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Abstract:
This deliverable investigates coastal basin scale modelling of tidal energy extraction.  The aim of the work package 

is to extract a robust methodology for evaluating the power extracted, and the change to tidal dynamics caused by 

inserting turbines into a tidal basin.  This report presents a verification of the numerical ADCIRC code which is to be 

used in this work package. Various test cases have been run and agreement has been found with relevant 

analytical, numerical and experimental results.  The code has been applied to an actual tidal inlet using measured 

bathymetry and coast line tidal forcing extracted from a database.

Context:
The Performance Assessment of Wave and Tidal Array Systems (PerAWaT) project, launched in October 2009 

with £8m of ETI investment. The project delivered validated, commercial software tools capable of significantly 

reducing the levels of uncertainty associated with predicting the energy yield of major wave and tidal stream energy 

arrays.  It also produced information that will help reduce commercial risk of future large scale wave and tidal array 

developments.

The Energy Technologies Institute is making this document available to use under the Energy Technologies Institute Open Licence for 

Materials. Please refer to the Energy Technologies Institute website for the terms and conditions of this licence. The Information is licensed ‘as 

is’ and the Energy Technologies Institute excludes all representations, warranties, obligations and liabilities in relation to the Information to the 

maximum extent permitted by law. The Energy Technologies Institute is not liable for any errors or omissions in the Information and shall not 

be liable for any loss, injury or damage of any kind caused by its use. This exclusion of liability includes, but is not limited to, any direct, 

indirect, special, incidental, consequential, punitive, or exemplary damages in each case such as loss of revenue, data, anticipated profits, and 

lost business. The Energy Technologies Institute does not guarantee the continued supply of the Information. Notwithstanding any statement 

to the contrary contained on the face of this document, the Energy Technologies Institute confirms that the authors of the document have 

consented to its publication by the Energy Technologies Institute.

This document was prepared for the ETI by third parties under contract to the ETI. The ETI is making these 

documents and data available to the public to inform the debate on low carbon energy innovation and deployment. 

Programme Area: Marine

Project: PerAWAT
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08&/08+%$ &-.88+/$ <0;-$ 6+%$ 5-+.,$ 5;,+55$ .8%$ ;-.;$ ;-+5+$ ;+,H5$ .,+$ &',,+&;/7$

0HN/+H+8;+%$08$;-+$&'%+"$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ U$$

$

>-&1%$!:!X$I!G%-)0-+#!0$.0E!B!5#I!'!5B$.!5%$!-#!DE!3F+C$;!F50*'D$0%'E!O+T$%;!!C$,+)-0'!

)+#0+1%.!5#I!C$)0+% 

!88.)('*$2*'&.)

!<'c%0H+850'8./$ /.H08.,$P/'<$;-,'21-$.8$0%+./0_+%$,+&;.812/.,$&-.88+/$<0;-$.$

52%%+8$50%+c<.//$+RN.850'8$N,'C0%+5$.$;+5;$.5$;'$-'<$<+//$;-+$H'%+/$,+N,'%2&+5$

C05&'25$ P/'<$ 5+N.,.;0'8"$ L,++$ 52,P.&+$ P/'<$ 08$ .8$ 'N+8$ &-.88+/$ <0;-$ .$ 52%%+8$

<0%;-$ +RN.850'8)$ 05$ .8./'1'25$ ;'$ P/'<$ 'C+,$ .$ 6.&(<.,%$ P.&081$ 5;+N)$<-0&-$ -.5$

6++8$.$526^+&;$'P$5+C+,./$N.N+,5$08$;-+$-7%,.2/0&5$/0;+,.;2,+"$#;$5;+.%7$5;.;+)$;-+$

P/'<$ 5+N.,.;+5$ .;$ ;-+$ +RN.850'8$ 08$ ;-+$ <0%;-$ 'P$ ;-+$ &-.88+/$ .8%$ P',H5$ .$

,+&0,&2/.;0'8$ _'8+$ %'<85;,+.H"$ $ MRN+,0H+8;./$ %.;.$ P,'H$ G+8-.H$ .8%$ Y.;,0&($

\AdJ?]$.8%$We9+.,7$.8%$V2+//+,$\AdKd]$5-'<$;-.;$P',$/.H08.,$P/'<)$;-+$/+81;-$'P$

;-+$ ,+&0,&2/.;0'8$ _'8+$ 05$ %+N+8%+8;$ '8$ ;-+$ 2N5;,+.H$ B+78'/%5$ 82H6+,$ \*-]"$

4'<+C+,)$ P',$ 2N5;,+.H$ B+78'/%5$ 82H6+,5$ 1,+.;+,$ ;-.8$ =>>>)$ We9+.,7$ .8%$

V+2//+,$\AdKd]$P08%$;-.;$;-+$,+&0,&2/.;0'8$/+81;-$05$08%+N+8%+8;$'P$;-+$B+78'/%5$

82H6+,"$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ d$$

!-+$B+78'/%5$82H6+,$05$%+P08+%$.5)$

!" ! !!!!
! )$ =$

08$<-0&-$.&$ 05$.$&-.,.&;+,05;0&$C+/'&0;7)$/&$ 05$.$&-.,.&;+,05;0&$ /+81;-)$.8%$0$ 05$ ;-+$

(08+H.;0&$+%%7$C05&'50;7$&'+PP0&0+8;"$$D8$;-+$/0;+,.;2,+)$;-+$B+78'/%5$82H6+,$-.5$

6++8$%+P08+%$ 08$.;$ /+.5;$ ;<'$<.75$ 08$ ;+,H5$'P$ ;-+$%'H.08$%0H+850'85"$G+8-.H$

.8%$Y.;,0&($\AdJ?]$25+$;-+$P',H$

!!" ! !!"#$%!
! )$ T$

<-+,+$.123-,$ 05$ ;-+$ .C+,.1+$ 2N5;,+.H$ C+/'&0;7$ .&,'55$ ;-+$ 08/+;$ 5+&;0'8)$ $$ 05$ ;-+$

5;+Nc50_+$\-./P$;-+$%05;.8&+$.&,'55$;-+$2N5;,+.H$&-.88+/]"$$4'<+C+,)$#,H./7$+;$./"$

\AdUT]$ ;.(+$ ;-+$ &-.,.&;+,05;0&$ /+81;-$ 5&./+$ ;'$ 6+$ =$)$ ;-+$ %05;.8&+$ .&,'55$ ;-+$

2N5;,+.H$ &-.88+/$ \<-0&-$ ,+N,+5+8;5$ ;-+$ -7%,.2/0&$ %0.H+;+,$ 'P$ ;-+$ 2N5;,+.H$

&-.88+/]"$D8$;-+$N,+5+8;$<',()$;-+$.NN,'.&-$25+%$67$G+8-.H$.8%$Y.;,0&($\AdJ?]$

05$.%'N;+%"$

#552H081$ ;-.;$ P,++$ 52,P.&+$ +PP+&;5$ .,+$ 5H.//)$ 0;$ 05$ ,+.5'8.6/+$ ;'$ &'HN.,+$ ;-+$

,+52/;5$'6;.08+%$67$G+8-.H$.8%$Y.;,0&($\AdJ?]$<0;-$;-+$82H+,0&./$N,+%0&;0'85$

'6;.08+%$ 25081$ ;-+$ %05&'8;082'25$ 3./+,(08$ #GQDBQ$ H'%+/"$ !-+$ &'HN.,05'8$

6+;<++8$ ;-+$ ,+.;;.&-H+8;$ /+81;-5$ '6;.08+%$ 67$ 6';-$ ;-+$ N,+5+8;$ 82H+,0&./$

50H2/.;0'8$ .8%$G+8-.H$ .8%$ Y.;,0&(e5$ +RN+,0H+8;$ 05$ ;-+8$ 25+%$ ;'$ &'8P0,H$ ;-.;$

;-+$82H+,0&./$5&-+H+$05$&.N.6/+$'P$,+N,'%2&081$C05&'25$P/'<$+PP+&;5$&',,+&;/7"$$

!-+$ &'HN2;.;0'8./$ %'H.08$ 1+'H+;,7$ 25+%$ 08$ ;-05$ C./0%.;0'8$ ;+5;$ 05$ 5.H+$ .5$

.%'N;+%$67$G+8-.H$.8%$Y.;,0&($\AdJ?])$<-0&-$&.8$6+$5++8$08$L012,+$T"$

!-+$ P/'<$05$ P',&+%$25081$.$ P2//7$%+C+/'N+%$N.,.6'/0&$C+/'&0;7$N,'P0/+$.;$ ;-+$ 08/+;$

6'28%.,7)$ ;-+$.8./7;0&./$ 5'/2;0'8$ P',$Y'05+20//+$ P/'<$\*&-/0&-;081)$AdKU]"$ D8$ ;-05$

&.5+)$;-+$08/+;$P/'<$C+/'&0;7$N,'P0/+$05)$

! ! ! !
!!!"#$% !! !!!

!
!
)$ ?$

D8$;-+$82H+,0&./$H'%+/)#$$b$A">$H"$$#$,.HN081$P28&;0'8$05$25+%$;'$N,+C+8;$5-'&(5$

08$;-+$&'HN2;.;0'8"$!-+$;+5;$05$,28$P',$.$+/+H+8;5$<-0&-$-.C+$.$N'/78'H0./$',%+,$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ A>$$

'P$

! 

n = 3"$ !-+$ &'HN2;.;0'8./$ H+5-$ -.5$ .$ ,+5'/2;0'8$ 'P$ >"=I$ H$ <0;-$ =T>?$

5;,2&;2,+%$+/+H+8;5"$

!-+$5;,+.H/08+5$5-'<8$08$L012,+$?$.,+$&,+.;+%$25081$!+&N/';$N'5;cN,'&+55',"$ D;$

&.8$ 6+$ 5++8$ ;-.;$ ;-+$ ,+.;;.&-H+8;$ /+81;-$ C.,0+5$ <0;-$ ,+5N+&;$ ;'$ ;-+$ 08/+;$

B+78'/%5$82H6+,"$#$&'HN.,05'8$'P$;-+$,+.;;.&-H+8;$/+81;-5$05$5-'<8$08$L012,+$

I$<-+,+$;-+$,+52/;5$'P$;-+$G3$#GQDBQ$&'%+$.,+$&'HN.,+%$;'$6';-$+RN+,0H+8;./$

%.;.$.8%$ ;-+$ ,+52/;5$'P$ ;-+$WR;0%+$G3$5-.//'<$<.;+,$ &'%+$ \G,.N+,)$=>AA]"$!-05$

&'HN.,05'8$5-'<5$1''%$.1,++H+8;$6+;<++8$;-+$;<'$82H+,0&./$&'%+5"$L',$/.,1+$

B+78'/%5$82H6+,5$ ;-+,+$ 05$.$ 50180P0&.8;$%05&,+N.8&7$6+;<++8$ ;-+$+RN+,0H+8;./$

.8%$ 82H+,0&./$ ,+52/;5"$ W8+$ &.25+$ 'P$ ;-05$ %05&,+N.8&7$ &.8$ 6+$ 5++8$ 08$ L012,+$ K$

<-+,+$<+$&'HN.,+$;-+$P/'<$N,'P0/+5$08$;-+$%'H.08"$D;$&.8$6+$5++8$;-.;$;-+$P/'<$05$

8';$ P2//7$ %+C+/'N+%$ .;$ ;-+$ 5;+N$ 08$ ;-+$ +RN+,0H+8;5)$ .5$ ;-+$ P/'<$ 05$ &/+.,/7$ 8';$

57HH+;,0&$',$N.,.6'/0&"$

$

>-&1%$!7!"II'!C-.)+.-0'!0$.0E!Q$.*!1.$I!G+%!.-I$!T5,,!$BK5#.-+#E!3B$.!*5C$!1#-0.!+G!D$0$%.E!



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ AA$$

$

>-&1%$!J!"II'!C-.)+.-0'!0$.0E!N0%$5D,-#$.E!3B$.!5%$!-#!D$0$%.E!>%+D!0+K!0+!F+00+D!0*$!-#,$0!

=$'#+,I.!#1DF$%.!5%$;!PELY!P7Y!LZY!HM[Y!::LE!



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ A=$$

$

>-&1%$!M!?+DK5%-.+#!+G!%$5005)*D$#0!,$#&0*!G+%!I-GG$%$#0!#1D$%-)5,!5#I!K*'.-)5,!D+I$,.!

$

>-&1%$!8!<$,+)-0'!K%+G-,$.!G%+D!$BK$%-D$#05,!V9$#*5D!\!250%-)U]!HLPJW!I+0.!5#I!39?/=?!

96!#1D$%-)5,!%$.1,0.!V,-#$WE!3B$.!5%$!-#!D$0$%.E!3F+C$!!"^P7E!X$,+T!!"^::LE!
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$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ AT$$

>2-'21'*)&#-+)

!'$ ;+5;$ ;-+$ Q',0'/05$ 5'2,&+$ ;+,H$<+$ +R.H08+$ ;-+$ N,'N.1.;0'8$ 'P$ .8$ +S2.;',0./$

[+/C08$<.C+$P',$<-0&-$.8$.8./7;0&./$5'/2;0'8$+R05;5"$D8$;-05$;+5;$;-+$5-.//'<$<.;+,$

+S2.;0'85$50HN/0P7$;'$$

!!
!" !

!"
!" !

!"
!" ! !$ I$

!"
!" ! !

!!
!" ! !"$ K$

!"
!" ! !

!!
!" ! !!"$ J$

L'//'<081$M5(0/55'8$.8%$*-+,<08$\=>>>]$.8%$30,./%'$.8%$X.,62,;'8$\=>>U])$;-+$

575;+H$'P$+S2.;0'85$10C+8$08$MS2.;0'85$\I]$;'$\J]$05$,+<,0;;+8$08$8'8c%0H+850'8./$

P',H"$ Z5081$ N,0H+5$ ;'$ %+8';+$ 8'8c%0H+850'8./$ C.,0.6/+5)$ ;-+$ N-750&./$

N.,.H+;+,5$&.8$6+$+RN,+55+%$.5)$Rb*456E?$Re)$ ;bMAE?E=!$ ;e)$-b#$%$78#9:;)#$%<64=978#

(:=!E$MAE?7e"$5$%+8';+5$;-+$9.H6$N.,.H+;+,)$5:>!=*=4)$%)$*$05$;-+$,.%025$'P$;-+$

M.,;-)$!$05$;-+$.812/.,$C+/'&0;7$'P$;-+$M.,;-e5$,';.;0'8$\0"+"$="E%.7])$.8%$$%$05$;-+$

H+.8$ %+N;-)$ <-0&-$ 05$ ;.(+8$ .5$ >"?$ H"$ $ !-+$ 080;0./$ &'8%0;0'85$ \M5(0/55'8$ .8%$

*-+,<08)$=>>>]$%+P08+$.$H'28%$'P$<.;+,$;-.;$5-'2/%$N,'N.1.;+$<+5;<.,%$28%+,$

;-+$08P/2+8&+$'P$;-+$Q',0'/05$P',&+)$.8%$.,+$+RN,+55+%$.5$

!! !! ! ! !"# ! !!"
! !"# ! !!!!!!! !

! )$
U$

!! !! ! ! !"# ! !!"
! !"# ! !!!!!!! !

! )$
d$

!! !! ! ! !"$ A>$

#$ 8'8c%0H+850'8./$ &'HN2;.;0'8./$ %'H.08$ 05$ 25+%)$ <0;-$ ?>dK$ 5;,2&;2,./$

;,0.812/.,$ +/+H+8;5$ .8%$ ;-0,%$ ',%+,$ N'/78'H0./5"$ Z5081$ ;-+$ 6+;.cN/.8+$

.NN,'R0H.;0'8)$;-+$Q',0'/05$N.,.H+;+,$05$<,0;;+8$(:(?@AB"$:7$5+;;081$P>$;'$>)$;-+$f$

N.,.H+;+,$ 05$ '6;.08+%$ .5$=!E*)$<-0/+$B$ 05$ ;-+$ &'',%08.;+$N'50;0C+$8',;-<.,%5"$

:'28%.,7$ &'8%0;0'85$ .;$ ;-+$ 08P/'<$ .8%$ '2;P/'<$ 6'28%.,0+5$ .,+$ %+P08+%$ 67$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ A?$$

5N+&0P7081$ ;-+$ 8',H./$ P/2R$ 25081$ +S2.;0'85$ \U]$ ;'$ \A>]"$ W8$ ;-+$ <.//5)$ .$ 5/0N$

6'28%.,7$&'8%0;0'8$05$.NN/0+%"$!-+$H+5-$,+5'/2;0'8$05$

! 

r = 0.3125 "$L012,+$J$5-'<5$

;-+$ N,'N.1.;0'8$ 'P$ /08+.,$ [+/C08$ <.C+"$ !-+$ ,+52/;5$ .1,++$ <0;-$ ;-+$ .8./7;0&./$

5'/2;0'8$.5$5-'<8$08$L012,+$U"$

$

>-&1%$!P!?+%-+,-.!0$.0;!2%+K5&50-+#!+G!S$,C-#!T5C$!5)%+..!I+D5-#E!>%+D!0+K!0+!F+00+D!0_^[]!

0`^H]!0`^:EM]!0`^ME!



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ AI$$

)

>-&1%$!Z!?+%-+,-.!0$.0;!?+DK5%-.+#.!+G!5#5,'0-)5,!5#I!#1D$%-)5,!%$.1,0.!50!I-GG$%$#0!0-D$.E!

N$)0-+#!05U$#!0*%+1&*!I505!50!'^[E!

!4#-?.)#"&-,$&'24)

!'$;+5;$;-+$+8+,17$+R;,.&;0'8$P,'H$;-+$H'%+/$<+$25+$.$50HN/+$&-.88+/$<-+,+$.$

&2,,+8;$05$%,0C+8$67$.$-+.%$%0PP+,+8&+"$X+$;.(+$.$&-.88+/$;-.;$05$A>>>$H$/'81$.8%$

I>>$H$08$<0%;-"$!-+$6+%$05$P/.;"$!-+$&-.88+/$05$H+5-+%$.5$5-'<8$08$L012,+$d"$#;$

;-+$+8%5$'P$ ;-+$&-.88+/$ ;-+$.HN/0;2%+$ 05$-+/%$&'85;.8;`$.;$'8+$+8%$;-+$%+N;-$ 05$

?"I$Hg$.;$;-+$';-+,$;-+$%+N;-$05$?$H"$W8$;-+$50%+$6'28%.,0+5$.$8'8c5/0N$6'28%.,7$

&'8%0;0'8$ 05$ .NN/0+%"$ X+$ .NN/7$ .$ 6+%$ P,0&;0'8$ &'+PP0&0+8;$ QP$ b$ >">>=I"

$

>-&1%$!L!Q$.*!1.$I!G+%!$#$%&'!$B0%5)0-+#!)5.$!
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$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ AK$$

X+$080;./05+$;-+$<.;+,$/+C+/$.&,'55$;-+$%'H.08$5'$;-.;$0;$C.,0+5$/08+.,/7$6+;<++8$

;-+$ 2N5;,+.H$ .8%$ %'<85;,+.H$ 6'28%.,0+5"$ D80;0.//7$ ;-+$ &2,,+8;$ 05$ 5+;$ ;'$ _+,'"$

#P;+,$ ;-+$H'%+/$ 05$ 5;.,;+%$ ;-+$ &2,,+8;$ 08&,+.5+5$28;0/$ 0;$ ,+.&-+5$ .$ 5;+.%7$ 5;.;+"$

!-05$05$5-'<8$08$L012,+$A>$<-+,+$<+$N/';$P/'<$,.;+$,.;-+,$;-.8$&2,,+8;)$.5$;-05$05$

&'85;.8;$.&,'55$;-+$%'H.08"$

$

>-&1%$!H[!"#$%&'!$B0%5)0-+#!)5.$;!0-D$!C5%-50-+#!-#!G,+T!%50$!0*%+1&*!)*5##$,E!

X+$8'<$08;,'%2&+$.%%0;0'8./$6+%$,'21-8+55)$<-0&-$-.5$6++8$25+%$;'$,+N,+5+8;$

;-+$.&;0'8$'P$;0%./$;2,608+5$.8%$+R;,.&;$+8+,17$\*2;-+,/.8%$+;$./")$=>>J]"$X+$.%%$

+R;,.$ ,'21-8+55$ 'C+,$ .$ <0%;-$ 'P$ A>>$ H$ \0"+"$ ;<'$ &+//5]"$ !-+$ +R;,.$ ,'21-8+55$

&.25+5$.$,+%2&;0'8$08$;-+$H.55$P/'<$,.;+$.8%$.8$08&,+.5+$08$;-+$%,'N$08$;-+$P,++$

52,P.&+$.&,'55$;-+$&+//5$<0;-$+8-.8&+%$,'21-8+55"$X+$5-'<$;-05$08$L012,+$AA"$

$

>-&1%$! HH! >%$$! .1%G5)$! -#! $#$%&'! $B0%5)0-+#! )5.$E! O$G0! .*+T.! )5.$! T-0*! #+! 5II-0-+#5,!

%+1&*#$..E!!=-&*0!.*+T.!0*$!G%$$!.1%G5)$!G+%!5#!$#$%&'!$B0%5)0-+#!)5.$E!

!-05$ N,'6/+H$ <.5$ .8./75+%$ .8./7;0&.//7$ 67$ 3.,,+;;$ h$ Q2HH085$ \=>>I]"$ !-+7$

5-'<+%$ ;-.;$ ;-+$ N+.($ N'<+,$ '2;N2;$ '&&2,,+%$ <-+8$ ;-+$ P/'<$<.5$ IUi$ 'P$ ;-+$

28%05;2,6+%$P/'<$.8%$;-.;$;-+$,.;+$'P$+8+,17$+R;,.&;+%$05$10C+8$67$

!
!!"#

! !
!
!

!
!

!!"#
!! !

!!"#
!
!$

AA$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ AJ$$

<-+,+$C$ 05$;-+$N'<+,$+R;,.&;+%$.8%$D$ 05$;-+$H.55$P/'<$,.;+"$!-+$N+.($N'<+,$05$

10C+8$67$

!!"# ! !"#$!!"# )$ A=$

<-+,+$!$05$.$&'85;.8;$+S2./$;'$>"TU$P',$.$5;+.%7$5;.;+$&-.88+/)$!$05$;-+$%+850;7$'P$
;-+$P/20%)$!$05$;-+$-+.%/'55$.&,'55$;-+$&-.88+/)$.8%$!!"#$05$;-+$28%05;2,6+%$H.55$
P/'<$,.;+"$

!-+$N'<+,$+R;,.&;+%$P,'H$;-+$P/'<$08$;-+$82H+,0&./$H'%+/$05$10C+8$67$

! ! !!!!!!"#$%&'()* )$ AT$

<-+,+$ Q;$ 05$ ;-+$ %,.1$ %2+$ ;'$ ;-+$ ;2,608+5"$ !-+$ +8+,17$ +R;,.&;+%$ P,'H$ ;-+$

82H+,0&./$H'%+/$ 05$ &'HN.,+%$ ;'$ ;-+$ .8./7;0&./$ 5'/2;0'8$ 08$ L012,+$A="$ D;$ &.8$6+$

5++8$;-.;$;-+,+$05$+R&+//+8;$.1,++H+8;$6+;<++8$;-+$N,+5+8;$82H+,0&./$H'%+/$.8%$

;-+$.8./7;0&./$5'/2;0'8"$

$

>-&1%$!H:!"B0%5)0-+#!+G!K+T$%! G%+D!)+I$!)+DK5%$I!T-0*!5#5,'0-)5,!.+,10-+#!+G!65%%$00!\!

?1DD-#.!V:[[MW!

@1%")0,1,4$#)

D8$;-05$;+5;$&.5+)$;-+$.0H$05$;'$&-+&($;-.;$;-+$6+%$5'2,&+$;+,H5$N,'N+,/7$6./.8&+$

;-+$P/2R$1,.%0+8;$;+,H5$08$;-+$82H+,0&./$H'%+/"$D8$&+,;.08$.NN/0&.;0'85)$N,'6/+H5$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ AU$$

H.7$.,05+$%2+$;'$ ;-+$ 0,,+12/.,$6+%$;'N'1,.N-7$'P$ ;-+$82H+,0&./$%'H.08)$<-0&-$

H.7$ 08&/2%+$+R;,+H+$6+%$5/'N+5$<0;-$-01-$6+%$,'21-8+55$\:,2P.2$+;$./")$=>>=]"$

X-+8$ 52&-$ 1,.%0+8;5$ .,+$ 8';$ -.8%/+%$ &',,+&;/7)$ 5N2,0'25$ P/'<5$H.7$ .NN+.,$ 08$

;-+$5'/2;0'8$\:+,H2%+_$.8%$F._S2+5)$Add?g$:287.$+;$./")$=>>d]"$!'$&.,,7$'2;$;-+$

&-+&()$ ;-+$ 6+8&-H.,($ &.5+$ N,'N'5+%$67$M,8$ +;$ ./"$ \=>>U]$ 05$ 25+%$ ;'$ C+,0P7$ ;-+$

%05&'8;082'25$ 3./+,(08$ #GQDBQ$ H'%+/$ P',$ 5;0//$ <.;+,$ 'C+,$ 8'8c280P',H$

6.;-7H+;,7"$M,8$+;$./"$\=>>U]$&'850%+,+%$.$'8+c%0H+850'8./$%'H.08)$<-'5+$6+%$

05$10C+8$67$+S2.;0'8$\A?]$.8%$5-'<8$08$L012,+$AT"$D80;0.//7$;-+$<.;+,$/+C+/$05$5+;$

;'$ A$ H$ .6'C+$ .$ P0R+%$ -',0_'8;./$ %.;2H$ .8%$ ;-+$ P/'<$ C+/'&0;7$ 5+;$ ;'$ _+,'$

;-,'21-'2;$;-+$%'H.08"$!-+$1,0%$,+5'/2;0'8$05$AH$.8%$.$5+&'8%$',%+,$N'/78'H0./$

05$25+%"$$!-+$6+%$N,'P0/+$05$

! ! ! !"!!!!!!"!! !!!!! !!!"!
! !!! !

! !!!!! !!!!! !!!"!! !!!" !

!" "$
A?$

!-+$;<'c%0H+850'8./$1,0%$05$5-'<8$08$L012,+$AT"$!-+$H'%+/$05$,28$P',$=I$H082;+5$

'P$50H2/.;0'8$;0H+"$*;0//$<.;+,$/+C+/$05$H.08;.08+%$.5$5-'<8$08$L012,+$A?"$!-+$5;0//$

<.;+,$/+C+/$,+H.085$+R.&;/7$&'8505;+8;$;-,'21-'2;$;-+$50H2/.;0'8"$

$

$

>-&1%$!H7!X$I!K%+G-,$!5#I!D$.*!1.$I!-#!.0-,,!T50$%!0$.0!



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ Ad$$

$

>-&1%$!HJ!N0-,,!T50$%!0$.0;!G%$$!.1%G5)$!$,$C50-+#!5G0$%!:M!D-#10$.E!3B$.!5%$!-#!D!

A6 9::1'$,&'24)23)BC)9B>7D>)&2),)-#,1)12$,&'24)

D8$ ;-05$ 5+&;0'8$<+$%+H'85;,.;+$ ;-.;$ ;-+$ &'%+$H.7$6+$ .NN/0+%$ ;'$ .$ &'HN/0&.;+%$

.&;2./$1+'H+;,7$<0;-$,+./05;0&$6'28%.,7$&'8%0;0'85"$X+$&'850%+,$*-088+&'&($:.7$

.8%$ D8/+;$ 'PP$ ;-+$ &'.5;$ 'P$ 9'81$ D5/.8%)$O+<$j',($ *;.;+"$ $ !-05$ /'&.;0'8$-.5$ 6++8$

5;2%0+%$ 25081$ Q3$#GQDBQ$ \V0/0;+//'$h$ k28%+/)$ =>>=]"$ !-05$ /'&.;0'8$ 05$ 5-'<8$ 08$

L012,+$AI"$$

$

>-&1%$!HM!N)*$D50-)!+G!N*-##$)+)U!/#,$0!O+)50-+#!



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ =>$$

!-+$50;+$N,'C0%+5$.$;+5;$'P$;-+$P'//'<081$.5N+&;5$'P$;-+$&'%+$.8%$H+5-$1+8+,.;',`$

• #60/0;7$ ;'$ H+5-$ .$ &'HN/+R$ &'.5;/08+$ .8%$ 6.;-7H+;,7$ <0;-$ .$ C.,0.6/+$

%+850;7$H+5-"$

• D8N2;$%.;.$P,'H$5&.;;+,+%$6.;-7H+;,0&$%.;.$N'08;5"$

• D8&/250'8$'P$;0%./$P',&081$P,'H$;-+$9+$Y,'C'5;$%.;.6.5+"$

74:%&)3'1#*)

G.;.$P0/+5$'P$6.;-7H+;,7$.8%$&'.5;/08+$.,+$.C.0/.6/+$P',$;-05$50;+$P,'H$;-+$#GQDBQ$

<+650;+"$ !-+$ 6.;-7H+;,0&$ %.;.$ 05$ 08$ lEjEk$ P',H.;"$ X+$ 5-'<$ .$ N/';$ 'P$ ;-+$

6.;-7H+;,7$08$L012,+$AK"$

$

>-&1%$! H8! X50*'D$0%'! +G! N*-##$)+)U! /#,$0E! O$G0! .*+T.! 0*$! F50*'D$0%'! -#! 0*$! T*+,$!

I+D5-#E!=-&*0!.*+T.!0*$!I$05-,$I!F50*'D$0%'!5%+1#I!0*$!-#,$0!

E#*F)

X+$ 1+8+,.;+$ .$ H+5-$ 5'$ ;-.;$ ,+5'/2;0'8$ 05$ -01-+,$ .,'28%$ ;-+$ 08/+;$ <-+,+$ <+$

+RN+&;$P.5;+,$&2,,+8;5$.8%$H',+$&'HN/0&.;+%$P/'<$6+-.C0'2,"$!-+$H+5-$05$5-'<8$

08$L012,+$AJ"$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ =A$$

$

>-&1%$!HP!6%-I!1.$I! -#!D+I$,!+G! N*-##$)+)U! /#,$0E! O$G0! .*+T.! 0*$!T*+,$!D$.*E!=-&*0! 0*$!

I$05-,$I!D$.*!5%+1#I!0*$!-#,$0E!

L012,+$ AU$ 5-'<5$ ;-+$H+5-$ N,'^+&;+%$ '8;'$ 3''1/+$ M.,;-$ 0H.1+)$ 5'$ .5$ ;'$ 10C+$ .$

6+;;+,$5+85+$'P$;-+$5&./+$'P$;-+$H+5-"$O';+$;-.;$%2+$;'$;-+$%0PP+,+8;$N,'^+&;0'8$;-+$

5-.N+$'P$;-+$H+5-$.NN+.,5$%0PP+,+8;$;'$;-.;$08$L012,+$AJ"$

$

>-&1%$!HZ!(*$!D$.*!.*+T#!K%+a$)0$I!+#0+!5$%-5,!K*+0+&%5K*.!05U$#!G%+D!6++&,$!"5%0*!

E28#1)$243'?%-,&'24)

!.6/+$=$/05;5$;-+$(+7$N.,.H+;+,5$5+;$08$G3$#GQDBQ$P',$;-+$*-088+&'($D8/+;$&.5+"$

!-+$ N.,.H+;+,$ C./2+5$ .,+$ 6.5+%$ '8$ C./2+5$ ;7N0&.//7$ 25+%$ 08$ ;0%./$ H'%+//081$

,.;-+,$ ;-.8$.87$.;;+HN;$ ;'$H.;&-$ /'&./$ &'8%0;0'85$.5$8'$%.;.$<.5$.C.0/.6/+$ P',$

;-05$/'&.;0'8"$!-+$N2,N'5+$'P$;-05$+R+,&05+$<.5$;'$%+H'85;,.;+$;-.;$;-+$&'%+$H.7$

6+$.NN/0+%$ ;'$.$ ,+./05;0&$ 50;+)$ ,.;-+,$ ;-.8$N,'C0%+$.$C./0%.;0'8$'P$ 5-.//'<$<.;+,$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ ==$$

5'/C+,5$ P',$ &'.5;./$ .NN/0&.;0'85"$ L',$ H'%+//081$ ;-+$ 50;+5$ <-0&-$ .,+$ 6+081$

08C+5;01.;+%$ 08$ ;-+$<',($N.&(.1+$ 0;$<0//)$ 'P$ &'2,5+)$ 6+$ 0HN',;.8;$ ;'$ ;28+$ ;-+5+$

N.,.H+;+,5$5'$;-.;$;-+$H'%+/$H.;&-+5$P0+/%$H+.52,+H+8;5"$

$

Y.,.H+;+,$ F./2+$ O';+5$

!0H+c5;+N$ A$5$ :.5+%$ '8$ ;-+$ QL9$ &'8%0;0'8$

.NN,'N,0.;+$ ;'$ ;-+$ ',%+,$ 'P$

N'/78'H0./$ 25+%$ \[26.;('$ +;$ ./")$

=>>U]$

L,0&;0'8$&'+PP0&0+8;$ >">>I$ L',$<.;+,$ %+N;-5$ m$ =$H$ .$ -01-+,$

P,0&;0'8$ &'+PP0&0+8;$ 05$ 25+%$ 6.5+%$

'8$V.88081e5$P',H2/.;0'8"$

M%%7$C05&'50;7$ T">H=5cA$ $

Q',0'/05$&'+PP0&0+8;$ >">>>A$ $

G3$N'/78'H0./$',%+,$ =$ $

O2H+,0&./$H+;-'%$ ?;-$',%+,$B281+c

[2;;.$

:.5+%$'8$;-+$,+S20,+H+8;$P',$;-05$

N'/78'H0./$ ',%+,$ 10C+8$ 08$

[26.;('$+;$./"$\=>>U]"$

(5F,$!:!25%5D$0$%.!1.$I!-#!N*-##$)+)U!/#,$0!D+I$,!

!-+$ P',&081$ &'8%0;0'85$ .,+$ %+,0C+%$ P,'H$ ;-+$ 9+$ Y,'C'5;$ %.;.6.5+$ 'P$ ;0%./$

.HN/0;2%+5$.8%$N-.5+5"$!-+5+$.,+$08;+,N'/.;+%$'8;'$;-+$6'28%.,7$8'%+5"$D8$;-05$

+R.HN/+)$ <+$ 25+$ ;0%./$ &'85;0;2+8;5$ 10C+8$ 67$ V=)$ *=)$ [A$ .8%$ O="$ !-+5+$ .,+$

%'H08.;+%$67$;-+$V=$;0%+$<-0&-$-.5$.$H.180;2%+$'P$>"?In>"IIH$.;$;-+$'PP5-',+$

6'28%.,7"$

X+$5;.,;$;-+$H'%+/$'8$A$@.82.,7$=>>>"$!-+$6'28%.,7$C./2+5$.,+$/08+.,/7$,.HN+%$

'C+,$.$N+,0'%$'P$>"JI$%.75$.;$;-+$5;.,;$'P$;-+$50H2/.;0'8"$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ =T$$

D#*%1&*)

!7N0&./$,+52/;5$.,+$5-'<8$6+/'<"$L012,+$Ad$5-'<5$-'<$;-+$;0%./$.HN/0;2%+$C.,0+5$

.&,'55$;-+$%'H.08$8+.,$;'$-01-$;0%+"$!-+$N-.5+$%0PP+,+8&+$.&,'55$;-+$<0%;-$'P$;-+$

%'H.08$ &.8$ 6+$ 5++8$ \;-+$H.180;2%+$ 'P$ ;-+$V=$ &'85;0;2+8;$ -.5$ .$ 5H.//$ 5N.;0./$

C.,0.;0'8)$5'$;-+$%0PP+,+8&+$08$P,++$52,P.&+$05$%,0C+8$67$;-+$N-.5+]"$

$

>-&1%$!HL!<5%-50-+#!-#!G%$$!.1%G5)$!),+.$!0+!*-&*!0-I$!50!N*-##$)+)U!-#,$0E!3DK,-01I$!-.!-#!DE!

X+$ 8'<$ +R.H08+$ ;-+$ %78.H0&5$ .,'28%$ ;-+$ 08/+;$ 08$ 1,+.;+,$ %+;.0/"$ L012,+$ =>$

5-'<5$ ;-+$ P,++$ 52,P.&+$ +/+C.;0'8$ .8%$ &2,,+8;$ C+/'&0;7$ .&,'55$ ;-+$ 08/+;$ .5$ ;-+$

<.;+,$+665$'2;$'P$;-+$08/+;"$#5$;-+$&2,,+8;$H.180;2%+$05$%0PP0&2/;$;'$C052./0_+$P,'H$

;-+$ &2,,+8;$ C+&;',5$'8$L012,+$=>)$<+$ 5-'<$ ;-05$H',+$ &/+.,/7$ 08$L012,+$=A"$!-+$

H'%+/$ N,+%0&;5$ ;-.;$ ;-+$ P/'<$ 05$ %0,+&;+%$ .,'28%$ ;-+$ C+,7$ 5-.//'<$ <.;+,$

0HH+%0.;+/7$ 08/.8%$ 'P$ ;-+$ 08/+;$ .5$ +RN+&;+%"$ X+$ ./5'$ '65+,C+$ ;-.;$ ;-+$ H'%+/$

N,+%0&;5$.8$+%%7$5;,2&;2,+$.;$;-+$'2;/+;$'8$;-+$+.5;+,8$50%+"$!-+5+$,+52/;5$.NN+.,$

;'$6+$,+./05;0&$./;-'21-$<+$%'$8';$-.C+$P0+/%$%.;.$P',$&'HN.,05'8"$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ =?$$

$

>-&1%$!:[!>%$$!.1%G5)$!V.*5I-#&W!5#I!)1%%$#0!V5%%+T.W!G+%!5#!$FF!0-I$E!3DK,-01I$!-.!-#!DE!



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ =I$$

$

>-&1%$!:H!Q5&#-01I$!+G!)1%%$#0!I1%-#&!$FFE!Q5&#-01I$!-.!-#!Db.E!

G6 9::1'$,&'24*)

*-.//'<$<.;+,$82H+,0&./$ &'%+5$ 52&-$.5$#GQDBQ$H.7$6+$.NN/0+%$ ;'$.$C.,0+;7$'P$

N,'6/+H5$08$.%%0;0'8$;'$;-+$H'%+//081$'P$;0%+5"$!-+$5-.//'<$<.;+,$+S2.;0'85$.,+$

.NN/0&.6/+$ ;'$<.C+5$ P',$<-0&-$ E$m$ oEA>$ \G+.8$h$ G./,7HN/+)$ AdU?]"$ MR.HN/+5$

.,+`$

!"#$%&'($)*&

*;',H$52,1+5$.,+$N,0H.,0/7$&.25+%$67$;-+$<08%$5;,+55+5$'8$;-+$P,++$52,P.&+$'P$;-+$

<.;+,$.8%$;-+$,+%2&;0'8$08$.;H'5N-+,0&$N,+552,+$'P;+8$.55'&0.;+%$<0;-$.$5;',H"$

!-+$ ,+/+C.8;$ 0HN',;.8&+$ 'P$ ;-+5+$ %+N+8%5$ '8$ ;-+$ /+81;-$ 'P$ ;-+$ 5;',H$ .8%$ ;-+$

5N++%$ .;$ <-0&-$ ;-+$ 5;',H$ H'C+5"$ D8$ P.5;$ H'C081$ 5;',H5)$ 52&-$ .5$ -2,,0&.8+5)$

N,+552,+$C.,0.;0'85$<0//$%'H08.;+$62;$P',$5/'<$H'C081$5;',H5$N,+552,+$&-.81+5$

8++%$ ;'$ 6+$ 08&/2%+%$ 08$ ;-+$H'%+/$ \Y21-)$ AdUJ]"$ !-+$ <.C+/+81;-$ 'P$ ;-+$ 5;',H$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ =K$$

52,1+$ 05$ ;7N0&.//7$ 'P$ ;-+$ ',%+,$ 'P$ -28%,+%5$ 'P$ (0/'H+;+,5"$ !-25$ ;-+$ C+,;0&./$

C+/'&0;0+5$<0//$6+$5H.//$&'HN.,+%$;'$;-+$-',0_'8;./$C+/'&0;7$&'HN'8+8;$.8%$;-+$

5;',H$52,1+$H.7$6+$H'%+//+%$25081$;-+$5-.//'<$<.;+,$+S2.;0'85"$#8$+R.HN/+$'P$

52&-$H'%+//081$&.,,0+%$'2;$<0;-$#GQDBQ$05$10C+8$67$X+5;+,08($+;$./"$\=>>U]"$

+,-*&'*".(/&

!'$P0,5;$',%+,)$<08%$1+8+,.;+%$<.C+5$%'$8';$;,.85N',;$H.55"$4'<+C+,)$;'$5+&'8%$

',%+,$ ;-+,+$ 05$ ;,.85N',;$ 'P$ <.;+,$ .55'&0.;+%$ <0;-$ *;'(+5$ G,0P;"$ !-05$ 6+&'H+5$

N.,;0&2/.,/7$0HN',;.8;$08$5-.//'<$<.;+,"$!'$6./.8&+$;-+$<.;+,$;,.85N',;+%$67$;-+$

<.C+5$.$,+;2,8$&2,,+8;$05$1+8+,.;+%$;-.;$;,.C+/5$08$;-+$'NN'50;+$%0,+&;0'8$;'$;-+$

<.C+)$%,0C+8$67$;-+$-+.%$&,+.;+%$67$;-+$5+;c2N$8+.,$;-+$5-',+"$!-05$05$P,+S2+8;/7$

&'2N/+%$<0;-$;-+$5;',H$52,1+$\B+50'$h$X+5;+,08()$=>>U]$%2,081$C0'/+8;$5;',H5"$

!-+$<.C+c5+;$2N$H.7$6+$H'%+//+%$25081$.$5-.//'<$<.;+,$P/'<$5'/C+,"$!7N0&.//7)$

;-05$05$%,0C+8$67$.$<08%E<.C+$H'%+/$.8%$;-+$;<'$.,+$&'2N/+%"$

01*,231&1($$*2"'&

W&+.80&$&2,,+8;5$.,+$P',H+%$67$;-+$<08%$5;,+55$P,'H$;-+$N,+C.0/081$<08%5$'C+,$.$

/.,1+$ +RN.85+$ 'P$ '&+.8"$ #&&2,.;+$ H'%+//081$ 'P$ '&+.80&$ &2,,+8;5$ H.7$ ,+S20,+$

,+N,+5+8;081$ C.,0.;0'85$ 'P$ ;-+$ P/'<$ <0;-$ %+N;-"$ 4'<+C+,)$ ;-+$ /+.%081$ ',%+,$

&-.,.&;+,05;0&5$H.7$6+$10C+8$67$.$5-.//'<$<.;+,$P/'<$H'%+/"$

4'(2,%3'&

!528.H05$ .,+$ 1+8+,.;+%$ 67$ ,.N0%$ %05N/.&+H+8;$ ;'$ ;-+$ <.;+,$ H.55"$ V'5;$

P,+S2+8;/7$ ;-+5+$ .,+$ %2+$ ;'$ ;+&;'80&$H'C+H+8;5$ 62;$H.7$ ./5'$ 6+$ %2+$ ;'$ ';-+,$

&.25+5$52&-$.5$/.8%5/0%+5"$$!528.H05$.,+$/'81$<.C+5)$.8%$5-.//'<$<.;+,$H'%+/5$

.&&2,.;+/7$&.N;2,+$;-+0,$N,'N.1.;0'8"$

H6 I#4*'&'('&'#*)

=2%48,-.)$248'&'24*)

#87$82H+,0&./$H'%+/$05$%+N+8%+8;$'8$;-+$6'28%.,7$&'8%0;0'85$;-.;$.,+$25+%$08$

0;"$Z8%+,5;.8%081$;-+$5+850;0C0;7$'P$.$H'%+/$;'$;-+$6'28%.,7$&'8%0;0'85$05$&,2&0./"$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ =J$$

055'6#$*&7#(28,$9&1#283"3#2&

#5$ N.,;$ 'P$ ;-05$ <',($ N.&(.1+)$ ;-05$ ;'N0&$ -.5$ 6++8$ +R;+850C+/7$ +RN/',+%"$ !-05$

H.;+,0./$05$6+081$526H0;;+%$;'$;-+$M2,'N+.8$X.C+$.8%$!0%./$M8+,17$Q'8P+,+8&+$

08$ *'2;-.HN;'8$ \#%&'&($ +;$ ./")$ =>AA]"$ !-05$ N.N+,$ 05$ 5+/Pc&'8;.08+%$ .8%$ 05$

N,+5+8;+%$.5$.8$.NN+8%0R$;'$;-05$<',($N.&(.1+"$

:,"69%*"$9&

#8$.&&2,.;+$6.;-7H+;,0&$%.;.$5+;$05$C0;./$;'$H'%+//081$;0%./$6.508$%78.H0&5"$!-+$

1,.%0+8;$'P$;-+$6.;-7H+;,7$;+,H$05$25+%$08$5-.//'<$<.;+,$+S2.;0'85$.8%$;-25$.87$

+,,',$',$8'05+$08$;-+$6.;-7H+;,7$<0//$6+$+R.11+,.;+%$08$;-+$;0%./$H'%+/"$

!-+$ S2./0;7$ 'P$ ;-+$ 6.;-7H+;,7$ 05$ N.,;0&2/.,/7$ &,0;0&./$ P',$H'%+//081$ ;-+$ +8+,17$

+R;,.&;0'8$P,'H$6.5085"$*H.//$+,,',5$08$6.;-7H+;,7$/+.%$;'$,+/.;0C+/7$/.,1+$+,,',5$

08$ ;-+$ +5;0H.;+$ 'P$ 6+%$ P,0&;0'8$ &'+PP0&0+8;$ \G,.N+,)$ =>A>]"$ !-+$ .H'28;$ 'P$ ;0%./$

+8+,17$08$.$6.508$05$P080;+$.8%$;-+$.H'28;$;-.;$H.7$6+$+R;,.&;+%$<0//$./<.75$6+$.$

6./.8&+$ 6+;<++8$ ;-.;$<-0&-$ 05$ /'5;$ ;-,'21-$ P,0&;0'8)$ .8%$ ;-.;$ +R;,.&;+%$ 67$ ;-+$

;2,608+5"$!-25$.8$.&&2,.;+$+5;0H.;+$'P$;-+$6+%$P,0&;0'8)$.8%$08$;2,8$6.;-7H+;,7)$05$

C0;./$P',$.8$.&&2,.;+$+5;0H.;+$'P$;-+$+8+,17$<-0&-$H.7$6+$+R;,.&;+%$P,'H$.$6.508"$

B'*$-#&'*,&'24)

Z5+$ 'P$ .$ 82H+,0&./$ 5'/2;0'8$ ,+S20,+5$ %05&,+;05.;0'8$ 08$ 6';-$ ;0H+$ .8%$ 5N.&+"$ !'$

10C+$ .&&+N;.6/+$ ,+52/;5$ ;-+5+$H25;$ 6+$ 52PP0&0+8;/7$ ,+5'/C+%$ 5'$ .5$ ;'$ .&&2,.;+/7$

,+N,+5+8;$;-+$5'/2;0'8"$D8$.$G3$&'%+$5N.;0./$%05&,+;05.;0'8$05$,+/.;+%$;'$;-+$',%+,$

'P$ ;-+$+/+H+8;5)$<0;-$-01-+,$',%+,$+/+H+8;5$1+8+,.//7$.//'<081$.$H2&-$&'.,5+,$

1,0%"$ D8$ ;-+$82H+,0&./$H'%+/5$6+081$%+C+/'N+%$ 08$ ;-05$N,'^+&;$1,0%$&'8C+,1+8&+$

5;2%0+5$<0//$ 6+$ &.,,0+%$ '2;$ ;'$ +852,+$ ;-.;$ 52PP0&0+8;$ %05&,+;05.;0'8$ .8%$ ;-.;$ ;-+$

,+52/;5$.,+$8';$1,0%$%+N+8%+8;"$

J6 K'+'&,&'24*)

!-+$ /0H0;.;0'85$ 'P$ ;-+$ 82H+,0&./$ H'%+/$ H.7$ 6+$ &'850%+,+%$ 08$ ;<'$ N.,;5`$ ;-+$

/0H0;.;0'85$ 'P$ 28%+,/7081$ +S2.;0'85)$ .8%$ ;-+$ /0H0;.;0'85$ 'P$ G3$ #GQDBQ$

,+N,+5+8;.;0'8$ 'P$ ;-+H"$X+$ ./5'$ &'850%+,$ ;-+$ 6.508$ 5&./+$ .5N+&;5$ ;-.;$ .,+$ 8';$

6+081$&'850%+,+%$08$;-05$<',($N.&(.1+"$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ =U$$

K'+'&,&'24*)23)&F#)*F,112L)L,&#-)#M%,&'24*)32-)&'8,1)+28#11'4?)

#$5N+&0P0&.;0'8$'P$;-05$N,'^+&;$05$;-.;$;-+$%+N;-c.C+,.1+%$5-.//'<$<.;+,$+S2.;0'85$

.,+$25+%$;'$H'%+/$ ;-+$;0%./$6.508$-7%,'%78.H0&5"$!-+$5-.//'<$<.;+,$+S2.;0'85$

N,'C0%+$.8$.&&+N;.6/7$.&&2,.;+$H'%+/$P',$H'5;$H.,08+$;2,608+$/'&.;0'85"$D;$05$8';$

1+8+,.//7$N'5506/+$ ;'$S2.8;0P7$ ;-+$+,,',$%2+$ ;'$ ;-+$%+N;-c.C+,.1+%$.552HN;0'8$

';-+,$;-.8$P',$0%+./05+%$50;2.;0'85$\P',$085;.8&+$.8$.8./7;0&./$+,,',$05$&./&2/.;+%$

67$L./;085+8$.8%$!0H'(-.$\=>>=]$P',$;-+$5-.//'<$<.;+,$5/'5-081$N,'6/+H]"$!-+$

+,,',$<0//$C.,7$P,'H$50;+$;'$50;+"$D8C+5;01.;081$;-05$05$8';$;-+$N,0H.,7$N2,N'5+$'P$

;-05$ N,'^+&;"$ 4'<+C+,)$ P',$ +.&-$ 'P$ ;-+$ &-'5+8$ 50;+5$ 0;$ 5-'2/%$ 6+$ N'5506/+$ ;'$

%+;+,H08+$ <-+;-+,$ ;-+$ ;<'c%0H+850'8./$ H'%+/$ 05$ 52PP0&0+8;/7$ .&&2,.;+$ P',$

+8108++,081$ N2,N'5+5"$ !-05$ <0//$ 6+$ 6.5+%$ '8$ '2,$ 28%+,5;.8%081$ 'P$ ;-+$ ;0%./$

%78.H0&5$ 'P$ ;-+$ 50;+$ .8%$ &'HN.,05'8$ 6+;<++8$ ;-+$ 82H+,0&./$ H'%+/$ .8%$ P0+/%$

H+.52,+H+8;5"$$

:,"69%*"$31&1#2'"$,32"'&

#$ P28%.H+8;./$ /0H0;.;0'8$ 'P$ .$ %+N;-c.C+,.1+%$H'%+/$ 05$ ;-.;$ .$ C+,;0&./$ &2,,+8;$

N,'P0/+$ H25;$ 6+$ .552H+%$ .8%$ ;-.;$ ;-+$ N,+552,+$ 05$ -7%,'5;.;0&"$ !7N0&.//7)$ ;-+$

.552H+%$ C+,;0&./$ &2,,+8;$ N,'P0/+$ <0//$ 6+$ /'1$ N,'P0/+$ \*;.8567)$ =>>I])$ .$ AEJ;-$

N'<+,$ /.<$.&,'55$ ;-+$<-'/+$%+N;-)$',$.$N'<+,$ /.<$'C+,$ ;-+$6';;'H$-./P$'P$ ;-+$

P/20%$ .8%$ .$ &'85;.8;$ 08$ ;-+$ ;'N$ -./P$ \*'2/567)$ AddJ]"$ !-+5+$ N,'P0/+5$ .//$ -.C+$ .$

50H0/.,$ P',H$ .8%$ '8&+$ 08;+1,.;+%$ 'C+,$ <.;+,$ %+N;-$ 10C+$ 50H0/.,$ ,+52/;5$ 08$ .$

%+N;-c.C+,.1+%$ H'%+/"$ !-+5+$ +PP+&;5$ .,+$ +55+8;0.//7$ ,+N,+5+8;+%$ 67$ ;-+$

&./06,.;+%$H'%+/$N.,.H+;+,5$52&-$.5$6+%$P,0&;0'8$.8%$+%%7$C05&'50;7"$!-+,+$.,+$

+R.HN/+5$ <-+,+$ ;-+$ ,+./$ C+/'&0;7$ N,'P0/+5$ %0PP+,$ 50180P0&.8;/7$ P,'H$ ;-+$ P',H5$

5211+5;+%$.6'C+"$#8$+R.HN/+$<'2/%$6+$<-+,+$P/'<$N.55+5$'C+,$.$52%%+8$5;+N$08$

6.;-7H+;,7$ .8%$ &.25+5$ ;-+$ P/'<$ ;'$ 5+N.,.;+$ \50H0/.,$ ;'$ ;-+$ +%%7$ C05&'50;7$ ;+5;$

.6'C+$'8/7$<0;-$.$C+,;0&./$,.;-+,$;-.8$-',0_'8;./$5;+N]"$

#8';-+,$ +R.HN/+$ ;-.;$ -.5$ 6++8$ +R;+850C+/7$ 5;2%0+%$ +RN+,0H+8;.//7$ 05$ ;-+$ P/'<$

.,'28%$.$&'80&./$05/.8%$<0;-$5-.//'<$5/'N081$50%+5$\Q-+8$h$@0,(.)$AddIg$9/'7%$h$

*;.8567)$ =>>?]"$ $ !-+$ P/'<$ N.;;+,8$ &,+.;+%$ 67$ 52&-$ 1+'H+;,7$ 05$ -01-/7$

&'HN/0&.;+%$<0;-$ 6';-$ -',0_'8;./$ .8%$ C+,;0&./$ +%%7$ 5;,2&;2,+"$ !-05$ &'HN/+R0;7$

H.7$/+.%$;'$;-+$C+/'&0;7$8+.,$;-+$5+.6+%$6+081$'NN'50;+$08$%0,+&;0'8$;'$;-.;$8+.,$

;-+$52,P.&+$a$08$;-05$50;2.;0'8$;-+$6+%$P,0&;0'8$.8%$+%%7$C05&'50;7$;+,H$<0//$8';$6+$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ =d$$

+C./2.;+%$,+./05;0&.//7"$#5$N'08;+%$'2;$08$*;.8567$\=>>I])$;-05$%0PP0&2/;7$<0//$'&&2,$

08$.87$%+N;-c.C+,.1+%$H'%+/"$Z5081$.$=pAG$H'%+/)$<-+,+$;-+$N,'P0/+$05$.//'<+%$

;'$C.,7$62;$ 05$8';$ P2//7$ ,+5'/C+%)$',$.$ P2//$TG$H'%+/$H.7$10C+$ 0HN,'C+%$,+52/;5$

./;-'21-$;-05$5;0//$,+S20,+5$50180P0&.8;$;28081"$X-0/5;$*;.8567$-.5$5-'<8$;-.;$;-05$

;28081$ 05$ N'5506/+$ P',$ H.;&-081$ +RN+,0H+8;5$ <-+,+$ ;-+,+$ .,+$ 5N.;0.//7$ %+85+$

H+.52,+H+8;5$;'$&./06,.;+$;-+$H'%+/)$;-05$/+C+/$'P$%.;.$<0//$6+$C+,7$+RN+850C+$;'$

&'//+&;$ P',$ ,+./$ /'&.;0'85"$ D8$ ;-+$ H'%+/$ 'P$ *-088+&'&($ D8/+;$ 28%+,;.(+8$ 08$ ;-05$

<',($0;$05$/0(+/7$;-.;$;-+$+%%7$5;,2&;2,+$.;$;-+$'2;/+;$05$;-,++c%0H+850'8./)$10C+8$

;-+$ 6.;-7H+;,7$ .8%$ ;-+$H.180;2%+$ 'P$ ;-+$ &2,,+8;"$ 4+8&+$ ;-+$H'%+/$ H.7$ 10C+$

N'',$,+52/;5$08$;-+$.,+.$<-+,+$;-+$+%%7$05$N,+%0&;+%"$$

WP$ ;-+$50;+5$ ;-.;$.,+$;'$6+$5;2%0+%$ 08$;-05$<',($5+N.,.;+$C+,;0&./$.8%$-',0_'8;./$

+%%0+5$.,+$H'5;$/0(+/7$;'$'&&2,$'PP$#81/+5+7$\G.C0+5$h$3+,,0;5+8)$=>>=]"$$

;*2'3"9&

#,+.5$<-+,+$;-+,+$.,+$ /.,1+$C+,;0&./$%+850;7$C.,0.;0'85$<0//$6+$N'',/7$H'%+//+%$

67$.$\5081/+$/.7+,]$5-.//'<$<.;+,$82H+,0&./$5&-+H+)$.5$;-+5+$%+850;7$C.,0.;0'85$

.,+$8';$H'%+//+%"$L/'<5$'P$%0PP+,081$%+850;7$.,+$H'5;$P,+S2+8;/7$+8&'28;+,+%$08$

+5;2.,0+5$<-+,+$ ;-+,+$ 05$ .8$ 08P/'<$ 'P$ P,+5-<.;+,$<-0&-$H0R+5$ 5/'</7$<0;-$ 5+.$

<.;+,"$#8';-+,$+R.HN/+)$<-0&-$&'H608+5$6';-$.$-01-$%+850;7$.8%$.$,.N0%$&-.81+$

08$6.;-7H+;,7)$05$;-+$H'%+//081$'P$;0%+5$8+.,$&+,;.08$'&+.8$;,+8&-+5"$#8$085;.8&+$

'P$;-05$05$;-+$O',<+10.8$;,+8&-$08$;-+$O',;-$*+.)$<-+,+$%+N;-$.C+,.1+%$H'%+/5$

10C+$N'',$,+52/;5"$3,'55$ P+.;2,+5)$ 52&-$.5$'C+,.//$%05&-.,1+$.8%$ ;0%./$.HN/0;2%+$

H.7$ 6+$ 085+850;0C+$ ;'$ ,+5'/C081$ %+850;7$ 1,.%0+8;5"$ 4'<+C+,)$ P08+$ %+;.0/5)$

08&/2%081$;0%./$&2,,+8;5)$.,+$5+850;0C+$;'$%+850;7$\:/2H6+,1)$AdJK]"$

Z5+$'P$.$TG$H'%+/$<0//$0HN,'C+$.&&2,.&7$62;$.;$&'850%+,.6/+$&'HN2;.;0'8./$&'5;"$

*.;05P.&;',7$,+52/;5$-.C+$./5'$6++8$ P'28%$25081$.$ ;<'$ /.7+,$5-.//'<$<.;+,$ P/'<$

5'/C+,$\9++$+;$./")$=>AA]"$

#/;-'21-)$%+850;7$C.,0.;0'8$08P/2+8&+5$;-+$-7%,'%78.H0&5$'P$;-+$:,05;'/$Q-.88+/$

\4.H0/;'8)$ AdJT])$ ;-+5+$ <0//$ 8';$ 6+$ .&&'28;+%$ P',$ 08$ ;-+$ N,+5+8;$ N,'^+&;"$

4'<+C+,)$ 82H+,'25$ 5;2%0+5$ 25081$ .$ %+N;-c.C+,.1+%$ .NN,'.&-$ -.C+$ 10C+8$

5.;05P.&;',7$,+52/;5$P',$;-05$/'&.;0'8"$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ T>$$

<2*$)9&*="$,1"3#2&%#8*>&

!-+$N,+5+8;$<',($08C'/C+5$.$;2,608+$H'%+/$6.5+%$'8$/08+.,$H'H+8;2H$.&;2.;',$

%05&$ ;-+',7$ \9V#G!]$ %+C+/'N+%$ 67$4'2/567$ +;$ ./"$ \=>>U]"$ !-05$ 05$ .$ ;-+',+;0&./$

H'%+/$P',$;-+$+8+,17$+R;,.&;0'8$.8%$-+.%/'55"$X-0/5;$;-05$05$.$25+P2/$H'%+/)$,+./$

;2,608+5$6+-.C+$%0PP+,+8;/7$ ;'$ ;-.;$N,+%0&;+%$67$9V#G!"$ D;$ 05$.8$'N+8$S2+5;0'8$

-'<$ 1''%$ N.,.H+;+,05081$ ;2,608+5$ 25081$ 6/'&(.1+$ ,.;0')$ L,'2%+$ 82H6+,$ .8%$

<.(+$08%2&;0'8$P.&;',)$05$.;$&.N;2,081$;-+$&-.,.&;+,05;0&5$'P$,+./$;2,608+5"$

K'+'&,&'24*)23)BC)9B>7D>)4%+#-'$,1)+28#1)

V.87$'P$;-+$/0H0;.;0'85$'P$;-+$%05&'8;082'25$3./+,(08$#GQDBQ$&'%+$.,+$&'HH'8$

;'$ .//$ 82H+,0&./$ H'%+/5"$ #$ 82H+,0&./$ H'%+/)$ 67$ 0;5$ 8.;2,+)$ N,'C0%+5$ .8$

.NN,'R0H.;+$5'/2;0'8$;'$;-+$1'C+,8081$H.;-+H.;0&./$+S2.;0'85"$4'<+C+,)$P,'H$.$

N,.&;0&./$ +8108++,081$N'08;$'P$ C0+<)$ .$82H+,0&./$ 5'/2;0'8$ 5-'2/%$6+$ 52PP0&0+8;/7$

.&&2,.;+$N,'C0%+%$5+8506/+$1,0%$&'8C+,1+8&+$.8%$5;.60/0;7$&-+&(5$.,+$28%+,;.(+8$

\B'.&-+)$AddU]"$

!-+$ H'5;$ 0HN',;.8;$ N,.&;0&./$ /0H0;.;0'8$ 05$ ;-+$ &'HN2;.;0'8./$ %+H.8%5$ 'P$ ;-+$

H'%+//081"$ #5$ 5+;$ '2;$ 08$ ;-+$ MX!MQ$N.N+,$ .;;.&-+%$ .5$ .8$ .NN+8%0R)$ .$ 50_+.6/+$

.,+.$'P$'&+.8$H25;$6+$H'%+//+%$;'$'6;.08$.&&2,.;+$,+52/;5"$!-25)$.5$5+;$'2;$08$;-+$

N,+C0'25$%+/0C+,.6/+)$0;$05$0HN',;.8;$;'$25+$.$82H+,0&./$&'%+$;-.;$05$N.,.//+/05+%"$

O+C+,;-+/+55)$&'HN2;.;0'8$;0H+5$<0//$/0H0;$;-+$82H6+,$'P$82H+,0&./$,285$<-0&-$

H.7$6+$H.%+"$!-05$05$/0H0;081$P.&;',$P',$.//$82H+,0&./$H'%+/5"$

N&F#-),*:#$&*)42&),$$2%4&#8)32-)'4)&F#):-#*#4&)L2-O)

01*,2#)$,/69&

!-+$5&'N+$'P$;-05$N,'^+&;$05$'8/7$;'$&'850%+,$;-+$;0%./$&2,,+8;5"$#,'28%$;-+$:,0;05-$

D5/+5$;-+$;0%./$&2,,+8;$05$252.//7$%'H08.8;"$4'<+C+,)$';-+,$&2,,+8;5$.,+$N,+5+8;)$

<-0&-$.,+$ /05;+%$08$;-+$#NN/0&.;0'85$5+&;0'8"$#5$;-+$N'<+,$;.(+$'PP$ 05$8'8c/08+.,$

;-+5+$ &2,,+8;5$ <0//)$ '8$ .C+,.1+)$ +8-.8&+$ ;-+$ N'<+,$ .C.0/.6/+"$ 4'<+C+,)$ ;-+$

.2;-',5$6+/0+C+$H'5;$'P$;-+5+$&2,,+8;5$.,+$08;+,H0;;+8;$.;$;-+$50;+5$&'850%+,+%$08$

;-05$<',($N.&(.1+$.8%$5'$;-05$<0//$'8/7$-.C+$.$5H.//$+PP+&;$'8$;-+$.C+,.1+$N'<+,$

;.(+$'PP"$!-+$ 0HN',;.8&+$'P$8'8c;0%./$&2,,+8;5$&.8$6+$S2.8;0P0+%$67$&'850%+,081$

;-+$ ,+H.08081$ P/'<$ .P;+,$ ;-+$ &2,,+8;$ %2+$ ;'$ ;0%./$ &'85;0;2+8;5$ .,+$ 526;,.&;+%"$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ TA$$

!-05$<0//$6+$+R.H08+%$08$X3T$XYT$<-+,+$;-+$%+;.0/+%$&-.,.&;+,05;0&5$'P$;-+$50;+5$

.,+$%05&255+%"$

G+C0&+5$<0//$8++%$;'$6+$%+5018+%$P',$-01-+,$&2,,+8;5$;-.8$<+$P08%$ 08$;-05$<',("$

L',$085;.8&+)$6.5+%$'8$;-+$+RN+,0+8&+$'P$N.5;$5;2%0+5)$P',$;-+$Y+8;/.8%$L0,;-$;-+$

A>>$7+.,$5;',H$52,1+$05$/0(+/7$;'$6+$An=$HE5)$<-0&-)$0P$0;$&'08&0%+5$<0;-$.$5N,081$

;0%+)$<'2/%$/+.%$;'$.$&2,,+8;$'P$H',+$;-.8$K$HE5$.8%$.$L,'2%+$82H6+,$'P$H',+$

;-.8$>"=I"$!-05$<'2/%$'6C0'25/7$1,+.;/7$08&,+.5+$;-+$/'.%081$'8$.$;0%./$;2,608+$',$

8+&+550;.;+$.$%+5018$<-0&-$&.8$5-2;c%'<8$+8+,17$+R;,.&;0'8$<-+8$.$-01-$&2,,+8;$

05$+RN+&;+%"$

W8+$ N'50;0C+$ .5N+&;$ 'P;+8$ %05&255+%$ 08$ &'88+&;0'8$ <0;-$ .$ ;0%./$ 6.,,.1+$ 05$ 0;5$

N';+8;0./$,'/+$08$N,';+&;081$.1.085;$&'.5;./$P/''%081$P,'H$5;',H$52,1+"$X-0/5;$;-+$

N'50;0C+$+PP+&;$<'2/%$6+$5H.//+,)$;-+,+$<'2/%$./5'$6+$.$6+8+P0;$08$,+%2&081$&'.5;./$

P/''%081$ 67$ 08;,'%2&081$ ;0%./$ ;2,608+5"$ !-+5+$<'2/%$ N,'C0%+$ +R;,.$ P,0&;0'8$ .8%$

-+/N$;'$%0550N.;+$;-+$5;',H$52,1+"$4'<+C+,)$;0%./$;2,608+5$<'2/%$6+$+RN+&;+%$;'$

H.,108.//7$<',5+8$.87$,0C+,$P/''%081$.5$;-+$P,0&;0'8$<'2/%$,+%2&+$;-+$'2;P/'<$'P$

<.;+,$ \;-05$ <'2/%$ 8';$ 6+$ .$ N,'6/+H$ P',$ .$ <+//$ %+5018+%$ 6.,,.1+]"$ D;$ 05$ <',;-$

8';081$ ;-.;$ ;-+$ !-.H+5$ :.,,0+,$ 05$ &/'5+%$ H',+$ P,+S2+8;/7$ 6+&.25+$ 'P$ P/2C0./$

P/''%081$ ;-.8$ P',$ &'.5;./$ P/''%081$ \9.C+7$ h$ G'8'C.8)$ =>>I]"$ !-25)$ 0;$ <0//$ 6+$

0HN',;.8;$ ;'$ 28%+,5;.8%$ ;-+$ +PP+&;$ '8$ 5;',H$ 52,1+$ .8%$ P/2C0./$ P/''%081$ 0P$ ;0%./$

;2,608+5$.,+$;'$6+$%+N/'7+%$'8$.$/.,1+$5&./+"$

+,-*&1>3%,"*&

!-+$&-.81+$;'$;-+$<.C+$&/0H.;+$05$ /0(+/7$;'$6+$5H.//$&'HN.,+%$;'$;-+$&-.81+$08$

&2,,+8;)$62;$H.7$6+$50180P0&.8;"$!0%./$;2,608+5$<0//$.&;$50H0/.,/7$;'$.$526H+,1+%$

N+,H+.6/+$ 6,+.(<.;+,$<0;-$ -01-$ N','50;7"$ !-+$H'5;$ 50180P0&.8;$ &-.81+$<0//$ 6+$

&.25+%$ 0P$ ;-+$6,+.(<.;+,$ 08%2&+5$<.C+$6,+.(081"$ DP$ ;0%./$ ;2,608+5$.,+$%+N/'7+%$

'8$.$/.,1+$5&./+$08$;-+$:,05;'/$Q-.88+/$;-+5+$<0//$8++%$;'$6+$.&&'28;+%$P',$08$<.C+$

P',+&.5;081$.8%$-08%&.5;081$H'%+/5$08$;-05$,+10'8"$

?#$/6#>#)31,>&16,2)*'&

!-+$5+.6+%$05$&'8;082.//7$&-.81081$08$P',H)$6';-$08$;+,H5$'P$;-+$;0H+5&./+$'P$.8$

08%0C0%2./$;0%+$',$5;',H$62;$./5'$'C+,$/'81+,$N+,0'%5"$!-+$H',N-'/'10&./$&-.81+5$

.,+$%,0C+8$67$5+%0H+8;$;,.85N',;$%2+$;'$<.C+5$.8%$&2,,+8;5"$$



$

O';$;'$6+$%05&/'5+%$';-+,$;-.8$08$/08+$<0;-$;-+$;+&-8'/'17$&'8;.&;$ T=$$

Q-.81+5$ ;'$ 5+%0H+8;$ ;,.85N',;$<0//$ ;.(+$N/.&+$ .;$ ;<'$ 5&./+5"$W8+$ 05$ %2+$ ;'$ ;-+$

/'&./$P/'<$;-,'21-$.8%$67cN.55081$;-+$;2,608+$&.25081$5&'2,$.,'28%$;-+$;2,608+5"$

!-05$H.7$6+$&'850%+,.6/+$%+N+8%081$'8$;-+$5+.6+%$&'8%0;0'85"$!-+,+$<0//$./5'$6+$

&-.81+5$ ;'$ ;-+$ 5+%0H+8;$ %78.H0&5$ .;$ ;-+$ 6.508$ 5&./+$ .5$ ;-+$H.180;2%+$ 'P$ ;-+$

&2,,+8;5$.,+$H'%0P0+%"$L',$;-+$50;+5$&'850%+,+%$08$;-05$5;2%7$;-05$05$H'5;$/0(+/7$;'$
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