRCQrHXºYZMA
XD<?q�rHUTC"t�MPBj�V-MPBX#NDARSO<?P)NRXQG=h"eBCFU?M{MrsMoWC-AxVQMOPBX#NDARSO<?P�NDX�<?X�V-MP)NR<?P�@HCQj�@BP)ND<TU�SOUTUlMmY�NReHC
VQMOPBX#NDARSO<?P�NDX'qsCQC^N»NReBC¬XDr�CQV-<?�lC-j�NRMOUTCQADSOPBV-COGºh"eBCxrBA#M{V-CQjB@HADC¬ADCQ½�@B<?ADC-X'A#CQU�S�NR<?WOCQUÊ�/UT<ÊNDNDUTC
VQMOq�rB@{N�SmND<TMPzt�CQVQSO@BXDC�NReBC�V-MPBX#NDARSO<?P)NRX¬@BXD@lSmUTU?�dSOrBrBUÊ�dNRMMPHU?�4SXD<?PB>UTC"qsMU?CQVQ@HUTC"SmN
S�ND<TqsCO�vSOU?NDeBM@B>e�cxCdeBSoWOCdYZM@BPBjÂNDeBCdqsC-NDeBM{jÂSOrBrBU?<TV¯SmtBUTCc�eBCQPÂNDeBCQA#C4SOADC�>UTMOtlSOU
VQMOPBX#NDARSO<?P�NDX/SOrHrBU?��<TPH>�NRM�SOUTU»qsMUTC-VQ@BU?CQX�XD<Tqb@BU?NRSOPBCQMO@BXDUÊ�G�[wPnNReB<?XFVQSOXDCbNDeBCdSmq�M@HP�N
MOYiV-MqsrB@HN�S�NR<TMOP�X#V¯SOU?CQX�UT<TPHC¯SOA#U?��c�<ÊNRe�NDeBC�NDMON�SmU P�@HqdtvC-AFMOY|rBAD<?q�SOA��·SmNDMq�X�<TP·NReHC
X#��X�NRCQq(±F<?PÅV-MP)NRARSmX#N¯�\NDeBC·YZMADV-CnC-WmSOU?@lSmND<TMP	XDVQSOUTC-X�½�@lSOjHARSmND<TV¯SmUTU?�¾c�<?NReÍNReBC·NRMmN�SOU
P�@Bqdt�CQA�MOYºYZMADV-CVQCQP)NDCQADXb]�rHAD<Tq�SOA���SOPHj�X#CQVQMOPBjlSOA��Ba%G

h\c�MujB<?�vCQA#CQP)NzX#NRSOPBjlSmADj¸MrHND<Tqs<
�QSmNR<?MPySOUT>MOAD<?NDeBqsXQ�ºVQMP2�#@H>)SmNRC�>ARSmjB<TC-P�N
SOPBj·½�@lSOX#<Ê�wè�C-c"NDMPg�lelS¯WOC�t�CQC-PnSmjlSOrHNDCQjfNRMzNReHCkq�C^NReBM�j·MOYºVQMPBX�NRADSO<TP)NRX-G h"eBCVQMP{�
�#@B>)S�NRCu>ADSOjB<TC-P)Nfq�C^NReBM�j c�MAD¨�X·t)�ÇrvC-A#YZMA#q�<?PB>¸S¸XDC-AD<?CQXfMOY�UT<?PBCnqs<TPB<?q�<	�¯SmND<TMPHX
SOU?MPB>4SOrBrHADM¯~{<Tq�SmNRC-U?��VQMP2�#@H>)SmNRCjB<?ADC-V-NR<?MPBX"jBC^NRC-ADqs<TPBC-j�t)�·SzXD<?q�rHUTC/@Br�jlSmNDCrBADMm�
VQC-jB@BA#Cf°��¯±O´�G"h"eBCbV-MP2�#@B>)SmV-��MOY|jH<TADC-V-ND<TMPBX�SOU?MPB>zc�eB<TV�e�NRM�qs<TPH<Tqs<
�QC�ADC-jB@BVQC-XFNReHC
<TP)NDCQA#YZC-ADC-PBVQCzt�C-Nwc�CQC-PyX#@BVQV-CQX#XD<?WOC4q�<?PB<Tqs<
�QSmNR<?MPBX"SOPHjuUTC¯SmjBX�NDM�ARSOrH<TjÂV-MP)WCQA#>CQPHVQC
<TP�½�@lSOjBADSmNR<?VbADC-><TMOPBX�MmYiNReBC�rvMONDCQP)NR<TSOU�°ü�Q±O´3G�[wPnNReHCbqsM{jB<Ê�lCQj�q�C^NReBM�j�c�Cd@BX#CbNReHC
VQMOPBX#NDARSO<?PBCQj�>ARSOjH<TCQP)NDXQ��MtHN�Sm<TPBC-jsYZA#Mq NReBC�rBA#M2�#CQV^NR<TMOP�XDeHM�c�P�<TP�ª ½2G�±BGJI�SOt�MoWCm�H<TP
NReHC�@Br�jlSmNDC�YZMOADqd@BUTSHGxh"eHC�V-MP2�#@B>)S�NRC�>ARSOjH<TCQP)N�MtHNRSO<TPBC-j�YZA#MqËNReHC�@Br�jlSmNDC�rHADM�VQC^�
jB@BA#CF<?XxSOU?XDM�rBADM��#CQV-NDCQjg�BSOPBj�CQSOV�e�NDAD<�SmUlVQMPH�B>@BARS�NR<TMOP�SOU?MPB>NReBC�UT<TPHC�qs<TPH<Tqs<
�¯S�NR<TMOP
<TXdSOUTX#MuSOj2�#@BX�NRC-j	NDMuMt�C-�yNReBCfV-MPBX#NDARSO<?P)NRXzSOXzjHCQXDV-AD<?tvC-jÍ<?P¸ªi½�XQG¾±HG?���SOPBj¸±BGÊ�oEHG
Þ{V�eBC-q�S�NR<TVQSOUTUÊ���NReBCrBA#M{V-CQjB@BA#C�SmN�X#NDCQr�îÏ<?X"><?WOCQP�t���K



��¯I
]��oa"¦xMq�rH@HNRCkNReHC�V-MPBX�NRARSm<TPBC-j�>ADSOjB<?CQP)N

ð è Õ ]ÞÝ Ë�Ô ]H� è a#a=¥2ÑvÓ�ñ�]�� è a^æ ]�±BGÊ�¯±�a
]3³Oa"¦xMq�rH@HNRCkNReHC�PHC-cØV-MP2�#@B>)S�NRCkjB<?ADCQV^NR<?MPfYZMA"UT<?PBC/qs<TPB<?q�<	�¯SmND<TMP

# è	Õ ð è�Ä¶ò�è # è ¤ � ½ ]�±BGÊ� Á a
c�eBC-ADC

ò�è	Õ�ó ð è Ë ð è ¤ �Þô ¥ ð èÊ ð è ¤ � Ê _ ½ ]�±BGÊ� � a
SOPBj�rBA#M2�#CQV^N�NDeBCVQMPBX�NRADSO<TP)NRX"YZA#MqÙNReH<TX�jB<TA#CQV^NR<TMOP·NDM4MtHN�Sm<TPfNReBC�jB<?ADCQV^NR<?MPf@BXDC-jÂ<TP
UT<?PBC/qs<TPB<?q�<	�¯SmND<TMP

# èÜ ÕÑ]ÞÝ Ë¬Ô ]�� è aDa=¥ # è ]�±BGÊ��Àa
è�Gõ_FG # è ARSmNDeBCQA"NDelSOP # èÜ <?X"@BXDC-jn<?P·NDeBC@Br�jlSmNRCkYZMA#qd@BUTSH�Hªi½2G2±BGÊ� Á G

]�Ea"µ�<TPB<?q�<	�QCcñ�]H� è�� � ]�¾=aDa�c�<ÊNRe·ADC-XDr�CQV-N�NRMv¾¬�Hc�eBCQA#C
�Cè�� � ]�¾=aiÕß�Cè�Ä§¾ # èÜ Ë ¹ Àöà À É À�]��Cè�Ä§¾ # èÜ a ½ ]�±BGÊ�oI)a

SOPBj÷� è�� � ]�¾=aF<TXkjBC^NRC-ADqs<TPBC-jyt)�uNDeBCzq�C^NReBM�j}MOYxSOrBrBUÊ�{<?PB>fVQMOPBX#NDARSO<?P�NDXjBCQX#VQAD<?tvC-j
SOt�MoWCOG

h"eB<?X�V^��VQUTC}<?XfADCQr�C¯S�NRCQj @BP)NR<?Uµøø ð è øø Y�SOU?UTX�t�CQU?Moc S	XDr�CQV-<?�lC-j NDMUTC-ARSOPBV-CO�
>C-PBCQADSOUTUÊ�¾t�C-Nwc�CQC-P �oÃ�¤��Þ���oÃ�¤8ïQGÓÚÓCfelS¯WC·@BXDC-jÍNDeB<TXbVQMPBX�NRADSO<TPBC-j¶¦.�ÒrBADM�VQC-jB@BA#C
C^~�NDCQPBX#<?WC-U?�¶NRM®�lPBjÇqs<TPH<Tqd@BqëC-PBCQA#>O� X�NRA#@BV-ND@BADC-X�MmYkWOSmAD<TMO@BX�V-UT@BX�NRCQA#Xf<TP)WMOU?W�<TPB>



�� �
¦"§ _ �=SmPBjÓeBSoWOC�YZM@HPBj¾<ÊNkNRM�tvCsC��sVQ<?CQP)N¯G�[�Nb<?XY�SmX#NRC-A�NDelSOPyXD<?qd@BU�S�NRCQjySOPHPBC¯SOU?<TPB>NRC-V�eBPB<?½�@HCQXi@BX#<TPB>�µ�MOP�NDC�¦\SOA#UTMFNDARS��#C-V-NRMOAD<TC-X=rBA#C-W�<TMO@BXDUÊ�b@BX#CQj4t)�bMO@BA|>A#M@Br·°�� Á ��� � ´
SOPBjìqsMUTC-VQ@BUTSOAsjH��PlSOqs<TVQX�½�@HCQPBV�eB<?PB> °ü��À��F�oIm´��"c�eB<TV�eÇc�C}elS¯WCySOUTX#M¾NRC-X#NDCQjgG ¼
V�elSOADSOV-NDCQA#<TX#ND<TV�YZC¯SmND@BADC/MmY NReBC¦.�áNRC-V�eBPB<?½�@HCk<TX�NDelSmNx>ARSOjH<TCQP)NDX\MOY NReHCFYZ@BPBV^NR<TMOPfSOADC
C-WmSOU?@lSmNDCQjyMPBU?�uSmN�X#NRC-rÇ]���a^� c�eB<?UTC4q�MOX#N�MOY¬NReBC4YZ@BPBV^NR<TMOPÓC^WOSmUT@lSmND<TMPHX/N�SO¨mC�rBUTSOVQC
<TPuX�NRC-rÇ]�Ea^G·]��ADSOjB<TC-P)NRXkV¯SmPÓt�Cz@BXDC-j¾<?PÂNReBC4UT<?PBCdqs<TPB<?q�<	�¯SmND<TMP·<?PyX�NRC-r ]�E)a^� tB@{N
c�CbelS¯WC�PBMON�jBMPHC�X#MBG ash"eB<TX�q�Sm¨OCb¦.� SOPÂSmN#NRADSOV-ND<?WCV�eBMO<TVQC�<?YºNReHC�>ADSOjB<?CQP)NRX�SOADC
C^~{r�CQPBX#<?WOC�NRMsVQMOq�rB@{NRCO�2SmXQ�lYZMA"C^~HSOqsrBU?CO�Bc�M@BUTj�t�CNDeBC�V¯SOX#C�<ÊY'NDeBC�>OARSOjB<?CQP)NRX�elSmj
NRM4t�CVQMqsrB@HNDCQj�t����lPB<?NDCjB<?�vCQA#CQPBV-CQXQG

ª|WmSOUT@lS�NR<TMOPÍMmY/NReBC·YZMA#VQCQX�SOPlSOUÊ��NR<TVQSOUTUÊ�¾@HXD<TPH>ÓNReHC�qsM{jHCQU�ÈFSmq�<?U?NRMOPB<�SOP��
eBMoc�C-WC-AQ�<?X MPBUÊ�kSOt�M@HN NDeBADC-C ND<TqsCQX qsMADC=C^~{rvC-PBXD<ÊWC¬NRelSOPC^WOSmUT@lSmND<TMPkMmY{NDeBC CQPBC-AD>O�
SOU?MPBCOG h"eBC-ADC^YZMADCm�vS4qsC-NReHM{jfNReBSmN�q�SO¨mCQX�@BXDCMOY'NReBC>ADSOjB<?CQP)N�<TP·VQMqsrB@HND<TPB>4CQSOV�e
PBC^cÍNDAD<TSOU�X#NRC-r4<TXºUT<T¨mCQUÊ��NDM/M@HNDrvC-A#YZMA#qÑ¦.�ÇYZMAºNReBC-XDC\V-UT@BX�NRC-ADXQG'Ú¾C\eBSoWOC\YZM@BPBj�NRelSmN
NReHCd½�@lSOXD<ü��è�C-c"NRMOPÍ°ü�¯±m´3�gMOA�WmSOAD<TSOtBU?C�qsC-NDAD<TV�q�C^NReBM�jBX-� SOADC�C¯SOX��nNDMfVQM�jBCzSOPBju>O<?WC
XD@HtBX#NRSOP)NR<�SmUTU?�ntvC^NDNDCQArvC-A#YZMA#q�SmPBVQCdNDelSOP}NReBC�¦.�êqsC-NDeBM{j�Gz[wPyNDeBCQX#C�qsC-NDeBM{jHX�SmP
SOrBrHADM¯~{<Tq�SmNRC"È�CQX#XD<�SmPsMOAi<TP)WC-ADXDC�È�CQXDX#<�SOP4<?XiVQMqsrB@HNDCQj4<?NDCQARS�NR<?WOCQUÊ��@HXD<TPH>�>OARSOjB<?CQP)NRX
SmN"CQSOV�e·NR<TqsCFX�NRC-rgG h"eBCSOrBrBA#M¯~H<?q�S�NRCkÈ�CQXDX#<�SOP·<?X\@BXDC-jnS�N"C¯SOV�e·X�NRCQr·NRMzjHC-NRC-ADqs<TPBC
NReHCiXD<
�-C¬SOPBjjB<TA#CQV^NR<TMOPkMOY�NReBC PBC%~{NºX�NRCQr�G��/<?�vCQA#CQP)N @Br�jlSmNDC rBADM�VQC-jB@BADC-XºSOADCir�MXDX#<TtBU?CO�
tB@HN�YZMAxX#<TqsrBUT<?VQ<ÊNw�bc�C/@BXDC�NReBC/r�MrB@HU�SOAQ_\;���Þ4YZMADqd@HU�S�°ü�¯±m´3GiÈ�CQA#C/<TXxSOP�M@HNDUT<?PBC�MOY
NReHC�SmUT>MA#<?NDeBq SmN�X#NRC-rkîyK

]��oa"¦xMq�rH@HNRCkNReHC�V-MPBX�NRARSm<TPBC-j�>ADSOjB<?CQP)N
ð è¸Õ ]ÞÝ Ë�Ô ]H��èxa#a=¥2ÑvÓ�ñ�]��Cè�a^æ ]�±BGÊ� � a



��³mÃ
]3³OaP��r�jlSmNRCkNDeBC�SOrBrBA#Mo~{<?q�SmNDCk<TP)WC-ADX#CbÈ�CQXDX#<�SOP�SOV-VQMA#jB<TPB>zNDM
ù è Õ ù è ¤ � Ä ª �úÖ ª �ª � ¥ ª ð Ëûó ù è ¤ � ¥ ª ð ô Ö ó ù è ¤ � ¥ ª ð ôª ð ¥lù è ¤ � ¥ ª ðÄúë ª ð ¥lùkè ¤ � ¥ ª ð í � Ö � ½ ]�±BGÝ³OÃ)a

c�eBC-ADC
ª � Õ �Cè Ë �Cè ¤ �
ª ð Õ ð è Ë ð è ¤ �
� Õ ª �ª � ¥ ª ð Ë ù è ¤ � ¥ ª ðª ð ¥�ù è ¤ � ¥ ª ð æ ]�±BGÝ³{��a

h"eBC�V�eBM<?VQC(ù ê Õü�yADCQX#@BU?NDX4<TPÍSyr�MX#<?NR<ÊWCfjBC^�lPB<ÊNRC·@Br�jlSmNRCÓ°��¯±O´�SOPHjÍ<?X4@BXDC-jÅ<TP
NReH<TX�<TqsrBUTC-q�C-P�NRSmNR<?MPgGsÚìeBCQP¶ù ê Õý�l�=NReHC�<TPH<?NR<TSOU=X�NRC-r®YZMUTU?M�c�XkNDeBC�jB<?ADC-V-NR<?MPyMOY
X#NDCQC-rvC-X#N�jBC-XDVQC-P)NRXQG¬¼\N"X#@BtBXDC-½�@BCQP)N�X#NRC-rBXQ�H<?YgNDeBC/>ADSOjB<TC-P)N\elSOXaXSDd47;53r92Rl3rE�SOUTMPH>�NReHC
jB<?ADCQV^NR<?MP·MOY'NDeBCrBADC^W�<TM@BX�X#NDCQrg�2<�GJCmG ª ð ¥ ª �ûþÇÃH�BNReHC�SmUT>MA#<?NDeBqêA#CQX#C-NRXoù è NDMk�l�
YZMA#VQ<TPH>4SsX�NRCQC-rvC-X#N�jBCQX#VQC-P�NDXFX�NRCQr�NRM4>C^N�tlSOV�¨fMP·NRADSOV�¨2G

]�Ea"Þ�NRC-r�NDeBCVQMPH�B>@BARS�NR<TMOP�SmVQVQMOADjB<?PB>zNRM
� è�� �ÿ Õ¤� è£Ë ù è ¥ ð è ]�±BGÝ³³a

NRM4Mt{N�SO<?P�NReBCkPBC^cØ@BPBV-MPBX�NRARSm<TPBC-j�>OCQMqsC-NDA#�Gi[wP�rBADSOV-ND<TVQCk<ÊN"<TX�Sz>M�M�jf<TjBCQSbNRM4XDC^N
S�U?<Tqs<?N�MPnNDeBCdq�S�~{<Tqd@HqÎXD<
�-CbMOYiNDeBCdX�NRCQr}SmUTUTMoc�CQjnNDM�rBA#C-WC-P)NkNReBCdV-MPH�l>O@BARSmND<TMP
YZADMOqÙV�elSOPH><TPB>zNDM{M4ARSmrB<TjBUÊ�G

]�±)ax¼FrBrBUÊ��NReHC�V-MPBX�NRARSm<TP)NRX"NRMzNDeBCPBC-cØ>OCQMqsC-NDA#��
� è�� � Õß� è�� �ÿ Ë ¹ À à À É À�]�� è�� �ÿ a ½ ]�±BGÝ³OE)a



��³��
c�eB<?V�e�<?X"jBC-NDCQADqs<TPHCQj�t��fSOrBrBUÊ�{<?PB>dNReHC�V-MPBX�NRARSm<TP)NRX�<?NDCQADSmNR<ÊWCQUÊ�fSOX�SmtvMoWCmG

h"eB<?X�V^��VQUTC}<?XfADCQr�C¯S�NRCQj @BP)NR<?Uµøø ð è øø Y�SOU?UTX�t�CQU?Moc S	XDr�CQV-<?�lC-j NDMUTC-ARSOPBV-CO�
>C-PBCQADSOUTUÊ��t�C-Nwc�CQC-P¾�oÃ�¤���SmPBj}�oÃ�¤8ï¯Gih"eB<?X"½�@lSOXD<ü��è�C-c"NRMOP�qsC-NDeBM�j�<?X\qsMADC/C7�sVQ<TC-P)N
NReBSOP ¦.� t�CQVQSO@BXDCÂNDeBCÂ>ADSOjB<?CQP)N�<?PHYZMADq�SmND<TMPÍ<TP <?PBVQMOADr�MARSmNDCQj <?P)NRM®C^WCQA��ÇX#NDCQrgG
ÚìeB<?UTCdt�MONReyqsC-NReHM{jBXk<?P}rBAD<?PBVQ<?rBUTCzSmV�eB<TC^WCsUT<TPHC¯SOA/V-MP)WC-AD>C-PBVQC�<TPuNReBC4U?<Tqs<?N�NRelSmN
NReHC�r�MONRC-P)NR<�SmUi<TX><?WOCQPÓt��ÓS·½�@lSOjBADSmNR<?VsYZMA#q��»V-UT@BX�NRCQA�r�MONRC-P�ND<�SOUiX#@BA#Y�SmVQCQX�NRC-PBjÓNDM
t�C�eB<?>eBUÊ�fSOPBeBSOADqsMPB<?VO�lSOPHj�NReHC�½�@lSOX#<Ê�wè�C-c"NDMPnqsC-NDeBM�jBX�XDCQC-qÎNRMstvC-PBC-�BN�YZADMqËS
qsMADCkC7��V-<TC-P�N�U?M{VQSOU SOrBrHADM)SOV�e�G
ûº� � �?� °Øý*� � ÿ����H% " «�»þ�%�®¯��ÿ��

[wPkNReB<?X XDC-V-NR<?MPkcxC jBC-AD<ÊWC|NReHC¬C-½�@lSmNR<?MPBX MOY�qsMONR<?MPFYZMAgNDeBCirBA#<Tq�SOA#�FSmNRMOq�X
MOYHC¯SOV�edqsMU?CQVQ@HUTC XD@Bt �#CQV-N'NRM�NReBC¬<TPBC-A#ND<�SOUYZMA#VQC-XºYZA#MqáNReBC�XDC-VQMPBjBSOA#��SmNDMq�XºSOPHj�NReHC
<TP)NDCQADPBSOUBVQMOPBX#NDARSO<?P�NDXQG|ÚÓC"NReBC-P�X#eBMocÇeBMoc NReHCQXDC�CQ½�@lS�NR<TMOPBX¬SOADC"X#MU?WOCQj�P�@BqsCQA#<TVQSOUTUÊ�
@BX#<TPB>Â¼�PBjBC-ADXDC-P�� X4WOCQU?M{V-<?Nw�}â CQA#UTC-NdSOUT>OMAD<ÊNReBq °���Q´�GÂh"eBC�ADCQX#@BU?ND<TPB>�CQ½�@lSmND<TMPHXzSOADC
CQ½�@B<ÊWmSOUTC-P�N�NRM�NDeBMX#CbMA#<T><?PlSOUTUÊ��jBC-AD<ÊWCQjut)�Â¦x<TV-MONDND<'C^NkSOU�G=° � ´�GFh"eBCdSO<Tq¹eBC-ADCb<?X�NDM
rBA#M�W�<?jBCdSsq�MA#C�NDARSOPBX#rlSOA#CQP)N/jBC-AD<ÊWOS�NR<TMOPnSOPHjuS�XDC^N/MOY C-½�@lSmNR<?MPBX�NRelSmN�<TX�VQU?MXDC-A�NDM
NReHC�SmV-NR@BSOU P�@Bq�C-AD<?V¯SOUg<?q�rHUTCQqsCQP)NRSmNR<?MPgG

Û C-Nu@HXÂVQMPHXD<TjHCQAÂS¶q�MU?CQV-@BUTC}c�<?NDeÒ¿À¸rBA#<Tq�SOA#� S�NRMqsXQ�Y¿ Ç XDC-VQMPHjlSOA#�SmNDMq�X-�|SOPHj¯¿���YZMA#VQC�V-CQP)NRC-ADX-GÂh"eBC�r�MXD<ÊNR<?MPBXMOY"NReHC�XDC-VQMPHjlSOA#�®SmNRMOq�X-��" Ç· �iSOPHj
NReHCYZMOADVQCV-CQP)NRC-ADXQ��" �· �2SOA#C><?WOCQP·t)�

" Ç· Õ É{¸¹*º ¼ Ç·
º � º ]�±BGÝ³m±�a

" �· Õ É ¸¹*º ¼ �· º � º æ ]�±BGÝ³ Á a
h"eBCÓÛ»SO>ARSmPB><�SmPÇV¯SOP PBMocÏt�Cy@HXDCQj NRMÍjBC-NDCQA#q�<?PBCuNReBC}qsMUTC-VQ@BUTSOA�CQ½�@lS�NR<TMOPBX·MOY



��³O³
qsMONR<?MPgG=h"eHC�¨�<TPHC-NR<?VkCQPBC-AD>O�·<?X�ÇÕ �³

É7¸¹�º�� À º �� º ¥ �� º Ä �³
É��¹ · � Ç· �" Ç· ¥ �" Ç· ½ ]�±BGÝ³ � a

c�eBC-ADC � À º SOPHj � Ç· SOA#C/NReBCq�SOXDX#CQX�MOYºNReBCkrBA#<Tq�SOA#��SOPBj�XDC-VQMPHjlSOA#�fSmNRMqsX"ADC-XDr�CQV%�
NR<ÊWC-U?�G¬Þ�@BtBX#ND<?ND@HNR<?PB>zNReBCkNR<?q�CFjBCQA#<?WmSmNR<ÊWCkMOY=ªi½2G�±HG ³m±4<?P�NDMdNReB<?X�C^~{rBADC-XDX#<TMP�><?WOCQX� Õ �³

É ¸¹{ºØ×	��
 ºØ× � À º Ä É �¹ · ¼ Ç·
º � Ç· ¼ Ç·

×�� �� º ¥ �� º

Õ �³
É ¸¹{ºØ×� ºØ× �� º ¥ �� º ½ ]�±BGÝ³Àa

c�eBC-ADC�NReBC�q�S�NRAD<ü~  <TX|NReHC�qsC-NDAD<TV\NDCQPBX#MA¬jBC-�lPHCQj�<?P4NDeBC�NReBC-MA#�4MOY�PBMA#q�SOUHq�M�jBCQX
°Æ±O´3Gih"eHCkrvMONDCQP)NR<TSOU�C-PBCQA#>O����4�B<TXx¨�PHM�c�P�SOX"SbYZ@HPBV-ND<TMPfMOY»NDeBCkVQM�MADjH<TPlSmNDCQXP� º �" Ç· �
SOPBj£" �· �=XDM�NRelSmN�NReHC�YZMA#VQCQX�c�<?NDe¾ADC-XDr�CQV^NdNRM�NReBC�rBAD<?q�SOA��}SmNDMqÏVQM�MADjH<TPlSmNDCQX�SOADC
><ÊWCQP�t)�

Æ º Õ Ë�� �� � º Õ Ë�� �� � º Ë É �¹ · ¼ Ç·
º � �� " Ç· Ë É��¹ · ¼ �· º � �� " �· ½ ]�±BGÝ³OI)a

c�eBC-ADCFNDeBC/rlSOA�NR<TSOU2jBCQA#<?WmSmNR<ÊWC-X\SOA#CFV¯SmUTVQ@HU�SmNDCQj�YZA#Mq NReBCFq�M�jBCQUvÈFSmq�<?U?NRMOPB<�SOPz@HXD<TPH>
NReHC�qsC-NDeBM{jHX�jBC-XDV-AD<Tt�CQj�<TPnÞ{CQVmGv±HGÝEHGxLiUT@B>>O<TPB>�� Ë �p<TP)NRM�Û»SO>ARSmPB>C<� X�CQ½�@lSmND<TMPBX
MOYqsMONR<?MP¶SOPBj @BX#<TPB>ÓNReBCÂqsC-NDeBM�jÅMOY@BPHjBC-NDCQADqs<TPHCQj qd@HU?NR<?rBUT<?CQA#XdNRM®Mt{N�SO<?P¶NReHC
VQMOPBX#NDARSO<?P�N"YZMOADVQC-Xd°Æ±O´��Hc�C�Mt{N�SO<?P�NReBCVQMO@BrBUTC-j�C-½�@lSmNR<?MPBX

É{¸¹ ºØ×� ºØ× ¢� º ÕzÆ º Ë ¹ Àáà ÀlÑvÓ�� É À{]H�·a ½ ]�±BGÝ³ � a
c�eBC-ADC�NDeBC�VQMOPBX#NDARSO<?P�NDX É À�]��·a�SOA#C�jBC^�lPBC-j	SOXzSOt�MoWC�<?P¸Þ{C-VOG=±HG?�GÝ³{GnÞ{MUÊW{<?PB>�NDeB<TX



��³mE
CQ½�@lS�NR<TMOP·YZMOA.� º ><?WOCQX

¢� º Õ É{¸¹ × ]�� ¤ � a ºØ× Æ × Ë ¹ À à À
É7¸¹@× ]�� ¤ � a º × ÑFÓ�� É À�]��·a ½ ]�±BGJEÃ)a

c�eB<?V�eg�lt)�·q�SO¨�<?PB>dNReBC�SOX#XDM�VQ<TSmNR<?MPBX� º Õ É7¸¹@× ]�� ¤ � a ºØ× Æ × ]�±BGJEH��a� À º Õ É ¸¹@× ]�� ¤ � a ºØ× ÑvÓ�� É ÀH]��·a ½ ]�±BGJE)³a
N�Sm¨OCQX�NReHC�X#<TqsrBUTC�YZMADq

¢� º Õ�� º Ë ¹ À à À�� À º ]�±BGJEE)a
è�MmNRC�NDelSmN�NReBC�q�S�NRAD<ü~  MPBUÊ�·PBCQC-jBXFNDM�tvC�<TP)WC-A#NDCQjuMPBV-CbjB@HAD<TPH>�SOPÂC-P)NR<TA#C�<?P)NRC^�
>ADSmNR<?MPftvC-V¯SO@HXDC�<?NRX"C-UTC-q�C-P�NDX�jBM4PBMON�jBCQr�CQPHj�MP·NReHC�r�MX#<?NR<?MPBX\MmY'NDeBC�SmNRMqsXQG

µnSOP)�kjH<?�vCQADC-P)N»q�C^NReBM�jBX q�So�FtvC @BX#CQjNRM"rBA#MrlSO>SmNRC|NDeBC q�MU?CQV-@BU�SOA�CQ½�@lS��
NR<?MPBX�MOY=q�MOND<TMPÓ]�ª ½2G2±BGJEE)axYZMA�c\SOA#jn<?P�ND<TqsCOG¬¼FPBjBC-ADX#CQP�� XFWC-UTM�VQ<ÊNw��WC-ADXD<?MPnMmY=NReHC
â CQA#UTC^NzSOU?>MAD<ÊNReBq °���Q´xelSOXdt�CQC-P	V�eBMXDC-P	tvC-V¯SO@BX#Cf<?Nbq�SO<?P)N�SO<?PBXbSmVQVQC-rHN�SmtBUTC·SOV-VQ@{�
ARSmV-�zYZMA ADC-U�SmND<?WOCQU?�bU�SOA#>C"X#NDCQr�X#<
�-CQXQGi[�NDX�q�S��#MA SmjHWmSOP)N�SO>C�MoWC-A¬NDeBC�MOAD<T>O<TPlSOU�â CQA#UTC-N
SOU?>MAD<ÊNReBq¿<TX�NDelSmNbMPBU?�}<?PHYZMA#q�SmND<TMP}YZADMOq×NDeBC�V-@BADA#CQP)NzNR<?q�C4X�NRCQr	<?X�A#CQ½�@B<TA#CQj®NDM
rBA#MrlSO>)S�NRCuYZMA#cxSOA#jg�/XDMÍNReBC}X�NRCQr XD<
�-C}q�S¯�Çt�CÓV�eBSOPB>C-jáSmN�SOP)�ìr�M<TP)Nfc�<?NDeBM@HN
ADC-X#NRSOA#ND<TPB>uNReHCf<TP)NRC->ARSmND<TMP�G®h"eB<TXz<?Xz@BXDC^YZ@BU\c�eBC-PÅ<TP)NDCQ>ADSmNR<?PB>ÂNReBCfPHMPlSOjB<TSOtlSmND<TV
CQ½�@lS�NR<TMOPBX�MOY=qsMOND<TMP�X#<Tqd@HU?N�SmPBCQM@HXDU?�O�lSOX"jB<?XDV-@BXDX#CQjÂt�CQU?M�cG

h"eBC�C-½�@lSmNR<?MPBX�MOY�q�MmNR<TMOPyYZMA�NReBC�rvMOXD<?ND<TMPHXbSOPHj¾WC-UTM�VQ<?ND<TC-XbSOA#C�rBA#MrlS��
>)SmNDCQj®<?P¾Nwc�MuXDCQrBSOARSmNDC�X#NDCQrBX-�|c�<?NDe¾NReBC�VQMPBX�NRADSO<TP)NRXbSOrBrBU?<TC-j¸SmN�NReBC�C-PBj¸MOY�CQSOV�e
X#NDCQr�@BXD<?PB>sSOP·<?NDCQARS�NR<?WOC/rBA#M{V-CQjB@BA#CXD<Tqs<TUTSOA NRMzNReBCkMOPBCkjBCQX#VQA#<Tt�CQj�<TP�Þ{CQVmGl±BGÊ�G ³�G|[wP



��³�±
NReHC�BADX#N�X�NRCQr��2NDeBCPBC-c rvMOXD<?ND<TMPHX"SOADCVQSOUTV-@BU�SmNDCQj·@BX#<TPB>

� º ] Ð Ä! 2a Õß� º ] Ð aMÄ" �� º Ä  ³ � º Ë  ³ ¹ À à À#� À º ] Ð a ]�±BGJEO±�a
h"eBCfV-MPBX#NDARSO<?P)NRXzSOA#C�SOrHrBUT<?CQj®<ÊNRCQADSmNR<ÊWC-U?�G�[�Nz<TX�VQMP)WOCQPB<?CQP)NzNRMujBC^�lPBC·SnX#CQrlSmARSmNDC
½�@lSOP)NR<ÊNw�%$ èº X#@BV�e�NDelSmN $ êº Õ �� º ] Ð aqÄ  ³ � º ] Ð a$�èº Õ $�è ¤ �º Ë  ³ à èÀ � À º ] Ð a ]�±BGJE Á a

� èº Õ � º ] Ð aqÄ! &$ èº ]�±BGJE � a
¼\N/CQSOV�eÂ<ÊNRCQADSmNR<?MP�S�X#<TPB>U?C�V-MPBX�NRARSm<TP)NF<?X�V�eHMXDC-P}SOPBj à èÀ <TX�jBC-NDCQADqs<TPHCQj�YZA#MqËNReHC
VQMOPBX#NDARSO<?P�NQ� É À�]�� è a"ÕÌÃHG�L U?@B>><?PB>�ªi½�XQGF±BGÝE Á SOPBjÂ±HGÝE � <TP)NRMsNReBCdV-MPBX�NRARSm<TP)NkSOPHj
C^~{rlSmPBjB<TPH>sNDM4�BADX#N�MA#jBCQA�<?P�r�MocxC-ADX�MOY à èÀ >O<?WC-X

à èÀ Õ ³ É À�]�� è ¤ � a _ É ¸¹�º � À º ] Ð a=¥2ÑvÓ�� É À�]��Cè ¤ � a æ ]�±BGJE)Àa

ª SOV�eÇ<?NDCQADSmNR<?MP¶A#CQ½�@B<?ADCQX�MPBU?�ÍC^WOSmUT@lSmND<TMP¶MOY/NDeBCÂVQMOPBX#NDARSO<?P�N('ìSOPBjÇ<ÊNRXs>ARSmjB<TC-P�N
c�<?NDeuADC-XDr�CQV-NkNDM�NReBCzMmNReBC-A/rBAD<?q�SmA#��SmNRMOqÒr�MXD<ÊNR<?MPBXQGh"eBCz<ÊNRC-ARSmND<TMP�<TX/V-MP)NR<TP�@BC-j
@BP)NR<?U�SmUTU2MOY NReHCFVQMOPBX#NDARSO<?P�NDX"SOA#CFXRS�NR<TX��lCQj�NDM�c�<ÊNReB<?PfS�X#rvC-VQ<?�BVFNRMU?CQADSOPBVQCm�H>C-PBCQADSOUTUÊ�
�oÃ�¤��V���oÃ�¤8ï-G

§/PBVQC�NReBC�VQMPBX�NRADSO<TPBC-jurvMOXD<?ND<TMPHX�� º ] Ð Ä� �a�elS¯WCdt�CQC-PujBC-NDCQA#q�<?PBCQjg�2NReHC



��³ Á
YZMA#VQCQX�SmN"NDeBCPBC-c NR<TqsCkSOA#CV¯SOU?VQ@BUTSmNRC-j·SOPBj�@BXDC-j�NRM4rBA#MrlSO>SmNRC/NDeBCkWCQU?M{V-<?ND<TCQX\W�<TS�� º ] Ð Ä" �a×Õ �� º ] Ð a�Ä ³�) � º ] Ð a Ë ¹ Àöà À�� À º ] Ð aqÄ*� º ] Ð Ä! 2a Ë ¹ À,+�à À�� À º ] Ð Ä! 2a.-

Õ $dèº Ä  ³�) � º ] Ð Ä! 2a Ë ¹ À/+Kà À�� À º ] Ð Ä! 2a.- ]�±BGJEI)a
h"eBC4WC-UTM�VQ<?ND<TC-Xkqd@BX#N�t�C�V-MPBX�NRARSm<TPBC-jÓX#M�NDelSmNNReBC^�}Mt�C-�uNReHC4ND<TqsCzjBCQA#<?WmSmND<?WC-XMOY
NReHCuVQMPBX�NRADSO<TP)NRX-� �É À10l�}] Ð Ä" 2a ½ ��Â] Ð Ä! 2a32|Gíh"eB<?Xf<TX�SmVQVQMOq�rBU?<TX#eBCQjÇt)� <ÊNRC-ARSmND<TMP
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c�eBC-ADC�ñ º <?X|NReBC"C-PBCQA#>O�zMOY�SOjB<TSOtlSmND<TVxX�N�SmNDC H � ��u] Ð a=VQMP)N�Sm<TPBXiNReHC"P�@HVQUTCQSOAiWC-UTM�VQ<?ND<TC-XQ�
SOPBj ª ºØ× <TX\NDeBCPBMPlSmjB<�SOtBSmNR<?V/VQM@HrBUT<?PB>dWC-V-NRMOA

ª ºØ× ÕLJ�E º ÊØÑFÓaÊ E ×�K ½ ]�±BG ±�Àa
c�eB<?V�e�C-P�NDCQA#XFªi½2G2±BGJ± Á t���SmrBrBUT<?V¯SmND<TMP�MOY'NDeBCV�elSO<?P�A#@BUTCJ�E º Ê � � � Ð Ê E ×�K Õ ��Â] Ð a|¥ ª ºØ× æ ]�±BG ±)I)a
h"eBC�q�S�NRAD<ü~dC-UTC-q�C-P�NDX MOYvNDeBC�P�@BVQU?C¯SOA ¨�<TPBC^NR<?V"CQPBC-AD>O�4Mr�CQADSmNRMOA Ï�d]��·a=rBA#MtvC"X#CQV-MPBj
jBC-AD<?WmSmND<?WOCQX�MOY|NReHCbCQU?CQV^NRADMOPB<TVc\S¯WOCbYZ@BPBV^NR<TMOP�c�<?NDenA#CQXDr�CQV^NFNDM�NReHCbP�@BVQU?C¯SOA�VQM�MA#jB<Ê�
PlSmNDCQX-�'SmPBjySOADCdNDe�@HXkXDq�SOUTU'VQMqsrlSOA#CQjuNRM�NDeBC ª º × SOPBj}@BX#@lSOUTUÊ�nPHCQ>U?CQV-NDCQjÅ°J³mÃ��{³³�´3G
µ�C^NReBM�jBXdYZMAdC^WmSOUT@lS�NR<TPH>nNReBC�PBMPlSOjH<�SOtlS�NR<TV�VQM@HrBUT<?PB>Xd><ÊWC-P¸t��ÓNReBC ª ºØ× SOADCfjB<?X��
VQ@HXDXDC-jn<?PnÞ�CQVOG2±BGJEHG

h"eBC4VQUTSOXDX#<TVQSOU=rlS�NRe}CQ½�@lSmND<TMPHXkMOY¬q�MOND<TMP��gªi½2Gd±BG ± Á MAk±BG ± � �gjHC-NRC-ADqs<TPBC
eBMocáNDeBCb½�@lSOP)ND@Bq¹jBCQ>A#CQC-XFMOY|YZA#CQC-jBMqÎADC-XDr�MPBjnNDMsNDeBCbC^WMU?@HNR<?MP�MOY=NDeBC�V-U�SOX#XD<?V¯SOU
jBC->ADC-CQX/MOY=YZADCQC-jBMq�G/Þ�Mq�C�qsC-NReHM{j�<TX�SOUTX#M�PBC-CQjBC-jÂNRM�jHC-NRC-ADqs<TPBC�NReBC�YZMADV-CQX�NRelSmN
SOV^N"MP�NDeBC/VQUTSOXDX#<TVQSOUvX#@BtBX��{X�NRC-q¹SOX�NDeBC/½�@lSOP)NR@HqêcxSoWOCkYZ@BPBV-ND<TMP�C-WMOU?WC-XQG¬L'C-ADelSmrBX
NReHC�X#<TqsrBUTC-X#N\YZMOADVQCkNDMs@HXDC�<TX\NReHC�X#CQUÊY��wVQMOPBXD<?X#NRC-P)N�MOA"q�CQSOP{���BCQUTjfYZMA#VQCm�

ÆNMPOzÕ Ë"Q D ] Ð a�Ê ÑvÓ ÏG ê ]H�fa�Ê D ] Ð a#R ½ ]�±BG ± � a
c�eB<?V�ez<TXºXD<TqsrBUÊ�kNReBCxYZMOADVQCxS¯WCQADSO>C-jzM�WOCQA=NDeBC\½�@lSOP)ND@Bq jBC->ADC-CQX|MmYlYZADCQC-jBMq�G|µ�C-NRe��
M�jBX�NDelSmNÂ@HXDC®NReH<TX�YZMOADVQCyNRM jHC-NRC-ADqs<TPBCyNReBC¾VQU�SmXDXD<?V¯SOU�rlSmNDeØSOA#C¾¨�PBMoc�PÌSOXÂXDC-U?Y��
VQMOPBXD<?X#NRC-P)NdVQUTSOXDX#<TVQSOU rlSmNReÇ]3ÞB¦"¦\L¬a�qsC-NDeBM{jHX�° ³OEm´�G·h'ADS��#CQV^NRMA#<TCQX�VQMqsrB@HNDCQj®@HXD<TPH>
NReHCkq�CQSOP{���BCQUTj�YZMADV-CSOADCk>@BSOARSOP)NDCQCQjfNDMzVQMPBX#CQA�WC�CQPBC-AD>O�OG ÚìeH<TUTCkÞB¦"¦\LÅqsC-NReHM{jBX
elS¯WC·t�CQC-P¶X#@BVQV-CQXDX�YZ@BUTUÊ�ÍSOrBrBU?<TC-j®NRMySÂc�<TjBCfADSOPB>CfMOY�rBA#MtBUTC-q�Xf°J³OE�´3� NReBC^�¸XD@{��C-A



�oEOÃ
YZADMOqÙXDC^WC-ARSOU c�CQUTUü�w¨�PBMoc�P�jBARS¯c�tlSOV�¨�Xd°J³OEl�{³ � ´�G�_xC-V¯SO@BX#C�NDeBC�ÞB¦"¦\LÅYZMU?UTMoc�X"SOP�S¯W��
CQADSO>C�r�MONDCQP)NR<TSOU3�|<ÊNdVQSOPBPBMON4A#CQrBA#M{jH@BVQC�NDeBC�WmSOAD<?C-Nw�ÓMOY�jB<?�vCQA#CQP)NzrlSmNDeBXdNReBSmN4SOA#<TXDC
c�eBC-P¾NReBCsr�MONRC-P�ND<�SOUiX#@BA#Y�SmVQCQXdSOADC4WC-A#�yjB<?�vCQA#CQP)N¯G�ÞH¦"¦\LíqsC-NDeBM�jBXbSmADCzNRe�@BX�rlSOA��
NR<?VQ@BUTSOADUÊ�z<TPBSOrBrBA#MrBAD<TSmNRC�YZMA�q�M�jBCQU?<TPB>�rBeBMmNRM�jB<TX#XDM�VQ<�S�NR<TMOPg�)c�eBCQA#C/jB<TX#XDM�VQ<TSmNR<?MP�SOPHj
ADC-VQMqbtB<TPlS�NR<TMOPfUTC¯Smj·NDMzWCQA��·jB<?�vCQA#CQP)N�jH��PlSOqs<TV-XQG

[wP�XD@BA�Y�SOVQC%�weBMrHrB<TPB>zqsC-NDeBM�jBXQ�BNDeBCkrBAD<?q�SmA#��SOU?NDCQADPBSmNR<ÊWCFNDM�ÞH¦"¦\L q�C^NRe{�
M�jBXQ�/V-U�SOX#XD<?V¯SOUFNDARS��#C-V-NDMAD<?CQX�C-WMOU?WCy@BPBjHCQAfNReBC}YZMA#VQCQX·jBC^NRC-ADqs<TPBC-j YZA#Mq S	XD<TPH>UTC
½�@lSOP)NR@HqÎX#N�S�NRC(Sv�

ÆUTWV�Õ Ë"Q EYXGÊ ÑvÓ ÏG ê ]��·a�Ê EYXZR�æ ]�±BG Á Ã)a
¼\NfWmSOAD<?M@BX�r�M<?P�NDXfSOU?MPB>¾NDeBCÂNRADS��#CQV^NRMA���F>OCQPBC-ARSOU?U?�ÍVQM<?PBVQ<?jB<TPH>¾c�<?NDeÇADCQ>O<TMPBX�MOY
X#NDADMPH>y<?P)NRCQA#X#NRSmNRCfV-M@BrBU?<TPB>B� eBMOrBXzq�S¯�ÓN�SO¨mC�rHU�SOV-C�NRM}jB<?�vCQA#CQP)N4X#NRSmNRC-XzNRM}ADC7�lCQV^N
NReHC�V-@Bqd@BUTSmNR<ÊWCkM�VQV-@BrlSmND<TMP·rBA#MtlSOtB<?UT<ÊNR<TC-XxjBC^NRC-ADqs<TPBC-j�t)�fNDeBCCÊ ¼

º ] Ð alÊ _¯G���PBUT<?¨OC/NReHC
qsC¯SOP{�3�lCQU?jzYZMADV-CO�)NReBC�YZMA#VQC�MP�S�X#@BA#Y�SOV-C^��eBMrBrB<?PB>NRARSl�#CQV-NDMA#�dADCQX#rvMOPBjBX�NDMV�elSOPB>C-X
<TP�NReBC�NRMONRSOU»½�@BSOP)NR@BqÖc\S¯WCdYZ@HPBV-ND<TMP�MPBU?��SmN�NReBC�rvMO<TP)NRX�c�eBCQA#CdeBMrBXFV¯SOPÂM�VQV-@BAQG
Þ{C-U?Y��wV-MPBX#<TX#NDCQPBV^�ft�C-Nwc�CQCQP�NReBC½�@lSOP)NR@HqËc\S¯WC�YZ@BPBV^NR<TMOP�SmPBj�NDeBCVQUTSOXDX#<TV¯SmUgjBCQ>OADCQC-X
MOY{YZADCQC-jBMqØ<?X»NDe�@BX'PHMONºADC¯SmUT<
�-CQj�MP�SOP�<?PBjB<ÊW{<?jB@lSOUmNRARSl�#CQV-NDMA#�O�OtB@{N'<?X»ADC¯SmUT<
�-CQjYZMAgNReHC
CQPHXDCQqbtBUTCsMOYxNDARS��#C-V-NDMAD<?CQXQ�»c�eB<?V�e¾q�SO<TP)N�Sm<TPBXFNDeBCsVQMA#ADCQV^Nbr�MrB@HU�SmND<TMP}MOY�½�@lSOP)NR@Bq
X#NRSmNRC-XQG/h"eHCdq�Sm<TPnjH<?�vCQADC-PBVQC�tvC^NwcxC-CQPÓSfÞHÈÑSOPBjuSfÞH¦"¦\L NRADS��#CQV^NRMA���<TX�NDe�@BXFNReHC
UTC-PB>ONDe�MmY'ND<TqsCkSz½�@BSOP)NR@BqÎX�N�SmNDC/NRelSmN�<?X"Ssqs<Ê~�ND@BADC/MmY'NDeBCtlSOXD<?X"X#NRSmNRC-X�<?X"@BXDC-j�NDM
jBC^NRCQA#q�<?PBC�NDeBC�YZMOADVQC-XK±BMOAQ��<TP�MONDeBCQA¬cxMOADjBX-�{NReHCFNR<?q�C�XDVQSOUTC�M�WOCQAxc�eH<TV�e·S�NDARSOPHXD<?ND<TMP
YZADMOqÙMPBCtlSmXD<TX"X�N�SmNDC/NRMsSOPBMmNReBC-A�NRSO¨OC-X�rBU�SOV-COGi[wPnÞB¦"¦\L qsC-NReHM{jBX\NDeB<TX\ND<TqsC/XDVQSOUTC
<TXb<TPH�lPH<?NRCmKsNDeBC�qs<Ê~{CQj¸X�N�SmNDC�<TXbPBC-WOCQA4ADC-XDMUÊWCQj�� c�eH<TV�e	UTCQSOjBXbNDMurBADMtHUTCQqsXbc�eBC-P
NReHC�rvMmNRCQP)ND<�SOU?X�YZMAbNDeBC�WmSOA#<TM@BX�X#NRSmNRC-XzjB<?�vCQAdX#<T>PH<?�lVQSOP)NRU?�OGu[wPÍÞHÈÙqsC-NDeBM{jHXQ�|NReHC
NRADSOPBX#<?NR<?MP�YZA#MqÌMPBC\r�MONRC-P)NR<�SmU{NRM/SOPBMONDeBCQA|<?X|<TPHX#N�SmP�NRSOPBC-M@BXQ�c�<ÊNRebNDeBC"jB<Ê��C-ADCQPHVQC"<TP



�oE{�
CQPHCQAD>m��q�SOjBC/@Hr�t)��XDMOq�CFSOj2�#@BX�NRqsCQP)N"MOY NDeBC/VQUTSOXDX#<TVQSOU�WOCQU?M{V-<?NR<?CQX-G|h"e�@BXQ�ljB<Ê��C-ADC-P�N
ÞHÈÅNDARS��#C-V-NRMOAD<TC-Xiq�S¯��YZMUTU?M�c	jH<?WC-AD>C-P)NiNRARSl�#CQV-NDMAD<?CQX|c�eBC-PsNDeBC"X#NRSmNRC-X <TP)WMUÊWC-jseBSoWOC
XD@HtBX#NRSOP)NR<�SmUTU?��jB<Ê��C-ADCQP)N�r�MONRC-P�ND<�SOU?XQG

¼ X#<TqsrBUTC<?UTUT@HX#NRADSmNR<?MPfMOYiX#@BA#Y�SmVQCbeHMrBrB<?PB>�<?X�X#eBMoc�Pu<TP�;=<T>BGl±HG ³{G�[wPnNDeB<TX
qsM{jBC-U rBADMOtBUTC-q��BMOAD<T>O<TPlSOU?U?�sX#ND@BjB<?CQj�t���hº@BUTUÊ�}° ³m±O´���S4cxS¯WCQrBSOV�¨OC^NCQP)NRC-AD<TPH>�MP·NReHC
UTC^Y Nx<?PsNDeBCFU?MocxC-AxX#NRSmNRC�rlSOX#XDCQX�NReBA#M@B>efS�ADC-><TMP�MOY X�NRADMOPB>bPBMOPlSOjB<TSOtlSmND<TV�VQM@HrBUT<?PB>BG
¼\NCQPHCQAD>O<TCQXt�CQU?M�cÌNReHCztlSOADA#<TC-AkMPuNReBCz@BrHrvC-A�X�N�SmNDCO� NReHCzrlSOA#NMmY�NDeBCdc\S¯WOCQrlSOV�¨mC-N
q�SO¨�<TPB>�NReBC¬NRARSmPBXD<ÊNR<TMOP�NRM�NReBC�@BrBr�CQA|X�N�SmNDC\<TX'ADC��BCQV-NDCQjztlSmV�¨��c�eH<TUTC¬NReBC¬c\S¯WOCQrlSOV�¨mC-N
MP}NReBCsUTMoc�CQAX#NRSmNRCs<TX�SOV-VQC-UTCQADSmNRC-jÓNDM�cxSOA#jÓNReHCsA#<T>e)NQG�h"eBCsXRSmq�CstvC-elS¯W�<TMA<TXkC%~��
eB<?tB<?NDCQjyt��¾ÞHÈpNRADS��#CQV^NRMA#<TC-XQGf¼�Y NDCQA�rlSOX#XRSO>C4NReHADM@B>OeÓNReHC�VQMO@BrBUT<?PB>·ADC-><TMP��'X#Mq�C
MOYiNDeBC�NDARS��#C-V-NRMOAD<TC-X�c�<?UTU»tvC�rBADMOq�MONDCQjnNDM�NReHCb@BrBr�CQAFX#N�S�NRCdSmPBjutvC�ADC7�lCQV^NRCQj}tlSmV�¨��
c�eB<?UTCMONReHCQA�c�<TUTU t�C�SOVQV-CQUTC-ARSmNDCQj�MP�NDeBC�U?MocxC-A�X�N�SmNDCOG�[wP�Y�SOV^N¯�vÞHÈíq�C^NReBM�jBX�jBM�SmP
C^~{V-CQUTU?CQP)No�#Mt¾MOY�ADC-rBADM�jB@BV-<TPB>nNDeBC�½�@lSOP)ND@Bq NDARSOPHXDqs<TXDX#<TMP¾SOPBj¸A#C��lC-V-NR<?MP®rBA#MtlS��
tB<?UT<?ND<TC-XxYZMA\NReH<TX�rBADMOtBUTC-q °J³m±m´3G¬[wPnV-MP)NRARSmX#N¯�lNDeBCdÞH¦"¦\LÇNDARS��#C-V-NDMAD<?CQX�SOUTUgYZMOUTUTMocìNReHC
rlSmNDe¾<?UTUT@HX#NRADSmNRC-j}t��}NDeBC�jBSOXDeBC-j®UT<?PBC4SOPBj¾SOADC�SOV-VQCQU?CQADSmNRC-j®MP}NReBC�UTMocxC-A�X#@BA#Y�SmVQCOG
h"eB<?X¬C%~HSOq�rHUTC�XDeBMoc�X¬NRelSmN c�eBC-PfSkNRARSmPBXD<ÊNR<TMOPs<?X q�SOjHC�t�C-Nwc�CQC-P�Nwc�Mbr�MONRC-P�ND<�SOUlX#@BA��
Y�SOV-CQX�MOYºWCQA��·jB<?�vCQA#CQP)N�XDelSmrvCm�BNReBCkNR<?q�CFXDV¯SmUTCkMoWC-A�c�eB<?V�e�NDeBCVQUTSOXDX#<TV¯SmU�jBC->ADC-CQX�MOY
YZADC-CQjBMOq C%~{rvC-AD<TC-PBVQCFS�qs<Ê~{CQj��wX#NRSmNRC�r�MONRC-P)NR<�SmUl<TX WCQA��sXDeBMA�N¯Gi[�NxSOUTX#M�<?UTU?@BX#NDARSmNDCQX|NReHC
<Tqsr�MA#NRSOPBVQCFMOY=NDeBCV�eBM<TV-CMOY=tBSOXD<?X�X�N�SmNDCQX�<TP�ÞHÈØqsC-NReHM{jBX-K <?Y»NReBC�jB<TSOtlSmND<TV/X�N�SmNDCQXQ�
XDeHM�c�P4t)�dNDeBC\jBMON#NRC-jsU?<TPBC-XQ�Oc�CQA#C"@BXDC-jsNDeBC�ÞHÈÅNDARS��#C-V-NDMAD<?CQX=c�M@BU?jztvC"qsC¯SOPH<TPB>U?CQX#XQG
[�NelSOXt�CQC-P¾XDeHM�c�PÅ° ³OEm´iNReBSmN�ÞHÈpq�C^NReBM�jBXk>C-PBCQADSOUTUÊ��c�MA#¨utvC-X#Nc�eBCQP¾SOjB<TSOtlSmND<TV
r�MONRC-P�ND<�SOU?X"SOA#C�@HXDCQj�G

hº@BUTUÊ�nelSmX/<TP)NRA#M{jH@BVQC-jÓS�>OCQPBC-ARSOUiSmPBj}C¯SOX#<TU?��SOrHrBUT<?CQj}ÞHÈ qsC-NDeBM�juV¯SOU?UTCQj
qsMUTC-VQ@BUTSOA�j{�{PBSOq�<?VQX�c�<?NRe¸½�@lSmP�ND@Bq NDARSOPHXD<?ND<TMPHX�]�µk�1;/h�a�°J³�±B�i³À�´3Gy¦xM¨mCQA4SOPHj
VQMoc�MAD¨mCQA#XbelS¯WC�SOU?XDM·jB<TX#VQ@BX#XDC-j¾NReB<?Xkq�C^NReBM�j}C^~�NRC-PBXD<ÊWC-U?�Å°J³O³{�»³OIm´iSOPBjyq�SOjHCsP�@{�
qsCQADMO@BXbSmrBrBUT<?V¯SmND<TMPHX/NRMnqb@BU?ND<TjB<?q�C-PBXD<?MPlSOUºX#��X#NDCQqsXdMOYxrBe)�{X#<TVQSOUxSmPBj¾C%~Hr�CQA#<TqsCQP{�



�oE³

energy

coupling region;=<?>@BADC¶±BGÝ³{K Ú¾S¯WC-rlSOV�¨OC^NÅj{�{PBSOq�<?VQX®MOP NwcxMíVQMO@BrBUTC-j rvMONDCQP)NR<TSOUsXD@BA�Y�SOVQC-XQG ¼cxSoWOCQrlSmV�¨OC-N�C-P�NDCQA#<TPB>�MP�NDeBCFU?C-Y N�<TP4NReBC�UTMocxC-A�X�N�SmNDC�c�<ÊNRe�C-PBCQA#>O�stvC-UTMoc NDeBCF@BrHrvC-AX#NRSmNRCztBSOADA#<TCQA�<TX/X#rBUT<ÊN/<?P�NDM�NwcxM·rB<?CQV-CQXk<TP�NReBCzV-M@BrBU?<TPB>�A#CQ><?MPgGh"eBCzr�MA#ND<TMP�NRelSmNADC-q�Sm<TPBXkMP}NReHC�U?M�c�CQAX�N�SmNDCs<?X�SOVQV-CQUTC-ARSmNDCQj}NRMocxSOADjyNReBCsAD<?>e)N¯�gc�eB<?UTCzNReBC4r�MA#ND<TMPNReBSmN\>M�CQX�NRMbNDeBC/@BrBr�CQAxX#N�S�NRC/<?XxADC7�lCQV^NRC-jgG�h"eHC/ADC7�lCQV^NRCQjfcxS¯WCQrBSOV�¨OC^NFX#rBUT<ÊNRX\Sm>)SO<TPMP�<?NRX�A#CQCQP)NDA#��<TP)NRM4NReHC�V-M@BrBU?<TPB>sADC-><TMP�Gxh"eBC�jBMON#NRCQjnUT<TPHCQX"<TPHjB<TVQSmNRCkNReHC�jB<TSOtlSmND<TVr�MONRC-P�ND<�SOU?XQ�HSOPBj·NReBCUTMOPB>m�wjBSOXDeBC-j·UT<TPHC/<TU?UT@BX�NRARS�NRCQX�NReBCqsC¯SOP{�3�lCQU?j·rvMONDCQP)NR<TSOU3G
N�SmU�<?P�NDCQA#CQX#N�° ³ � ��E)À�´�GÂ¼FPHMONReBC-AzrBADC-XDV-AD<Tr{NR<TMOP¾YZMAbVQSOADA���<TPB>ÂMO@HNzC^~�NDCQPBjBC-j	XD@BA�Y�SOVQC%�
eBMrHrB<TPB>�jH��PlSOqs<TV-X�eBSOXbt�CQC-P®><?WOCQPÓt��Ó«k@BP)NI�Â° EOIm´3�ºtB@HNb<?N�elSOX�PBMON�t�CQCQPÓc�<TjBC-U?�
@BX#CQjgG[wP}µk�1;/hk��NReBCd½�@lSmP�ND@Bq Smq�rBU?<?ND@BjBCQXb]�ªi½2Gg±BG ± � a�SOA#Cd<TP)NRC->ARS�NRCQj�NReBA#M@B>e{�
M@HN�NReHCbVQMO@BADX#CbMOY S4NRADS��#CQV^NRMA��G�¼\NFC^WC-A#��NR<TqsCX#NDCQruSsjBCQV-<TXD<?MPn<?X�q�SOjBCkc�eBC^NReBC-A
NRM4X�c�<?NRV�e·NRMsSdPBC^cØX#NRSmNRCk@HXD<TPH>�Syù�YZC^cxC-X#N�X#c�<ÊNRV�eBC-XDú�SOUT>MOAD<?NDeBq jBCQX#<T>PHCQj·NRM4q�<?P{�
<Tqs<
�-C�NDeBCzNRMONRSOU|P�@Bqdt�CQAMOY�eBMrBX�° ³³{�»³�±O´3Gbh"eB<TX�SOU?>MAD<ÊNReBq¹V-MADA#CQV-NDU?�nADCQrHADM�jB@BVQC-X
NReHC�rBA#MtlSOtH<TUT<ÊNR<?CQX$Ê ¼

º ] Ð alÊ _FMmY|M�VQVQ@Hr���<?PB>�CQSOV�eÂ½�@lSOP)NR@HqÎX#N�S�NRC�SmN/SmP��fND<TqsCSOUTMOPB>sS
><ÊWCQP4NRADS��#CQV^NRMA��Gih"eBC�Nwc�M�q�S��#MA SOj{WOSmP�NRSO>C-X�MOYgµk�1;/h MoWC-A�rHADC-W�<?M@BX�ÞHÈìq�C^NRe{�
M�jBX�°J³OÃ{��³{�Q´»SOA#CkNRelSmN�A#CQ><?MPBX"MOY=X#NRA#MPB>sVQM@HrBUT<?PB>zjBMsPBMON�elS¯WCNRMstvC<?jBCQP)NR<Ê�lCQj�<TP
SOjHWmSOPHVQC/SmPBj�A#CQ><?MPBX¬MOY C^~�NDCQPBjBC-j·VQM@BrHUT<TPH>�q�S¯�4tvC�NRA#C¯SmNDCQjgG�_xMmNRe�MOY�NReBC-XDCFrHADMr{�
CQA�NR<?CQXiq�SO¨OC�µk�1;/hÍC¯SOX��dNRMk<?q�rHUTCQqsCQP)N=<TP4SOP)�zX��{X�NRC-q���ADC->)SOA#jBUTC-XDXiMOYvXD<	�QCO��SmXiUTMPB>
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WmSOUT@HCQX\YZADMOqêNReHCkVQU�SmXDXD<?V¯SOUvNRARSl�#CQV-NDMA#��VQMqsrB@HNDCQj�SmN"NDeBCCQPBjBr�M<?P�NDX"MOYºNReBCk<?P�NDCQA�WOSmU3G
h"eBC4VQUTSOXDX#<TVQSOU'ND<TqsCbX#NDCQryqd@BX�NtvCdX#q�SmUTU=C-PBM@B>Oe}NDelSmNkNDeBC4SOjB<TSOtlSmND<TVbC-PBCQA#><TC-XSOADC
XDqsM�MONReBUÊ�·WOSmA#��<TPB>�YZ@BPBV-ND<TMPHX/MPnNDeBCz<TP)NRC-A#WmSOU��vX#M·NDelSmNF<TP)NRC-ADr�MU�SmND<TMP�MOY NReHCQ<TA�WmSOUÊ�
@BC-X/<TXFSOVQV-@BARSmNDCOG�h"eBCdPBMPBSOjB<�SmtlSmNR<?V�V-M@BrBU?<TPB>OX�q�S¯��t�CbV-MqsrB@HNRC-jÂC^~HSOV^NRUÊ�ÂSmN�NReHC
<TP)NDCQA#WmSOU C-PBjBr�M<TP)NDXQ�2tB@HN�c�C�elS¯WOCbV�eBMX#CQPnNDMsYZMOUTUTMocìNReHC�rBA#CQX#VQAD<?rHNR<?MP�MOY=hº@BU?U?�·SOPHj
ÈFSmq�qsCQX���Þ{V�eB<Ê��C-Ad° ³À�´'SOPHjÂVQMqsrB@HNDCf° ��Ù¥ ª ºØ× ´�] Ð Ä!ds�³a�t)�nS�X��{qsqsC-NRA#<
�-CQjn�lPH<?NRC
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rBA#MtlSOtB<?UT<ÊNw���l@�~·ARSmNDeBCQA"NDelSOP·NReBC�SOqsrBUT<ÊNR@BjHCQX\NReHCQqsXDCQUÊWC-XQG¬h"eBC�V�eBSOPB>C<TP·rBA#MtlS��
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c�eBC-ADC¡��X�XO] Ð a <TX NReBC�rBADMOtlSOtB<?UT<?Nw�bMOY»M�VQVQ@Hr���<?PB>bX�N�SmNDC�S�SmN¬NR<?q�C Ð Gih"eBC-XDCFNDARSOPHXD<?ND<TMP
rBA#MtlSOtB<?UT<ÊNR<TC-X=VQSOP�t�C�<TP)NRC->ARS�NRCQjsSOU?MPB>/c�<ÊNRe4NReBC�½�@lSOP)NR@Hq SOq�rHUT<?ND@BjBC-XiSmN UT<ÊNDNDUTCxC%~��
NRADS�C%~Hr�CQPHXDCOG¬¼\NxNDeBCFC-PBjfMOY CQSOV�e�V-U�SOX#XD<TVQSOU2NR<TqsC�X#NDCQrg��NReBC�NRARSmPBXD<ÊNR<TMOP�rBA#MtlSOtB<?UT<ÊNR<TC-X
SOA#C�@BXDC-jÍNDMujBC-NDCQA#q�<?PBC�c�eBC^NReBC-AzeBMrBXdNRSO¨OCfrBUTSOVQC�tlSOXDC-j¶MOP¸VQMqsrlSOA#<TXDMOP¾c�<?NDe	S
ARSmPBjBMq P�@Bqdt�CQAxÃ£¢j¤¥¢ �OG|¼ eBMOr�V¯SOP�N�SO¨mCFrBUTSOVQC�NRMbX�N�SmNDCN\zMPBUÊ�4<?Y � X × þ ÃdSOPHj¤¥¢ � X × G=h"eBC�P�@HqdtvC-A�MmY�eBMOrBX tvC^NwcxC-CQP�X�N�SmNDCQX <TXiqs<TPB<?q�<	�QC-jdt)�zNReB<?X|�lADX�N�V-AD<ÊNRCQA#<TMPNReBSmN � X × þ ÃH��c�eB<TV�euqsC¯SOPHX�NReBSmN/eBMOrBX�NRSO¨OCdrHU�SOV-CbMPBUÊ�·c�eBCQPÂNDeBCQA#Cd<TXFS�PBC^N>�l@{~
MOY'rBADMOtlSOtB<?UT<?Nw�s<?P�NDMzNReBCkN�SmAD>C^N�X#N�S�NRCOG [�Y'qd@BUÊNR<TrHUTC � X × SOADCk>A#C¯SmNDCQA"NReBSOPµ�QCQA#MB�leBMrHX
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<?N�<TX�ADCQSOXDX#@BAD<?PB>nNRMnq�SO<?P)N�SO<?PÓC-PBCQA#>O�¾V-MPBX#CQA#WmSmND<TMP��|<?N�<TX�PBMONdV-UTCQSOA�NDelSmNbWOCQU?M{V-<?Nw�
XDVQSOUT<?PB>�<TXºVQA#@BVQ<TSOU)<TP�X#��X#NDCQqsX=c�<?NDebS�U�SOA#>CiP�@Bqdt�CQAºMOYlqsMUTC-VQ@BU?CQX-G'è�C-WOCQA#NDeBCQU?CQX#XQ�NReHC
µk�1;/h rBADM�VQC-jB@BADC�V¯SmUTUTX�YZMA"XDVQSOUT<?PB>dNReBC/WOCQU?M{V-<?NR<?CQX"t)�·SOrHrBU?��<TPH>4SOP·<TPBX�N�SOP)N�SmPBCQM@HX
YZMA#VQCx<?PbNReHC\jB<TA#CQV^NR<TMOPT��C)° ª X × ´�GiÞ{VQSOUT<?PB>�NDeBCxWOCQUTM�VQ<ÊNR<?CQXºXD@Bt8�#C-V-NiNDMkSFXDC^NiMOY�SOA#tB<?NDARSOA��
VQMOPBX#NDARSO<?P�NDX/MPnNDeBCbWOCQUTM�VQ<ÊNR<?CQXF<?P�NDeBCdX#��X�NRCQq¿ADCQ½�@B<?ADC-X/jBC-NDCQA#q�<?PB<TPB>�S�XD<?PB>U?CbXDVQSOUTC
Y�SOV^NRMAPòº�Bc�eBC-ADCkNReBCkWOCQUTM�VQ<ÊNR<?CQX\YZMA"CQSOV�eÂSmNDMq H SOA#CkV�elSOPB>OCQjÂSmVQVQMOADjB<?PB>zNRMq�§�¨�©º ]�ò�aiÕ�q�ª ä¬«º Ä ò� º ��C�° ª m º oX × ´�æ ]�±BG ÁO� a
h"eBCdqsMU?CQVQ@HU�SOA�VQMOPBX#NDARSO<?P�NDXkSOA#CzSOrBrBU?<TC-j�NRM¥q §W¨?© ]Sò�a�@BX#<TPB>�NDeBCdqsC-NDeBM{jnjBCQX#VQAD<?tvC-j
<TP¾Þ{C-VOGº±BG?�OGÝE�SOt�M�WOCOGf[wPÓMADjBC-A�NDMnV-MPBXDC-A#WOC�NReHC�NRMmN�SOUiC-PBCQA#>O��ºNReBC�V�elSOPB>Cs<TP}NReHC
¨�<TPBC^NR<?VkCQPBC-AD>O�·jB@HCNDM4XDV¯SmUT<TPH>zqd@BX#N�XDSmNR<?X#Y �dFñ�F® § ]Sòga Õ Ë dFñU¯ ª � ½ ]�±BG � Ã)a
c�eBC-ADC*dFñU¯ ª � <?X�NDeBC¾jB<Ê��C-ADC-PBVQCÓ<TP r�MONDCQP)NR<TSOUCQPBC-AD>O� t�C-Nwc�CQCQPíX�N�SmNDCQX°S SOPBj�\lGdFñ�F® § ]Sògas<TXfS®½�@lSOjHARSmND<TVnYZ@BPHV-NR<?MPÇMOYYò c�<ÊNReÇr�MXD<ÊNR<ÊWCÂV-@BA#WmSmND@BADCm�FXDM®NDM	jBC-NDCQA��
qs<TPBCbNDeBCsPBC-cÑWCQU?M{V-<?ND<TCQXk<ÊN<TXkPBC-VQC-XDXRSmA#�yMPBUÊ�nNRMf�lPHjyNDeBC�A#M{MmNkMOY"ªi½2G ±BG � Ã�c�<?NDe
NReHC�XDq�SOUTU?CQA�SOtBX#MUT@HNDC�WmSOU?@BCOGÂh"eHCfXDq�SOUTU?CQAADM�MONd<?XbV�eBMOXDCQP	<?P®MADjHCQAbNDMÂq�<?PB<Tqs<
�-C
NReHC�V�elSOPB>OCQXzq�SOjBC�NDMnNReHC�WC-UTM�VQ<?ND<TC-X�t)�yNReBC�X#V¯SOU?<TPB>HG�ÚìeBC-P®NReBC�NRSOAD>OC-NdX�N�SmNDC�<TX
eB<?>eBCQA'<TPdC-PBCQA#>O�bNDelSOPbNDeBC\V-@BADA#CQP)N X#NRSmNRCm�)<3G COGZdvñU¯ ª � <?X=>A#C¯SmNDCQA=NDelSOPT�-CQADMH��ª ½2Gm±BG � Ã
q�So��PBMON\elS¯WCSOP)��A#C¯SOUvADM�MONRX-�H<?P�c�eB<TV�efVQSOXDC/NDeBCkeBMrf<?X\ADCZ�#CQV-NDCQj�SOPBj�NDeBCkVQ@HADADC-P)N
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MOY NReHC4WOCQU?M{V-<?Nw�Â<?PÂNReBCzjH<TADC-V-ND<TMPuMOY NDeBC4PBMPlSOjH<�SOtlS�NR<TV�VQM@HrBUT<?PB>ftvCzA#C-WOCQADX#CQj °J³À�´3�
c�eB<?V�eu<TX�CQ½�@B<?WmSOU?CQP)NFNDM��lPBjH<TPB>�NDeBCb@HPB<T½�@BCdPHMP��QC-ADM�A#M{MmN/MOY±dFñU3® § ]�ò�a"ÕÑÃHG�h"eB<TX
WC-UTM�VQ<ÊNw�¾A#C-WC-ADXDSOU\M�VQVQ@HADXzt�CQV¯Sm@BXDCfNReHC�NRADS��#CQV^NRMA��®<TX�XRSO<?j®NRMut�C�ADC7�lCQV^NRC-j¶MO�ÍNReHC
tlSOA#AD<?CQA\NRM4NReHCNRSOAD>OC-N�X#NRSmNRC�<TPfNReHC�jH<TADC-V-ND<TMP·MOY'NReBC�L'C-V�e�@H¨mSmX�YZMA#VQCO�lc�eB<?V�e�YZMOA�SmP
<TPHX#N�SmP�NRSOPBC-M@BXiNRADSOPBXD<ÊNR<?MPzVQM<?PBVQ<?jBCQXic�<ÊNRev��C° ª m º oX × ´�G|[wPsrBARSmV-NR<?VQCm��NDCQX�NRX MPsrBeBMONDM{jB<?X��XDM�VQ<TSmNR<?MPu<TPu[ ¤_ ¼�A#ÉfV-UT@BX�NRC-ADX�XDCQC-q NRM·<TPHjB<TVQSmNRCbNDelSmN�r�CQA#YZMOADqs<TPB>�NDeBC4ADC^WCQA#XRSOU elSmX
UT<ÊNDNDUTC�C-�vCQV^N�MP�NReHC/tBARSmPBV�eB<TPH>zARSmND<TMX/° ÁO� ´�tB@{N"jBM�CQX\elS¯WOC/NReBC/@HPBjBCQX#<TADSOtBUTCFC-�vCQV-N\MOY
<TP)NDADM�jB@BVQ<?PB>f<TPHX#N�SmP�NRSOPBC-M@BXkjBC-rBelSOX#<TPB>�MOY NReBC4X#MUT@HNDCbW�<TtBADSmNR<?MPBX-Gbh"eB<?XkC-�vCQV-N�elSmX
SOU?XDM·tvC-CQPÓPBMONRC-jÓt)�Óµ§¢@BU?UTC-AkSOPBj¾Þ�NRM�V�¨Í° ³OEm´��»c�eHMnelS¯WCsXD@H>>CQX�NRC-j®jBADMOrBrB<TPH>·NDeB<TX
rBA#M{V-CQjB@BA#CkYZADMqÙNDeBC�µk�1;/háSOU?>MA#<?NReHq�G

h"eBCy<TqsrBUTC-q�C-P)N�SmND<TMP MmYdXD@HA#Y�SOV-CÓeBMOrBrB<TPH>Í<?P NDeB<TXfc�MAD¨ÇV-MUTUTSOrBX#CQX�NReHC
½�@lSOP)NR@Hq SOqsrBU?<?NR@HjBCQX4MP)NRM®S¾XD<?PB>UTC·X�N�SmNDCÂrvC-AD<?M{jB<?V¯SOU?U?�ÓjB@BA#<TPB>¾NDeBCnV-M@BA#XDCÂMOYkS
NRADS��#CQV^NRMA��·NRMsq�<ÊNR<T>SmNRCFNDeBCbC^��C-V-NDXFMOYiX#rB@BA#<TM@BX�½�@lSOP)NR@HqÖV-MeBC-ADCQPHVQCOG�¼FqsrBU?<?NR@HjBCQX
SOA#C�MPHU?�zA#CQXDC^N\<ÊY SOU?UlMOYgNReHC�PBMOPlSOjB<TSOtlSmND<TV�VQM@HrBUT<?PB>XiY�SOUTUHtvC-UTMocìS�V-CQA�N�SO<?P�NReHADCQX#eBMU?j
WmSOUT@HC·]��oÃ ¤ Ð�S�NRMqs<TV�@BPB<?NDX/c\SmX�@HXDCQjy<TPuNDeB<TXFc�MA#¨Ha%Gz[wPyNDeB<TX�cxMA#¨nNReHC�Smq�rBU?<?ND@BjBC
ADC-XDC^NDNR<?PB>�c\SOX=SmNDNDCQqsrHNRC-j�MOPBU?�S�N��¯ÃÃ\YZX'<?P�NDCQA�WOSmUTXºSOUTMOPB>�C¯SOV�e�NRARSl�#CQV-NDMA#�OG=h"eB<?X»rBADMm�
VQC-jB@BA#C�jBM�CQX�PBMmN�jBSOq�r·V-MeBCQA#CQPBV-C�NDelSmN�SOA#<TXDC-X�<TP·C^~�NRC-PBjBC-jÂVQM@HrBUT<?PB>zADC-><TMPHXQ�BtB@{N
rBA#C-WC-P)NRX�VQMeBC-ADC-PBVQCYZADMqêSOA#<TXD<?PB>bYZMAxXDCQrBSOARSmNDCrlSOXDXDSO>C-X�NDeBADMO@B>efX#NDADMPH>sV-M@BrBU?<TPB>
ADC-><TMOPBXQG
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�v�_ÅWÊ@Æ{k&Çl�AÆ���É"�°Ê��v�p�"k��m�lq��D�u����Òw�����J�m�"��Ì"�rq4ÉWÅk��jÊ�Ò���lk��Æ��m���r��k�q����"�p�"�7É�Æ���É��m�"q*Êr�Ò��"�pk���Æ��r�1Êmq*Ç%Ë����*�#æ�Êm�&Ì�Æ���Æ��v�&É��

_gq���ÆSÉ"�°Æ���Æ��m�lk��m�&ÇxÆ È�Æ��m�lq����mq@�m�"�+Ä��mq*Å"��É �&Çl��k5�v�rq��"�lk1Ê��}Æ��m�Nq Ñ Í���Ç Î �°Ê�q��4æÊm����Ë��7É �p��q���Ç"Ö¬q��"� q Ñ �m�"� ªµi f��v�jÆ�r��k��mq��m�p�7Ê@��Å"� Ñ q��LÆSÇ"ÇL�v�"��k&Ç°ÅWÊ��v���LÊm��b��&Ê���0���É�Ö}��Æ��@�lk&Ê!q��WÊr���#Ë��7É Ñ q��w�m�"�8 #f$ÌWÊ!�m�jÆ)�r��k��mq��m�p�7Ê��°Ê�ÆSÇl�@q*Êr��Å"�"� Ñ q��m�LÇ"ÖaÆSÉ�xÆ���Æb�v�lkC×HÆSÇ%æ
�v�q*ÅWÄ��aÆ1Ò��"É"���jÆ���Ä���q Ñ Ì"�rq4É�Å"k���Êz�r�7Ê�ÅWÇp��Êw�u��k7ÆSÅWÊm���v��ZÊrq*Ç"Ë����*��Ê��v�rq��WÄ*Ç%Ö{�y�'È��7Ê��v��
��Æ��r�T�lq����&Çl��k5�v�rq��"�lk�Ê��}Æ��m�7Ê��

0��"��Ì"�rq4É�Å"k��m�lq���q Ñ Í Î æ³��ÆSÊr�7É Ñ �jÆCÄ��y���*�jÊ�Æ���É���Ç�Æ��vq��aÊw�°Ê!q���Êm���#Ë��&É q���Ç"Ö
�l���v��<��ÒwqTÊr�TÆSÇ"Çl�&Êr��k7Ç"ÅWÊr�m���@Êm��b��&ÊFÊr��ÅWÉ"�p�7É����!�B°ÊÈ i �����°Ê��v�"�>É"q��@�l�WÆ��*�ZÌ�mqHÉWÅ"k��
k���Æ���"�7Ç��X0��"�°Ê�Ì�mqHÉWÅ"k��Lk�q��r�m�&Ê�Ìuq��WÉWÊ!�mq$É"�l�r��k5��É"�"Ê�Êmq}k��°Æ��v�pq��@q���Æ��?ÆSÉ�xÆ���Æb�v�lk@Ê��}Æ��m�Ò��p�m�1Êm�l�@�°Ç°Æ���k��WÆ��jÆ�k5�v�����mq��v��Æ��dq Ñ �v��z�WÆ��m���lq���Õ�¥ Êr�jÆ��v�C×CÒ��"���m�4�v�"��k���Æ���Ä��KÇlq}kAÆSÇp�Qb��7Ê
q��*�vq��v��>Í�Æ��vq�� �6�!�W #f�ÌWÊ�ÆSÇ°Ç�q Ñ �v��>Êrq*Ç"Ë����*�g�yq*Çp��k&ÅWÇl�&Ê��m���aÆ��p�Jk&Ç°ÅWÊ��v���m�7ÉJ�vq{�v��Í Î ×z�WÅ��Ê�Å*ÿ@k��l���*�y�p�*�v���r��ÆSÇ!���"����ÄSÖ¶�m���TÆ��l�WÊ��p�¬�v�"� Ñ ��ÆSÄ��@���*���vq���ËSÆCÌtq���Æ��v� ª q��
i �yq��q��y����Ê��~0��"�°ÊaÆSÄ��r���&ÊLÒ����v�¶�v�"� ��È4Ìt���m�p�y�����jÆSÇ��m�&Ê�ÅWÇ��jÊ&×�Êm�"q.Ò�� �p��5(�"Ä"�4���Ü4×



i�j Ü
Ò��"���m�@q���Æ.Ë�����ÆSÄ�� ª Êmq*Ç%Ë����*�N�yqSÇl��k&ÅWÇl�N�°Ê���ËSÆCÌtq���Æ��v�&É Ñ �rq��¯�m�"��Í Î Ì"�mqHÉWÅ"k5� Ñ �rq��Í���Ç Î �y�z9 Ï � Ï �Ä�ZÊ{�l���m�"����È4Ìu���r�l�@���*�A×��m�"�°ÊNk���Æ��"�"�&Ç�É"�°Ê�ÆSÌWÌu�AÆ���Ê��jÆCÌ"�°ÉWÇ%Ö¨�t�5��ÒL�����
°.È i Æ��WÉ j �

0��"�N�m��k�q����"�p�"�7ÉÍ���Ç Î æG��ÆSÊr�7É Ñ �jÆSÄ��@���*��Ê7×�Ò��"�lk���Æ��m�1É"���"q��m�7ÉÖ��Í���Ç Î ��ýg�l�
0�Æ��WÇl�D�� j ×4�m�7Ê�ÅWÇp� Ñ �mq��©�m��k�q��¢�"�l��Æb�v�lq��¬�l���m�"��ÆSÌWÌ�mqAÈ��l�aÆ��v�&Ç"Ö i f"f��@�u&»ÒL�&Ç°ÇLq��
�v��`Õ�¥-Ê��}Æ��m���Ä0��"�"Ê�k���Æ���"�7Ç Ñ qSÇ°Çlq.Ò@ÊT�v�"�?Ê�Æ��@����ÆSÊr�lk��m�m���WÉ¡q��WÊr����Ë��7É¶�l�§�v�"�D��È_æÌu���m�p�y���*� Ñ q��x�v�"�$Í���Ç Î æG�WÆSÊm�&ÉXÌ"�mqHÉWÅ"k5�jÊ7£FÆTÊm�aÆSÇ"ÇOÆ��@q*Å"�*�B�°ÊBq��WÊm����Ë��&É Ñ q��B°ÃÈ i ×Ñ q*Ç"Çlq.ÒL�&É��^ÖXÆD��ÆSÌ"�°Éh�m�°Êr�¢�vq`ÆD�TÆ È��p�$Å"�ºÆ��rq*Å"�WÉ�°àÈ  4×�Æ��WÉBÆ`Êm��Æ���ÌBÉ"��k&Çl�p�"�$Æ��ÇxÆ���Ä����xk&Ç°ÅWÊ��v���FÊm��b��&ÊBq*Å�x�vq�°ÔÈ ªºi ×EÒ��"���r�¢�v�"�+Ì"�mqHÉWÅ"k5�FÉ�°ÊjÆCÌWÌt�7Æ���Ê���0���¢��È�k��p�v�&É
�:Í���Ç Î � ý Ñ �jÆSÄ��y������ÊBq���Êm���#Ë��&É��l� �m�"�>Êm�l�/ÅWÇxÆ��m�lq���Ê7×I�"q.Òw�&Ë����7×��WÆ.Ë������q*ÅWÄ����p�*�v���r��ÆSÇ
�������ÄCÖ��vq{��ËCÆSÌtq��jÆ��m�JÆ����@q*Ê���Æ Ñ �&Ò»�@q��"q��@����Ê7×��&Ë����Æ��!�v��JÇxÆ���Ä��7Ê���k7Ç"ÅWÊr�m����Êr�Qb��7Ê7×Ò��"�"Çl�s�v��N��È�Ìu���r�l�@���*�}ÆCÇ Ñ �jÆSÄ��@���*��Êx��È��"�l�"����Æ@�@q��"q��vq��"�pk��l�"k��m�7ÆSÊm�T�l���v��<�_Å"�¢�t���
q Ñ �@q��"q��y����Ê�Çpq*Êr�w�l�@�v�"�g�jÆ���Ä��Bq.Ë�����Ò��"�lk��y�v�"��Ö`Æ��r�Bq���Êm���#Ë��&É�×�Ìt�7Æ#���l�WÄ/Æ��!��AÆ���Ç"ÖÜ Ñ q���°.È ª f�0Í³���°Ê��m�"���r� Ñ q��r�>Çp�Q���7Ç"Öy�v��Æb���v�"�<��È4Ìu���m�p�y���*�}ÆSÇ�Í���Ç Î Ñ ��ÆSÄ��@���*�jÊ���Ë����Hæ
�jÅWÆSÇ°Ç%ÖRÅ"�WÉ"����Ä�q¢�7Çl��k��m�mq��"�pkg�r�7Ç°Æ È�Æ��v�pq��@�mqN�m�"�FÄ��rq*Å"�WÉTÊr�}Æb�v�S×_Ò��"�pk��D�m�&Çl�AÆCÊm�7Ê�Æ+ÇxÆ���Ä��Æ��@q*Å"�*�xq Ñ ���"����ÄSÖ��v��Æb�FÄ�q}�7Êx�l�*�mqaÊrq*Ç"Ë����*�B��ËCÆSÌtq��jÆ��m�lq������!�g�m�"�°Ê��v�p�y�s�m�"���r�¢�"Êx�q
��È4Ìu���r�l�@���*�}ÆSÇd�l� Ñ q��m�aÆ��v�pq���Æ��uq*Å�g�v�"�<�v�l�@�1Êmk7ÆSÇl�Nq���Ò��"�pk��h�v�"�"Êg�&Çl��k��v�rq��"�pk¢�m�&ÇxÆ È_æÆ��m�lq���q}k�k&Å"��Ê��=0��"�{�y��k���Æ��"�"Êm�LÊB�^Ö�Ò���lk��í�:Í���Ç Î �2ý��@�°Ä��*�ZÅ"�WÉ"����Ä�q��q���ÆSÉ"�°Æ���Æ��m�lk
�m�&ÇxÆ È�Æ��m�lq���Æ��m��É"�"Êmk7Å�Ê�Êm�&É��u�7Çlq.ÒT�ÍG���v��RÊm�l�/ÅWÇxÆ��m�lq���Êx�m�"� Ñ q��r�TÆ��m�lq�� q Ñ ��Ç Î æG��ÆSÊr�7ÉXÌ"�rq4É�Å"k���Ê��°Ês�"�7Æ���Ç%Ö�ÆSÇ%æÒ�Æ.ÖHÊaÆ�k�k�q��LÌ�Æ��"�p�7É¡�^Ö¡�v�"� Ñ q��m�aÆ��v�pq��¬q Ñ Ê�Ì"�p�4æGq��m�"������È�k��p�v�&ÉNÍ ý ����Ç Î Ñ q��m�aÆ��m�lq��
�u��k�q��y�&Ê@�m�"��É"q��@�l��Æ��*��É"�"Ê�Êrq�k��xÆ��m�lq��¡k���Æ��"�"�7ÇZÆ��@° È `v×0Ò��"�pk����°Ê�q���Jk&Ç°ÅWÊ��v���Êm��b��`Êrq�q��"���<�v��Æ����l���m�"�D��È4Ìu���r�l�@���*�jÊ��Ê�FÊ��p���v��D��È4Ìu���m�p�y���*�jÊ7×4���jÊ+É"�°Ê��v�m�p�WÅ�m�lq��Ò��p�m��k7Ç"ÅWÊr�m����Êm��b��{�"Ês�"�l�@qHÉ�ÆSÇÙ×EÒ��p�m�BÆ��y�p�"�l�$Å�ºÆ��mq*Å�WÉ�°�È  4×�Ò��"���m��kAÆCÄ��l�WÄ�q ÑÍ���Ç Î �°Ê0Ê��v�mq��WÄ��7Ê��,�X�!�z�v�"�@Ç°Æ���Ä�����k7Ç°Å�Êr�v���0Êm�Qb��7Ê&×��p�"k��r�AÆSÊr�7É`Ì"�rq4É�Å"k��m�lq���q Ñ ��Ç Î �°ÊKÆ�k�æ
k�q��aÌ�Æ��"�l�&ÉD�^Öy�m�"��ÆSÌWÌu�AÆ��jÆ��"k��sq Ñ Êrq*Ç"Ë����*��æçÊm�7ÌWÆ��jÆ��m�7É�Ì�Æ��p��Ê&×4É"���"q��m�7É.��Ç Î ´µ´µ´ ÍLýA×�l�
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Â(�pÃ�Ä"�m�D��ÆÅ:£DÇgÈ����vÉ�Ã����}Ä���t����q�ÊxËmq�Ì�È����*�@�@q�Ìl��k�Ä"Ìp��Ë�Ìpq�Ër��Ê>q��{�,É�k��«�5Í�Îu���m�p�y���*��É�ÌÎ"�rq�Ï"Äk��yk��IÉ��"�"��ÌgÊ>q�ÌpÌlqµÐ��l�Ã�Î"�"q��mq�Ï"�pËmËrq�k��ÑÉ��m�lq��¶q�Ê�Ò�ÓLÌ>ÔdÕ�Ó�Ö�×5Ø v É��Dn j�j �� Ê>�rq��¸���Ê9� i ��Ù�É�k��¡k��IÉ���"��Ì!ËrÎIÉ��"Ë�É �vÉ��"Ã���q�Ê i �}ÚhËmq�Ì�È��������yq�Ìp��k�Ä"Ìl��Ë���Ù(Í�Îu���m�p�y���*��É�ÌÎ"�rq�Ï"Äk��vËxÉ��r�TÏ"���m��k��m��ÏhÉ��gÛºÜ ª,Ý À�Ë�É�ÊY�v���xÎ�"q��vq}�5Í�k��p��Éb�v�lq����



i�j�Þ
Ð��"�pk��hÓ�Ös×��@q�Ìl��k�Ä"Ìp��Ë!Ë��v�rq��"Ã�Ì�ßyËrq�ÌpÈ�É��m�B�v��TÓLÌ Ô �pq���Ð��"�pÌl�B�m�"�sÒ ý �m����É��p�"ËLÌpq�q�Ëm��Ì�ß
�uq�Ä"�"Ï¬�mqh�v�"�yq�Ä�mËm�lÏ�Dq�Ê��v��Dk�ÌpÄ"Ër�m�����hÇ!��°ÆÈ���É��"Ï ª,Ýà Ð��"���m�D�v���Ëm��Ëmq�Ì�È����*��Ü
Ëm��ÎIÉ��mÉ��v��Ï¨Î"É��l�rË�É��m�¢q��"Ëm���rÈ���Ï à Ï"�l�r��k5��Ï"�lËrËmq}k��lÉ��v�pq��h�"�5È����T�vÉ�á���ËTÎ"ÌÑÉ�k����NÂIq�ÌlÌpqºÐ��p�"Ã
�l��p�v�lÉ�Ì"k�É�Ã��l�Ã¢q�Ê�Ò�ÓLÌ>Ô��*ßy�m�"�BËrq�ÌpÈ����*� à ÓLÌ>Ô��pËwÊ>q��r�y��ÏyÐ��"���D�v�"�sËrq�ÌpÈ����*���@q�Ìl��k�Ä"Ìp��Ë
Î"�p�"k����u���GÐw�����{�m�"�!Ò�É��"Ï{ÓLÌ à Ìpq�k�É�Ìl�pâ��p�"Ã!�v�"�wk��IÉ��rÃ��!q���ÓLÌ�É��"ÏNÊ>q��m�@�l�"ÃxÒLý,��s�pËmËrq�k���Ü
É��m�lq��{�v����Dq}k�k�Ä"�mËz�*ßy�5È�É�Îtq��vÉ��m�lq��@q�Ê��m�"�xÒLýwÊ>�mq��ã�v�"�xq�Ä�mËm�lÏ�gq�Ê��v�"�xËmq�Ì�È�É��v��ÏDÓLÌ>Ô
Ê>�vÉ�Ã��y���*�,�Jä��"�DËmq�ÌpÈ����*�rÜGËr��ÎIÉ��vÉ��m��Ï«ÓLÌPÔ ´µ´µ´ ÒLý¢Ê>�vÉ�Ã��y�����mË�É��r�y�m�}ÄË�Ìl�pá���Ì�ß��vqhß}�p��ÌlÏ
ÓLÌ Ô ÜG�IÉ�Ër��Ï�Ê>�vÉ�Ã��y���*�vË��"Ä�x�IÉ,È��N�"q���ß����xÏ"q��"�TËmq��*ß Û Ý Î"Ë à Ð����� �m�"���v�mÉ)�r��k5�vq��r�l��Ë
É��r�<Ë��vq�ÎÎt��Ï��

ä��"�gËm�yÉ�ÌlÌ"��Ä"�¢�t���wq�Ê��yq��q��y���mË4Ìpq�Ër��Ê>�mq��å�v�"�BÓLÌ Ô ÜG�IÉ�Ër��Ï�Ê>�mÉ�Ã��@���*�vËzÉ��
É�ÌpÌ�v�"�xk�ÌpÄ"Ër�m����Ëm�pâ���Ë!É��4Ð��"�pk��y�m�"��ßyÉ��r�xq��"Ëm���rÈ���Ï�É�Ã��r����ËzÐw��ÌpÌ¹Ð����v���v�"���¤ÍÎu���r�l�@����Ü
��É�Ì}�r��ËrÄ"Ìp�mËfËr�"qµÐ��{�l�NÂ(�lÃ"�º���ÆÅ��fÂIq��d°hÈ j É�ÌpÌ*q�Ê"�m�"��ÓLÌ>ÔÜG�"É�Ëm��Ï¢Ê>�vÉ�Ã��y�����mËfÎ�mq}Ï"Ä"k���Ï
É��xÛ Ý Î"Ë�É��r�sËmq�Ì�È�É��v��Ï���ßyÊ>q�Ä"�!�@q��"q��y���mË à �"Ä�!ËmÄ*ÿ@k��p���*�x�l�*�v���m�IÉ�Ì�������mÃ�ßD�m����É��l�"Ë
�l��É�ÌlÌ(q�Êw�m�"��Ê>�vÉ�Ã��y�����mËs�vq���È�É�Îuq��mÉ��v�{É��§É�Ï"Ï"�p�m�lq��"É�ÌfËrq�ÌpÈ����*�<�yq�Ìl��k�Ä"Ìl���¢ä��"�pË�Ï"�5Ü
�v���m�@�l�IÉb�v�lq��§�pË¢�yÉ�Ï"���*ß�k�q��@ÎIÉ��r�l�"Ã��v�"�y�vq��vÉ�Ìw�p�*�v���r�IÉ�Ìw���"���mÃ�ß§q�Ê��v���Ê>�vÉ�Ã��y�����
ÕPËrÄ"��m�vÉ�k5�v�l�Ãx�m�"�wk����*�v����Ü³q�ÊÑÜG�yÉ�ËmË�á��l����v�pk����"���mÃ�ßØ�Ð����v�T�v�"���"�p�"Ï"�p�"Ãg���"���rÃ��l��Ë�Ëm�"qµÐ��
�l��äfÉ��"Ìp��Ë����Û@É��"ÏJ���n à Ð��"�lk�� É��m���p�"k�ÌpÄ"Ï"��ÏJ����m�TÊ>q����r��Ê>���r���"k����

ÇB�"É�Ìpß}Ëm�pË q�Ê¢�v��§Î"�r��Ìp�l�@�l�IÉ���ß��r��ËrÄ"Ìp�mËhËmÄÃ�Ã���Ë��vËhÉ«�"�5Ð©�y��k��IÉ��"�pËm� Ê>q��
Î"�rq�Ï"Äk��zÊ>q��m�yÉ��v�pq����l�@Ò�ÓLÌPÔfÕ�Ó�Ös×5Ø v Î"�"q��mq�Ï�lËmËrq�k��ÑÉ��m�lq���É��"ÏDÎ"�rqºÈ}�pÏ"��Ëz�5Í�Î"ÌlÉ��IÉ��m�lq��"Ë
q�ÊfËm�5È����mÉ�Ì�Ä"��Ä"ËmÄ"É�Ì��v�m���"Ï"Ëx�l���v��<Ër�lâ���Ï"��Îu���"Ï���"k��¢q�Êf�v�"�TÎ"�"q��vq�Ê>�mÉ�Ã��@���*�vË��p�

æ�çpè�çPé êhë>ìuí î�ï"ìuëPðdì§ñ�ò¬î*ëPñ}ðdî�ó
ä��"��É�Ë�ß}�y�@���m�m�lkzËmq�ÌpÈ����*��Ër�v�rÄ"k��mÄ"�m�!É��mq�Ä�"Ï{Ò�ÓLÌPÔ��pË(�¤ÍÎu��k5�v��Ï@�mqsËr�m�mq��"Ã�Ìpß

����IÉ��"k��<k�É�Ã��p�"Ã{É��!�m�"��Ëm�yÉ�ÌpÌl���zk�ÌpÄ"Ër�m����Ër�lâ���Ë��zôL��k,É�Ä"Ër���v�"�sÒ�ÓLÌ>Ô"ÜG�"É�Ëm��Ï�Ê>�mÉ�Ã��@���*�vË
Î"�rq�Ï"Äk���Ïh�l���v�"�<Ëm�p��Ä"ÌÑÉb�v�lq��"Ë�É��m�T�p�hÉ�� �5Í�k����v��Ï�Ër�vÉ��v� à �����lËx�"q��xk�Ìp�,É���Ð��IÉ��g�u�t��k5�
�v��@ÌlÉ��mÃ��{É��@q�Ä"�*��q�Êw���"���mÃ�ß��m��Ìp�,É�Ër��Ï¨�*ß���Ìp��k��m�mq���lk��r��ÌÑÉºÍ"Éb�v�lq���Ð��lÌlÌf�IÉ,È���q����v��



i Û Ý

äfÉ��"Ìp�T���Û(£�õ4�mq�Îu�����v�l��Ë�q�Ê(ÌpqµÐL��Ër�x���"���mÃ�ß ÓLÌ>ÔdÕ�Ó�Ö�×5Ø v k�ÌpÄ"Ër�m���rË��
° õfq��v���*�m�ÑÉ�Ì�Ù4�"���mÃ�ß ���u�¹�¹ôL�l�"Ï�l�"Ã�Ù4�"���mÃ�ß ÇxÈ�Ã�¹ôL�l�"Ï�l�"Ã�Ù4�"���mÃ�ßÕ>�y�5öTØ ÕP�@��ö�Ø Õ>�y�5öTØ
ª Ñ Ú*Û Ý Ñ Ú*Û Ý Ñ Ú�Û Ýi Ñ Å Ý�Þ Ñ Ú*Û Þ Ñ Ú�Û�ÛÚ Ñ ªµÝ ��Ú Ñ Ú*Å j Ñ Ú�n ªj Ñ ª,j�j�Ý Ñ Ú*Û�Å Ñ Ú�n ÝÛ Ñ ª Å Þ�i Ñ Ú*Û i Ñ Ú�Û��n Ñ i�ª Ú j Ñ Ú j�i Ñ Ú�Û�nÅ Ñ i�j Å�n Ñ Ú j�i Ñ Ú�Û j� ý Ñ i � i Û Ñ Ú j*Þ Ñ Ú�Û�ÚÞ Ñ i�Þ�Þ�j Ñ ª n Þ Ñ Ú�Ú�Ú
ý Â(�l�rËr��Ëmq�ÌpÈ�É��v�pq��DËr�"��ÌpÌ�k�q��@Î"Ìl�5�v���

äfÉ��"Ìp�T���n(£�õ��rq�Îu���r�m�l��Ëxq�Ê(ÌpqºÐw��Ë��x���"���mÃ�ß�ÒmÔfÕ�Ó�Ös×5Ø v k�ÌlÄ"Ë��v���rË��
° õdq��v���*�v�ÑÉ�Ì�Ù�����mÃ�ß ���u�u�¹ôw�l�"Ï"�p�"Ã@Ù4�"���rÃ�ß ÇxÈ�Ã�¹ôL�l�"Ï�l�"Ã�Ù4�"���mÃ�ßÕP�@��öTØ ÕP�@��öTØ Õ>�y�5öTØ
ª Ñ i�ª,j Ñ i�ª,j Ñ i}ª,ji Ñ j n�Ú Ñ i�j*Þ Ñ i Ú iÚ Ñ Å j*Ý Ñ i Å�Å Ñ ibj Åj Ñ ª,Ý�Ý�Ý Ñ i n Ý Ñ i Û ÝÛ Ñ ªµi Û�Å Ñ i Û�Å Ñ i Û ªn Ñ ª Û i�j Ñ i n*Å Ñ i Û jÅ Ñ ª Å���n Ñ i n i Ñ i Û�Û� Ñ i�Ý n*Å Ñ i � ª Ñ i Û��Þ Ñ i Ú i�j Ñ i Û�Å Ñ i Û��ªµÝ Ñ i n ª � Ñ i�Þ�j Ñ i n iª�ª Ñ i �*Å i Ñ i Û j Ñ i n ªªºi ý Ñ Ú ª Å Þ Ñ Ú Ý Å Ñ i n*Û
ýxÂ(�l�rËr��Ëmq�ÌpÈ�É��v�pq��DËr�"��ÌpÌ�k�q��@Î"Ìl�5�v���
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q��"Ër����È���Ï�k�É�Ã��l�Ã¢�uÿ@k��l���k��l��Ë��z÷g�5È����r�v���Ìl��ËmË à k,É�Ã��p�"Ã��p�y�v��s�5Í�k����v��Ï�Ër��Éb�v�s�pËwÎ"�rq��IÉbÜ
�"Ì�ß{�v�"�gÎ"�m��k�Ä"�rËmq��L�mqN�m�"�gÊ>q��r��Éb�v�lq��@q�Ê�k,É�Ã���ÏDÃ��rq�Ä"�"ÏyËr�vÉ��v�gÎ"�mq}Ï"Ä"k5�vË à É��"ÏDËr��È����vÉ�Ì
�IÉ�Ër�lk��@��k��IÉ��"�lËr�yË�Ê>q��!�m�"�lË�k�É�Ã��l�Ã{k,É��J�t�T�pÏ"���*�v�U}I��Ï��

Ç!�z�v�"�xËm�yÉ�ÌlÌp��Ë���k�ÌlÄËr�v����Ëm�lâ���Ë à °�È i É��"Ï�Ú à �v�"�xËm�yÉ�ÌlÌ"É��yq�Ä"�*�wq�Ê�k,É�Ã��l�"Ã
�m��ËmÄ"Ì��vËxÎ"�m�p��É��m�lÌ�ß�Ê>�mq��øË��v�mq��"ÃyÌpq��"Ã�Ü³�vÉ��Ã����l�*�v���vÉ�k5�v�pq��"Ë�Ð��p�m�J�m�"�NËrq�ÌpÈ����*�BÉ��"Ïh�u�5Ü
�GÐw�����y�v�"��Ëmq�ÌlÄ�m�gÉb�vq��@Ë����}�v�rÄ"k��mÄ"�vÉ�Ì¹k�É�Ã��l�Ã à Ð��"���r�BÉTËmq�ÌpÈ����*�L�@q�Ìl��k�Ä"Ìp�!Î"�*ß}Ëm�pk,É�ÌpÌpß
�"Ìpq�k�á�Ë��v�"��Ï"�pËmËmq}k��lÉ��v�pq��¶q�ÊB�m�"��Ëmq�ÌpÄ�v�JÉ��mq��@Ë à �pË��"q��@q��"Ër���rÈ���Ï �p�«�m�"��Ër� k�ÌlÄ"Ë��v���
Ëm�pâ���Ë���ä���JËrq�ÌpÈ����*���@q�Ìl��k�Ä"Ìp��Ë¢�p�"�p�m�ÑÉ�ÌpÌpß�q}k�k�Ä"Î*ß¡Ëm���v��Ë{É��mq�Ä"�"Ï¡�v�"�JÓLÌL���"Ï¶q�Ê��v��
�@q�Ìl��k�Ä"Ìp� à �"Ä�zq#���m�"��Ò��ÓLÌ¹�tq��"Ï�ÉºÍ�pË���ÇgËz�m�"��Ëmq�ÌpÄ�v��Ï"�pËmËrq�k��ÑÉ��m��Ë à k��IÉ��mÃ��xÌlq}k,É�Ìp�lâ���Ë
q��*�vq{�m�"�TÒ!É��mq�� à É��"Ï��v��<Ërq�ÌpÈ����*�x�yq�Ìl��k�Ä"Ìl��Ë!�v�IÉb�xÉ��m���p�"�p�m�ÑÉ�ÌpÌpß��"��É��!�v�"�NÓLÌ�É��mq��
É��r�DÎ"Ä"ÌpÌl��Ï§�IÉ�k�á¨�vqµÐ!É��mÏ"Ë��m�"�D�IÉ�Ërk��������pq����ÄÙxËmÄIÉ�ÌlÌpß à �v���ÓLÌ�É��mq��©��Ëmk�É�Îu��Ë à �"Ä��
q��¶q}k�k,É�Ëm�lq��«���{�lË{�r��k�É�Î�vÄ�m��Ï«�*ß¶É��"�,É��m�*ß�Ó�Ös×y�@q�Ìl��k�Ä"Ìp�y�m�IÉ����lË{�u���p�"Ã�Î"Ä"ÌpÌl��Ï
�vqµÐLÉ��mÏ�ÒmÔ à É�ËgËm�"qµÐ����l��Â(�lÃ"�¹������gÇBÌ��v�"q�ÄÃ�� �m�"�lËg�lËB�q���É�Ïq��y�p�IÉ��*�x�y��k��IÉ��"�pËm�
Ê>q��4Î"�rq�ÏÄ"k���Ê>q��r��É��m�lq���É��wÉ��*ß{k�ÌpÄ"Ër�m����Ëm�pâ�� à �m�"�lË4Ìpq��"ÃT�vÉ��Ã����m��k�q����"�p�IÉ��m�lq�� à Ð��"���r�
�v��@Ërq�ÌpÈ����*�N�yq�Ìp��k�Ä"Ìl��ËTÉ�k��NÉ�Ë<É��mq�Îu�{�v�IÉb�NÎÄ"ÌlÌpËB�v�"�@Ï"�pËmËmq}k��lÉ��v�p�"ÃD�@q�Ìl��k�Ä"Ìp�{�IÉ�k�á
�vq�Ã����m�"��� à �lË�q}k�k,É�Ëm�lq��IÉ�ÌlÌ�ß@q��"Ëm���rÈ���Ï��p�JÌlÉ��mÃ����!k�ÌlÄ"Ë��v���rËBÉ�Ë!ÐL��ÌlÌ��

�}�m�mÄ"k5�vÄ"�mÉ�Ìfk�É�Ã��p�"Ãy�pËx�m�"�¢Ïq��y�p�IÉ��*�xk,É�Ã��l�"Ã@�y��k��IÉ��"�pËm�øÊ>q��x°¯ß j �xä���
Î"�r��Ëm���"k��¢q�Ê�É�k�É�Î"Î"�p�"Ãy�@q�Ìp��k�ÄÌl�T�l� Ò�ÓLÌPÔfÕ�Ó�Ö�×�Ø v k�ÌlÄËr�v���mËg�lË��v�"�Nk��m���v�pk,É�Ì�ÊPÉ�k5�vq��x�l�
Ï"�5�v���r�y�p�"�l�ÃsÐ��"���m�"���wÉ<Î"É��r�m�lk�ÄÌÑÉ��(�m�vÉ)�r��k��mq��rß{�p�"�p�m�ÑÉ�ÌpÌpßTÏ"�pËmËrq�k��ÑÉ��m��Ë4q��4�r��k�q����"�l���Ë��
ÕPäd�vÉ�r��k��mq��m�p��Ë��m�IÉ����l�"���v�ÑÉ�ÌlÌpß§�m��k�q��¢�"�l�"� ��É,ß«ÌÑÉb�v���yÏ"�lËrËmq}k��lÉ��v��Ê>q���q��v�"���D�m��É�Ëmq��Ë
Ï"�pËmk�ÄËmËm��Ï��t��ÌlqµÐT�ÆØùäfq¬�@�,É�ËmÄ"�r� �v���k�q��r�m��ÌÑÉ��m�lq��«�t�5�GÐL������k,É�Î"Î"�l�Ã¡É��"Ï k�É�Ã��p�"Ã à
Ðw�@k��"É��vÉ�k5�v���m�lâ���Ï�É�ÌlÌfq�Êw�m�"���l�"���v�lÉ�Ìfk�q��*}IÃ�Ä"�vÉ��m�lq��ËsÊ>q��s�v�"��°ÖÈ j �v�mÉ)�r��k5�vq��r�l��Ë<É�Ë
k,É�Î"Ît��Ï¬q��TÄ"�"k�É�Î"Îu��Ï¬�*ß�È}�lËrÄIÉ�Ì��l�"ËrÎt��k��m�lq��¨q�Ê!�m�"�yË��v�rÄ"k��mÄ"�m��� �JËr�m�mÄ"k5�vÄ"�r��ËNÐw���r�
�l��p�v�lÉ�ÌlÌ�ßxk,É�Î"Îu��Ï�É��"Ï ªºi Ä"�"k�É�Î"Îu��Ï���ÇgË(Ër�"qµÐ����l�¢Â(�lÃ"�º��� Þà �v�"�wk,É�ÎÎt��Ï¢�v�mÉ)�r��k5�vq��r�l��Ë
�m��É�k���É<��ÉbÍ��p��Ä"�ú�p�"�p�m�ÑÉ�Ì�tq��Ï�Ìl���"Ã��m�yq�Ê�Ä"�"Ï"��� j�ûÇü�p�y�v���}I�rËr� i�Ý�Ý Ê>ËLÉ�ÊY�m���zÎ"�"q�Ü
�vq}�5Í�k��p��Éb�v�lq�� à Ð��"�pÌl���p�h�v��@ËmÉ��@��Ît���m�pq�Ïh�m�"�{Ä"�"k�É�Î"Îu��Ï��v�mÉ)�r��k5�vq��r�l��Ë��r�,É�k��¨É��uq�Ä�
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Â(�pÃ�Ä"�m�D����(£�ý�q��"Ã�Ü³�vÉ��"Ã����m��k�q����"�p�IÉ��m�lq��¬�@��k��"É��"�lËr�þ�p�«Ò�ÓLÌ>ÔfÕ�Ó�Ös×¤Ø9×µ�¬ä��"� Ó�Ös×�@q�Ìl��k�Ä"Ìp��Ë�É��r�<É��m�m�vÉ�k5�v��Ï��mq��m�"�Tk��IÉ��rÃ����v�IÉ����"É�Ë�Ìlq}k,É�Ìp�lâ���ÏD�l���m�"�TÒLÉ��mq��J��Ös�"�Tq�Ê�v��¢Ó�Ös×µÿ Ë��lË�É�ÌpËmq��"�,É��!�v�"�TÏ"��ÎIÉ��r�m�l�"ÃyÓLÌ�É��mq��øÉ��ÏJÎÄ"ÌlÌpË��p���IÉ�k�áD�vqµÐ!É��mÏJÒmÔ��
Û�� júûÇ¢��ÖBÊ4�v�"� ªµi �l�"���v�lÉ�ÌlÌ�ß�Ä"�k,É�Î"Îu��Ï�Ë��v�rÄ"k��mÄ"�m��Ë Þ Ï"�lËrËmq}k��ÑÉb�v�¢Ï�l�m��k��mÌpß�Î"�rq�Ï"Äk��l�Ã
ÓLÌPÔhÉ��Ï ÒLý à Ð��"�pÌl�s�m�"�T�m���yÉ��p�"�l�"Ã��m�"�m���T��È����*�vÄIÉ�ÌpÌpß��r��k�q����"�l�����ß��m�"�TÌlq��Ã�ÜG�mÉ��"Ã��
Ëmq�ÌpÈ����*�g�@��k��"É��"�lËr�·Ï"��Ëmk��r�l�u��Ï É��uqºÈ����wÖBÊ(�m�"�T�@�p�"�p�m�ÑÉ�ÌpÌpß{k�É�Î"Îu��ÏJËr�m�mÄ"k5�vÄ"�r��Ë à q��Ìpß
q��"�gÏ"�lËrËmq}k��lÉ��v��Ë à É�Î"ÎIÉ��r���*�vÌ�ß��v�"�g�m��ËrÄ"Ìp�Lq�Ê��m�"�sËmq�ÌpÈ����*�!Ëm��ÎIÉ��mÉ��v�pq����@��k��IÉ��"�lËr�|Ï"�pË�Ü
k�ÄËmËm��Ï¶�t��ÌlqµÐT�hÂIq��<°»È�Û àwª �hq�Ê i�Ý �l�"���v�lÉ�Ì�k�q��*}IÃ�Ä"�mÉ��v�pq��"ËNÉ��m�yk,É�ÎÎt��Ï à É��"Ï¡É�ÌlÌ
�"Ä�Lq��"�xq�Ê��m�"��Ër�s�m��ËmÄ"Ì��vËL�p��k�É�Ã���Ï�ÕPÒ�ÓLÌPÔ¹Ø2ýwÊ>�mÉ�Ã��@���*�vËLÉ��!Û Ý Î"Ë��4ÒG�DÌÑÉ��mÃ����zk�ÌlÄ"Ë��v���mË à
É�ÌpÌ�q�Êd�v�"�<k�q��(}IÃ�Ä"�mÉ��v�pq��"Ë�É��r�<k�É�Î"Îu��Ï à É��Ï Ï"�p�m��k��xÏ"�lËrËmq}k��lÉ��v�pq����lË��"�5È����Bq��"Ër����È���Ï��
ä��"�Nq��"Ëm�5�Bq�Ê4k,É�ÎÎ"�l�"ÃyÉ��g°ÄÈ j �v��Ä"ËB�¤Í�Î"ÌÑÉ��p�"Ë��v�"�N�vÉ�Î�lÏJ�l�"k��m�,É�Ëm�<�l�Jk,É�Ã��p�"Ã��v�IÉ��
�lË�q��"Ëm���rÈ���Ï�É���°.È j É��"Ï Û��

ä��"���m��É��r�N�GÐwq�Î"�m�p��É���ß��m��É�Ëmq��ËB�v�IÉb�sk,É�Î"Î"�l�ÃD�lËxËmq��I����k��v��È��{Éb�sk,É�Ã��l�"Ã
�v���Ï"�lËrËmq}k��ÑÉb�v�l�Ã�Ò�ÓLÌPÔ���ä��"�i}I�rËr���lËN�v�IÉ��{�m�"���yÉ��vk��¡�u���GÐw�������v��JÓLÌ�É��"Ï�Ó�Ös×
�yÉ�ËmËr��ËJÎ"�mqµÈ}�lÏ"��Ëh�Iÿyk��l����� ������mÃ�ß»�m�vÉ��ËrÊ>���JÏ"Ä"�r�l�"Ã¡�m�"�§��,É�Ï�Ü³q�� k�q�ÌlÌp�lËr�lq��"Ëy�v�IÉ��
q}k�k�Ä�gÐ��"����ÉDÓ�Ös×sq}k�k�ÄÎ"�l��Ëg�v��¢k,É�Î�Îtq�Ëm�p�m�lq�����ÇBËBÐw�¢�IÉ,È����"q��m��Ï à �v�"��ÓLÌ(É��mq��



i Û�Ú

0
�

1000 2000 3000 4000 5000
time (fs)�

2

4

6

8

10

R
I−

C
l (

Å
)

capped

uncapped

Â��pÃ�Ä����
	�� Þ� Ò��ÓLÌ������Ï«Ì����"Ã����¬È����mËrÄ"Ë������ �yÊ!�"��Ë�����Ä"ÌÑÉ#����Ï�Î����"����Ï��pËmË$�&%��ÑÉ��������'��ÊÒ�ÓLÌPÔdÕ�Ó�Ös×¤Ø)(*� ä+���,������%�á Ë$��Ì��pÏ Ì�������Ë����µÐ�Ë-�����¨É,È����vÉ�Ã��.�µÈ���� É�ÌlÌ/	0���mÉ*1$��%2�����$����ËË$�vÉ"�$�����"Ã¬Ê!�$��� %,É�Î"Î3��Ï4%��"��5IÃ�Ä��mÉ��������"Ë à Ð6���pÌ��7�����8������%�á�Ï"É�Ë�����ÏüÌ������ Ë����µÐ�Ë9�����É,È����vÉ�Ã��!Ê!�"�������/:<;BÄ���%,É�Î"Î���Ï ���vÉ*1$��%�����������Ë��(ä+���=�������{Ì�������Ë�Ë$���µÐ>������Ú?���mÉ*1$��%2�����$����ËÐ6�����������������������ÑÉ�ÌpÌpßxÄ���%�É�Î"Î3��Ï@%�����5IÃ�Ä��vÉ��������"ËfÎ����}Ï"Ä�%���Ï@�$��%����@��������ÏNÎ����}Ï"Ä�%2�vË4É"�Ï
�����<Ë$���"Ã�Ì��A���vÉ*1$��%����"�rß�Ð6�������<É"�-���B���lÉ�ÌlÌ�ßC%�É�Ã���ÏD%�����5IÃ�Ä��vÉ���������Ï��pËmË$�&%��ÑÉ�����ÏE�



;�Û#F
Ã��2�vË¢Å�Û�GH��Ê������C���������ÑÉ�ÌdáI�����2����%J�������rÃ�ßK����Ì��,É�Ë���Ï.�*ß�Î����"���&�¤Í&%����vÉ��������E�@ôLÄ��TÐ6�IÉ#�
Ë$����Î"Ë=�����TÒwÉ#�����
LJä+���M%���ÌlÌ��lË������yÐ6�N���O�����/%,É�ÎJÉ������P�Q%�%�Ä��mË�É#�xÉ¢È�����ß�Ë������$��Ò��ÓLÌ
�3���"Ï�Ì����"Ã���� à É"�3��Ä��¢Ú��ÆÛ ûÇ à �3��Ê!���$� ������Ò���ÓLÌR�3���"Ï'�lËS������á"���¬É"�"ÏT�3��Ê!�"��� %U�IÉ"�mÃ"�
�IÉ�Ë(Ì��Q%,É�Ì��lâ���ÏV���B���?�����xÓLÌIÉ#�����@W»É�ËX���4É�ÌpÐLÉ,ß�Ë(Ï��&��Ë�Ê!���ZY,[\F��fä+����Ë���%����"ÏJ�$�,É�Ë$���
%,É�Î"Î����Ã-�pË�Ë��-��]���%2���pÈ"� à ������� à �lË?���IÉ��NÉ�Ê^�����?�����J%���ÌlÌ��lË������ Ð6�N���K������%�É�Î.�C��Ì���%�Ä"Ì��
Ë$����Î"Ë6�����¢ÓLÌdÉ����"� à �������$�¢É@Ë$�������"Ã ����Ë$���������"Ã@Ê!�"��%��TÎ"ÄÌlÌ����"Ã@�����NÎIÉ��$���lÉ�ÌlÌ�ß
%U�"É"�mÃ���Ï
Ò!É#�����_�IÉ"%�áO���µÐLÉ"�mÏË6�����M%�ÌpÄ"Ë$����� à É��"Ï Ï�������%���Ï��pËmË$�&%��ÑÉ��������9%�É"�����"�6�Q%�%�Ä����

æ�çpè�ç�` aSb#cEdfedî"gºë!ctðhcjiMkVl Ô0mon�p
Ç ËrÄ��mÎ��$�lË$���"Ã0�$��ËmÄÌ��9��ÊM������Ë�����Ä"ÌlÉ��������"Ë �lË
���IÉ��JÓLÌ>ÔÜq�"É�Ë���Ï�Ê!�mÉ�Ã�� ���B�vË

É"�$�hÉ�Ì�Ð!É,ß}ËyÉ"%�%����yÎ"É"������Ïr�*ß«Î����}Ï"Ä�%2�������>��ÊsÒ)ps� ä+��Ä"Ë�ÓLÌ>Ô"Üq�"É�Ë���Ï�Î��$��Ï"Ä�%��vË�É"���
Ê!���$�C��Ï¡É�Ï��lÉ"�IÉ�����%,É�ÌlÌpß à �vÉ��������S���IÉ"�0�*ß§Ë���Ì�È����I��Üq���"Ï"Ä�%���Ït��Ì���%�����������%
�$��ÌlÉbÍÉ��������¬É�Ë
ËmÄÃ�Ã���Ëu����Ï»Î�����ÈQ����Ä"ËmÌ�ßwvx: à ;#y�� ÓLÌPÔ m Ò)pO�3��%���� ��Ë
�������rÃ�������%�É�ÌlÌ�ß«É"%�%���ËmË$���"Ì���É��DÉ
Ë��yÉ�ÌpÌz%�ÌlÄ"Ëu������Ë��pâ��¬Õ{Y}| Ú.���r�����hË$����ÄÌÑÉ��������¹ØV�3��%�É�Ä"Ë$�,��Ê/����� ÌÑÉ"�rÃ��JÏ���]����$����%��
���.������Ë���Ì�È�É#�����"�T�������mÃ�ßT��Ê�Ò Ô É"�"Ï«ÓLÌ Ô ÕPË$����äfÉ"�"Ì���Ë@	���ÛhÉ"�Ï0	���~*Ø2��Â����S%�ÌpÄ"Ë$�����rË
ÌÑÉ��mÃ��������IÉ"��É�����Ä&��YD|�F à �����gÒ Ô Ê!�vÉ�Ã�� ���B��%U�IÉ"������Ì3����%���� ��Ë�%�Ì���Ë���Ï à Ë��S���IÉ#�����Ìpß
ÓLÌPÔÜq�IÉ�Ë$��ÏJÎ����}Ï"Ä�%2�vË6%,É��D�3�sÊ!����� ��Ï��*ß�Ï��pËmË��Q%��lÉ��������E�

ä+����Î��$��Ê!��������%��!Ê!����ÓLÌPÔ�Î��$��ÏÄ�%��������¢É��ZYD|�F à ���µÐ��5È���� à �lË�É�����ËrÄ"Ì�����Ê������
���������lÉ�ÌIË���ÌpÈ����B�6%�����5"Ã�Ä��vÉ#�����"�9�vÉ������������IÉ"�O�����/�������mÃ��2����%�Ë���Ç=�+YD|�F{ÒmÔ�Ê!�mÉ�Ã�� ���B�vË
É"�$�{Ì��µÐ����M���,�������mÃ�ß8���IÉ��.���������"Ë$���rÈ"��Ï¶ÓLÌ>Ô�Ê!�vÉ�Ã"�C���I�mË à �"Ä��M�3��%�É�Ä"Ë$� �����J�����N���ÑÉ�Ì
Ë���ÌpÈ����B�M%�����5"Ã�Ä��vÉ#�����"��Ë������,É,ÈQ�lÌ�ßhÊPÉ,È��"�mË?�����@ÓLÌ����"Ï à ������%U�IÉ"�rÃ���Ì��Q%,É�Ì��lâ���Ëz���8�����
Ï��pËmË��Q%��lÉ�����È��/���mÉ*1$��%2�����$����ËxÈ"���rßD�vÉ�Î��lÏ"Ì�ß9���B��� �����¢ÓLÌfÉ������ à É�ËgË����µÐ6�8����Â��pÃ���	��N: Ý �
Ù�È����.���8���������vÉ<1$��%�����������ËA���IÉ��A����%����@������� à �����@�¤Í&%�������Ï�Ë$�vÉ����V%U�IÉ"�mÃ"�{Ï��lËu�������"Ä��������
É"�"Ï������!Ë���ÌpÈ����B��%�����5IÃ�Ä��vÉ��������V%����B������Ä��+���sÊPÉ,È����f�����xÓLÌ����"ÏE�4ÇgË4Ï��lË$%�Ä"ËrË���Ï �3��Ì��µÐ à
�����lË+�lËxÉ{Î��$���yÉ"�rß
���,É�Ë��������IÉ#�������IÉ�Ï��lÉ"�IÉ�����%?�$��ÌlÉbÍÉ��������O���������NÃ��$��Ä��"Ï���Ì���%2���$������%
Ë$�vÉ����M�pË+���"�6���"Ë$����È���Ï7���9�����M%�É�Ã���Ï����mÉ*1$��%2�����$����Ë��
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Â��pÃ�Ä����S	��N: Ý� Ó��IÉ"�mÃ"�¢Ì��Q%,É�Ì��lâ�É���������É"�"ÏhË���Ì�È����B�A%��Q���mÏ����IÉ����<È"���mËrÄ"Ë?�����C��Ê!���xË�����Ä�ÜÌÑÉ#����Ï�Î����"���}Ï��lËrË��Q%��lÉ��������8��ÊwÒ�ÓLÌPÔfÕ�Ó�Ös×5Ø)(<��ä+����Ë���Ì��lÏ�Ì�������Ë$���µÐ�Ë¢É,È"���vÉ�Ã���ËTÊ!���?�����
%,É�Ã���Ï7���vÉ*1$��%�����������Ë������¢Ï"É�Ë�����Ï�Ì������TË����µÐ�Ë�É,È����vÉ�Ã"��ËBÊ!���z�����C:*;@Ä���%,É�ÎÎ���Ï8���vÉ<1$��%5Ü
���"������Ë��4ô��"���O�����?%U�IÉ"�rÃ���Ï��pË$���$���"Ä&�����"�DÉ"�"ÏO�����sË$��ÌpÈ"���B�6%����&5IÃ�Ä��mÉ���������ÊPÉ,È����������TÓLÌÉ������D�
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÷BÉ�ÏIÉ�Ì+����É�Ì��6vx: à ;#yz�IÉ,È��JËmÄ"Ã�Ã"��Ë$����Ïr���IÉ�� �3�"���t�����JÒ�ÓLÌ Ô É"�"Ït������ÓLÌ Ô

Î��$��Ï"Ä�%��vËwË������O���C�����A�5Í�Î3���$��� ���B�vËwÉ"���xÊ!����� ��Ï�Ê!��ÌpÌ��µÐ6���"ÃM���"�IÉ�Ï��lÉ"�IÉ�����%+����ÌÑÉbÍÉ��������
���S�����xÃ��$��Ä��"ÏC��Ì���%�����������%gËu��É����"�4ÇgË����"����Ï�É"���µÈ"� à �����xÌÑÉ"�rÃ��6�}Ä��@��������ÊE�C�������C���mË
Ì���Ë$��Ê!�����������zÒ�ÓLÌPÔ"Ü��IÉ�Ë$��Ï¢Î����}Ï"Ä�%��mËf���yÎÌ�����Ë����"É��X%,É�Ã���Ï¢Ò�ÓLÌ>Ô�����ÌÑÉbÍ&��ËX���z�����wÃ"����Ä��Ï
��Ì���%2�����"����%�Ëu��É����S�*ß9�����/����� �?�����<Î����}Ï"Ä�%��mËxÉ"���TÏ��2����%2����Ï�É���Ë��5È����vÉ�ÌX��ËxÉ�Ê^������Î�����Ü
���Q�5Í&%�����É#�����"�E� ä+���8��Ä��V�����9��ÊM�C�"����� ���mËyÌ���Ëu��Ê!�$��� ������ÓLÌ>Ô"Üq�IÉ�Ë���Ï Ê!�mÉ�Ã�� ���B�vË
�lË
��Ä�%U�»Ë��yÉ�ÌlÌ����C���IÉ"�������,�}Ä��@������Ì���Ëu�DÊ!����� ������Ò�ÓLÌ>Ô"Üq�"É�Ë���Ï�Ê!�mÉ�Ã�� ���B�vË à É"�Ï
�����lËTÏ���]����$����%��yÃ"���µÐ�Ë<Ð6�N���.����%�����É�Ë����"ÃD%�ÌlÄ"Ëu�����NË$�lâ�����ä+���@Ë�����Ä"ÌlÉ��������"ËsË$���µÐ}���IÉ��
Î��$��Ï"Ä�%��������O��Ê������/�5Í�Î3���$��� ���B��É�ÌpÌpßJ���Ë�����È���Ï�ÓLÌ>Ô"Üq�IÉ�Ë���Ï�Î����}Ï"Ä�%��mË+�lË��������mÃ��2����%�É�ÌlÌ�ß
É�ÌpÌ��µÐ���Ï§Ð6�����¡Ò p �lËNÉ�ÌpË��hÎ����}Ï"Ä�%���ÏE�Jäf��Î����}Ï"Ä�%�� �����yËvÉ"� ��ÓLÌ Ô Ê!�mÉ�Ã�� ���B�vËTÐ6�����
Ã��$��Ä��"ÏDËu��É����BÒzÉ������åÐ���Ä"ÌlÏO�$����Ä������sÏ��pËmË$�lÎIÉ�������� ��ÊdÉV� ��������Ä�����ÊfÅ Ý�Ý �C�5ö É�ÏÏ���Ü
�������IÉ�Ì3�������mÃ�ß���Ç=�+YD|�F à Ê!���=�5ÍÉ"�@Î"Ì�� à �������$�TÉ"�����GÐ��{Ê!�vÉ�Ã��C���B�vË à �����TÓ�Ös×xÉ"�"Ï�Ò à
É,È�É"�lÌlÉ"�"Ì��6����%�É"����ß�É,ÐLÉµß
�����/�¤Í�%���ËrË��������rÃ�ßO���{Î����}Ï"Ä�%��<ÓLÌ>ÔfÕ�Ó�Ös×5Ø)�s�4Ò³Ê4ÓLÌ>ÔÜ��IÉ�Ë���Ï
Î��$��Ï"Ä�%��vË�����ËrÄ"Ì�����Ï�Ê!�$���o�����IÉ�Ï��ÑÉ"�"É�����%z�$��ÌlÉbÍÉ��������C���������sÃ�����Ä��"ÏDËu��É���� à Ê!�mÉ�Ã�� ���B�vË
Ð6�����9;��"�LÚ�É�Ï"Ï����������"É�Ì��C�"����� ���mËR��È�É�Î3���mÉ�����Ï�Ð���Ä"ÌlÏO�3�A�������rÃ�������%�É�ÌlÌ�ß�É"%�%���ËrË����Ì�� à
�"Ä��BÉ"�$���������"�"Ë����rÈ���ÏE��Ò��A�pË+����������Ê!�"���<Î������"É"�"Ì���Ê!���z�������mÃ"������%��$�,É�Ë$���"ËgÉ�Ì��"���/���IÉ��
�����JÓLÌPÔ"Ü��IÉ�Ë���Ï¶Î����}Ï"Ä�%2�J%U�IÉ"������Ì+���*È���ÌpÈ���Ë{Î����}Ï"Ä�%2�������0��ÊxÒ)p7�"�S�"�^�6�2���I�2�«DIGC�2�N��DU�2�
ä+��Ä"Ë à Ð6���lÌ��z�����/%�É�Ã���Ï�Ê!�mÉ�Ã�� ���B�vË�����ËrÄ"Ì��LÊ!�����|É@�����IÉ�Ï��ÑÉ"�"É�����%gÎ��$�&%���ËrË¢ÕPÉ�Ì��3���N���"�
É"�JÉ�Ë!ß"���xÄ��"Ï��2������� ������Ï-����� �BË�%�É�Ì��,Ø à �����NÓLÌPÔ�Üq�IÉ�Ë$��Ï�Ê!�vÉ�Ã"�C���I�mË�É"����Î����}Ï"Ä�%���ÏD�*ß
É{Î"Ä��$��Ìpß�É�Ï��ÑÉ��IÉ�����%?� ��%U�IÉ"���lË��-�

æ�çpè�çpè ��c�l^�uñ}ð�g��vë�ðXdfedî�ñQd�ddë��s��c�î*ëPï&gºë{cuð
Ç ��É<1$���O5��"Ï����"Ãh��Ê������lË�Î��$��Ì���� ���IÉ"��ß«Ë$�vÄÏß4�lËO���"É��hÓLÌPÔ"Ü��IÉ�Ë���Ï»Ê!�mÉ�Ã�Ü

� ���B�vË�É��"Ï�Ò)p?%,É"�,�3�NÊ!�"��� ��Ï8�*ß�Ë$��ÌpÈ"���B�rÜ����"ÏÄ�%���Ï�Ï��lËrË��Q%��ÑÉ#�����"�7��Ê����������ÑÉ�ÌpÌpßC%,É�Ã���Ï
� ��Ì���%�Ä"Ì���Ë���ä+���pËA� ��%U�IÉ����lË$�H�pË��"�"Ë����rÈ���ÏK���7�pË���ÌlÉ�����ÏD%�É�Ë���ËBÊ!���zY.|¡FDÉ"�"Ï�Û à �"Ä&�
Ï���� ���"É�����Ë?�����JYh|o	 É"�Ï>: Ý ���vÉ*1$��%����"������Ë��yÖ?��%��yÉ�ÌÑÉ,ß����M��Ê!Ë$��ÌpÈ"���B�<Î"Ä"Ë�����ËV�3�5Ü
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�GÐ������DÓLÌ Ô É"�"Ï@Ò p à ���������z�lË4Ì����$�vÌ��R���M����ÌpÏ�������Ò p ���M�����6��Ä��mË��pÏ��+��Ê3�����6%�ÌpÄ"Ë$�����qW������
�����"Ï����ÃC�������rÃ�ß Ð6�N���hÉ�Ó�Ös×?�lËz���"Ì�ßJÉ"����Ä��sÚ Ý � ��ö@�uä+�����vÉ�����É��xÐ6����%U�hË���Ì�È����B��Ü
���Ï"Ä�%���Ï�Ï��pËmË$�&%��ÑÉ��������0�Q%�%�Ä��mËyÉ�Î"Î3�,É"�rË ���.���'����%��$�,É�Ë$�D�mÉ�Î��pÏ"Ìpß¬Ð6�N���h%�ÌpÄ"Ë$������Ë��pâ�� à
Ð6����%U�'�yÉ,ß8�5Í�Î"ÌlÉ"����Ð6�*ß¨ÓLÌ>Ô§Ê!�"���yÉ��������8�3��%��"�C��ËM������Ï���� ���IÉ��I�?%U�IÉ"������Ì����8�����
ÌÑÉ��mÃ�����%�ÌpÄ"Ë$�����rË���Ò³Ê¢�����?�mÉ����A��ÊX�����IÉ�Ï��ÑÉ"�IÉ#����%z����ÌÑÉbÍÉ��������C���@�����sÃ�����Ä��"Ï�Ë$�vÉ����sÊ!�$���
%,É�Ã���Ï Ò�ÓLÌPÔ7���������S�5Í&%��N����ÏhË$�vÉ����S������É����"Ë+%����"Ë$�vÉ"�B�?����Ï���%��$�,É�Ë$��Ë à �����<Î��$���IÉ"���pÌ��N�Gß
��ÊfË���Ì�È����I��Üq���"Ï"Ä�%���ÏhÏ��lËmË$�&%��ÑÉ��������yÐ6�lÌlÌ�����%�����É�Ë����

æ�çpè�çx£ ¤¯ító�ë{�Bð¢cuðdï�dfë>ï�¥dï�gºëPîVbºñ&l>ï�¦�ï&gºë{cuð8cji6§ n kVl Ô t p ðXc�g?cj¥f��ñIb<�tñQd¨ë�ð8gºí�ñ
�,ë{¨Kefl>ï�gºë!cuðf�#©
Ç·Î��$���"Ì����yÉ�����%�É�ËrÎ���%��J��Ê6�����O%�Ä��������B�yË$����ÄÌÑÉ��������.����ËmÄ"ÌN�vË��lËS���IÉ#����Ì���%5Ü

���$������% �$��ÌlÉbÍÉ��������'��Ê=%,É�Ã���Ï�Õ>Ò�ÓLÌ Ô Ø p �pËS���"�V�"�"Ë����rÈ���ÏE�JÒ��@�lË/�������$��Ê!���$��Ï��NªC%�Ä"Ì��M���
Ï��2�����$�C�����DÐ6���2�������yÉ�ÎIÉ��$����%�Ä"ÌlÉ"�����vÉ*1$��%������rß'���IÉ��J�pË�%,É�Ã"��Ït���«�������5Í&%��N����Ï¶Ëu��É����
Ð6�lÌpÌ�Ï��pËmË��Q%��lÉ����TÉ�Ï��ÑÉ"�"É�����%,É�ÌpÌpßJ����Ê!�����øÓLÌPÔÜ��IÉ�Ë$��ÏhÎ����}Ï"Ä�%��mË��"�z�$��ÌlÉbÍ9���"�IÉ�Ï��lÉ"�IÉ�����Ü
%,É�ÌlÌpß9���DÎ��$��Ï"Ä�%��¢Ã"����Ä��Ï�Ë$��É#���¢Ò�ÓLÌ Ô �s÷z���IÉ�Ï��ÑÉ"�IÉ#����%M�$��ÌÑÉºÍ"É#�����"�D��É�á"��ËBÎ"ÌÑÉ"%��V���Ìpß
Ð6�����J�����+�5Í&%�������Ï�Ë$��É#���=%����C��Ë����B���A����Ë$���IÉ"��%���Ð6������ÉsÌ��µÐ�����Ü³ÌpßQ���"ÃgË$�vÉ�������Ó���Ä"Î"Ì����"Ã
��È"���B�vËLÉ"���+�Q%�%�É�Ë������IÉ�ÌpÌpß����"Ë$���rÈ"��ÏC���C%�É�Ã���Ï ���vÉ*1$��%����"������Ë4Ð6�����J������Ë$��ÌpÈ"���B���$�����rÃ*ÉbÜ
���pâ���Ë+����ÊPÉ,È"���+�����TÒR���"ÏD��Êf�����TË���ÌpÄ������4Òq�-�����lË�Ë$��ÌpÈ"���B�z%����&5IÃ�Ä��mÉ�������� à �����M%U�IÉ"�mÃ"�
Ì��Q%,É�Ì��lâ���Ë����-������Ò!É#����� à Ð6����%U� Ì��µÐ����mË+�����M�������rÃ�ß9��ÊX�����M�¤Í�%�������ÏJË$��É#���"��ä+���/�GÐ��
Ì��µÐ����sÌ�ßQ���"ÃyË$��É#����Ë à ���hÐ6����%U�8�����@%U�IÉ"�rÃ���ÊPÉ,È����rËA�����@ÓLÌ(É����"�H����%��$�,É�Ë$�����8�������rÃ�ß à
Ë��S���IÉ#�wÐ6�N���DÉ<ÌÑÉ"�rÃ��+������Ä"Ã��DË$��ÌpÈ"���B��É�ËrßQ�C� �����rß à ������ß %��"�C�6���B���V����Ë����"É"��%��xÐ6�����
�����C�¤Í�%�������Ï�Ëu��É����"�yä+���C�$��Ë$���IÉ"��%��
�5È����B�mËV���K�����yË$����Ä"ÌlÉ��������"Ë à ���µÐ��5È���� à É"�$� ���&�
Ë������$��ÜGÌ���È���ÏD���@Î��$��Ï"Ä�%��¢ËrÄ��"Ëu��É"�B���lÉ�Ì¢���vÉ��"Ë��N�����"� Î��$���IÉ"���lÌ��N������Ë��wÇBÌpË��yÉ�Ë�������%�ÌlÄ"Ëu�����
Ë��pâ��D����%����,É�Ë���Ë à ����� Ì��pá"��Ì������Q�}Ï0��Ê?�����hË���ÌpÈ����B�O����É"���mÉ"�"Ã����"Ã'���§ÊPÉ,È��"�C����� Ò�É������
Ë������@ËS��� Ï���� �����pË��E��Ò��S�lËTÎ3��ËmË$���"Ì��J���IÉ��M�����yË$����Ä"ÌlÉ��������,����ËmÄ"ÌN�vËNÉ"���J%������$��%�� à É"�Ï
�������mÉ����M��Ê������IÉ�Ï��lÉ"�IÉ�����%?�$��ÌlÉbÍÉ����������lË�1rÄ"Ë$�z���Q�@Ë��yÉ�ÌlÌ����
�3�M���"Ë����rÈ"��Ï,��� ÉyÛ Ý ÎË
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Ë�����Ä"ÌlÉ��������E��Ò��?�pËsÉ�ÌpË��yÎ���ËrË����"Ì�� à ���µÐ���È"��� à ���IÉ��������V���vÉ"�Ë����������-�vÉ#���V�pËBËrÄ"Î"Î��$��ËmË$��Ï
�*ß9�����M��ÊfË��5È����vÉ�Ì�ÊPÉ"%������mË=���IÉ��xË�����Ä"ÌlÏ��3�M���*È���Ë$���pÃ*É�����ÏE�

ä+���75��mË$�O�lËC������Ï���Î�����É��"Ï Ã����"�C�2���rßh��Ê/�����8�¤Í�%�������Ï Ë$�vÉ���� Î��������B���ÑÉ�Ì
Ð���ÌlÌ���ä+���-%,É�Ã���Ïh���vÉ<1$��%�����������Ë �vÉ"�$��Ì�ß0��É�á"�-�5Í&%�Ä��rË������"Ë
�¤Í&%�����Ï����Ã«F���Û ûÇ¬���t�����
Ò��ÓLÌ�Ë���ÎIÉ"�mÉ�������� à ÌÑÉ"�rÃ���Ì�ß,����%,É�ÄË��O�®S�"�'������Ë�%�É�Ì���Ï�Î3�"�����B���ÑÉ�Ì��lË<Ú���Å ûÇV�dÂ����/�����
Ä��"Ë$%,É�Ì���Ï¡Î3�"�����B���ÑÉ�ÌR������Ð���ÌlÌzÏ���Î����¬ÐLÉ�Ë�Ú Ý G Ë$��É�ÌpÌ����¢É"�Ï0A®NÐLÉ�Ë@F���F ûÇ���¯&����%��
�����@Ë$%,É�Ì����"Ã9� �������}Ï,�lËTÉ"�$�������vÉ"��ß à �����lË�Ï��N]���������%��J���2°���%2�vËM�����{Ä���%����u��É"���B�GßK���8�����
�5Í&%�������ÏyËu��É�����Î��"�����B���lÉ�Ì±�dä+���6�3���"Ï�Ì����"Ã"���@É"�Ï@Ð���ÌpÌ"Ï���Î&���
�yÉ,ß@�IÉ,È"�gÉ�Ë$�lÃ����N5�%,É��I�
��]���%2�����«�����O�����"É�Ï��ÑÉ��IÉ�����% ���vÉ"�Ë����������'�vÉ����O�3��%,É�Ä"Ë��O�����O����Ë����"É"��%���Ë�������Ï���Ï¡Ê!���
���mÉ"�"Ë$���������"ËO���r�Q%�%�Ä�� É����.�,É�Ë$���������«Î��$��Ï"Ä�%��§É��JÌÑÉ"�rÃ�����Ë���ÎIÉ"�mÉ��������"Ë à Ð6�����$�'�����
�3���"Ï����"ÃJ���B�����vÉ"%2�����"�"Ë�É"����Ë$��É�ÌlÌ������

ä+���-������É���� ���B�
��ÊA�����hË$��ÌpÈ"���B�O� ��Ì���%�Ä"Ì���Ë@É�ËC���lÃ"�lÏt��É,ß«É�ÌpË��¨ËmÄ"ÎÎ�����ËmË
�����"É�Ï��ÑÉ��IÉ�����%����vÉ��"Ë��N�����"�"Ëf��Ê�%���Ä"Î"Ì����"Ã����sË���ÌpÈ����B��ÈQ�����mÉ��������"ËX�lË�É��@���@Î��"�$��É��I�X� ��%U��Ü
É"���pË��øÊ!���������IÉ�Ï��ÑÉ"�IÉ#����%M%���Ä"Î"Ì����"Ã à É�Ë��IÉ�Ë?�3�����,���"Ë����rÈ"��ÏK���8���������BËrß}Ëu�����@Ë���vx: Ý y±�
ô��"���,�������3���"Ï§É"�"Ï¨É�Ë�ßQ�C� ��������%¢Ë$���$����%U�'���¨Ó�Ö�×S%,É����rßhË$�������"Ã9���vÉ"�"Ë$����������Ï��lÎ3��Ì��
� ���C���B�vËwÉ"�"ÏO� �lÃ��B�zË����rÈ"�TÉ�Ë!É"%�%���Î������"Ã@� ��Ï���ËzÊ!�"����Ì���%2�����"����%¤Ü³ÈQ�����mÉ��������IÉ�Ì��������mÃ�ß
���mÉ"�"Ë�Ê!�����

Â����IÉ�ÌlÌ�ß à �������C�}Ï���Ì=�µÈ����$��Ëu�����yÉ�����Ë������9��Ì���%����$����É�ª �����Gß�Ï���]����$����%��-�3�5Ü
�GÐ������ Ò!É"�Ï�ÓLÌ à Ð6����%U�JË�����Ê^�vË+�����S²z³uË$��É#���<É�ËrßQ�@Î��������TÄ"Î-��ßJÉ�����Ä&�gÛ Ý �C�5ö·Õ>Ë����
Ó��IÉ�Î&�����¢Ú*Ø à �yÉ�áI���"Ã-���S� �����@Ï���ª %�Ä"Ì��TÊ!���M�����@Ë���ÌpÈ����B�V���D%���ÄÎ"Ì��J�����yË$�vÉ�����Ð6�����
�����V������ËA�3��Ì��ºÐ´���s�=µ\���lÌ��M�����lËz�lËxË��yÉ�ÌlÌ����7�������mÃ"������%S�����$�yË à �$��Ï"Ä�%����"ÃC�������������mÃ�ß
Ã*É�Î.�*ß§Û Ý �C�5ö|É��S%����u��É"����Î������B�vË<É�Ì��"�"ÃJÉ9���vÉ*1$��%������rßK%���Ä"ÌlÏ.�IÉ,È��yÉ�ÌÑÉ"�rÃ�����]���%2�
���������"É�Ï��ÑÉ��IÉ�����%?%���Ä"Î"Ì����"Ã��vÉ#����Ë��
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æ�çpè�ç�¶ · ï�bbîBef�J¸fë�î"g*e¢bºñ7cji+gºí�ñ�î�í�ï�bºì¹ñ7¹fc&º ï"ðfd���c3l^�"ï�gµë{cuð�d�ó�ð�ï�¨¬ëPîB�

÷BÉ�ÏIÉ�Ì��2��É�Ì���v�: à ;#y&�IÉ,È���Î��$��Î3��Ë���ÏyÉgË����@Î"Ì�����Ì���%2�����"�@���vÉ��"ËrÊ!���Z�C��%U�IÉ"���pË��
���7�5Í�Î"ÌÑÉ����T���ºÐ Ò�ÓLÌ>Ôt���2�vÄ��$�"ËV���D�����DÃ"����Ä��Ï«��Ì���%�����������%�Ëu��É����O���'%�ÌpÄ"Ë$�����mË���ä+���lË
� ��%U�IÉ"���lË�� �lË
��ËmË$���B���lÉ�ÌlÌ�ßt������ËmÉ"� ��É�Ë
�����,������ÄË���Ï����«�5Í�Î"ÌlÉ"���������IÉ�Ï��lÉ"�IÉ�����%
����ÌÑÉbÍÉ������������NÒ Ô× ���{Ó��"É�Î�������Å à �Ä��4É�ÎÎ"Ì�����Ï�����É"��É�Ë�ßQ�C� ��������%zË���ÌlÄ������ ��Ì���%�Ä"Ì��"��Òq�
�����lË�Î���%2�vÄ��$� à Î����"���&�¤Í&%����vÉ��������/%,É�Ä"Ë���Ëf�����R%U�"É"�mÃ�������Ì��&%�É�Ì��pâ��Z���B���z������Ò�É������ É�Ë������
� ��Ì���%�Ä"Ì��wÏ��pËmË$�&%��ÑÉ�����Ë��fä+���lË�%U�IÉ"�mÃ"�!Ì��Q%,É�Ì��lâ�É��������TÏ�����È���Ëf�����!Ë$��ÌpÈ"���B�����A���,É����vÉ��"Ã������
ÊPÉ,È����f������Ò¢���Ï ��Ê������+� ��Ì���%�Ä"Ì��"��ä+����Ë$��ÌpÈ"���B���������mÃ*É����lâ�É��������¢Ì��ºÐ����rËZ�������������mÃ�ßV��Ê
�������¤Í�%�������ÏDËu��É����sÉ��R�����z�5Í�Î3���"Ë$�?��ÊE�����xÃ�����Ä��"Ï�Ëu��É���� à Ð6����%U�
����%��$�,É�Ë$��Ë����
�������rÃ�ß��
Ç=��Ë��"�C�=����� �!ÌÑÉ����=���������+�������mÃ*É����lâ�É���������Î��$�&%���ËmË à Ð6�����J������Ë���ÌpÈ����B�wËrÄ��"Ëu��É"�B���lÉ�ÌlÌ�ß
ÊPÉ,È����rËS�����@Ò?���"Ï à �����yÃ��$��Ä��"Ï§É"�"Ï'�5Í&%��N����Ï�Ë$�vÉ�����ËV%����C�J���I���D�$��Ë$���IÉ"��%�� à É"�"Ï¬É��
��Ì���%2�����"�-���vÉ"�"Ë�Ê!���z���2�GÐ�������Ò!É"�"ÏhÓLÌX%�É"�-�&%�%�Ä����Lä+���NË$��É#����Ëz%��"�C�M���B��� �$��Ë$���IÉ"��%��
���"Ì�ßTÐ6�����@�����!Ë���ÌpÈ����B��ÊPÉ,È����rË������LÒ����"Ï����"Ë$���,É�Ï���ÊIÉ��������!Î3�����B�Z��Ê�����ÄIÉ�ÌË���Ì�È�É#�����"� à
É�Ë�ÐLÉ�Ë������M%,É�Ë$�<Ê!����Ò Ô× à �3��%�É�Ä"Ë��S��Êf�����<Ï���]����$����%������9�����S�������mÃ�ß���Ê�Ë���ÌpÈ�É������"Ã@�����
�GÐ��C���"Ï"Ëz��Êf�����M�C��Ì���%�Ä"Ì����

ÇBË�Ð����"ÉµÈ"�TË������ à ���µÐ��5È���� à É�ËrßQ� �C�2������%�Ë���Ì�È�É��������DÎ3��ÌÑÉ"�$�lâ���Ë������M%U�IÉ"�mÃ"�
Ï��pË$���$���"Ä&�����"�'��Ê+�����
�¤Í&%�������Ï¡Ëu��É����O���¨ÊPÉµÈ"���V��Ê+�����DÓLÌ����Ï0��Ê=������É"�������E�JÇ=�V�����
Ë��yÉ�ÌpÌ���Ëu�R%�ÌlÄË$�����LË$�lâ���Ë à ������%U�IÉ"�mÃ"�A%,É��DË$���lÌlÌ¹Ì��&%�É�Ì��pâ��+���B���������gÒ4É����"�»���C� ��Ï��ÑÉ�����Ìpß
É�Ê^������Î��������Q�5Í&%��N��É�������� à Ð6����%U�JÄ"ËmÄ"É�ÌlÌ�ßDÎ��$��Ï"Ä�%���ËxÏ��pËmË��Q%��lÉ�����Ï�ÒmÔIÜq�IÉ�Ë$��Ï�Ê!�vÉ�Ã"�C���I�mË��
Â����A%�ÌlÄ"Ëu�����mËTÉ�Ë�Ë$��É�ÌpÌdÉ�Ë/Y«|ãÚ à ���µÐ���È���� à �����V�5Í&%��N����Ï�Ëu��É�����%U�IÉ"�mÃ"�{Ï��lËu�������"Ä��������
�3��Ã����"Ë+����ÊPÉµÈ"���6�����¢ÓLÌdÉ������ à Î��$���yÉ"���pÌpß ����%,É�ÄË��V��ÊZ� ��Í&���"Ã�Ð6�N���������S�IÉ"�$�������D¼
Ë$�vÉ���� à Ð6����%U��Ï��lËrË��Q%��lÉ�����Ë����NÊ!����� ÓLÌPÔ m Ò)ps��ÓLÌ>Ô"Üq�"É�Ë���Ï�Î����}Ï"Ä�%2�vË�É"�$�A���µÐ�Ê!���$�C��Ï
�*ß�Ï�������%2��Ï��pËmË��Q%��lÉ��������8�3��%�É�Ä"Ë���������%U�IÉ"�rÃ���Ì��Q%,É�Ì��lâ���ËA���8�����yÓLÌ4É������½�3��Ê!�"���@�����
Ë���ÌpÈ����B��%,É"�V���,É����vÉ��"Ã������gÊPÉ,È��"�f�����LÒ����ÏE��ÇBËfË����µÐ6�J���¢Â��lÃ��*	���:<; à �����LÎ3��ÌÑÉ����lâ�É��������
��ÊwÒ�ÓLÌPÔ'���,�������5Í&%��N����Ï�Ë$�vÉ����{Î����}Ï"Ä�%���Ë¢É�Î3�"�����B���ÑÉ�ÌZ�������mÃ�ßhÐ���ÌlÌ�Ê!����Ë$��ÌpÈ"���B�S%�����Ü
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Cl

Cl

Cl

Cl

solvent rearrangem
ent

electron transfer
pump

Cl− + I

Cl + I−

solvent coordinate

favors
Cl− + I

favors
Cl + I−

Â��pÃ�Ä����6	&��:�: �¾ ��%U�IÉ"���pË��®Î��$��Î���Ë���Ï ���C¿6��Ê)��:�Ê!���������IÉ�Ï��ÑÉ"�"É�����%=����ÌÑÉbÍÉ��������J����Ò�ÓLÌ Ô
%�ÌpÄ"Ë$�����rË�ÈQ�lÉJ��Ì���%����$�������vÉ��"ËrÊ!�����
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5IÃ�Ä��vÉ��������"Ë!ÊPÉ,È"�������"Ã������NÓLÌ����ÏE��ä+���M%�����ËmË����"Ã ��Êf�����NÓLÌ Ô8m Ò p É"�"Ï9�����¢ÓLÌ m Ò Ô
%�Ä��rÈ���Ë/%��$�,É�����ËTÉ
�IÉ����������z����É�Ï��ÑÉ"�IÉ#����%<Ë���ÌpÈ����B�TÉ"���mÉ"�"Ã����C���B�/���-������Î����"���Q�5Í&%�������Ï
Ë$�vÉ�������ô���%�É�Ä"Ë$�A�����BË���Ì�È�É#�����"�C�������rÃ�ß
�pËwÃ"���,É#�����zÊ!����������ÓLÌ����"Ï
��Ê������gË���ÌpÄ����z���IÉ��
�����gÒf���"Ï à �������������rÃ�ßJ��Ê�������Ð���ÌlÌj���J�����BÓLÌ¹Ë��lÏ��xÏ���%��$�,É�Ë$��Ë=�$��ÌlÉ�����È��=���M�����xÐ���ÌpÌ3�"�
�����<ÒwË��pÏ��TÉ�Ë6%�ÌpÄ"Ë$������Ë��pâ��M����%�����É�Ë���Ë���ä+��Ä"Ë à �����S�"É"���$�����=����Ë���Ì�È����B������É"���mÉ"�"Ã����C���I�
�yÉµß
���M�¤ÍÎ3��%2����Ï7���J����%�����É�Ë���Ð6�N����%�ÌpÄ"Ë$������Ë��pâ��"�

Â��pÃ�Ä�����	��N: Ý Ë����ºÐ���Ï����IÉ���Ê!���fYD|4F?�����=%U�IÉ"�rÃ��!Ï��pË$���$���"Ä&�����"�����V������%,É�Ã���Ï
���mÉ*1$��%2�����$����Ë�ÊPÉµÈ"���mË������xÓLÌ����ÏC��Êj�����6�C��Ì���%�Ä"Ì����fä+���pË4ËmÄ"Ã�Ã���Ëu�vË����IÉ#�����������6�lË4É/�$�,É�Ì
�IÉ"�$�������A��� Ë$��ÌpÈ"���B�S���,É����vÉ��"Ã���� ���B�<É"�3��Ä��/������ÒA���"Ï'��Ê������{Ë���ÌpÄ����J���8�����J�5Í&%�������Ï
Ë$�vÉ�������Òq�,�������yÉ*1$���$���GßD��ÊR%,É�Ã"��Ï,���mÉ*1$��%2�����$����ËsÊ!�"�?Y0|ÀF à �����{Ë���Ì�È����I�S%��&���rÏ����"É����
������É����"Ë�Î3��Ë��N���pÈ"�9�����$��Ä"Ã�����Ä��J�����-���vÉ<1$��%������rß"�\¯&��Ì�È����I�C����É"���mÉ"�"Ã����C���B�C���¨ÊPÉ,È��"�
Ò�Ï��Q��Ë9�Q%�%�Ä��O��� Ë$��� �7���mÉ*1$��%2�����$����Ë à ËrÄ"Ã�Ã���Ë$�����"Ã«���IÉ��O�������$�,�lË�ËrÄ�ª %������B�-�������mÃ�ß
���-�µÈ�����%��"�C� ����� �IÉ"�$���������yä+���yÊ!�$����Ä�����%�ß'��Ê!Ë$��ÌpÈ"���B�V�$�,É"�$�vÉ"�Ã���� ���B�¢É�Î"Î3�,É"�rËS���
Ï���%�����É�Ë��sÐ6�N���O%�ÌlÄ"Ëu�����LË��pâ��BÐ6����%U�DËrÄ"Ã�Ã���Ë$�vË=���IÉ��������?�"É"���$���������V���,É����vÉ��"Ã���� ���B������Ü
%��$�,É�Ë$��Ë��4Òq�@�����=���vÉ*1$��%����"������Ë(Ð6�������+����É"���mÉ"�"Ã����C���B���lËZ�"�"Ë����rÈ���Ï à Ë���Ì�È�É��������NÊPÉ,È��"�����Ã
�����¢Ò�É�������Î����mË$�lË$�mËgÊ!���z�yÉ"�*ß�Î���%���Ë���%����"ÏË à �yÉ�áI���Ã
���xÌ��lá"��ÌpßO���IÉ��������NË���Ì�È�É#����Ï Ò
� ��������Ä��Á�pË��$�,É"%U����ÏE�z÷��V%�����ËmË����"ÃNÐ6�N��� �����gÃ�����Ä��"ÏDË$�vÉ������lËR���"Ë$���rÈ"��Ï�Ï"Ä������Ã������
Ë���ÌpÈ����B�A�$�,É"�$�vÉ"�"Ã"��� ���B� à ���ºÐ���È"��� à Ð6����%U� Î��$��Ë$���B�vËz�����M���B�����lÃ�Ä����"Ã¢Î���ËrË������lÌ����Gß ���IÉ��
������%�����ËrË����ÃyÐ6�����D�����NÃ"����Ä��Ï7��Ì���%2�����"����%<Ë$�vÉ����S�&%�%�Ä��rËA���-�����8Â ¾ É"��%�Ä"ËA���*È����u����Ï�Ã
����Ã���� � à É�ËwË$���µÐ6�9���yÂ��lÃ���	���:<;&�4ÂIÄ��$�������zË$�mÄ"Ïß �lË�%�Ì��,É��mÌpß@������Ä�������ÏC���NËmÄ"ÎÎ����u�������lË
���B�����mÎ������vÉ��������E�

ä+���@�"É"���$�����z���DË$��ÌpÈ"���B�/�$�,É"�$�vÉ"�"Ã"��� ���B�?���7�������5Í&%��N����Ï�Ë$��É#����Î��$�µÈ&�pÏ���ËsÉ
Î3��ËmË$���"Ì����¤ÍÎÌÑÉ"�IÉ#�����"�yÊ!���R�����sÏ��lËvÉ�Î"Î���É"�vÉ���%�����Ê¢��Ì���%�����������%,É�ÌlÌpß@����ÌlÉbÍ&��Ï�Ò�ÓLÌ Ô Î��$��Ï�Ü
Ä�%2�vË����C�����BÎ����"����Ê!�mÉ�Ã�� ���B�wÏ��lËu�������"Ä��������"ËzÉ��wÌÑÉ��mÃ��6%�ÌpÄ"Ë$�����wË��lâ���Ë��ZµT���IÉ,È���É�Ì�����É�Ïß
Ë������«���IÉ��V�����
�mÉ����C��Ê�Ë$��ÌpÈ"���B�rÜ����"Ï"Ä�%���Ï¡Ï��lËmË$�&%��ÑÉ��������.����%�����É�Ë���Ë¢Ð6�����T%�ÌlÄ"Ëu�����NË��pâ�� à
Ð6���pÌ��V�����J�IÉ"���$�����?��������É"���mÉ"�"Ã����C���I�TË$�����yË/����ËrÌ��µÐúÏ��ºÐ6�.�������mÉ����J��ÊR��Ì���%2���$������%
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increasing bond length

Cl

Cl

electron transfer

Cl− + I

Cl + I−

solvent coordinate

favors
Cl− + I

favors
Cl + I−

Cl− + I*

Cl

Cl *

solvent rearrangement

(X)

(A’)

(B)

solvent-induced

dissociation

Â��pÃ�Ä����S	��N:*;  ¿z�5ÈQ�lË���Ï8� ��%U�IÉ"���lË��·Ê!�"�gÎ����"���}Ï��lËrË��Q%��lÉ���������ÏßQ�IÉ"� ��%�Ë���� Ò�ÓLÌ>Ô,%�ÌpÄ"Ë�Ü
�����mË6���*È"��ÌpÈQ���Ã@�����S¼ Ë$��É#���"�
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����ÌÑÉbÍÉ��������'���,������Ã"����Ä��Ï«Ëu��É����"�¬ä+�������5Ê!����� à É�Ë�%�ÌlÄ"Ëu�����{Ë��lâ��9����%�����É�Ë���Ë à Ë���Ì�È����B��Ü
���Ï"Ä�%���ÏDÏ��pËmË��Q%��lÉ�������� ����%���� ��ËR�����gÏ���� ���IÉ"�B���C��%U�IÉ"���pË��®Ê!���zÎ����}Ï"Ä�%2�LÊ!���$��É#�����"�E�
Ä��B���lÌ������"É�Ï��ÑÉ��IÉ�����%/����ÌÑÉbÍÉ����������lË�Ï�������%��vÌ�ß9���"Ë$����È���Ï7���������<Ë�����Ä"ÌÑÉ#�����"�"Ë à �����pËgÎ���%5Ü
�vÄ����TÐ6�lÌlÌ������yÉ"���JËrÎ���%�Ä"ÌlÉ�����È����Lä+���pËz�¤Í�Î"ÌÑÉ"�"É����������lË à ���ºÐ���È"��� à %��"�"Ë��pË$�����B�BÐ6�����hÉ�ÌlÌ
��ÊX�����TáI���µÐ6� ÊPÉ�%��vË��

æ�çx£ k�cuðdîBl�eX�,ë!ctðX�
Ç=�������.�3��Ã����������Ã0��Ê������lË�%U�IÉ�Î������ à ��Ä���Ëu�������"Ë�Ð������¨Î���Ë���Ï É"�3��Ä��9�����

�GÐ��§Ä���Ä"ËrÄIÉ�Ì!Ê!��É��vÄ��$��ËJ��ÊxÎ��������}Ï��lËrË��Q%��ÑÉ#�����"�T���¶Ò�ÓLÌ Ô Õ�Ó�Ös×5Ø v %�ÌpÄ"Ë$�����mË  �����9�"�"Ë��2�
��ÊR%,É�Ã����"Ã�É#�/����ÌÑÉ����pÈ���Ìpß Ë��yÉ�ÌlÌX%�ÌpÄ"Ë$������Ë$�lâ���Ë à É"�ÏK�����{Ï��pËvÉ�Î"Î3�,É��vÉ"��%�����Ê�%,É�Ã����"Ã�É��
ÌÑÉ��mÃ��?%�ÌlÄ"Ëu�����xË$�lâ���Ë��

µ'�,�IÉ,È���Ê!��Ä��"Ï����IÉ���%,É�Ã����"Ã�Ï���Î3���"ÏË ÌlÉ"�mÃ���Ìpßh����É¡Ë���ÌpÈ����B���C��Ì���%�Ä"Ì��
�Q%�%�ÄÎ�ßQ���"Ã������/%�É�Î�Ë������?���9�����<ÓLÌE���"Ï���Ê¢�����/�C��Ì���%�Ä"Ì��gÎ������������{Î����"���&�¤Í�%����vÉ��������E�
ä+���¢Ó�Ös×A� ��Ì���%�Ä"Ì���Ë�Ë$�������Ã�Ìpß�Î�����Ê!���z���yË$��ÌpÈ�É����?�����¢ÓLÌ¢���"ÏD��Ê������<É"������������%,É�Ä"Ë$�
������ßK%,É���Ã��2�V����É"�����S���-����� �5Í&%���ËmË@%U�IÉ��mÃ����DÇBËNÉD�$��ËmÄÌ�� à %,É�Î"Î���ÏT%�����5IÃ�Ä��vÉ��������"Ë
Ï���� ���"É����S�����@%�ÌlÄ"Ëu�����sË$���mÄ�%2�vÄ��$��ËTË$�vÉ"�$�����"Ã�É#�TÉ"�3��Ä��/YT|�F à Ð6��������%�É�Ã����"ÃO�yÉ�á"��Ë
ÉhÌlÉ"�mÃ��/1rÄ��@Î«���«�3�"���T�����9�¤Í�Î�������� ���B�mË{É"�"Ï«�����DË�����Ä"ÌlÉ��������"Ë��hÓ!É�Ã����"ÃhÈQ�ÑÉ Ì����"Ã
�vÉ��"Ã���É��$���vÉ�%��������"Ë<Ð6�����$��������Ë���Ì�È����I�J��ËmË$���B���lÉ�ÌlÌ�ß�Ë$���rÈ"��Ë�É�Ë{É,����Î3�9�3���GÐ������t�����
Ï��pËmË��Q%��lÉ������"Ã�Ë���ÌlÄ�����É������@Ë/�lË�Ì���ËrËTÊ!�$����Ä����I�mÌpßK���Ë�����È���Ï à �"Ä&�NÏ��&��ËS�$��ËrÄ"Ì��S����Ë$���C�
%,É�Ã����"Ã�É#���5È����I�z�����<Ë$��É�ÌlÌ���Ë$�+%�ÌlÄ"Ëu�����xË$�lâ��<Ëu�vÄ"Ï�����Ï à Y7|�;&�

Ç Î������IÉ�ÎËA� �����M���@Î3���$�vÉ"�B�+5��"Ï����"ÃC�pËz���IÉ��gÉ�ÌpÌ���Ê������{ÓLÌ Ô Üq�"É�Ë���ÏhÎ��$��Ï�Ü
Ä�%2�vËz���������TË�����Ä"ÌlÉ���������É"���<É"%�%����@ÎIÉ"������Ï-�*ß9�����TÊ!���$��É��������9��Ê(ËrÎ�����Ü����������6�5Í&%�������Ï
Ò)ps�BÇ��IÉ�Ì�ß�Ë$�lË���ÊZ�����¢Ê!�vÉ�Ã"�C���I�����B�������"É�Ìf�������rÃ�����ËsËmÄÎ"Î��"�$�vË������@%����B�����I�������D���IÉ��BÒ)p
�lËBÉ�ÌlË$�yÊ!���$�C��Ï8���-�����V�5Í�Î��������C���I�mË��sä+����Î����}Ï"Ä�%2�������7��ÊwÓLÌ>Ô"Üq�"É�Ë���ÏhÊ!�vÉ�Ã"�C���I�mË?���
Ò�ÓLÌPÔ�Î��������}Ï��lËrË��Q%��ÑÉ#�����"�«�&%�%�Ä��rË�É�Ï��ÑÉ"�"É�����%,É�ÌpÌpß§É"�"Ï«Ï��Q��ËJ���"� ���Ï���%�É����9��Ì���%2���$������%



;"~�F

����ÌÑÉbÍÉ����������
ä+���,%�É�Ã���Ï Ê!�mÉ�Ã�� ���B�vËO����������Ë$����ÄÌÑÉ��������"Ë@Ï��0������Ä��"Ï����mÃ��0��Ì���%2���$������%

����ÌÑÉbÍÉ��������K���D�����yÃ�����Ä��"Ï¬Ë$�vÉ����@Ð6���������.������Û Ý Î"Ë�ËrÎIÉ"������Ï0�*ß'������Ë$����ÄÌÑÉ��������"Ë��
ÂIÄ��$��������Ëu�vÄ"Ï�ßK�lË?�$����Ä����$��ÏK����Ï��2�����$�C������Ð6���2�������S����������ÌÑÉbÍÉ��������,�pË/���B���$���"Ë$��%,É�ÌlÌpß
Ì��"�"ÃO���xÐ6�����������TË��"�C��Ï���5�%�������%�ß8���7�������C�}Ï���ÌX�lËA����ËrÎ��"�"Ë����"Ì����<Ç������ �5Ü�����Ë���Ì�È���Ï
�5Í�Î3���$��� ���B��É�ÌuË$�mÄ"ÏßC��Ê������BÎ��������}Ï��lËrË��Q%��ÑÉ#�����"�@Ð���Ä"ÌpÏO���*ÈQ����Ä"ËrÌpß �3�A��Ê�Ã��$�,É������B������Ü
��Ëu�s�

Ç=�J������ÌlÉ"�mÃ"��Ë$�@%�ÌlÄË$������Ë��lâ���Ë�Ë$�mÄ"Ï�����Ï à Y´|Å	�É��"Ï�: Ýà Ë���Ì�È����B��Üq���Ï"Ä�%���Ï
Ï��pËmË��Q%��lÉ��������0��ÊgË���ÌpÄ����9� ��Ì���%�ÄÌ���Ë@���IÉ�� ���������lÉ�ÌlÌ�ß,����%����V�����������t�������5Í&%��N����Ï�Ëu��É����
�3��%��"�C��ËA�����¢Î�������É"��ß��C��%U�IÉ"���pË��H��Ê�Î��$��Ï"Ä�%��sÊ!���$��É#�����"�E��¯&��ÌpÈ"���B�TË���ÎIÉ"�mÉ��������8���
�����8�5Í&%��N����Ï Ë$�vÉ�����É�Ï��ÑÉ"�"É�����%,É�ÌpÌpß¬Î����}Ï"Ä�%���Ë�ÓLÌPÔ�É"�"Ï Ò)p à Ð6����%U����È�É�Î3���vÉ#����ËC����ÌÑÉbÜ
����È���Ìpß@��Ä���%�á�Ìpß�Ê!�$���������+%�ÌpÄ"Ë$����������%,É�ÄË��z��Ê3���vË�Ð��,É�á����B�����vÉ"%2�����"�"Ë(Ð6������������Ë���ÌpÈ����B�
� ��Ì���%�Ä"Ì���Ë��

Ç Ë$���@Î"Ì���Î���%��mÄ����C��Ê=�����
%U�IÉ"�rÃ��C°��ºÐ É��"Ï¬Ë���ÌpÈ����B�{ÏßQ�IÉ"� ��%�Ë��IÉ�Ë���Ï0�"�
����� ¾ É"��%�Ä"ËM���������rß7��Ê���Ì���%����$���,���mÉ"�"ËrÊ!���Cvx:�: à :*;#yZ�lÌlÌpÄ"Ë$���vÉ�����Ëz���IÉ���Ê!�"�TÉ�ÌlÌf�"Ä��/�����
Ë��yÉ�ÌpÌ���Ëu�=%�ÌlÄ"Ëu������Ë$�lâ���Ë=���������M�pË�É��IÉ"���$����������Ë$��ÌpÈ"���B�6�������mÃ*É����lâ�É��������O���O�����/�5Í&%�������Ï
Ë$�vÉ����@���IÉ��/���yÎ3��Ï���Ë?��Ì���%2���$������%V����ÌlÉbÍÉ��������8��ÊR������%,É�Ã���Ï�Ê!�vÉ�Ã�� ���B�mË��<ä+���lË/�IÉ����������
É�Î"Î3�,É��mË����7����%��$�,É�Ë$�@Ð6�N���T%�ÌlÄ"Ëu�����¢Ë��pâ���É"�"ÏT�yÉ,ß à É�Ì����ÃJÐ6�N���'����� ���"Ë����rÈ�É��������'��Ê
ÊPÉ"%��lÌ��zË���ÌpÈ����B�rÜq���"Ï"Ä�%���Ï{Ï��pËmË$�&%��ÑÉ�������� à �¤ÍÎÌÑÉ"���V���������"Ë$���rÈ�É��������V��Êj���"Ì�ßTÄ���%,É�Ã���Ï@ÓLÌ>Ô
Ê!�vÉ�Ã��C���B�vË!Ê!���+YKÆ´: Ý �



Ç ñIi³ñIbºñ}ðfî�ñQ�Ji�cjb-k¢ídï�¸XgµñIb²æ

v�:�y ¾ �¹Ù+�¹÷BÉ�ÏIÉ�Ì à õf�jÈ@��É�Ì������3��� à É"�"Ï�µ¡�uÓA�¹ý������������mÃ���� àRÊ �uÓ������D�¹õ��*ß}Ë�� éIË3¶ àÛ Ý F Õ): Þ�Þ ~*ØÌ�
vÍ;#y ¾ �¹÷gÉ�ÏIÉ�Ì à@ÎEÏ D/Ðj����Ñ"ÒiE)ÓM� Ï D/Ô Ï E#�«E�Ñ"���U�E<�2�{�"���yE#Õ8�"Õ3Ñ Ö�DU�FE#× Ø��^Õ3�"�{�yE#Õ
ÙMÒ#Õ3�"×��±�U�dE)Ó?Ú,�#�U�2Û�ÐCD2�QDU�2�LD�Ñ7ÜZ���B�2�«DIGAÝ!E#Õ���Þ6ÐCE#��ß#D2Õ��Zà3áNDU�2�!�AE#Õ,� Ï D
Ðj�\G2���2�{�(GøD@�"Õ3Ñ ÙMÒ#Õ3�"×��±�U�±E)ÓM� Ï DAÝE#Õ��±�JÜ Ï GøE#×ãEUâ Ï E�GøD2ã�ä���È¡������å���å�ã
Ä�����æ�����å$���qç��"èZé���ê��"��ë"ì���ã�:<í�í"~��

vïî�y Ê �jä�ë�ð�ë"����ñ"��ê�ë"å�ã Ê �3ò/���$ìEã�ó��jô��2æ&����õ�����ãjÈ@��¿zësç�ã�ö@�&ö�����å�ë�ãjë"��ì
µ¡�jô�������������õ�����ã Ê �jä��BçQå���é������-�3÷ ¶ ã�	�øB;"	-ùu:sí�í�:*úÌ�

vûF"ySô��jäf��������ë
ë"��ìDü��jòJ��ý��
ë���ã Ê �3é������D�jä��BçQå���÷ Ë ã3þ"îBÿ�FDùu:sí�	�íBúÌ�
vÍÿ#yS¿M�3é����Cð&�����Eã�äf�j¿6��������ë"��ì&�sã�ë"��ì8éA�3é��Q��ð3����ã Ê �3é������-�jä��BçQå������Eãjî�	B;&:
ùu:síBþ�ÿ�úÌ�

vï~�y ¾ �jÈ?��ô���%së�ã��A�józ���Eã�ë"��ì ¾ � Ê ������å$���Eã Ê �jé������D�jä��BçQå��	����ã�ÿ"	Bÿ�þ�ùu:sí�	�	BúÌ�
vÍþ#y�
+� Ê ������ê�ê�����ã Ê �3é������-�jä��BçQå��	���Eãj;"ø�~�~-ù):<íBþ"	BúÌ�
vï	�y Ê � ¾ �jäfë"ð�ë"����ñ"��ê�ë"å�ã�äf��
+� ¾ ë"å$ê�����ãjë"��ìD¿S��äfë"��å$���Eã Ê �3é������D�jä��BçQå��� Ë�` ã
;�FIÿ";-ù):<í�íBÿ"ú2�

vïí�y Ê � ¾ �jäfë"ð�ë"����ñ"��ê�ë"å�ãRÝ��� Ô Ï E#�LE�Ñ"���U�E<�2�{�"�{�yE#Õ,�"Õ3Ñ9�����:D8GFDU�FE#× Ø��^Õ3�"�{�yE#ÕÑ"Ò#Õ3�"×��±�U�M�^Õ7�2�N��D2Û±�D2�QDU�2�LD�Ñ�Ý����� Ü�� ����� �2���B�2�«DIGU�2ãRä���È ������å���å�ã3Ä����Næ�����å��N�qç9�"èé���ê�����ë"ì���ãE:<í�í�F��
v�:<ø�y��@��ö@�jä���������ì��
ë"��ì7äX� Ê �j¿z��å$å�ñBç�ã Ê �jä��BçQå���é������-�� ËjË ã�:<þ"ø�í"FDùu:sí�í�~BúÌ�
v�:�:�yS¿M��ýV� ¾ ë"�$% ��å�ã�ýA���E�j¿6��æ3�jä��BçQå���é������-�� ¶ ã�:*ÿ�ÿ�ùu:<í"~"FIú2�
v�:*;#y ¾ �jÈ@�józ��!+���"�7ë"��ì7óS�j¯"�������Eã�ý����E�j¿6��æ3�3ä��BçQå���é������D�#� ¶ ã�FBîBþ�ù):<í�	"FIúÌ�



$&% ¥�l % c�'jb)(�¸+*�,

vx:�y ¾ ��ý�ê���-�ë���ì�����ãjó��jô���æQ����õ�����ã ¾ � Ê ������å����EãjÈ@��¿�ësç�ãjë���ì-µ¡�jô��������3���$õ�����ã
¿6��%����@������ë��������9�"è.���/�� ð��������Qì���å$å��Q%�� ë#����ì0!6�N���������
ë"å$å+å���ê���%2����ì7���"����%
%�ê���åu�����$å�ã�132=Ü Ï D2×42¢Ô Ï Ò*� 2�����ã�~B;"ø�ø�ã�ùu:<í�	"	Bú2�

v�;#y ¾ �jô���ý�ê��/-�ë"��ì�����ã ¾ ��ýV� Ê ������å�����ãjó���
+�jô���æQ����õ"����ã�ë"��ì�µ¡�3éA�
ô��������3����õ"����ã�Ô Ï Ò<� 2XÖpD2ß52�6gD2�{�72 ¶�8 ãjíBþ"~�ã¢ù):<í�	�~�ú2�

vÍî�y Ê ��ý�ê�è{ë"����ã:9��jÉ/���;����ë&ã�äf��µTë"ê����<����ã�ë"��ì-äf����ë"����ë���ë�ã�ä����"���&ì���å�å$�&%�� ë��������
ë"��ì-æQ������ë���������ë�ê�����ê ë5-�ë��������9��è.=>�� ���0!�ë�������ãj������ë"���"ê±ã�ë"��ì-�2����ë�����ê@?�ì�AÌã
Ü Ï D2×42¢Ô Ï Ò<� 2+ 8�¶ ãE:sFIþ&ã�ùu:<í�í"îBú2�

vïF"y ¾ �jäX��ýAê�ê�����ë���ì7È@� Ê �CB+��ê�ì���å�ê���ç"ãMÜ�E#×Aâ3�&�«DIG?Ðj�^×��&�N�"�{�yE#ÕàE)ÓD6f�FE��Q�{Ñ#�2ã
é�ê�ë"����ì����Dä��$��å$å�ã��G-&è!�"��ìEãE:sí�	Bþ&�

v�ÿ#y�ü���òJ��ý��
ë"�=ë"��ìDô��jäX���$����ë&ãH
�������õ��2����%�åzë"��ì-å$���>��%2�����$�����I= �� ù±é�� � ú �%�ê���åu�����$å�ã�J+2XÔ Ï Ò*� 2XÙ `�Ë ã�:*þ"î�ãEùu:<í"í�:*ú2�
vÍ~�y��S�jéA��ý���ì����$å����EãR¿�ë��$��ê��  ýHÂ)æ���ê��&%����qçQÃVæ"����å$�������"è¢�����S¯&��ë"ñ��Më"ê�õ"�����N�����Àè!���
� ��ê���% ��ê�ë"�=ì�çQ��ë��C��%�å+%së�ê�% ��ê ë���������å�ãH132=Ü�E#×Aâ3�Q�K2XÔ Ï Ò<� 2 ¶j` ã3;�F�ã¢ù):<í�	B;"ú2�

v�þ#y�È@��¿S�LB/��ýAð�ð�ë�ì��&��ã�¿S� Ê ��ô��M¿z�<ç"ã�äf��ü��C�����$��ë����Eãj¯��jò/���$å$������ñ������EãjäX��ôM��%"ã
Ê ��ö�����õLN��å�ã Ê �3¯&���L����ê�ê���ã Ê �jé����2æQ��ê�ê�ë"��ì�ã�ë"��ì09��jÈ;OÍýA��õ���ëP�:-�ãRé��"�Cð��$��������å��Næ��
ë"��ë"ê�çQå���å+�"èX�����M²6�RQ å$ð���%����>��� �"è+= �  ýA�-ë"ð�ð�ê���%�ë��������O�"è����së���?qì���å�å$�&%�� ë�����������������uç�ã�132=Ü Ï D2×42¢Ô Ï Ò*� 2� Ë�£ ãjí"ø�î�ã¢ù):<í�í�~BúÌã�ë"��ì-���2è!���$����%���å��������$�����E�

vÍ	�y�È@��µ¡��ý������"ê�ìEãj¯3��
6������ë"ì�è!�"�$����ãC
+�����jÉ/���-ã�ë"��ìDÈ@� ¾ �jó�� ���
ë"�$ñjãR¯Q����ì&ç
�"èf��ë"ê���õ����"?q%�ë"���3���9ì�����-&��ì��/%�êS��å$������å�ë"��ì9�����/°C�����$�"è!������ç&ê��T-&çQê���ë"ì���%�ë"ê��Bç
ð����"���Qì�����ë"%U��� ���B�z�"è.Q � ù±é�� � úMùUQK|V=Uã�é�ê±ãC����ú+ë"��ì-üXé�� �� ãW132=Ü Ï D2×42
Ô Ï Ò<� 2+ Ë3` ã�î"FBí�î�ã�ùu:<í�í�ÿ�ú2�

vÍí�y�äX��µ¡��ý=��ñI����å�ã�ÚOE#�QDU�2�Q�N�#GYX=���"Õ��{�&×»ÚÃDU� Ï �"Õ��±�U�2ãZ�D-Qè!���$ìEã�óz��![9R����ñjãE:<í"	�î��
v�:<ø�ySÈ@� Ê ��ýG�����$��ë"%U�Eã ¾ � ¾ ���G���3���$å�ãjýV��äX� ¾ ���=ë"��ì��"ã3ë"��ì Ê �jô���å�ãSÜ Ï D2×42

Ô Ï Ò<� 2+ 8 ��ã�:<øBþ&ã¢ù):<íBþ"î�ú2�
v�:�:�yS¿M��ýD����� ë&ã�¿S��ýA�3�<��ë�è)ã�ë���ì7È@�3Bf����ê�ê�����?\����ê�ê�ç"ãXó���õ�ë����Næ��/?������9åu�Uë�����åz�"è

� ��ê���% ��ê�ë"�W=q�Qì������"ã]132XÔ Ï Ò*� 2�^zÞM_A�K2XÚOE#�@2]�fâ3�72XÔ Ï Ò<� 2 ` �ã�ôX;&:<î&ã¢ùu:<í"	�	Bú2�



;"~�þ

v�:*;#ySô����=ë�`��ë�����å6ë���ìDý��jò���Ä��$�:`��ë�ã�ô¢ë"å$����?�����ì3��%���ìD%�����å$å���ì:?q�3�së"� %U��ë���õ��
����ë"��åuè!���  �������$õ"ç9��������å$����ê�ì-��èf�����SóAë�ù{î � ä��\a � ú m = �cb óAëPd m =>�� %U��ë�������ê�ãÜ Ï D2×42¢Ô Ï Ò<� 2�6;D2���72+ 8 �Eã�:*þ"	�ã¢ù):<í�í�:<ú2�

v�:<î�ySÄS���=ë"�����Eã�ýV����ë"�$��ë"��ë�ãj¯3�j¿e�����
ë"��ã�ë"��ì-¿M�jÉM�"å�ê���]�ãZ=q� ðL��ê�å��Næ��/�/-&%����Uë#�����"�
�"èf%��"�����$���B��æQ������ë���������ë"ê�� �"�������9õ��$�<����ì�å>���$è{ë"%���ì�çQ��ë��C��%�å+����ìL��%���ìD�Bç
���I������å$��å$�����u�6ðL��ê�å$��å�ãe132=Ü Ï D2×42�Ô Ï Ò<� 2+ Ë �ãj	"FB~�:�ãEùu:<í"í"FIú2�

v�:sF"ySÄS���=ë"�����Eã�¿M��É/��å�ê��"]fã�ë"��ìD¯���¿f�����Cë"�EãZöA������ë���������ë"ê3����ê ë5-�ë��������
�"è���ë"å�%����B�
ì������Qì���ì��A���"��å6å$����ì�����ì-�Bç9è!���V����å$��%�����ì�����ë���å������B�z����å$����ë"��%��S��� ðL��ê�å$��æ"�
åu�����g��ê ë�����ì�¿zë"�Cë"��å�%së#������������õDùFB6¿f=u¯�¿A¯�ú/h��/-&ð3���$��� ���B��ë"��ì-å����g��ê ë���������ã
Ü Ï D2×42¢Ô Ï Ò<� 2+:���Eãj;"	�í�ã�ùu:<í�í�FIú2�

v�:*ÿ#ySÄS���=ë"�����Dë���ìD¯��j¿e�����
ë��Eã�Ä�êN����ë#è{ë"å$�+ð����"���Qì���å�å��Q%���ë��������9�"è+=>�� ��%��������$���B�
ð����"���Q%U����� ��åu���uç9����å��"ê����������Eãi132=Ü Ï D2×42¢Ô Ï Ò*� 2�÷#�Eã�F�î�í�:�ã¢ù):<í�í�î�ú2�

v�:<~�ySÄS���=ë"�����Dë���ìD¯��j¿e�����
ë��Eã�Ä�êN����ë#è{ë"å$�=æQ������ë���������ë"ê�ì�çQ��ë��C��%�å6�"èf��ë"å�%����B�
ì������Qì���ì���è!��ë�õ��C���B��å6å$�>��ì�����ìD�BçOè!���V���"å���%�����ì-����ë���å������B�6����å�����ë���%��
���CðL��ê�å��Næ��?åu�����;��ê ë#����ì�¿zë"�Cë"��å�%�ë�������������õ�ãW132=Ü Ï D2×42¢Ô Ï Ò<� 2�÷j÷Eãjí�î�:<	&ã
ù):<í�í�îBúÌ�

v�:*þ#ySÄS���=ë"�����Eã�ýV��µTë"ê�ì��
ë��Eã�ë"��ì7¯3�j¿e�����
ë"��ã�Ä�ê�����ë�è{ë�å$�+ð����"���Qì���å$å��Q%���ë��������O�"è
=>�� ����å��"ê����������  È?������%��+�"��å����$æ�ë��������-�"è�%������������B��ð����QìL��%2�+æQ������ë���������å�ãW132
Ü Ï D2×42¢Ô Ï Ò<� 2�÷��Eãj;�F�:s~�ã¢ùu:sí�íB;�úÌ�

v�:<	�y�¯�����ë"å���ñI���7ë"��ì Ê ���@�3¯Q����������ã Ê ��ãi_A�«E#×��±�/à�Õ�DIGj�"Ò�Û76;D2ß#D2�¢�"Õ3ÑlkjGøE#�\GÌ�{�"Õ
ÙM�{���#G$�"×V� 2cm�E#���Q×ãD�Ý�2�n?Ò"Ñ#GøE>�:D2Õ-Ý�oCÔ Ï E<�qâ Ï E�GøE#�B�eplm�ãRó����u���"?q����ê�ê ë"��ìEã
óz��!r9R���$ñjãE:<íBþ"	&�

v�:<í�y�¯�����ë"å���ñI���7ë"��ì Ê ���@�3¯Q����������ã Ê ��ãi_A�«E#×��±�/à�Õ�DIGj�"Ò�Û76;D2ß#D2�¢�"Õ3ÑlkjGøE#�\GÌ�{�"Õ
ÙM�{���#G$�"×V� 2cm�E#���Q×ãD�Ý$Ý 2XÐj�Q� ÓÌ�(G�Ýso Î �^���"Õ��^�Q×tpepAÝ$Ý2ãRó��"�$���:?\���"ê�ê ë���ìEã&ó���!
9R���$ñjã�:<íBþ"	��

vÍ;"ø�y/öV�3¯����=ë�����å$��ë�ë"��ìDÈ@��ü��jé��"ñ"����ã�óz����ë"ì�� ë"��ë#����%A�C��ê���%���ê ë"��ì�çQ��ë"� ��%�å
å$���;��ê�ë��������O�"èfð��������Qì���å$å��Q%�� ë#�����"�9ë"��ì-õ���� ����ë����?�$��%����@������ë��������9�"è+= � ê����u����ì-&�������Eãf1L2�Ü Ï D2×42¢Ô Ï Ò*� 2� Ë3¶ ã�FBø�î"î�ã�ù):<í�í�~BúÌ�

vÍ;&:�y/öV�3¯����=ë�����å$��ë�ë"��ìDÈ@��ü��jé��"ñ"����ã�óz����ë"ì�� ë"��ë#����%A�C��ê���%���ê ë"��ì�çQ��ë"� ��%�å
å$���;��ê�ë��������O�"è+��êN����ë#è{ë"å$�6ðL���Cð"?�ð������3�M�/-&ð3�������C���B��å6���I= � ���-å$��ê���ì9��ë"�$�õBë�å���å�ã�1L2=Ü Ï D2×42�Ô Ï Ò<� 2+ Ë �Eã�~�íB;�î�ã¢ùu:sí�íBþ�úÌ�

vÍ;�;#y/öV�3¯����=ë�����å$��ë�ë"��ìDÈ@��ü��jé��"ñ"����ã�óz����ë"ì�� ë"��ë#����%A�C��ê���%���ê ë"��ì�çQ��ë"� ��%�å
å$���;��ê�ë���������å��"è������Mð����"���"è!��ë"õ"�C���I��ë��������9ë"��ìDõ����C����ë����?����%����@������ë��������9���
å$������?qå$��ê���%�����ìl=>�� ýA� � %�ê���å$������å�ãe132=Ü Ï D2×42�Ô Ï Ò<� 2+ Ë �Eã3þ&:<øB;&ãEùu:<í"íBþ�ú2�



;"~"	

vÍ;"î�y/öV�3¯����=ë�����å$��ë�ë"��ì�µ¡����� ¾ ��ê�ê�����ãZ¯&��� ��%�ê ë"å$å���%së"ê��C��ê���%���ê ë"��ì�çQ��ë"� ��%�å
å$���;��ê�ë��������O�"è+��êN����ë#è{ë"å$�6ð����"���Qì���å$å��Q%���ë��������Oì�çQ��ë"� ��%�å6ë"å�å$�&%�� ë�����ìv!6�����-�����
é���ë�ð�ðL����åz��ë"��ì-�"è��P��������ã�1L2=Ü Ï D2×42�Ô Ï Ò<� 2� Ë �Eã�FBí�	&ã¢ùu:<í"í�	Bú2�

vÍ;�F"ys=U�������#1�ë"� ���Eã�Ä����=ë������Eã�ë"��ì7¯��j¿e�����
ë��Eã�Ä�êN����ë�è{ë"å$�6ð����"���Qì���å�å��Q%���ë��������O�"è
= �� ����������ë"���"ê  ý � ��ê���% ��ê�ë"�=ì�çQ��ë"� ��%�å+å$�>��ì�ç�ã�132=Ü Ï D2×42¢Ô Ï Ò<� 2�÷��Eã�	�î�îBþQã
ù):<í�í�îBúÌ�

vÍ;�ÿ#ys=U�������#1�ë"� ���Eã�äf�jü�����ë"����ë���ë�ãC��� Ê �3òM���$��������ãjë"��ì Ê �LB/���zçQ����å�ã
óz�������u����ê��������S���»è!�$���M��������õ�çOèU����%2�����"��å�ã��$��%��"�@������ë��������9ì�çQ��ë"� ��%�å�ã�ë"��ì
æQ������ë��������9�$��ê ë)-�ë#�����"�9�"è.= �� ���-ë"%�����������������ê�� Z¾ ��ê���% ��ê ë"�+ì�çQ��ë��C��%�å+�"èf%U��ë"�$õ��°���!w���9�����M��ê���%2���$������%�ë"ê�êNçOë�ì�� ë"��ë�����%Aê����C�N�sãw132XÔ Ï Ò<� 2=Ü Ï D2×423÷3÷Eãjþ"ÿ�ÿ�þ&ã
ù):<í�íBÿ�úÌ�

vÍ;"~�ys=U�������#1�ë"� ����ë"��ì7¿M� ¾ ��µ\���N������ê�ê�ã�ö?������ë���������ë"ê��$��ê�ë5-�ë��������9�"èZ=>�� ���x!�ë������
ë"��ìD�2����ë"����ê R¾ �"ê���%���ê ë��=ì�çQ��ë"� ��%�åzå$���;��ê ë��������Eã�Ü Ï D2×42¢Ô Ï Ò<� 2�6gD2�{�72 `�Ë�£ ã
FIÿQã¢ùu:<í"í�îBú2�

vÍ;�þ#yS¿M�3¯��C�������uç�ã�¯Q���y��%��>������ë"��ì-ì�çQ��ë"� ��%�å+�"èf%�ê���å$������å  ý��D���B�����QìL��%2�������EãZ���
ÎEÏ D Ü Ï D2×��±���"�3Ô Ï Ò<�2�±�U�dE)ÓG_A�«E#×��±���"Õ3Ñ ÚOE#�QDU�2�&�N�#GJÜZ���B�2�LDIG��2ã���ì�������ì-�Iç
ò��j¯&%���ê���å�ãjä����Q%�����ì�����õ�å6�"èX�����s=q�B��������ë���������ë"êX¯&%U���Q��ê��"è�ä��IçQå$��%�å
Â>
����$��%��
ü����$�C��Ã�ã�óz���$���"?\�z��ê�ê�ë"��ìEã&ó��/!r9R���$ñ3ã�:<í�í�ø��

vÍ;"	�yS¿M����� ë���%��Jë"��ì Ê �CB/���6ç&����å�ã�öV�\����å�����ë"��%��M���������uç9����å��"ê����������E�"=U�
¾ ��ê�����å$��ë����?è!���$�;��ê�ë��������Eãw1L2=Ü Ï D2×42�Ô Ï Ò<� 2+ Ë3` ãjþ"	�~�F�ã¢ùu:sí�íBÿ�úÌ�

vÍ;"í�yS¿M����� ë���%��Jë"��ì Ê �CB/���6ç&����å�ã�öV�\����å�����ë"��%��M���������uç9����å��"ê����������E�"=>=U�L=>�� ������=è!�$���z= m = � ����ë"%������"����������ê��"ã]132=Ü Ï D2×42EÔ Ï Ò<� 2+ Ë3` ã3þ"	�	BÿQã�ùu:sí�íBÿ�úÌ�
vïî�ø�yS¿M����� ë���%���ã Ê � Ê �C=U�CB+��� ������ì�ë�ã�ë"��ì Ê �CB/���6çQ����å�ã]
��u����ê������$�����_ë"��ì

���"�����u����ê������������_å$��ê�æ�ë���������ë"��ì-å$��ê��&���M��ê���%�����������%/å$���>��%2�����$�"�jF����u��ë��I�>���
���������uç9���-ëJ�;��êN����ì�� ë"��ë#����%6åu�Uë����Mè!�"���;��ê�ë��������E�NãH132XÔ Ï Ò*� 2=Ü Ï D2×42j÷��Eã�:*;&:<ø"î�ã
ù):<í�í"FIúÌ�

vïî�:�y�
+�����N���������6ë"��ìDäf�j¿6��å$å�ñBç�ãRÈ?��%������������B������åu�����$����å6ë"��ì-������ë"ì�� ë"��ë#����%
�u��ë"�B�>��� �C�"ê���%���ê ë���ì�çQ��ë"� ��%�å6å����g��ê ë���������å�ãH132=Ü Ï D2×42¢Ô Ï Ò<� 2� Ë	8 ãj	�~�:�:"ã
ù):<í�íBþ�úÌ�

vïîB;#y�
+�j¿M�������$�������6ë"��ì-äf� Ê �j¿6��å�å$ñBç�ã]{V��ë"�B����� ì���%��"�����$����%��V����� �@-&��ì
�u��ë"�B�>���Y?�%�ê�ë"å�å$��%së�êEå$çQå$����� å  ó�����ë"ì�� ë���ë�����%?ð��$�&%���å�å$��å�ãe132=Ü Ï D2×42¢Ô Ï Ò<� 2
 Ë �Eãj	�:<î�ø�ã�ùu:<í�í�ÿ�ú2�

vïî�î�ySÈ@�C���&�"���-ë"��ìD¿S� ¾ �jó��<ç���å�ãG132|_A×ãDIG�2=Ü Ï D2×42XÐCE<� 2�� ` ã�:<	�~�	&ã¢ùu:<í"~�øBú2�



;"~"í

vïî"F"y�ò���ýV�����)!6�Cë"ñ�����ãjäX�3¯&%U�R!�����ì��$è!��õ�����ã�ë"��ì-ô���æ����7¯"�����B��ð�ë"êNç�ã
ä�å�����ì���ð3�"�����B����ë"ê¢ë"��ì-�;��êN����ð�ê��Aå$%së��$����������õ4} ë"ê�ð���ë�%së�ê�% ��ê ë���������å��"èZ�u��%�ê���ë"�
�u��ë"ì��>��ð3��ê��M%��<��ð�ê�����õ�%�����å$��ë"�B��å�ë"��ì��"�������6ð��$��ð����$������å6�"èfì���ë������ ��%���ë"ê���õ����
� ��ê���% ��ê���å6ë"��ì����������+�C�"���Bë"��������å6ë"��ì-� �����Q%së#�����"��å�ã]132XÚOE#�@2fÐj��GÌ���2�K2
Î nzàD�/Ü+n�à�Ú ¶ �Eãj	Bþ&ã¢ù):<í�	�íBúÌ�

vïîBÿ#yMý���ýV���]��%U��ë"%U������ñ"�9ë"��ì7óS��ü��3¯Q����ð�ë"���*æ3ã�ýA�\?q= � ���B������ë"%2��������å  �����M�C�Qì���ê�å��ë�å���ìD���9�����Mì���ë����"�C��%�å�?Z���"?��C�"ê���%���ê��Aë"ð�ð��$�Bë"%U�Eã�132=Ü Ï D2×42¢Ô Ï Ò<� 2� Ë�£ ã
í�í&:<î�ã¢ù):<í�í�~BúÌ�

vïî�~�yMý��jÈ@�C�]��%UñI����õ���ë"�-ã�äf��µ¡�jü���!6ê�����ã�ë���ìDý�� Ê �j¯Q�������"ãi
�ê���%�������åu�Uë�����%
ð��$��ì���%���������å+��è�å$��ë"ð3��å�ë"��ì-ð�����ð3���u������å+�"èXæ�ë"�Dì����+µ4ë�ë"ê�å+�C��ê���%���ê���å�ã
ÝÌÕ��LDIGÌÕ3�"�72XÖ�D2ß52�Ô Ï Ò<� 2=Ü Ï D2×42 ¶ ã�:<øBþ&ã¢ù):<í�	�~�ú2�

vïîBþ#y ¾ �jô����]����ñ"��ë"��ì9µ¡�jÉ/ê����Cð3���$����ã~B+���M�����/?që����"�P%së�õ��M��]���%��  é����B�����u�L���
ð��$�&%���å$å���å����x= � ý��z�3��ê���!������S¼�?qåu�Uë����Sì���å�å$�&%�� ë��������
ê���� ����ãi132=Ü Ï D2×42¢Ô Ï Ò<� 2
÷��Eã�:*þ"íBþQã¢ùu:<í"í�îBú2�

vïî�	�y Ê �3é=ë"��å�ë"��ã=ÙdD�ØID2�^�QEIk6�"�^���±�FE#ã�ý�ê�ê�çQ�-ë"��ì��=ë"%����EãC����å$�����Eã�:<	�í�þ&ãZ����ë"��å�ê�ë�����ì
�Bç-ü���ë"��%���å=µ¡��ÉM��ê�å$��ç��

vïî�í�y�
+�3éA� ¾ �3é������Eã Ê �3òJ��È?�#1�ë"���Eã�ë"��ì�µ¡��
6��µ'���B�q!����$���Eã�é���ë"��ë�%��������S�së��������
�"èf����� ���u��%�ê��së��+ì�� ë������ ��%A������å+�Bç�å����C����� ð����$��%�ë"ê ¾ ����å$�Sð3�"�����B����ë"êE��������õ�ç
%����$æ"��å���;&�LB+������ë"���/õBë�åzð3��å$�����Næ��/������å�ãW132XÔ Ï Ò<� 2�Ü Ï D2×42|_� Ë jãjî"ø�	�	�ã
ù):<í�íBþ�úÌ�

vûFBø�y�
+�3éA� ¾ �3é������8ë"��ì-µ¡��
+��µ'���B�q!����$���Eã=óz��õBë�����æ"�/������å$��ë�����å6�"èf�����
��ë�ê���õ�����å�ãW132XÔ Ï Ò<� 2=Ü Ï D2×42#�j÷Eã�FBø�í"í�ã¢ùu:sí�	Bÿ�úÌ�

vûF�:�ysB/�3é��u��ë"��õ�ã�òJ�C�z�"]��
ë"��ã�ë"��ì-É���
���å����B����ë"ê�ã�ä���%��"å���%�����ì-å$�>��ì�����å���èf�����
%�ë"õ��M��]���%2�Aë���ìD%���ê�ê���å$�����O����ìL��%���ì-ð�����ì���å$å��Q%���ë��������9�"èf���Qì������A���9ê����u����ì�å�ã
Ü Ï D2×42¢Ô Ï Ò<� 2�6;D2���72 `j¶ ã3;"ø�:�ã�ùu:<íBþ#FIú2�

vûFI;#y�¯��3é��u����ë"å�åuç�ã�ü�� ¾ ë��$�����Eã�¿M�C�=ë"%���å�ã Ê ��ö�����õLN��å�ãjë���ì7¿M��µ¡�jü�����ê�ìEã
¿6�"�Uë#�����"�"?�æQ������ë��������
ë"��ë"êNç&å$��å+�"èX������¼»ø d� �"�7: �Aë"��ìD¼_ø d� �"� ³ ø d� ��ê���%�����������%åuç&åu�����Cåz�"è+= � �Bç�ê ë�å����\?q����ìL��%���ì"?±°C�����$��å�%�����%��Vüf�<���������\?�����ë"��åuè!�����å$ð���%����$��å�%���ðBç�ãe1L2=Ü Ï D2×42�Ô Ï Ò<� 2 8�¶ ã�FB	"~�î�ã�ù):<í�	�:<ú2�

vûFBî�y�ò��jé���%�%��"�$����ã ¾ �jü����$��ë"�$����ã�ë"��ì Ê ��?qäf��¿+çQ%Uñ�ë����$��ã ¾ ��ê���% ��ê�ë"�=ì�çQ��ë"� ��%�å+�"è
�$��õ���ì9å$çQå$����� å����-%�ë"�$����å$� ë"��%��Q���$ì�����ë#����å���ý¡õ���������ë�êEè!�����;��ê ë��������Eã�ÚOE#�@2
Ô Ï Ò<� 2 £|8 ãE:*;�ÿ"î&ã¢ùu:<í"	B;�ú2�

vûF�F"y�ò��jé���%�%��"�$���¢ë"��ì Ê ��?)äX��¿6çQ%Uñ#ë"���$�sã ¾ �"ê���%���ê ë��+ì�çQ��ë"� ��%�å+å$���;��ê ë��������O��è��$��õ���ì
� ��ê���% ��ê���å�ãMÜ�E#×Aâ3�&�72¢Ô Ï Ò*� 2XÖpDqâ	2 £ ãjî"FIÿ&ã¢ù):<í�	�~�ú2�



;�þ�ø

vûFIÿ#ySÈ@��ü��3é���ñ"����ã�é���� ðL�������6å����g��ê ë��������
�C�2�����Qì�å=è!���+���"��ë"ì���ë"��ë�����%?ì�çQ��ë��C��%�å
���-%�����ì�����å���ì8å$çQåu����� å�ã����>Ü�E#×Aâ3�Q�«DIGMÐj�^×��Q�N�"�{�yE#Õ8�^ÕtÜ Ï D2×��±���"�3Ô Ï Ò<�2�±�U�2ã
��ì�������ì-�Iç ¾ �jäf��ý�ê�ê����-ë"��ì-È@� Ê �CB+��ê�ì���å$ê��2ç�ã�ð�ð��jî�:*ÿ<�&î�þ�þ&ã�É/êS�u!�����ã
È?���$ì�����%U�B�sã¢:<í�í�î&�

vûFB~�ySÈ@��ü��3é���ñ"����ë���ì7ô��L}A� ë"��ã ¾ �������&ì�å6è!�"�+�C��ê���%���ê ë"��ì�çQ��ë"� ��%�åW!6�N���
���"��ë"ì���ë"��ë�����%A����ë"��å$����������å�ã]132=Ü Ï D2×42¢Ô Ï Ò*� 2� Ë�` ã�F�í�~�ã¢ù):<í�íBÿ�úÌ�

vûFIþ#yS¿M�jé���� ð����"�Eã�äX��¿z��������ë"��ì���ã�ë"��ìDéA�jé��Q��ð3����ã�é���ê�ê���å$������ë�ê3�������S�së��������C�"èfóAë�ã
É�ãjë"��ìDé�åz�Bç-é�� � ã3é��S¯�ë"��ìDé+¯ � �¾ �"ê���%���ê ë��=��ê���%��������Dë�ª ���N������å�ã]132
Ü Ï D2×42¢Ô Ï Ò<� 2	���Eã�î�	B;Q:�ã¢ùu:síBþ�ÿ�úÌ�

vûFB	�ySÈ@��È/ë����<æ&��%U�Eã Ê �����y���åC�ë�ñ3ãjë���ì8¯3�3¯&��ë"��ñ3ã�ý��D������������%së"ê�% ��ê�ë���������å�è!���+å$�
ë�ê�ê
���&ì���%�ê���åu������å���ò/�&�Qì9ð3���$è!�"���Cë"��%��/��è��$��ê ë#����æQ��å$����%A�2]���%����Næ��S%����$�Mð��"�����B����ë"ê�å�ã
Ü Ï D2×42¢Ô Ï Ò<� 2�6;D2���72 ` ���Eã3;�FBí�ã¢ù):<í�íBÿ"ú2�

vûFBí�ySóS�jÈ?��ê ë�����ç"ã Ê �jüjë"��ì�����ãjäX��
6� ¾ ë"å�ê����Eã�ë���ì7¿M�jä�ë���å��"�EãRä����"���Qì���å$å��Q%���ë��������Eã
�$��%��"�@������ë���������ë"��ì-��ê���%��������9����ë"��åuè!���6����%�ê���åu�����6������å  ý ������ë"ì���ë"��ë�����%
� ��ê���% ��ê�ë"�=ì�çQ��ë��C��%�å+å$�>��ì�ç��"è+=>�� ù�é�� � ú � ãW132XÔ Ï Ò<� 2=Ü Ï D2×42|_� Ë �ã�	&:sFIþ&ã
ù):<í�íBþ�úÌ�

vÍÿ"ø�y�éA� Ê �jÈ?��ê��3��%��jã�µ¡����ë<ç"��å�ã�ë���ì7äX�C���39i��å$������ã�ýA��å����$ð��������Då$ð���%�����ëJ�"èZü �� ãé�êU�� ãC������ ãjë"��ìI=>�� ���O�����Së"ê�ñ#ë"ê�����ë"ê���ì���å�ã�Ô Ï Ò*� 2XÖpD2ß52� ` �ã�:<ø�FBî�ã¢ù):<í�~�:*úÌ�
vÍÿ&:�y ¾ �jÈ?��ôM��%së�ã����jó�����ã�ë"��ì ¾ � Ê ������å�����ã�ä��������Q��ê���%��������-å�ð3��%2�����"å�%��"ðIç-�"è

ù�é�� � ú �� %�ê���å$������åf!6�����7;;�\Y��¡:<î  é�êS��å$�����6å��S���/ì���ð�����ì�����%��V��èf�����M%����$�
� ��ê���% ��ê�ë"�=�����Eã]132=Ü Ï D2×42¢Ô Ï Ò<� 2����Eã3ÿ"	Bÿ�þQã¢ùu:<í"	�	Bú2�

vÍÿ�;#y Ê �3ò���È?�#1�ë"���EãC
+�3éA� ¾ �3é������Eã3ë"��ì�µ¡��
6��µ'���B�q!����$���Eã�é���ë"��ë�%��������S�së��������
�"èf����� ���u��%�ê��së��+ì�� ë������ ��%A������å+�Bç�å����C����� ð����$��%�ë"ê ¾ ����å$�Sð3�"�����B����ë"êE��������õ�ç
%����$æ"��å��X:��LB+������ë�ê���õ����-ë������ å�ãH1L2XÔ Ï Ò<� 2=Ü Ï D2×42M ËjË ãjí�~"F�í�ã¢ùu:sí�í�~BúÌ�

vÍÿ"î�y�éA��
+�jÈAçQñIå$����ë�ãH_/Ø/Ý2Õ��^�{�yEO���"���2�Q�N�"���yE#Õ��dE)ÓM� Ï D/�2�\G2���2�{�(GøDU�V�"Õ3ÑSâ�GøEUâ�DIGÌ���yDU�dE)Ó
×ãE#�QDU�2�Q�QDU�2ãw
�ê�å��2æQ������ã�ýA� å$�����$ì�ë"�-ãE:<í�	�	&�

vÍÿ�F"ySÈ@� Ê ��
Zæ�ë"��å�ãH�/�9�����M����ð�����å$���B�Uë#�����"�D�"èf���$�����B��ë��������9å�ð�ë�%��"ã+ÚOE#�@2¢Ô Ï Ò*� 2�� £ ã
î�:<þ&ã¢ùu:síBþ�þ�úÌ�

vÍÿ�ÿ#y Ê �jüjë"��ì�����ãjó���È?��ê ë"���2ç�ãjäX� ¾ ë"å�ê����Eã�ë"��ìD¿S�jäfë"��å$���Eã�é���ë"�$õ��/°���! ë"��ì
å$��ê�æ"���B�Aì&ç&��ë"�C��%�å+���������Mð����"���&ì���å�å$�&%�� ë��������
�"è�%�ê���åu�����z������å  ý
���"��ë"ì���ë"��ë�����%?� ��ê���% ��ê�ë"��ì&ç&��ë"�C��%�å6å$�>��ì�ç��"è+= ��Z� ýA� � ãMÜ Ï D2×42¢Ô Ï Ò<� 2�6gD2�{�72
`�8�Ë ã�:<í�~�ã¢ù):<í�íBþ"ú2�

vÍÿ"~�y Ê �jüjë"��ì����zë"��ì-¿M�jä�ë"�$å�����ã�Äzê�����ë�è{ë"åu�+����ë"%���������ì�çQ��ë��C��%�å6���9%�ê���åu�����6������å 
¯&���;��ê�ë��������O�"èX�����/����ë"��å$�����I�6ð����"���Q��ê���%2�����"�Då$ð���%����y��� �"è+=>�� ýA� �ð����"���Qì���å$å��Q%���ë��������EãH132=Ü Ï D2×42¢Ô Ï Ò<� 2�ã�����ð��$��å�å��



;�þQ:

vÍÿ�þ#y Ê �jü���ë���%Uñ9ë"��ì�
+�j¿�ë���������!6�N��%U�Eã Î G$�"Õ�� 2��¢�#G$�BÑB�"Ò�ÐCE<� 2#� Ë ãE:<;"ø�ã¢ù):<í�î"FIúÌ�
vÍÿ"	�yMý��3òSë"ê�ê ë"õ"������ã�é���ê�ê���å$������ë"êjì���ð3��ê ë�������ë��������O�"èX������¿6�7ÿ�ð-ë"��ì7é�å�~�ðEã=Ô Ï Ò<� 2

ÖpD2ß52� ¶�8 ãj~�	�ã�ùu:<í�~�þ�ú2�
vÍÿ"í�y ¾ ��
+�3òMë"��%�� ë�ã�òJ� ¾ �jä�ë"åu������ã3ë"��ì-É������C�����������
ë"���EãRÈ?��ê��Q%së�ê�����ë��������
��èZë

���"ê��/���Oæ�ë"��ì����W!=ë"ë"ê�å+%�ê���åu�����$å  ���"������ë��������
ð3�"�����B��� ë�ê��"èf��ë"�$�/?�õBë"å+ë"��ì-å$�
ë�ê�ê
�zõ � %�êS��å$������å�ã=Ô Ï Ò<� 2XÖpD2ß52�^ £ ��ãj	"î�	�	�ã¢ù):<í�í�î�ú2�

vï~�ø�y Ê ��ó��jò/����ê����Eã�È@��é���ë���ì�ê�����ã3��� Ê ��ÉM���DãQë"��ì Ê �"B/�C�zçQ����å�ã�ü��$���/��������õ"����å��"è
��ê���%2���$���-����ë"��å$è!����ã�1L2�Ô Ï Ò<� 2=Ü Ï D2×423÷#�EãE:<þ�FB	�ã¢ù):<í�íB;"ú2�

vï~�:�y��A� Ê �3ò/���u��������ãjÉ���ý���ì���ãj¿M�C����ë"��%���ã�ë"��ì Ê �CB/���zçQ����å�ãH������ë�ê���ì��A���"�
%����@������ë��������9����ë"%���������å+����å���êS���������  
�ê���%�����������%/å$���>��%2�����$�Vë���ì�å���êNæ"ë#�����"�
ë"å$ð���%���å�ã�Ü Ï D2×42¢Ô Ï Ò*� 2�:�#�Eãjî�ø"í�ã¢ùu:sí�í"FIúÌ�

vï~B;#y�¯��jÉ��jò/����å$�7ë���ìl��� ¾ �jÈ?���Eã�ý¡ì�����å��N�qçR?�èU����%2��������ë"êE%�ë"ê�%���ê ë#�����"�O�"è
ì�çQ��ë��C��%/ì���ð3��ê��Að���ê�ë"���S�së"����ê��N������å��"èf������ê��/õBë"å6ë������Cå�ã ÎEÏ DFE�G�2�Ü Ï �^×42|_A�2���
� ` ã3;"ø�í�ã�ùu:<í�	"îBú2�

vï~�î�y��S�3òM��ê�ì�å$�������Eã/ÜZ�N�#�U�2�±���"�3ÚODU� Ï �"Õ��±�U�2ã�ýAì�ì���å$���"?�µ'��å$ê��2ç�ãj¿6�së"ì�����õ�ã ¾ ýVã3;���ì
��ì����������Eã�:<í�	�ø&�

vï~"F"y�éA�3ò��jò/��ësç�ë"��ìDÉ��C
+�3òs����������å�ã ÎEÏ DFE�GÌÒ�E)Ó�ÚÃE#�QDU�2�Q�N�#Gc�����&�{Ñ#�2ã&æ���êS���C��:"ã
é�ê�ë"������ì����Eã#�G-Qè!���$ìEãE:<í�	�F��

vï~Bÿ#y��A� Ê �3ò/�������I��ê�ë�����ã ¾ �CB/�#�Eë"�����±ã�ë���ì7È@� ¾ �jó������
ë���ñjãwB+��� �/?q�$��å$��ê�æ"��ì
åu����ì�����å6�"è�ì�çQ��ë"� ��%�å+�����C��ê���%���ê ë"��ë"��ì-%�êS��å$�����zë"��������å�ãW132�Ü Ï D2×42¢ÐCE<� 2
���#G$�BÑB�"Ò Î G$�"Õ�� 2�ãZå>�����C�N������ìE�

vï~�~�y��A� Ê �3ò/�������I��ê�ë�����ã ¾ �CB/�#�Eë"�����±ã�ë���ì7È@� ¾ �jó������
ë���ñjãRä����"���Qì���å$å��Q%���ë��������
ì�çQ��ë��C��%�å=�"è������c=>�� ë"�������0��å�����õ@è!���V����å���%�����ì9ð����"���Q��ê���%2�����"�9å�ð3��%�������å$%���ðBç"ã
Ü Ï D2×42¢Ô Ï Ò<� 2�6;D2���72 `j¶ �Eã3ÿ�;"î�ã¢ù):<í�í�~�ú2�

vï~Bþ#y��A� Ê �3ò/�������I��ê�ë�����ã ¾ �CB/�#�Eë"�����±ã�ë���ì7È@� ¾ �jó������
ë���ñjãwB+��� �/?q�$��å$��ê�æ"��ì
ð����"���Qì���å$å��Q%���ë��������Oì�çQ��ë"� ��%�å6�"è.=>�� ýA� � %�ê���åu������åf��å�����õ ë"�������9è!���V����å���%�����ì
ð����"���Q��ê���%���������å$ð���%����$��å�%���ðBç�ãzÐE�2�yD2Õ��FD `�8 �Eã�:<~Bþ�ÿQã¢ùu:<í"íBþ�ú2�

vï~�	�ySô��3ò/��������õBë"�$ìEã ÎEÏ D?Ö=�2â3�{Ñ à�ß#�"�����"�{�yE#ÕÃE)Ó?ÔpE#�«D2Õ����{�"�	���yD2�NÑ#�?�^Õ7Ô=�#G2�{�±�2�QD
ÐjÒ<�2�LD2×V�2ã ¾ =qB ä�����å$å�ã�é=ë"�@������ì�õ��"ã ¾ ýVã�:<í�	"	��

vï~�í�ySô��3ò/��������õBë"�$ì-ë"��ì�ö@�j¿6��ñI��ê����Eã�ý è{ë"åu�zë"ê�õ��"���������oè!���+ð�ë"�u����%�ê��?å$���;��ê ë���������å�ã
132=Ü�E#×Aâ3�Q�K2XÔ Ï Ò<� 2 8 �EãjîB;�ÿ&ã�ùu:<í�	�þ�ú2�

vÍþ"ø�y�¯�����ë"� �C��å�?u¯Q%U����]����6ë"��ì Ê �3éA�CB���ê�ê�ç�ã�ä��$�"�����9����ë"��å$���6����å$��ê���������� 
¾ �"ê���%���ê ë��+ì�çQ��ë"� ��%�åW!6�N�����u��ë"�B����� ����ë���å��N�����"��å�ã]132=Ü Ï D2×42¢Ô Ï Ò<� 2+ Ë �ã
FB~�ÿ�þ&ã¢ù):<í�í"FIúÌ�



;�þ";

vÍþ&:�yMý��jô�����ë"���$��å�ã Ê �jÉ���������!6�Eãjë���ì8éA�����C�Aë"�$����å�ã~B+���S��ë��>�����M�"èfå����Cð�ê��
ð����"���Qì���å$å��Q%���ë��������O����ë"%���������åz����ê����u����ì�å=���x��êN����ë�è{ë"å$�+����� �?å�%�ë"ê���å�ãH_AÕ�Õ#2
ÖpD2ß52XÔ Ï Ò*� 2=Ü Ï D2×42��j÷Eãjî"F�:�ã�ùu:<í�	"	Bú2�

vÍþ�;#y�
+� Ê �C�z��ê�ê�����ãZ{c��ë��I�>���P%������$��%2�����"��å=����%�ê ë"å$å���%�ë"ê�ð����"���Qì���å�å��Q%���ë��������
� �Qì���ê�å�ã
132=Ü Ï D2×42¢Ô Ï Ò<� 2����Eã3;"ø�~�~&ã¢ùu:<í�þ"	Bú2�

vÍþ"î�y ¾ ���z���$�
ë"��ã�ý å$��� ��%�ê ë"å$å���%�ë"ê�åy���$è{ë�%��S����ð�ð�����õ�ð��$��ð�ë"õBë#�����=è!���
���"��ë"ì���ë"��ë�����%?ð��$����ê���� å�ãW132=Ü Ï D2×42¢Ô Ï Ò*� 2� Ë ��ãj	"ø�	�:�ãEùu:<í�í�ÿ�ú2�

vÍþ�F"y�ò��C�����>��������õ�ã=ÚOE#�QDU�2�&�N�#G/Ð�â�DU�2�\G��9�"Õ3Ñ�ÚÃE#�QDU�2�Q�N�#G/Ðj��GÌ���2���:GøD 2XÝ�2XÐ�â�DU�2�\G��iE)Ó
ÙM�{�"�«E#×��±�?ÚOE#�QDU�2�&�QDU�2ãZöRë��Dóz��å$����ë"��ìEãjó��/!r9R����ñjã3;���ì-��ì�����������ãE:<íBÿ"ø&�

vÍþ�ÿ#y/µ¡�jäX������å$å�ã�6E�#�DIG�â Ï E#�LE�Ñ"���U�E<�2�{�"�{�yE#Õ-�2�{��Ñ"�yDU�AE)Ó�Ýup&E����"Õ����Q× Ò��yD2�NÑ#�S�"Õ3Ñ
Ñ"Ò#Õ3�"×��±�U�2ã�ä���È¡������å$��å�ãjÄ����Næ����$å��N�qç��"è�é��"ê�����ë"ì���ã�:<í�	�	��

vÍþ"~�y�éA��ý����G���B������ã Ê ��É�� ¾ �3¯�ë���ì����$å�ã3ë"��ì�ý�� Ê �3¯Q�������"ãi
.-�%���������%��<��ð�ê�����õ����
ð3����ð��IçQ�$���-ì���� ���$å�ã/Ü Ï D2×42¢Ô Ï Ò<� 2+:���Eãjî�íBÿ&ãEùu:<í�	"íBú2�

vÍþ�þ#yMý���
6� Ê �"����å��"�Eãjó���
+�jô���æQ����õ�����ãjë"��ì-äf�jü�����ë"����ë���ë�ã�ä��������Qì���å$å��Q%�� ë#�����"�
ì�çQ��ë��C��%�å6�"è+=>�� ���v!=ë�������ë"��ì-ë"ê�%������"ê�å�ãH1L2XÔ Ï Ò<� 2=Ü Ï D2×42j÷#�Eã3þ"	�F�:�ã¢ù):<í�íB;�úÌ�

vÍþ"	�ySäX� Ê ����õP!6���$���-ë"��ì7¿M�3òM�����3����ãi{V��ë"�B����� ì&ç&��ë"�C��%�å6å����;��ê�ë���������å���è
���"��ë"ì���ë"��ë�����%?ð��$�&%���å$å���å������Cë"�Bçu?që����"�_åuç&åu�����Cå  ä����"���&��-&%�������ì��=ë�ù!ýA�Uú�AF�
ë"��ìl�=ë�ù{ýA��ú � �z%�êS��å$������å�ã�1L2=Ü Ï D2×42�Ô Ï Ò<� 2� Ë�£ ã3ÿ"	�ø"î�ã¢ùu:sí�í�~BúÌ�

vÍþ"í�y�¯��jäX�jÉMë"����ë&ãjòJ�L�A�CB�ë�ê ë"ð�ë#����ë&ã�ë"��ìDäf�jóS��ä���ë"å�ë"ìEãRÈ?��å$ð�����å$�������"èfê������së"�
ë"��ìD���"��ê������së"����ð�����%së"ê�ð�����ð3���u������å+�"èf�����L�������  ýA�-ë"�-�����N�����
����� �/?qì���ð3����ì����B��%��<��ð�ê���ì"?�ð����$�>�����3��ì��Aë"�u���$���/?qü��Q%UñOå$�>��ì�ç�ã�132=Ü Ï D2×42¢Ô Ï Ò<� 2
÷ ¶ ã3ÿ"	Bþ"î&ã¢ùu:<í"í�:*ú2�

vï	�ø�y��S� Ê �jÉM���Pë���ì Ê �CB/���6çQ����å�ã]
��u����ê������$�����»ë"��ìD���"�����u����ê������������_å$��ê�æ�ë��������
ë"��ìDå$��ê������/��ê���%�����������%/å$���>��%2�����$�"��=U�jü����$�;��ê�ë��������Eãw1L2=Ü Ï D2×42�Ô Ï Ò<� 2�÷��Eã
ÿ&:sí"F�ã¢ù):<í�í�øBúÌ�

vï	�:�y��S� Ê �jÉM���Pë���ì Ê �CB/���6çQ����å�ã]
��u����ê������$�����»ë"��ìD���"�����u����ê������������_å$��ê�æ�ë��������
ë"��ìDå$��ê������/��ê���%�����������%/å$���>��%2�����$�"��=>=y=U�#{c��ë"�B�����_���������$ç"ãf132=Ü Ï D2×42¢Ô Ï Ò<� 2
÷��Eã3ÿ"ø�	�	&ã¢ùu:<í"íB;�ú2�

vï	B;#y/µ¡�jÉ/ê ë���å�ã ¾ ��
6�3òMë"�$%�� ë&ã�ë"��ìDÉ��C���������������
ë����EãwB+�����"�$ç9è!���=�����
å$�����$��?������ �?����å�ð3����å��S�"èfå��Cë"ê�ê|��õ � %�ê���åu������åzë�è^�����6�/-&%��N�Uë��������EãHJ+2XÔ Ï Ò<� 2¢Ù
� ¶ ã�FBî�ã¢ù):<í�íBÿ"ú2�

vï	�î�ySÈ@�QýV�Qö@�&ÉMê���������ã Ê ��éA�&ýAêNè{ë"����ã&ë"��ì9äX��ü��"�=ë"�$��ë"��ë�ã�ä��������Qì���å$å��Q%�� ë#�����"�
ë"��ì
æQ������ë���������ë�ê�����ê�ë5-�ë�������� �"èM=>�� ���C�2����ë"����ê±ã~132RÜ Ï D2×42�Ô Ï Ò<� 2�÷���ã�ÿ"îBþ"ÿ&ãEù):<í�í�î�ú2�



;�þ�î

vï	"F"ySäX� Ê �jÉM���)!6ê���åzë"��ìI�S��? Ê ��µT����������ãSÜ Ï D2×42¢Ô Ï Ò*� 2�6;D2�{�K2�� ¶ ã3;�ÿ�í�ã¢ùu:sí�	Bÿ�úÌ�
vï	Bÿ#ySäX� Ê �jÉM���)!6ê���åzë"��ìI�S��? Ê ��µT����������ã�ýA�-��ª %������B�z�C�2�����Qì9è!���=�����S�2æ�ë"ê���ë#�����"�

�"èf%��P��ð�ê�����õJ%��Q��ª %������B��å6���-%�����5�õP����ë������������I������ë"%��������9%�ë"ê�%���ê ë���������å�ã/Ü Ï D2×42
Ô Ï Ò<� 2�6gD2�{�72+ £�¶ ã3ÿQ:sF�ã¢ù):<í�	�	BúÌ�

vï	�~�yMý��jÉM�uçQê��<æ9ë"��ì7¿M�jò/�����3����ãRä����"���Qì���å$å��Q%���ë��������Oì�çQ��ë"� ��%�å+�"è~�Aé�ê�����å��"ê���ì
ý��  é=ë"õ��M�/-&�N�sã����"��ë"ì���ë"��ë�����%A����ë"��å$����������å�ã�ë"��ìD�$��%��"�@������ë��������Eã]132=Ü Ï D2×42
Ô Ï Ò<� 2+ Ë ��ã�~Bÿ�þ�F�ã�ùu:<í�í�þ�ú2�

vï	Bþ#yMý��C=U�jÉM�uçQê��<æ3ã�¿S�����jòM�����3����ãjë"��ìD¿S��È@��é��Bë"ê�å$���Eã�óz����ë"ì���ë"��ë�����%?ì&ç&��ë"�C��%�å
ë"��ìD��ê���%2���$������%/�������$õ"ç9�$��ê ë)-�ë#�����"�9�"è�é�êRù ��� ú=ë#����� å+���9å$��ê���ì-ý���ãW132=Ü Ï D2×42
Ô Ï Ò<� 2+ Ë3¶ ã�FB~B;"~�ã�ùu:<í�í"~Bú2�

vï	�	�ySäX�jÉs���I�>�"ã�é�ê ë�å�å���%së"ê�ð�ë����-å>���$è{ë"%��/?q����ð�ð�����õJì�çQ��ë"� ��%�å��C=U�3òM��������ë"ê����������uç
ë"��ìD��ê�ê���å$����ë����Næ��z����ë<1$��%�����������å�ãf132=Ü Ï D2×42EÔ Ï Ò<� 2�÷ ¶ ã�:sF�:"ã¢ùu:<í"í�:*ú2�

vï	�í�y��A� ¾ �jôXë�ì�ë"�BçQ�¢ë"��ìD¿S��äfë"��å$���Eã�¯Q���>��%2�����$�Vë"��ìDì�çQ��ë��C��%�å+�"èf�C�"ê���%���ê ë��
������å+����%�ê���åu�����$å  = �� ���9°��/-&����ê��Sé�� � ãW132=Ü Ï D2×42¢Ô Ï Ò*� 2� Ë|8 ã�í"îB;"~�ã¢ù):<í�íBþ"ú2�

vïí�ø�ySü��&µ¡�jôXë��Cð3�Më"��ìD¿S� ¾ �jó��<ç���å�ãf132M_A×ãDIG 2=Ü Ï D2×42�ÐCE<� 2 8 �Eã3;&:sF�ø�ã¢ùu:síBÿ�FIúÌ�
vïí�:�ys=U�jô¢ë"åu�Aë���ìxB/�jü��3òM������õ"�"ã~=q�B������ë"%2�����"�-��è+}A�Td.ë"��ì7é�ê � ������å6ë"��ì����������

è!���$�C��ì��C��ê���%���ê���åW!6�����-ë;}?�Må$��ê���ì9�
ë�������-�ãH1L2=Ü Ï D2×42�Ô Ï Ò<� 2#�#�EãjîBþ�	Bþ&ã
ù):<í�	Bþ�úÌ�

vïíB;#yc9@�jô¢��é��Bë#�sã Ê ��?)äX�3òs����ê�ê��"�����EãQë"��ì-ô������<���Bç�ã�¯&��ë"������õJ���2�q!������D������é�ê �
ë"��ì�= � %U��ë"������ê�å6���������Mì���å$å��Q%���ë����Næ��Më��$�Uë"%U��� ���B�6ð��$�&%���å$å���å����x=ué�ê±ãW132
Ô Ï Ò<� 2�^�Þ|_A�72XÚÃE#�@2W�fâ3�72XÔ Ï Ò*� 2 `�£ ãjî�;"	Bÿ&ã¢ù):<í�í�:<ú2�

vïí�î�y��S�jô¢�2è!���BæQ����?\���$�����Dë"��ì-¿M��µ¡�jü�����ê�ìEã�Ô�DIGÌ�{�(G�ØU�"�{�yE#Õ����^Õ8� Ï DMÐ�â�DU�2�\G$��E)Ó
ÙM�{�"�«E#×��±�?ÚOE#�QDU�2�&�QDU�2ã�ý�%së"ì���� ��%Mä�����å�å�ã#���"å$���"�Eã�:<í�	�~&�

vïí"F"y�����ô���ã�¿S�#�Eë�ì��<çBë"�Eã�öV��ýV��ý�ð�ñ#ë"����ë"�Eã�ë���ìDéA��éA� ¾ ë"�$������å�ã�ü����V����å$��%�����ì
�Cë"�BçR?q�3�&ì�ç
ì�çQ��ë"� ��%�åz��è�%�ë"õ�����õ  
.-&ð�������� ���B��ë"��ì-å����;��ê�ë��������
�"è.= �ð����"���Qì���å$å��Q%���ë��������"?q�$��%����@������ë�������� ����å���ê���ì9ý���ãW132XÔ Ï Ò*� 2=Ü Ï D2×423÷j÷�ã�þ�FIÿ"î�ã
ù):<í�íBÿ�úÌ�

vïíBÿ#ySÈ@��¿M�jô���ì���ã���ì������"��ãMÜfÖSÜ�n/�"Õ3ÑBØIEE��JE)ÓJÜ Ï D2×����2�\GÌÒO�"Õ3Ñ�Ô Ï Ò<�2�±�U�2ãRé������C��%së"ê
¿f�����3����ã����&%�ëJ¿�ë������Eã3þ"î���ì���ì��N�������Eã�:sí�í�î��

vïí�~�y�éA�jô�������ëP�Eã Ê ��µ\��ê�ê�� ë"� å��"�EãQë"��ì-ýV�����/!=ë"��ê±ã�ü����V���Q%U����� ��åu���uç9ë��6����õ��
ð��$��å$å>���$��å��#B+���Sì�çQ��ë"� ��%�å+�"èZë��D��ê���� ���B��ë"�$ç
���së�%������������9�����Sõ�ë"å�?�ê����u����ì
����ë"��å$���������9�$��õ������EãMÜ Ï D2×42�Ô Ï Ò<� 2�6;D2���72 ` :�Eã3;"	�í�ã¢ù):<í�í�î�ú2�



;�þ#F

vïíBþ#y�éA�jô�������ëP�-ë"��ì-ýV�#���/!=ë���ê±ãZüj���V���Q%U�����C��å$���uç9ë��6����õ���ð��$��å�åy������å���¯&��êNæ����B�
�2]���%������O�����Sõ�ë"å�?R���5?qê����u����ì ����ë���å��N�����"�9����õ"�����EãMÜ Ï D2×42�Ô Ï Ò<� 2�6;D2���72 `j`j` ã
;�;#F�ã¢ùu:sí�í"FIúÌ�

vïí�	�y�{@�jô����Eã�éA��µ«ë"��ã�ë"��ì-ýV�#���/!=ë"��ê±ã�ü����V����å$��%�����ì-���së�%���������ì�çQ��ë"� ��%�å+���9�����
õBë�å�?�����?qê����u����ì
����ë"��å��N�������9����õ������  �?��å����$æ�ë����������"è�ëJ���������/?qð���ë"å��Sì�����å��N�qç
ì���ð�����ì�����%���ãG132=Ü Ï D2×42¢Ô Ï Ò*� 2� Ë3¶ ã3ÿ";"í"F�ã¢ù):<í�í�~�ú2�

vïí�í�y�{@�jô����Eã Ê ��?qÉJ�&µ«ë"��õ�ã�ë"��ì-ýV���S������!�ë"��ê±ã�ü���������å$��%��"��ìDì&ç&���
ë"��%�å6�"è
ì���å�å$�&%�� ë���������ë"��ì-�$��%����@������ë��������9����å$��ê�æ"���B�z%së"õ���å�ãW�/�"���:GøDG��� £ ã�FI;"þ&ã
ù):<í�í�îBúÌ�

v�:<ø�ø�y�{@�jô����Eã Ê ��?qÉJ�&µT����õ�ã�ë"��ì-ýV���S������!�ë"��ê±ã�¯&�"ê�æ�ë��������v��êN����ë#è{ë"å$�+ì&ç&��ë"�C��%�å6�"è
�$�së"%2�����"��å���:<ø&� ¾ ��ê���% ��ê ë"�=ì&ç&��ë"�C��%�å6å$�>��ì�����å6�"èfì���å$å��Q%�� ë#�����"�Eã
�$��%��"�@������ë��������Eã�ë���ìD%�������������%��"ãf132XÔ Ï Ò*� 2=Ü Ï D2×42j÷j÷Eã�:�:<îB;&:"ã�ùu:sí�íBÿ�úÌ�

v�:<ø�:�ySÈ@��ôM�Eã ¾ �#����ë"��ã�ë���ì7È@��òJ�LBX�>����ê ë"��ã�ä����#1$��%�����������ð3����ë#�����+� �������&ì9è!���
õ������ �����uç9��ð������ ����ë���������!6�N����%�����å$����ë"���B��å�ã�132=Ü�E#×Aâ	2�Ü Ï D2×42� ` ãjîBþ"þ&ã
ù):<í�í�:*úÌ�

v�:<øB;#y�ò��jéA� ¾ ë"�N��ê�ë"��ìEã ¾ �j¿z��õ��Bç�ãC
+���A�j¯Q�C�N���Eã�ë���ì9µ¡��ýV��µTë"ñ"����ë"�-ã
ÝÌÕ��LDIGÌ×ãE#�QDU�2�Q�N�#GD�ÒE�G��FDU��� ÎEÏ D2�éG4�jGÌ�@�"�^ÕK�"Õ3ÑJÙ±D2�LDIGÌ×��^Õ3�"�{�yE#Õ�ã�é�ê ë"�$����ì����Eã
�G-Qè!����ì�ã�:<í�	�:��

v�:<ø�î�yS¿M��ýV� ¾ ë"��%���å�ã]_AÕ�Õ#2¢ÖpD2ß52XÔ Ï Ò*� 2�Ü Ï D2×42� ¶ ã�:*ÿ�ÿ&ã¢ù):<í�~"FBú2�
v�:<ø"F"yS¿M��ýV� ¾ ë"��%���å�ã�¯&%U���T���ì�����õ����6���u��ë#�����"��è!�"�6ëJåu���$����õ�êNçO%��P��ð�ê���ìD��ê���%����$���

����ë"��åuè!���6å$çQåu�����-ãf1L2�Ô Ï Ò<� 2=Ü Ï D2×423÷#�EãE:<þ�ÿ"î�ã¢ù):<í�íB;"ú2�
v�:<øBÿ#ysB/� ¾ ë"�$���������"ã ¾ �3�����:?)óG���Eãjë"��ì-ò���ý�å���ñ�����ëP���±ãRé�ê�ë"å�å$��%së�ê����u��ë"�B��ë"ê�� �������Qì

è!���+�g��ê�����å$��ë����Aì�çQ��ë"� ��%�å  ý¡%���� ðL����ë���������ë"ê�å$����ì�ç�ãf132�Ü Ï D2×42¢Ô Ï Ò*� 2� Ëj£ ã
;"	�FIþ&ã¢ù):<í�í�~BúÌ�

v�:<ø�~�ysB/� Ê � ¾ ë��$������� ��ã�ýA�-�����N�����@�C�"ê���%���ê ë���ì�çQ��ë"� ��%�åzë"���<����ì-ë %�������%�ë"ê
���I�����$å���%2�������  ô��qù±;#ðjú m � � ãMÜ Ï D2×42¢Ô Ï Ò*� 2�6;D2�{�K2 `�8�` ã�:<î"í�ã¢ùu:sí�íBþ�úÌ�

v�:<øBþ#ysB/� Ê � ¾ ë��$������� ��ã ¾ �������"?)óe���Eãjë"��ìD¿M��È@��ô���æQ�����"ã ¾ ��êN���@?���ê���%�����������%/?�å$��ë����
� ��ê���% ��ê�ë"�=ì�çQ��ë��C��%�å  ý�!�ësæ��MèU����%��������-ë"ð�ð����Bë�%U�I!6�N���-ë"ð�ð�ê���%�ë���������å�ãH1L2
Ô Ï Ò<� 2=Ü Ï D2×42� ËjË ãjþ"	�	"F�ã¢ùu:<í"í�~Bú2�

v�:<ø�	�ysB/� Ê � ¾ ë��$������� �Së"��ìD¿M�jÈ@��ô���æQ�����"ãRó��"��ë"ì���ë"��ë�����%A� ��ê���% ��ê ë"�=ì&ç&��ë"�C��%�å 
¯&ð�ê����=��ð�����ë������+�;��êN����ð�ê���å�ð�ëT!6������õ4!6�N���-ë"ð�ð�ê���%�ë���������å����
ð����"���Qì���å$å��Q%���ë��������EãH132=Ü Ï D2×42XÐCE<� 2M�¢�#G$�BÑB�"Ò Î G$�"Õ�� 2j÷���ãjí�FBø�ã¢ù):<í�íBþ�úÌ�

v�:<ø�í�ySäX�C
+� ¾ ë"å$ê����Eã Ê ��üjë"��ì�����ã�ë"��ìD¿M��äfë"��å$���EãZý��9��]���%2����æ"�s�Aë"� ��êN������� ë"��è!���+ë��
��ê���%2���$������%�ë"ê�êNç
��-&%�������ì-å���êS�����/���-ëJð3��ê�ë"����å�ë"��ê��A� ��ê���% ��ê�ë"�=å$��ê�æ"���B�sã=ÚOE#�@2
Ô Ï Ò<� 2�ãRåy����� ���$����ì��



;�þ"ÿ

v�:�:<ø�ySäX��
6� ¾ ë"å�ê����Eã Ê �jüjë"��ì�����ã�ë"��ìD¿S�jäfë"��å$���Eã�ýA�-�����������V%�ë"ê�%���ê ë���������å=�"èX�����
õ��$�<����ìDë"��ì���-�%�������ì7åu�Uë�����å6�"è+=>�� ë���ì�=ué�ê � ãMÜ Ï D2×42¢Ô Ï Ò<� 2�6gD2�{�72 ` ����ã�~�î�ã
ù):<í�í�~BúÌ�

v�:�:�:�ySäX��
6� ¾ ë"å�ê����Eã Ê � ¾ �jä�ë"ð�ë"����ñ���ê ë�å�ã Ê �jüjë"��ì�����ã�¿M��ä�ë"�$å�����ãjë"��ìD¯���ö@�C�Móz����ê±ã
¯&�"ê�æ�ë�������� �"è���ê���%2�����"����%�ë"ê�êNç��/-&%��N����ìv= �� ã~1L2RÜ Ï D2×42�Ô Ï Ò<� 2| Ë jã�ÿ�þ"î&:�ãEù):<í�í"FBú2�

v�:�:*;#ySô��Qü�� ¾ �së�ì���!6å+ë"��ì9¿M� ¾ �&ó��<ç���å�ãw1L2#_A×ãDIG�2�Ü Ï D2×42EÐCE<� 23� ` ã3:<	Bþ�;Qã�ù):<í�~�ø�ú2�
v�:�:<î�y��S� ¾ ���¢ë"��ì7È@�jé��"ñ"����ãW{c��ë��I�>��� � ��ê���% ��ê�ë"��ì&ç&��ë"�C��%�å6å$�>��ì�����å6�"è.� �����ë"��å$ð��"�$�z���0!�ë�������ãf132�Ü Ï D2×42¢Ô Ï Ò*� 2� Ëj£ ã�FBþ�ÿ�ÿ&ã¢ù):<í�í�~�ú2�
v�:�:sF"y��S� ¾ ����ã�ô��L}?� ë���ã�ë"��ì7È@�jé��"ñ"����ã=é=ë�ê�% ��ê ë��������O��èf�����M���"��ë���������ë"ê�¿�ë"�Cë"�

å$ð���%����y��� �"è.� � ������%��"ãW132=Ü Ï D2×42¢Ô Ï Ò<� 2+ Ë3¶ ã�î�í�î�	�ã�ùu:<í�í"~Bú2�
v�:�:*ÿ#ysB/� ¾ � ¾ ��ê�ê�����ã~
�ê���%2���$���-ë�ª ����������å�ã~=q�7ô���ì�� vÍí�ÿ#y±�
v�:�:<~�y/µ¡� ¾ ��ê�ê����+ë"��ìIB/�3ò/���"��õ���ãR¯&��� ��%�ê ë"å$å���%�ë"ê��������"�$ç��"èf��ê���%�����������%?����ë"��å$����������å

���-ê���!w�������$õ"ç-ë����"�C��%/ë"��ì�� ��ê���% ��ê�ë"�=%��"ê�ê���å�������å����Bæ���êNæ&����õ�å��2æ�����ë"ê¢�u��%�ê��së"�
ì���õ�������åz�"èXè!������ì����-ãW132=Ü Ï D2×42¢Ô Ï Ò*� 2 ¶ �Eãjÿ�~�îBþ&ã¢ù):<íBþ�;"ú2�

v�:�:*þ#y����+�u�#���Rã�ëJð�ë"%Uñ#ë"õ"�S��èZë"�������������@ð��$��õ���ë"�Cå+�Bçx�S��? Ê ��µT���������zë"��ìDäf� Ê �
É/����!6ê���å�ãL!6�N���-%����B���$���L�&�����"��å�è!���"� Ê ��ýAê��CêK��"è)ãQ¿S�jÈ@��ý��C�"å�ã ¾ � Ê �#�@�
È?����õBë"��ã3¯��CB/��
�ê��3���$��ãjéA���Aë��Cð3��ê�ã&µ¡� ¾ �2ç�����ã3ÉJ�jäX��������å$���Eã3¿M�jä��N��������ã�ýV�
Ê �3¯Q��������ãjë"��ìDäf�j¿M�LB�ësçQê��"��ã�æ"����å$�����Dí"F���î-ùu:<í"í"FIú2�

v�:�:<	�y�éA��
+� ¾ �Q������ãH_A�LE#×��±�?à�Õ�DIGj�"Ò&6gD2ß#D2� �2ã&æ���êS���C�Mî�ÿ���èi�/�"���yE#Õ3�"�EÐj�±�"Õ3ÑB�#G$Ñ#�
ÖpD!Ó!DIGøD2Õ��FD?Ù��"�±�CÐCDIGÌ�yDU�2ã�óAë���������ë"êM�]���$�sëP�-�"èZ¯Q�Uë���ì�ë"�$ì�å�ã3;���ìD��ì����������Eã
:<í�þ&:��

v�:�:<í�ySóS�jü�� ¾ �"�$�sã=Ô�GøE<� 2�Ü��"× Ø7GÌ�{Ñ��:D?Ô Ï �^�QE<� 2XÐCE<� 2 `�8 ãjÿ�ÿ�î�ã¢ùu:sí�î�:*úÌ�
v�:*;"ø�ySÄS� ¾ ���ê�ê����+ë"��ì7ò��j¯Q���&%Uñjã�¯"���uè{ë"%���?q���"ð�ð�����õC� �&ì���ê�����õ@�"èfð�������������ìL��%���ì

�$��ê ë)-�ë#�����"�9ì�çQ��ë"� ��%�å6����%��<��ð�ê���ì-ð��"�����B����ë"ê@?���������õ"çCå>���$è{ë"%���å�ãf132=Ü Ï D2×42
Ô Ï Ò<� 2+ Ë	8 ã�~B;"î�ø�ã�ùu:<í�í�þ�ú2�

v�:*;&:�yS¿M�3¯�� ¾ ��ê�ê���ñ"���Eã~=q�&ì������/�$��æQ��å$������ìEãW132=Ü Ï D2×42¢Ô Ï Ò*� 2 ¶j¶ ã�;"	�	�ã¢ù):<íBþ&:<ú2�
v�:*;�;#y�éA�3¯�� ¾ ���$���Iç"ã�¯��jü����;O ¯&���së&ãjë"��ìI=U�j¿S� ¾ %sÈ?����ë�ê�ìEãw
�ê���%�������åu�Uë�����%

���I������ë"%���������å+�����C��ê���%���ê ë"��%��uç&åu�Uë"ê�å  ô¢ë�������%��/ì�çQ��ë"� ��%�å6�"èfå��"ê���ì9�������$��õ����
ë"��ìD%�ë"���3����ì����T-&��ì��"ã�ÚOE#�@2XÔ Ï Ò<� 2 ¶�Ë ãjÿ"î&:�ã¢ùu:sí�	�îBúÌ�

v�:*;"î�y ¾ �jó�ë"ì�ë"ê�ã ÎEÏ D/Ðj�{��Ñ"ÒiE)ÓM� Ï D/Ô Ï E#�«E�Ñ"���U�E<�2�{�"���yE#Õ8�"Õ3ÑJÖpDU�FE#× Ø��^Õ3�"���yE#Õ
ÙMÒ#Õ3�"×��±�U�dE)ÓAÚ,�#�U�2Û�ÐCD2�QDU�2�«D�Ñ7ÜZ���I�2�«DIG�ÝE#Õ���ÞzÐCE#��ß#D2Õ��Zà3áNDU�2�^�AE#Õ8� Ï D
Ðj�\GÌ�j�2�{�(GøD@�"Õ3ÑJÙMÒ#Õ3�"×��±�U�dE)ÓM� Ï DAÝE#Õ��±��Ü Ï GFE#×ãEUâ Ï E�GøD2ã�ä���È¡������å���å�ã
Äz����æ"����å$���qç��"èZé���ê�����ë"ì���ã�:<í"í�~��



;�þ�~

v�:*;�F"y ¾ ��
+�jó�ë"ì�ë"ê�ã�äf�jÈ@��É/ê������3����ã�ë"��ì-µ¡�jéA�3ô��������3����õ"����ã�ä��������"è!��ë"õ�� ���B�Uë��������
�"èf�Cë"å�å\?qå���ê���%�����ì�=ué�ê � ù±é�� � ú � %�êS��å$�����6������å  ¯&��êNæ�ë��������9��]���%2��åz���9�����åu���>��%���������ë"��ì-ì�çQ��ë"� ��%�å+��èf�����M��������%?%U���$���C�"ð������$�"ã�132=Ü Ï D2×42�Ô Ï Ò*� 2� Ë�¶ ã
ÿ"ø�F�ã¢ùu:sí�í�~BúÌ�

v�:*;�ÿ#y ¾ ��
+�jó�ë"ì�ë"ê�ãj¯��jóAë���ì��±ã�È@��µ¡�����Q��ã�ë"��ì9µ¡�3éA�jô��������3����õ"����ã
ä����"���&ì���å�å$�&%�� ë��������Oë"��ì-����%����@������ë��������9ì�çQ��ë��C��%�å+�"è+= �� ���-ó � � %�ê���åu������å�ã132=Ü Ï D2×42¢Ô Ï Ò<� 2�ã�å>����� ���$����ìE�

v�:*;"~�y�¯��jó�ë"��ì���ã�ýV�3¯&ë"���<æ3ãjó��jÈ?��ê�ë"���2ç�ã Ê �jüjë"��ì�����ãj¿S��äfë"��å$���Eãjë"��ì-µ¡�3éA�
ô��������3����õ"����ã�ä��������"è!��ë"õ�� ���B�Uë���������ë���ìDåu���y��%��>�����S�"è+= �� ù7�Mé+¯�ú � %�ê���å$�����������å�ãZ���J���Må>�����C�N������ìE�

v�:*;�þ#y�
+�jó�������ë ë���ìDý���ó��N����ë"�EãR¯&���C��%�ê ë�å�å���%së"ê���æ�ë"êS��ë��������9�"èf������ë�ì�� ë"��ë�����%?��ë�����å
���-%�����ì�����å���ì8ð���ë�å���å�ã�1L2=Ü Ï D2×42�Ô Ï Ò<� 2�÷j÷EãE:�:sø�í�ã¢ù):<í�í�îBúÌ�

v�:*;"	�y�
+�jó�������ë�ã�ýV�józ���>�së"�Eã�¿S��óS���=ë"�$�����$�sãjë"��ìDÄ���ôXë���ì��Cë"�Eãi{c��ë"�B�����
ì�çQ��ë��C��%së"êEå$���;��ê ë���������å��"èf������ë"ì�� ë"��ë#����%Að����Q%���å�å���å  ¯&��ê�æ�ë��������
ì�çQ��ë"� ��%�å6�"è
�����M�IçQì���ë�����ì7��ê���%2���$���Eã�Ô Ï Ò*� 2XÖpD2ß52�6;D2�{�K2�� 8 ã�:<ø&:�:�ã�ù):<í�í�:<ú2�

v�:*;"í�ySÈ@� Ê �józ��å$�����$�Aë���ì Ê �CB/���zçQ����å�ã=¯Qê���!�æQ������ë���������ë"ê��$��ê@-�ë������������9ð���%���å���%�����ì
���&ì������?�$��%��"�@������ë��������9����ê����u����ì�å�ã]132=Ü Ï D2×42�Ô Ï Ò<� 2 8�8 ã3;&:<î�ø�ãEùu:<í"	B;�ú2�

v�:<î�ø�y ¾ �jÈ@��ó���!+�����8ë���ì-ó��3¯"�������Eãw
�ê���%�������������ë"��åuè!���6����ë"%���������å+����%�����ì�����å$��ì
ð���ë"å���å�ã]_AÕ�Õ#2¢ÖpD2ß52XÔ Ï Ò<� 2=Ü Ï D2×42�� ¶ ã�F�îBþ&ã¢ù):<í�	"FIúÌ�

v�:<î�:�y Ê �jäfë"ð�ë"����ñ"��ê�ë"å�ã Ê �3òM���$ìEã�óS�jô¢�2æQ����õ�����ã�È@�j¿zësç�ã�öV��ö�����å�ë�ãjë"��ì
µ¡�jô��������3����õ"����ã�ä��������Qì���å$å��Q%�� ë#�����"��ë"��ì�õ���� ����ë����?�$��%����@������ë��������
ì�çQ��ë��C��%�å6�"è+= �� �����
ë"å$å�?�å���ê���%2����ìI= �� ù±é�� � ú � %�êS��å$�����6������å�ãW132¢Ô Ï Ò*� 2=Ü Ï D2×42
÷ ¶ ãj	�øB;"	&ã¢ùu:<í"í�:*ú2�

v�:<îB;#y Ê �jäfë"ð�ë"����ñ"��ê�ë"å�ã&ö@��ö����$å�ë�ã ¾ �jóAë"ì�ë�ê±ã�äX�3é=ë"�Cð�ë"õ�����ê�ë�ãL�S�C�]��%U������ëP��ã�ë"��ì
µ¡�jô��������3����õ"����ã~=>�� ð��������Qì���å$å��Q%�� ë#�����"�9ë"��ì-����%����@������ë��������9ì&ç&��ë"�C��%�å+���å$������?qå$��ê���%�����ìl=>�� ù±é�� � ú � %�ê���åu�����z������å�ãW1L2=Ü Ï D2×42�Ô Ï Ò<� 23÷3÷Eãj	Bþ�î�î�ã�ù):<í�í�î�ú2�

v�:<î�î�y Ê �jäfë"ð�ë"����ñ"��ê�ë"å�ã&ö@��ö����$å�ë�ã ¾ �jóAë"ì�ë�ê±ã�äX�3é=ë"�Cð�ë"õ�����ê�ë�ã Ê ��òM���$ìEã�ë"��ì
µ¡�jô��������3����õ"����ã~=>�� ð��������"è!��ë"õ�� ���B�Uë��������C������%����@������ë��������Cì�çQ��ë"� ��%�å+���å$������?qå$��ê���%�����ìl=>�� ù±é�� � ú � %�ê���åu�����z������å  �/��å����uæ�ë����������"è�%������������B�G=U���N� = �
æQ������ë���������ë�ê�� �"�������Eã]132�Ü Ï D2×42¢Ô Ï Ò<� 2�÷ 8 ãjþ"ø�ø�;&ã¢ùu:sí�íB;�úÌ�

v�:<î"F"y Ê � ¾ �jäfë"ð�ë"����ñ"�"ê ë"å�ãRÝ��� Ô Ï E#�«E�Ñ"���U�E<�2�{�"���yE#Õ,�"Õ3Ñ7Ü����:D?ÖpDU�FE#× Ø��^Õ3�"���yE#ÕÙMÒ#Õ3�"×��±�U�/�^ÕDÐj�N��D2Û�ÐCD2�QDU�2�LD�Ñ�Ý �� � Ü�� �\��� ÜZ���B�2�LDIG��2ã�ä���È ������å���å�ãjÄz����æ"����å$���qç
�"èé���ê�����ë�ì���ãE:<í"í"F��



;�þ"þ

v�:<îBÿ#y Ê � ¾ �jäfë"ð�ë"����ñ"�"ê ë"å�ã�äf��
+� ¾ ë"å$ê����Eãjë"��ìD¿S��ä�ë"�$å����EãR¿6��%����@������ë���������ë"��ì
�$��ê ë)-�ë#�����"�9�"è�� ��ê���% ��ê ë"�=������å+���-å$�����/?qå$��ê���%�����ì-%�êS��å$������å �¾ ���B���Vé=ë"��ê��Jë"��ì
� ��ê���% ��ê�ë"�=ì�çQ��ë��C��%�å+å����;��ê�ë���������å���è.=>�� ù�é�� � ú � ãW1L2=Ü Ï D2×42�Ô Ï Ò<� 2+ Ë3` ã
;�FBÿ�;&ã¢ù):<í�íBÿ�úÌ�

v�:<î�~�y/µ¡�jäfëP��ê���ãVk�D2Õ�DIG$�"��Ô�G2�^Õ��2� â3�QDU�±E)ÓYX=���"Õ��{�Q×PÚÃDU� Ï �"Õ��±�U�2ã�ð�ðE�j	�~*�&	�þ&ã
¯&ð�������õ����\?�ö����$ê ë"õ�ã�ó��/!¡9R���$ñjã�:<í�	�ø�ãZ����ë"��å�ê ë#����ì��Bç�äX��ýA%U�u������ë"�8ë"��ì7É��
ö�����ñ#ë�����å�ë"�E�

v�:<îBþ#ySäX��äf��%U�u��ñ#ë"å�ãwB+��� �Aì���ð3����ì����B��å$��� ��%�ê ë"å$å���%�ë"êjå�%�ë�������������õ@���������uç��3=y=U��ýz����� ��%
%���ê�ê���å�������å�ãRÔ Ï Ò*� 2XÖpD2ß52�:���ã�:*þ#F�ã¢ùu:sí�~�íBúÌ�

v�:<î�	�ySô��jäf��������ë ë"��ìDü��jò���ýA�Cë"��ãRé���ë"��õ��Mê��&%�ë"ê��S�së�������� ��������õBë����Næ��M���"�
ì�çQ��ë��C��%�å  
Z]���%��z����%�ë"õ�����õ ��èZ������ ���9ýA� � ë"��ìTù±é�� � ú � %�ê���åu������å�ã�132
Ü Ï D2×42¢Ô Ï Ò<� 2�÷ Ë ãjþ"îBÿ#F�ã¢ùu:sí�	�íBúÌ�

v�:<î�í�ySü���ô��jä���ê ë"��ã�à��QD2×ãD2Õ����#GÌÒIX=���"Õ��{�Q× Ü Ï D2×����2��GÌÒ#ã ¾ %<ò/��ëT!W?\�z��ê�ê±ã&ó���!¡9R����ñjã
:<í"~�	��

v�:sFBø�ySäX�jô���ý���äf�"ð���ê������6ë"��ì-ýV� Ê �3¯I��������ãRüj�"���;��ê�ë"�Aè!���=�����/5���åu��ë"��ì-å���%�����ì
ì������Næ"ë#����æ"��å6�"è�ë"����å��"������ð���%?ð3�"�����I��� ë"ê�å]!6�����D�$��å$ð���%��6��� õ����"�C�2������%së"ê
ð�ë���ë"� ��������å�ã=ÚÃE#�@2¢Ô Ï Ò<� 2	� ` ã�F�:�:�ã�ùu:<í�í�FIú2�

v�:sF�:�y/µ¡���S�jä��$��å$å�ã�¯���ýV�CBX� ��ñ"��ê�å�ñBç�ã�µ¡�CB/��ö����$������ê�����õ�ã�ë"��ì��A�jäf��üfê ë"�������$ç"ã
�A�&×ãDIGÌ�±���"��ÖpDU�2� â�DU�M�^ÕtÜ�Þ ÎEÏ De_WG2�pE)Ó?ÐE�2�yD2Õ��{� ¢=� Ü�E#×Aâ3�&�{�^Õ:�"ãRé=ë"�@������ì�õ��
Äz����æ"����å$���qç-ä�����å�å�ã�óz��![9R����ñjã3;���ì-��ì����������Eã�:<í�íB;&�

v�:sFI;#yS¿M�jÉ���ä�����åu�����7ë"��ì Ê �3éA�CB���ê�êNç�ãw
Z]���%���åz��èZå>���$è{ë"%��S%�����å$å�����õC���9%U����� ��%�ë"ê
�$�së"%2�����"��å  B+����� d� å$çQåu�����-ã�132=Ü Ï D2×42¢Ô Ï Ò*� 2 ¶�£ ã�FB;"íBþ&ã¢ù):<íBþ&:<ú2�

v�:sFBî�y��@��ä���������ì��Cë���ì-äf��¿6��å�å$ñBç�ãw
Zæ�ë"ê���ë#�����"�
�"èX�u��ë"�B�����P����ë"��å��N�������O��ë#����å=è!�$���
�u��ë"�B�>���Y?�%�ê ë"å$å���%�ë"êE� ��ê���% ��ê�ë"��ì&ç&��ë"�C��%�å+å$���;��ê�ë���������å�ãH132=Ü Ï D2×42¢Ô Ï Ò*� 2
 Ë	8 ã3ÿ"	�~�î�ã�ùu:<í�í�þ�ú2�

v�:sF�F"y��@��ö@��ä��$� ����ì��Oë���ì7äX� Ê ��¿6��å�å$ñIç"ã=¯Q��ê�æ"���B�z�C�Qì��/ð�ë"�u����%���ð�ë��������O���9�����
���"����ë"ì�� ë�����æ��/�$��ê�ë5-�ë��������9�"èX�����M�BçQì���ë�����ìD��ê���%��������EãW132XÔ Ï Ò<� 2=Ü Ï D2×42� ËjË ã
:*þ�ø�í"F�ã¢ù):<í�í�~�ú2�

v�:sFIÿ#y�¯��jô��jä�����%���ã�ýV� Ê �3¯Q��������ãjë"��ì ¾ ��ýAê�ì����u�����EãZ
Z-&ð�ê���%����+è!���$�;��ê ë��Aè!���=�����
��ê���%2���$��å$��ë�����%/��������õ"ç"ãjè!�"��%���åzë"��ì������$�:����å6���2�q!������,ë�ð�ë����+�"èf�C�"ê���%���ê���å=�"è
ë"�$��������ë"�uçOåuç&� � �����uç�ã�ÚOE#�@2XÔ Ï Ò*� 2 ¶3` ã�í"	Bþ&ã¢ù):<í�	"FIúÌ�

v�:sFB~�ySÈ@�jéA�j¿zë"ð�ð�ë"ð��"�$�sã ÎEÏ De_WG2�pE)ÓAÚOE#�QDU�2�&�N�#G?ÙMÒ#Õ3�"×��±�U�/Ðj�^×��Q�N�"���yE#Õ�ã
é=ë"�V������ì�õ��MÄ�����æ�����å$���qç�ä�����å�å�ã�óz��!¡9R�"��ñjã�:<í�íBÿQ�



;�þ�	

v�:sFIþ#ySÈ@��¿zësç�ãjóS�jô¢�2æQ����õ�����ã Ê ��äfë"ð�ë"����ñ"�"ê ë"å�ãjë"��ì9µ¡�jô�������������õ�����ã~B+��� �/?�����å���êNæ���ì
� �së"åy�������C���B��åz�"èf�����Mð����"���&ì���å�å$�&%�� ë��������Oë"��ì-����%����@������ë��������Oì&ç&��ë"�C��%�å6�"è
=>�� �����Cë"å�å+å$��ê���%�����ì7%�ê���åu�����z������å�ãW1L2=Ü Ï D2×42EÔ Ï Ò*� 2�÷��ãj~Bÿ�î�î�ã�ù):<í�	�í�ú2�

v�:sFB	�y�
+��?qýV�j¿6������å�%U��ã�é=ë�ê�% ��ê ë��������O��è�ì�çQ��ë��C��%/ð���ê�ë"���S�së"����ê��N������å��"è.���"ã�� � ã�ó���ã��ü�ã�� � �@ãjóG����ë"��ì7éW�z(e!6����� ¾ éi?)¯�é=ü£!=ësæ��SèU����%2�����"��å�ãW132=Ü Ï D2×42¢Ô Ï Ò<� 2
���Eã3ÿ�þ"	"F�ã¢ùu:<í"	Bÿ�ú2�

v�:sFBí�ySäX� ¾ �j¿z�Qì�õ�����ã�ý�� Ê �3¯Q���"���"ãjë"��ìDÈ@� Ê �3B+��ê�ì���å�ê���ç"ã~=q�I�����$�C��ê���%���ê ë"�
���I������ë"%���������å+������ë"ê��"õ�����å  �����"�C�����/ë"��ì-���Qì������"ã/Ü Ï D2×42�Ô Ï Ò<� 2�6;D2���72+ £�¶ ã
î�~�ÿ&ã¢ùu:sí�	�	BúÌ�

v�:*ÿ"ø�ySäX� ¾ �j¿z�Qì�õ�����ã�ý�� Ê �3¯Q���"���"ãjë"��ìDÈ@� Ê �3B+��ê�ì���å�ê���ç"ã~B+�������B�����$�C�"ê���%���ê ë��
ð3�"�����B��� ë�êE�"èf%U��ê����$��������ý �����$���Mð���ë�å��Så$����ì�ç�ã=ÚOE#�@2XÔ Ï Ò<� 2#�#�Eã�:*þ�î�ã¢ùu:sí�	�	BúÌ�

v�:*ÿ&:�y��@�j¿6����%�������ã�ó����Aë�ê��3����åu�Uë"ì&�sã�ë"��ì Ê ��ý�������å�!6��%Uñjã����8ÖpD��Q�2���yE#Õ7ÙMÒ#Õ3�"×��±�U�
�^ÕtÜZ���B�2�LDIG��V�"Õ3Ñ7Ü�E#Õ3Ñ:D2Õ��D�Ñ@Ô Ï �#�DU�2ã���ì��N����ìD�Bç Ê � Ê ���u��������ãj¿M��È@��ô���æQ�����"ã
ë"��ìl�A�jä~��ê�ê��Cë"�Eã&É/ê��R!����6ýA%së�ì���� ��%�ã�È?����ì�����%U�B��ãX:sí�í"F��

v�:*ÿ�;#ySÄS�j¿z��å$å�ãCB/�3¯&%U�u��êS����ã�ë���ìl�S��? Ê � ¾ �2ç�����ãHB+������ê���%2���$���-ë�ª �����qç9��è.=ué�êEè!�$���
%U��ë���õ���?�����ë"��åuè!���6%���ê�ê���å����"��åH!6�N�����=ë�ãMÜ Ï D2×42¢Ô Ï Ò<� 2�6;D2���72. ` jã�:*þ�F�ã¢ù):<í�	Bÿ"ú2�

v�:*ÿ"î�y Ê ��?)äX�j¿6çQ%Uñ#ë"���u�sã3ò��3é���%�%��"�$���±ã�ë"��ì���� Ê �jéA������������ì�å$���Eã�óG��� ���$��%së�ê
���I����õ���ë��������9�"èX������é=ë"�u����å�� ë��D���:��ë���������å6�"èf�C�"�������
�"èZëJå$çQåu�����z!6�N���
%�����å$����ë"���B��å �¾ �"ê���%���ê ë��+ì�çQ��ë"� ��%�å+��è��"?që"ê�ñ#ë"����å�ãW132=Ü�E#×Aâ3�Q�K2�Ô Ï Ò<� 2 ` �Eã
îB;"þ&ã¢ùu:síBþ�þ�úÌ�

v�:*ÿ�F"yMý�� Ê �3¯�ë"ì�ê��)1�ã ¾ ��ì������Y?�å������/ð��"ê ë"�$������ì9��ë"å$��å6å��2��å6è!���+����õ"�"?qê���æ���ê@?�%����$����ê�ë�����ì
%�ë"ê�%���ê ë���������å=�"èf�C��ê���%���ê ë"����ê���%�������%/ð�����ð3���u������å��C=y=U�3¯&��%�����ì"?�����! ë#����� å  ¯&�
�������<��õ��8é�ê�ã ÎEÏ DFE�GøD2���±���7Ü Ï �^×��±����_?�2�±� 8 ÷Eã�:*;"î&ã¢ùu:<í"í�:*ú2�

v�:*ÿ�ÿ#yMý�� Ê �3¯�ë"ì�ê��)1�ã ¾ ��ì������Y?�å������/ð��"ê ë"�$������ì9��ë"å$��å6å��2��å6è!���+����õ"�"?qê���æ���ê@?�%����$����ê�ë�����ì
%�ë"ê�%���ê ë���������å=�"èf�C��ê���%���ê ë"����ê���%�������%/ð�����ð3���u������å���öV�jü��<���u���"?�����!wë������ å  ¯Q�
�������<��õ���=Uã ÎEÏ DFE�GøD2�{�±���7Ü Ï �^×��±���;_A�2�����Mjã�î�î�í�ã¢ù):<í�íB;"ú2�

v�:*ÿ"~�ySÉ��jô��j¯�ë"��õ�����ã3òJ� ¾ � ¾ %<é�ê���ê�ê�ë"��ìEã�ë"��ìDÈ@��¿S�L�����$å�%U�I��ë"%U��ãG132XÔ Ï Ò*� 2
Ü Ï D2×42#� ¶ ã�î�î�î�î�ã�ùu:<í�	&:*ú2�

v�:*ÿ�þ#yMý��3¯�ë"���<æ3ã3¯��jóAë���ì��±ã�ë"��ì�µ¡�3éA�jô¢�������3���$õ�����ã~Bf��ë"��å$�����B�zå��"ê�æ����B��ì&ç&��ë"�C��%�å
ë"��ìD����%������������B��%����B���$��ê��"èfð����"���&ì���å�å$�&%�� ë��������Oð�ë����R!�ë<çQå����x=>�� %�ê���å$�����6������å�ã132=Ü Ï D2×42¢Ô Ï Ò<� 2�ã�����ð�����å�å��

v�:*ÿ"	�y�ò��jéA�3¯&%U��ë#����ë"��ì ¾ ��ýV��¿zë���������ã�X=���"Õ��{�&×PÚODU� Ï �"Õ��±�U�M�^Õ0Ü Ï D2×����2�\GÌÒ�ã
%U��ë�ð�������:<ø&ã�ä��$���B����%����Aë�ê�ê±ã3
���õ�ê��/!��Q�Qì7é�ê���]�å�ãE:sí�í�î��



;�þ�í

v�:*ÿ"í�y Ê �3¯&%U��������ñ"����ë"��ì-äX� Ê �j¿z��å$å�ñBç�ãRýA�-��ê���%2�����"�"?K!�ë������+ð�å�����ì���ð3�"�����B����ë"êEè!���
%�����ì�����å���ì8ð���ë"å$�Må����g��ê ë���������ãH132=Ü Ï D2×42¢Ô Ï Ò*� 2#���Eãjî"FB~B;&ã�ùu:<í�	�þ�ú2�

v�:<~�ø�y��A� Ê �3¯Q%U�u!�ë"�u���"ã#
+�j¿M�������$��������ã��@��öV�jä��$� ����ì���ã3ë"��ìDäf� Ê �j¿z��å$å�ñBç�ã
{c��ë"�B�>��� ì���%�������������%��Vë"��ì������M��å$�"���"ð��/�2]���%��z����%��"��ì�����å���ì7ð���ë"å$�
���"��ë"ì���ë"��ë�����%?� ��ê���% ��ê�ë"��ì&ç&��ë"�C��%�å6å����;��ê�ë���������å�ãi132=Ü Ï D2×42¢Ô Ï Ò*� 2� Ëj£ ã
ÿ"í�FI;&ã¢ù):<í�í�~BúÌ�

v�:<~�:�y�¯������3¯&��ë"�$ð7ë"��ì7ò��L=U�3ò/��ê�ê������"ã�ýA�������������@%�ë"ê�%���ê ë���������å=�"èX�����Mõ��$�<����ì-ë"��ì
��-�%�������ì7åu�Uë�����å6�"èfð��"ê�çQ���Qì���ì��?ë������Cå�ãW132XÔ Ï Ò<� 2=Ü Ï D2×42M Ë �ã3;&:síB;&ã¢ù):<í�íBþ�úÌ�

v�:<~B;#ysB/�3¯&����ì�ë�ã:9��CBfë"ñ#ë"��ë"å$���±ã�ë���ìl�S���Aë���ë"����ãw
�ê���%�����������%/å$���>��%2�����$��åz�"è+= �� ë"��ì=>�( ������å+���v¤C?q���$��ë"ì�� ë�����ìO�$��õ���ì9å���êS����������å�ã?Ü Ï D2×42¢Ô Ï Ò*� 2�6;D2�{�K2��#�Eã�FBí&:�ã
ù):<íBþ�ÿ�úÌ�

v�:<~�î�y��A�3¯Qð�ë"%��Së"��ì7È@�jé��"ñ"����ã�óz����ë"ì�� ë"��ë#����%Aì�çQ��ë"� ��%�å+��è���-�%�������ì-�/-&%���å�å
��ê���%2���$����å6����å����Cð�ê��A°C����ì�å�ãf132�Ü Ï D2×42�Ô Ï Ò<� 2�÷ £ ãE:<í�þ"~�ã¢ù):<í�í�:*úÌ�

v�:<~"F"y��A��¯&ð�ë"%��Më"��ì-È@��é���ñ�����ã�ÈAç&��ë"�C��%�å=��èX����ë"ð�ð�����õ@ë"��ì�ê��Q%së"ê�����ë��������J�"èX�/-&%���å�å
��ê���%2���$����å6����å����Cð�ê��A°C����ì�å�ãf132�Ü Ï D2×42�Ô Ï Ò<� 2�÷��Eã�~Bÿ";&ã¢ùu:sí�íB;�úÌ�

v�:<~Bÿ#yMý�� Ê �3¯Q�������"ã�È?��åu���$���L������ì��;��êN����ð���ê��Aë���ë"ê�çQå$��å�ã����6����!w���Jì���å�%������3�Së
� ��ê���% ��ê�ë"�=%U��ë���õ��Mì���å$���$���L�&�����"�Eã?Ü Ï D2×42¢Ô Ï Ò<� 2�6;D2���72	���Eã3;"î�î�ã�ùu:<í�	&:*ú2�

v�:<~�~�yMý�� Ê �3¯Q�������"ã�È?��åu���$���L������ì�ð3��ê ë"�$����ë"����ê���������å�ã�ÚÃE#�@2XÔ Ï Ò<� 2 ¶ �EãE:<ø�~�ÿ&ã¢ùu:sí�	Bÿ�úÌ�
v�:<~Bþ#yMý�� Ê �3¯Q�������"ã~B+���S����ì3��%�����������������õ�ç9�"è�ë"�7ë�å�å����@��êNç9�"èfð���ê�ë"���S�së"��ê��

� ��ê���% ��ê���å�ãMÜ Ï D2×42�Ô Ï Ò*� 2�6;D2�{�K2� ¶3¶ ã�:<ø�;&ã¢ùu:sí�	�íBúÌ�
v�:<~�	�yMý�� Ê �3¯Q�������"ã ÎEÏ D ÎEÏ DFE�GÌÒJE)Ó�Ý2Õ��«DIG2×ãE#�QDU�2�Q�N�#GD�gE�GU�FDU�2ã~�D-Qè!���$ìEã�óz��!r9R���$ñjã

:<í"í�~��
v�:<~�í�yMý�� Ê �3¯Q��������ë���ì ¾ ��ýAê�ì����u�����Eã�È?��å$�������3������ì-�g��ê�����ð3��ê���ë"��ë"êNçQå���å R¾ �������Qì�å

ë"��ì7ë"ð�ð�ê���%së���������å�ãRÚOE#�@2XÔ Ï Ò*� 2 ¶ �EãE:sø"FIþ&ã¢ù):<í�	Bÿ"ú2�
v�:*þ"ø�yMý�� Ê �3¯Q��������ë���ì-¿S� Ê ��ý��CBf�P��õ��Eã�¯&ð���������%së"êE������å$���+���������$çO�"è�ê�����õ�?���ë"��õ��

���I�����$�C��ê���%���ê ë"�Rè!����%���å�ã�Ü Ï D2×42�Ô Ï Ò<� 2�6;D2���72+� Ë ã�:*;"î�ã�ùu:<í�	�FIú2�
v�:*þ&:�yV}V�3¯"���Dë"��ì�µ¡� ¾ ��ê�ê�����ã�¯&���C��%�ê�ë"å�å$��%së�ê�����������ë"êjæ"ë�ê����/�$��ð��$��å����B�Uë���������è!���

��ê���%2���$������%�ë"ê�êNç
������ë"ì���ë"��ë�����%?� ��ê���% ��ê ë"��ì�çQ��ë"� ��%�å�ãW132=Ü Ï D2×42¢Ô Ï Ò*� 2� Ë �Eã
~�î�FB~�ã¢ù):<í�íBþ�úÌ�

v�:*þ�;#ySÉ��CB/�CBfë"��õ ë"��ì Ê �jäf�CBX�&����������å�ãW132=Ü Ï D2×42¢Ô Ï Ò<� 2	� Ë ã�îBþ�;�~�ã¢ùu:sí�	"FIúÌ�
v�:*þ"î�ySäX��µ¡�CB�ë"å$ñ"����ã�òJ��òJ�C��ë"ê����I��?)ÉV���u���±ã&ë"��ìD¿M��ó��jÈ?��-��"�EãZý¡%së"ê�% ��ê�ë��������O�"è

�����Mð��"�����B����ë"êE%����$æ"��å�è!�"�=�����M��ë"ê���õ����9�C��ê���%���ê��?����õBë�����æ"�S������å�ã�ÚÃE#�@2XÔ Ï Ò<� 2
� ` ã�:<~Bÿ&:"ã¢ùu:<í�þ"~Bú2�



;"	"ø

v�:*þ�F"y�éA�CBX����%U�I������ê¢ë"��ì ¾ �jäf��ê���å$å�������ã�¿6��ê�ë����NæQ��å$����%�%së"ê�% ��ê�ë���������å���è������S��-&%�������ì
åu�Uë�����åz�"è�� ��ê���% ��ê ë"�H=q�&ì������"ãMÜ Ï D2×42�Ô Ï Ò<� 2�"� Ë ã�:�ãXù):<í�í"FIúÌ�

v�:*þ�ÿ#y Ê �CBX��ê�ê�����õ��u����å$���Eã�äX�"�����B��� ë�ê�å=è!���W!��së"ñIêNç����<����ì�å$�Uë#����åz���x= � è!�����_ì���]���å$�å$ð���%�����ëCë���ìDð�����ì���å�å$�&%�� ë��������9ì�ë��Uë�ãW132=Ü Ï D2×42¢Ô Ï Ò<� 2�� ` ã�FBø�:<;&ã¢ùu:sí�	Bÿ�úÌ�
v�:*þ"~�y��A�CB/�CB+����ê���ã ¾ ��ê���% ��ê�ë"�+ð3��ê ë"�$����ë"����ê���������å�%�ë"ê�%���ê ë#����ìv!6�N���-ë��C�Qì���5���ì

ì���ð��"ê��?���I������ë"%��������Eã?Ü Ï D2×42¢Ô Ï Ò*� 2 ¶ ÷Eã�î�F�:�ã¢ù):<í�	�:*úÌ�
v�:*þ�þ#y��A�CB/�CB+����ê��Më"��ì7äX�CB/��æ"ë��7Èc���û1$������ãw�?�-�����M�:��ë"�B����� � ��%U��ë�����%�ë"ê

�����së#��� ���B�z�"è�å$��ê�æ"���B�z��]���%2��å�ã ÎEÏ DFE�G�2�Ü Ï �^×42|_A�2��� ¶j¶ ãjî"øBþ&ã¢ù):<í�	�øBúÌ�
v�:*þ"	�ySÈ@�jò��LBX�>����ê ë"��ãjÉJ�C�/��ì�ë�ãj¿M��ýV��
�ë"ì���å�ã3ë"��ì-È@��ý��jÈ?�@-&���Eãw
Z]���%2����æ"�

ð3�"�����B��� ë�ê�ë"ð�ð��$�Bë"%U�����J��ê���%2�����"�"?q� ��ê���% ��ê��?å�%�ë��������$����õ����������uç�ã�Ý2Õ��72+132
X=���"Õ����Q× Ü Ï D2×42XÐjÒ#×Aâ�E<�2�^�&×¥:�Eã�~�ø�:�ã�ùu:<íBþ�íBú2�

v�:*þ"í�y Ê �3éA�CB���ê�êNç�ã�È?��ë����"�C��%�å�?����"?��C�"ê���%���ê���å�ð��"�����B����ë"ê��������$õ"ç�å>���$è{ë"%���å���=y=U�
óz����ë"ì���ë"��ë�����%/ë���ìDå$ð����:?q���$�����+���B������ë"%���������å�ã]132=Ü Ï D2×42¢Ô Ï Ò<� 2 ¶ ÷Eãjÿ&:*;�;Qã
ù):<íBþ"îBúÌ�

v�:<	�ø�y Ê ��éA�LB+��ê�ê�ç"ã�óz����ë"ì�� ë"��ë#����%zð��$�&%���å�å$��å6���
�C��ê���%���ê ë"�R%��"ê�ê���å�������å�ã¢���DÙMÒ#Õ3�"×��±�U�E)Ó?ÚOE#�QDU�2�&�N�#G Ü�E#�^�����2�yE#Õ��2ã&��ì��N����ì��Bç9µ¡����� ¾ ��ê�ê�����ã&æ"��ê���� �Mä�ë��$�G�Aã
ä�ê����u���Dãjóz��![9R����ñjã�:<íBþ�~��

v�:<	�:�y Ê �3éA�CB���ê�êNç�ã ¾ ��ê���% ��ê�ë"�+ì�çQ��ë"� ��%�åW!6��������ê���%2���$������%?����ë"��å�����������å�ãW132=Ü Ï D2×42
Ô Ï Ò<� 2�÷��EãE:<ø�~�:"ã¢ùu:<í"í�øBú2�

v�:<	B;#y Ê �3éA�CB���ê�êNç�ã�óz����ë"ì�� ë"��ë#����%A�C��ê���%���ê ë"��ì�çQ��ë"� ��%�å�ãRÝ2Õ��72�132WX=���"Õ��{�Q× Ü Ï D2×42
X=���"Õ����Q× Ü Ï D2×42XÐjÒ#×Aâ�E<�2�^�&× `j¶ ãj;"í�í�ã�ùu:<í�í&:*ú2�

v�:<	�î�y Ê �3éA�CB���ê�êNç9ë"��ìD¿M�jÉ���ä�����å$���"�EãHBX��ë<1$��%������$çOå>���uè{ë"%��S����ð�ð�����õ ë"ð�ð����Bë"%U�����
���"��ë"ì���ë"��ë�����%?� ��ê���% ��ê�ë"��%���ê�ê���å$������å  B+���S����ë"%����������"è.�Dd�!6�����-È � ãW132
Ü Ï D2×42¢Ô Ï Ò<� 2 ¶j¶ ãjÿ"~B;Qã¢ùu:<í�þ&:*ú2�

v�:<	"F"y Ê ��öRë"ê����B�������Eë���ì Ê �3é��$��å�å�ãwB+����ð����"���Qì���å�å��Q%���ë��������O%�ë"õ��M��]���%2�����9æ"ë��Dì����
µ4ë�ë�ê�åR%���� ð�ê���-&��å  ü�ê����"����å$%�����%��?å$ð���%�����ëV�"è|= � ¼9ù �y¦ �\§¨ úZè!���"�À������������ì�������ìð����"���Qì���å$å��Q%���ë��������O�"è+= � ýA�zë��6FB	"	J���Dã]132=Ü Ï D2×42¢Ô Ï Ò<� 2 8�8 ãjÿ�þ�;Qã¢ùu:<í"	B;�ú2�

v�:<	Bÿ#y/µ¡�jü��&æ"ë��8òV����åu�����$���7ë"��ìI��� Ê �3éA������������ì�å����EãRýAê�õ"�����N����� å�è!���
�Cë"%��$��� ��ê���% ��ê�ë"��ì�çQ��ë��C��%�å6ë"��ì-%��"��å$����ë"���I�6ì&ç&��ë"�C��%�å�ã+ÚOE#�@2¢Ô Ï Ò<� 2	� £ ã
:<î&:�:�ã¢ù):<íBþ�þ�úÌ�

v�:<	�~�ySô���ö����$ê��2�sãRé���� ðL������� Â$��-�ð3���$��� ���B��å$ÃC�"�D%�ê ë"å$å���%�ë"ê�°C����ì�å��L=U�
B+������� �&ì&ç&��ë"�C��%së"ê�ð�����ð3���u������å+�"è�ô�������ë���ì"? Ê ������åz� ��ê���% ��ê���å�ãRÔ Ï Ò<� 2XÖpD2ß52
 ¶ ÷Eãjí�	�ã¢ù):<í�~Bþ�úÌ�



;"	&:

v�:<	Bþ#ySÉ��3¯���öA��å�!=ë"��ë�����ë��7ë"��ì Ê �CBX��ê�ê�����õ��u����å$���EãZB+���V;�	�	�ø5?5©ë@��� ��å�å$�����9å$ð���%����>���
�"è+= �  =q���"?�ð�ë"���+å$�Uë#����å6����ë"�6FIþ"ø�ø"ø@%�� � A ã�1L2�ÚÃE#�@2fÐ�â�DU� 2� Ë �ã3;"	�ÿ&ã¢ùu:sí�	�îBúÌ�

v�:<	�	�y/öV��ö�����å�ë�ã�Ô Ï E#�LE�Ñ"���U�E<�2�{�"�{�yE#ÕDÙMÒ#Õ3�"×��±�U�±E)Ó?Ú,�#�U�2Û�ÐCD2�QDU�2�LD�Ñg_AÕ��yE#Õ����"Õ3Ñ
_AÕ��yE#Õ��±� ÜZ���B�2�«DIGU�2ã�ä���È¡������å���å�ãjÄ�����æ�����å$���qç9�"èZé���ê�����ë"ì���ãE:<í�í"~��

v�:<	�í�y/öV��ö�����å�ë�ãjäf� Ê �3é=ë��Cð�ë�õ�����ê�ë�ã�¯��jó�ë"��ì���ã ¾ �jô¢ë"�$å�å��"�Eãjë"��ì�µ¡�jéA�
ô��������3����õ"����ã�ä��������"è!��ë"õ�� ���B�Uë��������9��è.=>�� � ýA� � %�ê���å$������å  �?��å$���uæ"ë#�����"�-��è� ����ë"å$��ë"��ê��/��å���� ���$��%?��������%Aè!��ë"õ"�C���I��å�ãW132=Ü Ï D2×42¢Ô Ï Ò<� 2� Ë3¶ ã3;�;"í�	�ã�ùu:<í�í"~Bú2�

v�:<í�ø�y/öV��ö�����å�ë�ã3¯���ó�ë"��ì���ã�äf� Ê �3é=ë"� ð�ë"õ"����ê ë&ã ¾ �jô¢ë"�$å�å��"�Eãjë"��ì�µ¡�jéA�
ô��������3����õ"����ã�¿6��%����@������ë��������9ì�çQ��ë��C��%�å+�"è�ð����"���&ì���å�å$�&%�� ë�����ìv= �� ����å��S���å$��ê���%�����ì7ý��6ë"��ì7é�� � %�ê���åu�����$å�ãf132�Ü Ï D2×42¢Ô Ï Ò*� 2� Ë �Eã�:sF�øB;&ã�ù):<í�íBþ"ú2�

v�:<í�:�ySäX�jÉJ��µTë"ê����<����ã Ê �3éA��ýAêNè{ë"����ã�É���ýV� ¾ �CB+��ë�ñ:����ãjë"��ìDäf�jü��C�=ë"�$��ë"��ë&ã
Äzê�����ë�è{ë"åu�6�/-&ð��������C���I��å6���9�����Mð��������Qì���å$å��Q%�� ë#�����"�Eã&�$��%����@������ë��������Eã�ë"��ì
æQ������ë���������ë�ê�����ê ë5-�ë��������9��è.=>��  ¿6��ê��A�"è�å$��ê�æ"���B�y?�����ì3��%���ì7å��"ê������/%U��ë"��õ"�S°���!Mã132XÔ Ï Ò*� 2=Ü Ï D2×42j÷j÷Eã3þ�ÿ"~�	&ã¢ùu:<í"íBÿ�ú2�

v�:<íB;#ySü��&µT����å$������ã3äX�j¿z��å$å�ñBç�ã3ë"��ì7¿M��ü�������å�������ãRóz����ë"ì���ë"��ë�����%�ð����Q%���å�å���åA���
%�����ì�����å���ì8�
ë#�������  ¯&���C��%�ê�ë"å�å$��%së�ê3���������uç-ë"��ì���� ð�ê���� ���B�Uë���������ã?Ü�E#×Aâ3�Q�K2
Ô Ï Ò<� 2=Ü�E#×�×42#���Eã�FBí"F�ã¢ùu:<í"í�:*ú2�

v�:<í�î�ySü��&µT����å$������ã Ê �3¯&%U��������ñ"����ã ¾ �jü�������ì�����%U��å�ã�¿S�jü�������å$������ã�ë"��ìDäf�j¿6��å�å$ñBç�ã
¯&�"ê�æ�ë��������9ì�çQ��ë"� ��%�å+�"èX�����M�BçQì���ë�����ìD��ê���%��������  ý¡���"��ë"ì���ë"��ë�����%?�u��ë"�B�>���
å$���;��ê�ë��������Eã�Ô Ï Ò<� 2XÖpD2ß52�6;D2���72	���Eãjî�:*þ";&ã¢ùu:sí�í�:*úÌ�

v�:<í"F"ySü��&µT����å$������ã#
+�CB/��µ«ë���õ�ã�äX� Ê �j¿z��å$å�ñBç�ã3ë"��ìD¿M��ýV��üj�$����å�������ã�¯Q�Uë#�����"��ë"�$ç
ð���ë"å��Så>���uè{ë"%��M���"ð�ð�����õJè!�"�+������ë"ì�� ë"��ë#����%Aì�çQ��ë"� ��%�å  BW!��5?qå$��ë����Så$çQåu����� å�ã
132=Ü Ï D2×42¢Ô Ï Ò<� 2� ËjË ã�FB	�îBÿ&ã�ùu:<í�í�FIú2�

v�:<íBÿ#y ¾ � Ê ��µ'����ì�ëJë"��ìDÈ@� Ê ��óz��å���������ã�òM�����C�2���$��%?��å���� ���$��å��»����%�ê���åu�����$å  ����õ��
�$��å��"ê��������������&è!��ë"�$��ì9å�ð3��%2���$��å�%���ðBçD��èZëJ������%2çQ%�ê���%Sé�� � ������� ����ã]132=Ü Ï D2×42
Ô Ï Ò<� 2+ Ë3¶ ã�:<øB;&:<ø&ã¢ùu:<í"í�~Bú2�

v�:<í�~�y��S��? Ê ��µT����������ë���ì7äX� Ê ��É/����!6ê���å�ã�132=Ü Ï D2×42¢Ô Ï Ò*� 2#� ` ã3ÿ�øBÿ"î�ã¢ù):<í�	Bÿ"ú2�
v�:<íBþ#y��S��? Ê ��µT����������ë���ì7äX� Ê ��É/����!6ê���å�ã�132=Ü Ï D2×42¢Ô Ï Ò*� 2#�j÷�ã3ÿ�	�ø�î�ã¢ù):<í�	�	�ú2�
v�:<í�	�yS¿M� Ê ��µ\����ë���ê���ç�ã�òMëP��å$å�� ë��-�g��ê�����ð3��ê��zèU����%���������å=è!���+ì���å$%��$��������õJ�C��ê���%���ê ë"�

%U��ë���õ��Mì���å$���$���L�&�����"��å�ã�ÚOE#�@2XÔ Ï Ò*� 2 8 ÷�ã�ÿ"íBþ&ã¢ù):<í�í�î�ú2�
v�:<í�í�yS¿M� Ê ��µ\����ë���ê���ç�ãRü�����åu�y?q�"��ì����6é��<��ê����@�����B������ë"%2�������9��������õ�����å+è!���6ë������ å6ë"��ì

ì���ë����"�C��%A� ��ê���% ��ê���å�ã�ÚOE#�@2¢Ô Ï Ò<� 2	���Eã�F�FBî�ã¢ù):<í�íBÿ"ú2�



;"	�;

vÍ;"ø�ø�yS¿M� Ê ��µ\����ë���ê���ç�ë"��ì Ê ���A�C��� ¾ ����%U����ê�ê�ã�òMëP��å�å$� ë"���;��ê�����ð��"ê���å�����ð���ë"%�����%�� 

�ê���%�������åu�Uë�����%/��������õ"����å+è!���+���B�����$�C�"ê���%���ê ë���ð3�"�����I��� ë"ê�å�ãW132=Ü�E#×Aâ	2�Ü Ï D2×42
 ¶ ã�:�:<	BþQã¢ùu:<í"í"FIú2�

vÍ;"ø�:�y�éA��ý���µ\�������Më"��ì ¾ ������ë"ì"?uò/���$ì����Eã�È?������æ�ë��������Oë"��ì-��ª %������B�
���Cð�ê���� ���B�Uë#�����"�O�"èX�����/è{ë"åu�6�;��ê�����ð3��ê����C�2�����QìEãW132�Ü Ï D2×42¢Ô Ï Ò<� 2+ Ë �ã
~Bÿ�í�î�ã¢ù):<í�í"FIúÌ�

vÍ;"øB;#y�éA��ý���µ\�������"ãC�A�3ò�� Ê ������å�����ã�äX� ¾ ��µ¡�3ò/��ê�ê±ã&ë"��ì ¾ ������ë"ì"?)òM���$ì����Eã~B+���
%����B�����u���P��åzè{ë�å$�6�;��êN����ð���ê��A� �������&ì�ã/Ü Ï D2×42¢Ô Ï Ò*� 2�6;D2�{�K2 ` � Ë ãj	�ã�ùu:<í�í�FIú2�

vÍ;"ø�î�y Ê ��?)É���µ'����õ�ã#{@��ô��S�Eã�ë"��ì-ýV���S������!�ë"��ê±ã�¯&�"ê�æ�ë��������v��êN����ë#è{ë"å$�+ì&ç&��ë"�C��%�å6�"è
�$�së"%2�����"��å��jí���ü����V����å���%�����ìDåu����ì�����åz�"èfì���å$å��Q%�� ë#�����"�9ë"��ì-����%����@������ë��������9��è
���&ì������?���Dë���õ�����%�ê���åu�����$å�ã�132XÔ Ï Ò*� 2=Ü Ï D2×42j÷j÷Eã�:�:<î�ø�í&ã¢ùu:<í"íBÿ�ú2�

vÍ;"ø"F"ySô��L}?��ë"�Jë"��ìDÈ@�jé���ñ�����ãHB+���M����°C������%��M�"è�������ë"ì�� ë"��ë#����%����"��ë���������ë"ê
����ë"��å$����������å+�"�������Mê������?å���ë"ð���å���èf�����M���"��ë���������ë"ê�¿�ë"�Cë"�9å$ð���%����y��� �"è.� ����-ê����u����ì�ë"��õ��"�EãW132�Ü Ï D2×42¢Ô Ï Ò*� 2� Ë3Ë ã�	"~"FB~�ã¢ù):<í�í"FBú2�

vÍ;"øBÿ#ySô��3}A� ë"��ë���ì�È@��é���ñ�����ã�ó�����ë�ì�� ë"��ë�����%�ì�çQ��ë��C��%së"ê�å$����ì�����å+�"è¢�����/�$�"�Uë���������ë"ê
¿zë"�Cë"��å�ð3��%����>��� ��èZ� � ���x!�ë�������ã�132=Ü Ï D2×42�Ô Ï Ò<� 2+ Ë3` ã�:�:<øBþ&ãEùu:<í"íBÿ�ú2�

vÍ;"ø�~�yc9@�39�ë"�Eãj¿M��µ\����������ê�ê±ã�ÉJ�&µ\��ê�å$���Eã�ë���ì�ýV�#����!�ë"��ê±ã�ü���������å$��%��"��ìD%U����� ��%së�ê
ì�çQ��ë��C��%�å6���9å$��ê�������������µ4ësæ���ð�ë"%Uñ"�2�?��æ"��ê��&�����"�Dë���ìD%�ë"õ�����õ��"è+= � ãMÜ Ï D2×42
Ô Ï Ò<� 2�6gD2�{�72+Q÷���ã�F�øB;&ã¢ù):<í�íB;�úÌ�

vÍ;"øBþ#ys=U�39R�<����å���ë�!MãL9@������ë"��ã�ë"��ìDÈ@� ¾ �jó������Cë"��ñjã ¾ ë"�BçR?q�3�&ì&ç9��]���%2��åz���
!��së"ñIêNç����<����ì-ë"�����"�Dë���ìD��� ������ë"ê�%�ê���åu�����$å  �����$�J��ê���%��������-ñI�����2����%/�������$õ"ç
å$ð���%����$��å�%���ðBçDë"��ì������$��å�����ê�ì�ð��������Qì�����ë"%U��� ���B�Aå$ð���%�������å$%���ðBç-�"èfýA� � ��� �ù!Y7|M;<�QíBú=ë"��ì�ýA� � = � ù{YD|M;<�3:síBú2ã]132=Ü Ï D2×42¢Ô Ï Ò<� 2+ Ë3¶ ã�îBÿ&:�ã�ùu:<í�í"~Bú2�

vÍ;"ø�	�y�
+��ýV�39i��ñ"�<æ3ã]
�ê����C���B�Uë"�uçOð��$�&%���å�å$��å����9�����Së"%2���Næ��M�C��ì������P�"è�ë"�����Qì������
ð����"���Qì���å$å��Q%���ë��������Oê ë�å�����ã=ÐCE#ß52�132WX=���"Õ��72Xà��QDU�2��G�2���ã�:�:*þ&ã¢ù):<íBþ"î�ú2�

vÍ;"ø�í�yS¿M�#�Eë"ì��<çBë��Eã#����ô��±ã�äX��ýAå$�#1$� ë��Eã3éA� ¾ ë"�u������å�ãjë"��ì�ö@��ý�ð�ñ#ë"����ë"�Eã
ü���������å$��%��"��ìDì&ç&��ë"�C��%�å6�"èf%������������B�Að����"���Qì���å$å��Q%���ë��������"?q�$��%����@������ë�������� �"è
= � ��å$��ê ë�����ì����9�Cë������@-
ýA��ãSÜ Ï D2×42¢Ô Ï Ò*� 2�6;D2�{�K2 ` :�Eãjÿ"ø�F�ã¢ùu:sí�í"FIúÌ�

vÍ;&:<ø�yS¿M�#�Eë"ì��<çBë��Eã#����ô��±ãjéA� ¾ ë"�$������å�ãjë"��ì�ö@��ýAð�ñ�ë���� ë��EãZB+���S������ë"ñI����õ ë"��ì
�$���Cë"ñI����õ@��è�ë@�3����ì  %së"õ�����õ@�"è�= � ���9å���ê���ì9É/��ãi132�Ü Ï D2×42�Ô Ï Ò<� 2M Ë �ã�~�~�FB	�ã
ù):<í�í"FIúÌ�

vÍ;&:�:�y ¾ �CB/�#�Eë������±ã3B/�j¿S�LBfësçQê�����ã��A� Ê �3ò/�������I��ê ë��$�sãC���3¯&�&��ðEãjë"��ì-È@� ¾ �
óz� ���Cë"��ñjã�é���ë"��ë"%������$���së#�����"�9�"èf�����s=>�� ë���������õ��$�<����ì�åu�Uë�������å�����õ
%����Bæ����B��������ë�êfë���ì-è!���V���"å���%�����ì-ð����"���&��ê���%����$����å�ð3��%2�����"å�%��"ðIç"ãe132=Ü Ï D2×42
Ô Ï Ò<� 2+ Ë	8 ã�þ"~�:<î�ã�ùu:<í�í�þ�ú2�



;"	"î

vÍ;&:*;#yc9@�#����ë"��ãjéA�3éA��ý������"ê�ìEã�ë���ì7È@� ¾ �jó������
ë���ñjãR¯Q����ì�ç��"èX�����s= � é�� � æ�ë"�ì����+µ4ë�ë"ê�å+%���� ð�ê���-9�Bç9�����$��å$����ê�ì�ð����"���Qì�����ë"%U��� ���B��å�ð3��%�������å$%���ðBç��"è
= � é�� � ã�132�Ü Ï D2×42XÐCE<� 2����#G$�BÑB�"Ò Î G$�"Õ�� 2��3÷Eã�:sF"FBí�ã¢ù):<í�í�îBúÌ�

vÍ;&:<î�yc9@�#����ë"��ãL=U�39R�P����å$��ëT!Mã3òJ�j¿6����å�����ãjéA�3éA��ýA�$����ê�ìEã�ë"��ìDÈ@� ¾ �józ� ���Cë"�$ñ3ã
¯Q�>��ì�ç��"èX�����Sý������ � ã�ýA�y= � ã�ë"��ì7É/�>= � ë"��������å6ë"��ì������M%����$����å�ð3����ì�����õ
����������ë"êEæ�ë"�-ì����+µ4ë�ë"ê�å+%���� ð�ê��/-&��å6�Bç�ë"�������x������� ��ê���%���������ñI�����2����%/��������õ"ç
å$ð���%����$��å�%���ðBç�ãe1L2=Ü Ï D2×42�Ô Ï Ò<� 2� Ë �ãj~Bÿ"î"	�ã�ù):<í�í"FIúÌ�

vÍ;&:sF"y Ê �#�����C� ���$�
ë"�
ë"��ìD¿S� ¾ �jó��<ç���å�ãe1L2�Ü Ï D2×42¢Ô Ï Ò*� 2 ` �ãj;�ø�	�~�ã¢ù):<íBÿ"ø�ú2�


