
 
This document was prepared in conjunction with work accomplished under 
Contract No. DE-AC09-96SR18500 with the U.S. Department of Energy. 
 
 
 
This work was prepared under an agreement with and funded by the U.S. Government. 
Neither the U. S. Government or its employees, nor any of its contractors, subcontractors 
or their employees, makes any express or implied:  1. warranty or assumes any legal 
liability for the accuracy, completeness, or for the use or results of such use of any 
information, product, or process disclosed; or  2. representation that such use or results 
of such use would not infringe privately owned rights; or  3. endorsement or 
recommendation of any specifically identified commercial product, process, or service. 
Any views and opinions of authors expressed in this work do not necessarily state 
or reflect those of the United States Government, or its contractors, or subcontractors. 



%

&'&

&'()*+,(-*.%/*&,-0%-,/-1(2%*()%*(*.0/1/%3&%

40)532,(%/-35*2,%+*-,51*./%*()%/0/-,+/

)6%*7897
:
;%)6%+9<=>?

@
;%+6%&AB=87>?

C
;%(6%DE?AFGHG

I
;%56%J=G=A7>

K
%G7L%)6%)>L?ABM

N
%

:
/GOG77G=%5AO>?%(G8A97GP%.GQ9?G89?F;%4FL?9R>7%5><>G?B=%.GQ9?G89?F;%*AM>7;%/J;%'/*%@STUC

@
'7A8>L%->B=79P9RA><%5><>G?B=%J>78>?;%I::%/APO>?%.G7>;%+/%:@SV@:;%,6%4G?8W9?L;%J-;%'/* UN:UT%

C
&9?<B=E7R<X>78?EH%DG?P<?E=>;%17<8A8E8>%9W%(G798>B=79P9RF;4>?HG77VO97V4>PH=9P8X%YPG8X%:;%)V

ZNU@:%DG?P<?E=>;%2>?HG7F
I
(G8A97GP%17<8A8E8>%W9?%*LOG7B>L%17LE<8?AGP%/BA>7B>%G7L%->B=79P9RF;%:VTVC:%+AL9?ARG9MG;%1M>LG;%

3<GMG%KNCVTKKZ;%[G\G7
K
4FL?9R>7%5><>G?B=%17<8A8E8>;%'7AO>?<A8]%LE%^E]Q>B%_%-?9A<V5AOA`?><;%Y636%a9b%KUU;%-?9A<V5AOA`?><;%

^B;%JG7GLG%%2S*%K4Z
N
/G7LAG%(G8A97GP%.GQ9?G89A?><;%Y636%a9b%SNS;%.AO>?H9?>;%J*;%'/*%SIKK:

*Q<8?GB8

()*+,-./% 01% 1../%21% 34.% 5636+.%263,7,809.%./.+-)%13,+2-.%7.*02%*6.% 3,% 031% 0/4.+./3%:9.2/90/.11%

6;,/% ,<0*230,/% 2/*% 031% +.2*)% 63090=230,/% 0/% 56.9% :.99% 2;;90:230,/1>% ?31% ;4)10:29% 13,+2-.% 0/% 90-43%
@.0-43A% 9,@% B,967.% 1)13.71% 01% 2% C.)% 3.:4/0:29% +.D60+.7./3>% ?/% 1.2+:40/-% 5,+% .B.+% 40-4.+%

-+2B07.3+0:%2/*%B,967.3+0:%*./103)%4)*+,-./%13,+2-.%723.+0291%2/*%1)13.71A% 03% 01% 0/.B03289.% 3423%

40-4.+% ./.+-)% *./103)% 723.+0291% @099% 8.% 136*0.*% 2/*% 61.*>% E,% 72C.% 125.% 2/*% :,77.+:0299)%
2::.;3289.% 1)13.71A% 03% 01% 07;,+32/3% 3,%6/*.+132/*%D62/303230B.9)A% 34.% +01C1% 0/B,9B.*% 0/%610/-%2/*%

42/*90/-% 34.1.% 723.+0291% 2/*% 3,% *.B.9,;% 2;;+,;+023.% +01C% 7030-230,/% 13+23.-0.1% 3,% 42/*9.%

6/5,+.1../% 2::0*./329% .B./31>% E,% .B29623.% 34.1.% 723.+0291% 2/*% 1)13.71A% 2/% ?F(G% 12/:30,/.*%

;+,-+27% @21% 0/03023.*% 0/% HIIJ% ;2+3/.+0/-% 928,+23,+0.1% 5+,7% G6+,;.A% K,+34% L7.+0:2% 2/*% M2;2/>%
E4.% ,8N.:30B.% ,5% 3401% 0/3.+/230,/29% ;+,-+27% 01% 3,% 6/*.+132/*0/-% 34.% ;4)10:29% +01C1% 0/B,9B.*% 0/%

1)/34.101A% 42/*90/-% 2/*% 63090=230,/% ,5% 1,90*% 1323.% 4)*+,-./% 13,+2-.% 723.+0291% 2/*% 3,% *.B.9,;%

7.34,*1% 3,% 7030-23.% 34.1.% +01C1>% E401% 6/*.+132/*0/-% @099% 16;;,+3% 6930723.% 2::.;32/:.% ,5%
:,77.+:0299)%40-4%*./103)%4)*+,-./%13,+2-.%1)13.7%*.10-/1>%L/%,B.+B0.@%,5% 34.%2;;+,2:4.1% 3,%

8.%32C./%3,%2:40.B.%3401%,8N.:30B.%@099%8.%-0B./>%?/03029%.<;.+07./329%+.16931%@099%8.%;+.1./3.*%,/%

./B0+,/7./329% .<;,16+.% ,5% K2L9(OA% 2% :2/*0*23.% 40-4% *./103)% 4)*+,-./% 13,+2-.% :,7;,6/*>% E4.%
3.131% 3,%8.%14,@/%2+.%821.*%,/%P/03.*%K230,/1% +.:,77./*230,/1% 5,+% 34.% 3+2/1;,+3%,5%42=2+*,61%

723.+0291% 2/*% 0/:96*.% 20+% 2/*% @23.+% .<;,16+.% ,5% 34.% 4)*+0*.% 23% 34+..% 4)*+,-./% :42+-.% 9.B.91% 0/%

B2+0,61%;4)10:29%:,/50-6+230,/1>%L**030,/29%3.131%*.B.9,;.*%8)%34.%L7.+0:2/%Q,:0.3) 5,+ E.130/-

2/*%R23.+0291%@.+.%61.*%3,%D62/305)%34.%*613%:9,6*%0-/030,/%:42+2:3.+0130:1%,5%3401%723.+029%@40:4%
72)% +.1693% 5+,7% 2::0*./329% 40-4% ./.+-)% 07;2:31% 2/*% 1)13.7% 8+.2:4>% S.16931% ,5% 34.1.% 3.131% 2+.

14,@/%29,/-%@034%/.:.112+)%+01C%7030-230,/%3.:4/0D6.1%61.*%0/%34.%1)/34.101%2/*%528+0:230,/%,5%2%

;+,3,3);.%4)*+,-./%13,+2-.%1)13.7>%

:6U%1(-53)'J-13(

()*+,-./% 01% 1../% 21% 34.% 5636+.% ./.+-)% 13,+2-.% 7.*02% *6.% 3,% 031% 0/4.+./3% :9.2/90/.11% 6;,/%
,<0*230,/% 2/*% 031% +.2*)% 63090=230,/% 0/% 56.9% :.99% 2;;90:230,/1>% ?/% 1.2+:40/-% 5,+% .B.+% 40-4.+%

-+2B07.3+0:%2/*%B,967.3+0:%*./103)%4)*+,-./%13,+2-.%723.+0291%2/*%1)13.71A% 03% 01% 0/.B03289. 3423%

40-4.+% ./.+-)% 723.+0291% @099% 8.% 136*0.*% 2/*% 61.*>% E,% 72C.% 125.% 2/*% :,77.+:0299)% 2::.;3289.%

1)13.71A% 03% 01% 07;,+32/3% 3,% 6/*.+132/*A% D62/303230B.9)A% 34.% +01C1% 0/B,9B.*% 0/% 610/-% 2/*% 42/*90/-%
34.1.%723.+0291%2/*%3,%*.B.9,;%2;;+,;+023.%125.3)%1)13.71%3,%42/*9.%6/5,+.1../%2::0*./329%.B./31>%

E4.% 72N,+03)% ,5% +.1.2+:4% ;+,-+271% :6++./39)% 6/*.+@2)% -9,8299)% *.29% @034% 34.% *.B.9,;7./3% ,5%
/.@%1,90*&1323.%4)*+,-./%13,+2-.%723.+0291%2/*%34.0+%+.B.+1080903)>%E4.+.%42B.%8../%5.@%;+,-+271%

:,/:./3+230/-% ,/% *.B.9,;7./3% ,5% 1)13.71% 3,% 63090=.% 34.1.% 723.+0291% 2/*% /,% ;+,-+27% 3,% *23.

:,7;+.4./10B.9)% *.290/-% @034% 34.0+% 125.3)% :,/:.+/1>% R..30/-% 0/3.+/230,/29% 132/*2+*1% 5,+% 125.3)%



%

&H&

@099%8.% +.D60+.*% 3,%:,77.+:0299)%.<;9,03% 34.1.%723.+0291>%R2/)%,5% 34.%723.+0291%:6++./39)%8.0/-%

:,/10*.+.*%21%1,90*%1323.%4)*+,-./%13,+2-.%7.*02%2+.%1./1030B.%3,%20+A%@23.+%2/*%@23.+%B2;,+>%E4.%
D62/303230B.% .<3./3%,5% 34.0+% +.2:30B03)% 3,% 34.1.% 2/*%,34.+% :,77,/%./B0+,/7./329% 2/*%;+,:.110/-%

723.+0291% 2+.% @0*.9)% 6/C/,@/>% ?3% @099% 8.% ;2+30:692+9)% ./90-43./0/-% 3,% *.3.+70/.% 34.% +.9230B.%

+.2:30B03)%,5% 34.%B2+0,61%:,7;,6/*1%6/*.+%136*)>% %T)%6/*.+132/*0/-% 34.%/236+.%,5% 34.%:4.70:29%

+.2:30B03)% ,5% 34.1.% 723.+0291A% 27.90,+230,/% 7.34,*1% :2/% 8.% *.B01.*% @40:4% @099% +.*6:.% 34.% +01C1%
07;,1.*%0/%610/-%34.7%3,%2::.;3289.%9.B.91>%E4+,6-4%*.B.9,;7./3%,5%1,90*&1323.%4)*+,-./%13,+2-.%

125.3)%1)13.71%-9,8299)A%03%01%2/30:0;23.*%3423%0/3.+/230,/29%132/*2+*1%5,+%3.130/-%2/*%+01C%7030-230,/%

:2/%8.%2:40.B.*>%
%

E401% ;+,-+27% 1..C1% 3,% 6/*.+132/*% 34.% ;4)10:29% +01C1% 0/B,9B.*% 0/% 1)/34.101A% 42/*90/-% 2/*%

63090=230,/%,5% 34.1.%723.+0291% 21% 4)*+,-./% 13,+2-.%7.*02% 21%@.99% 21% *.B.9,;7./3% ,5%7.34,*1% 3,%
7030-23.%34.1.%+01C1%@40:4%@,69*%+.1693%0/%:,77.+:0299)%2::.;3289.%40-4%*./103)%4)*+,-./%13,+2-.%

1)13.7% *.10-/1>% E4+,6-4% 3.270/-% 2% -9,829% /.3@,+C% ,5% 928,+23,+0.1% .<;.+3% 0/% 4)*+,-./% 13,+2-.U%

Q2B2//24%S0B.+%K230,/29%V28,+23,+)A%Q2/*02%K230,/29%V28,+23,+)%W%P/03.*%E.:4/,9,-0.1%X,+;>%

YPQLZA% [,+1:46/-1=./3+67% \2+91+64.% Y].+72/)ZA% K230,/29% ?/130363.% 5,+% L*B2/:.*% ?/*613+029%
Q:0./:.% 2/*%E.:4/,9,-)% YM2;2/Z% 2/*% P/0B.+103^%*6%_6^8.:% `%E+,01&S0B0a+.1% YX2/2*2ZA% 2%8+,2*%

1;.:3+67% ,5% .<;.+301.% 0/% 1,90*% 123.% 4)*+,-./% 13,+2-.% 01%;+,*6:.*%2/*% 5,:61.*% 3,% 56/*27./3299)%

6/*.+132/*%34.1.%;4./,7./,/>%E401%0/3.+/230,/29%:,9928,+230,/%@099%4213./%34.%*.B.9,;7./3%2/*%
2::.;32/:.%,5%34.1.%1)13.71>

%

E4.%,8N.:30B.%,5%3401%136*)%01%3,%56/*27./3299)%6/*.+132/*%34.%125.3)%0116.1%+.-2+*0/-%1,90*%1323.%
4)*+,-./% 13,+2-.% 723.+0291% 34+,6-4U Y2Z% *.B.9,;7./3% ,5% 132/*2+*% 3.130/-% 3.:4/0D6.1% 3,%

D62/303230B.9)% .B29623.% 8,34% 723.+0291% 2/*% 1)13.71A% Y8Z% 6/*.+132/*% 34.% 56/*27./329% 1:0./:.% ,5%

./B0+,/7./329% +.2:30B03)% ,5% 4)*+0*.1% 2/*% ;4)101,+;30,/% 723.+0291A% 2/*% Y:Z% *.B.9,;% 27.90,+230,/%

7.34,*1% 2/*% 1)13.71% 3,% 7030-23.% 34.% +01C1% 3,% 2::.;3289.% 9.B.91>% E4.1.% ,8N.:30B.1% @099% 8.% 7.3%
34+,6-4% Y0Z% *.3.+70/230,/% ,5% 34.% 723.+0291% 8.42B0,+% 6/*.+% 0/3.+/230,/299)% +.:,-/0=.*% 2/*%

132/*2+*0=.*% 3.130/-% :,/*030,/1A% % Y00Z% :29:69230,/% ,5% 34.+7,*)/270:% ./.+-)% +.9.21.*% *6.% 3,%

2/30:0;23.*% ./B0+,/7./329% +.2:30,/1% 2/*% :,7;2+01,/% 3,% 7.216+.7./3% ,5% :4.70:29% C0/.30:1% 2/*%
.<;.+07./329% .B296230,/% ,5% ./.+-)% +.9.21.% +23.1A% Y000Z% 7030-230,/% ,5% ,81.+B.*% +01C1% 34+,6-4% 34.%

*.B.9,;7./3% 2/*% 3.130/-% ,5% 299.B0230,/% 7.34,*1% 2/*% 1,9630,/1% @40:4% @099% 40/*.+% ,+% 4293% 40-4%

./.+-)%+.9.21.%+23.% +.2:30,/1% 34+,6-4%./-0/..+0/-%1,9630,/1%2/*%Y0BZ%;+,3,3);.%1)13.7% 3.130/-%,5%

+01C%+.*6:30,/%13+23.-0.1%0/%1681:29.%4)*+,-./%13,+2-.%:,7;,/./31%3,%B290*23.%7030-230,/%13+23.-)
.550:2:)>

&'()*(+*,-.*%/('.+,(01%2.1',)3
L% 1.3% ,5% 723.+0291% 3.130/-% ;+,:.*6+.1A% 821.*% ,/% 0/3.+/230,/299)% 2::.;3.*% 132/*2+*1% *+2@/% 5+,7%

LQER%2/*%P/03.*%K230,/1%3.130/-%;+,:.*6+.1%@099%8.%*.50/.*>%E4.1.%3.131%@099%0/:96*.%.<;,16+.%

3,% 20+A% 4670*03)A% @23.+A% 2/*% ;+,;,1.*% 4.23% 3+2/15.+ 5960*1>% E4.% 723.+0291% ,5% 0/3.+.13.*% 2+.%
:23.-,+0=.*%21%.034.+% +.21,/289)%@.99%C/,@/A% 0/:96*0/-U%K2L9(ObHcE0X9dA%R-HK0(OA%V2K0eK(J

2/* V0(fR-K(HA% 2/*% +.9230B.9)% 6/C/,@/% :,7;,6/*1% 0/:96*0/-U% K(dT(dA% L9(dA% 2:30B23.*%

:2+8,/% 2/*% HV0T(OfR-(H>% L99% ,5% 34.1.% 723.+0291% @099% 8.% 3.13.*% 0*./30:299)% 3,% D62/303230B.9)%

*.3.+70/.%34.0+%+.2:30B03)%6/*.+%/,+7299)%,::6++0/-%./B0+,/7./329%2/*%,;.+230/-%:,/*030,/1> E4.%
723.+0291%@099%8.%3.13.*%0/%34.%5699)%:42+-.*A%;2+30299)%*01:42+-.*%2/*%5699)%*01:42+-.*%:,/*030,/1%

0/%8,34%;2:C.*%2/*%50/.9)%*01;.+1.*%5,+71%@034%2/*%@034,63%2/%0-/030,/%1,6+:.>%

24.+56*7)(5,8%911.115.)'%()*%:4.5,8(0%;,).',81 /.(1<+.5.)'

?/*.;./*./3%136*0.1%@099%8.%;.+5,+7.*%3,%6/*.+132/*%34.%:4.70:29%C0/.30:1%,5%34.1.%+.2:30,/1%@034%

20+A%,<)-./%2/*%@23.+%21%8,34%90D60*%2/*%B2;,+%21%2%56/:30,/%,5%3.7;.+236+.>%X4.70:29%+.2:30B03)%
@034%,+-2/0:%2/*%0/,+-2/0:%1,9630,/1%@099%291,%8.%136*0.*%3,%*.3.+70/.%34,1.%5960*1%@40:4%2+.%125.%

3,%61.%21%4.23%3+2/15.+A%;+,:.110/-%2/*%0/40803,+%90D60*1>%X29,+07.3+0:%136*0.1%@099%8.%;.+5,+7.*%3,%



%

&d&

0/B.130-23.% 34.% 307.&*.;./*./3% +.2:30,/% +23.1% ,5% 34.% 723.+0291>% E07.% +.1,9B.*% <&+2)% *055+2:30,/%

52:09030.1%@099%8.%61.*%3,%D62/305)%:4.70:29%C0/.30:1%2/*%+.2:30,/%;+,*6:31>%g.;34&+.1,9B.*%16+52:.%
2/29)101%@099%8.%;.+5,+7.*%3,%0/B.130-23.%+.2:30,/%;+,-+.11%2/*b,+%;+,;.+30.1%,5%0/408030/-%92).+1>%

X):90/-%136*0.1%@099%8.%;.+5,+7.*%3,%136*)%34.%13280903)%,5%34.%723.+0291>%g)/270:%7,*.91%@099%8.%

*.B.9,;.*%3,%;+.*0:3%34.%8.42B0,+%,5%9.2C0/-%13,+2-.%1)13.71>%

%
=,1>%/,',3(',6)

R.34,*1% ,5% 7030-230/-% 34.% +01C% ,5% .<;,16+.% 3,% 20+% 2/*% 4670*03)% @099% 8.% 0/B.130-23.*>% E4.1.%

7030-230,/%7.34,*1%72)%32C.%34.%5,+7%,5%.034.+%723.+0291%7,*050:230,/1%,+%1)13.7%9.B.9%7.34,*1%
@40:4%@,69*% 9.11./% 34.%;+,8280903)%,+%.55.:31%,5%./B0+,/7./329%.<;,16+.>%F+,;,1.*%7.34,*1%5,+%

0/408030/-% +.2:30,/1% 0/:96*.% 34.% 2;;90:230,/% ,5% 340/% 5097% :,230/-1% ,+% 34.% 61.% ,5% 90D60*% 5097%

0/40803,+1>%[960*%*)/270:% 10769230,/1% @099% 8.% ;.+5,+7.*% 3,% 136*)% *01;.+10,/% ;+,;.+30.1% ,5% 9.2C1%
5+,7%1,+;30,/%821.*%13,+2-.%1)13.71>%

?+6'6'7@.%&71'.5%2.1',)3%

Q681)13.7%.B296230,/%3.131%@099%8.%*.50/.*%0/%@40:4%;+,3,3);.%B.11.91%,5%2;;+,<0723.9)%,/.%903.+%
0/%B,967.%@099%8.%5099.*%@034%;+,7010/-%4)*+,-./%13,+2-.%723.+0291%2/*%3.13.*%5,+%B.11.9%+6;36+.A%

@23.+% 0/-.130,/A%4670*%20+% 0/-.130,/%.3:>% 3,%*.3.+70/.% 34.%.55.:3%,5% 92+-.+%:,/320/.*%27,6/31%,5%

4)*+0*.>%E4.1.%3.131%@099%8.%*.+0B.*%5+,7%0/3.+/230,/299)%2::.;3.*%132/*2+*1%5,+%3.130/- :4.70:29%
2/*% ;+.116+0=.*% :,/320/.+1% @034% 34.% 207% ,5% 1.330/-% 132/*2+*1% 5,+% 3.130/-% 1,90*% 1323.% 4)*+,-./%

13,+2-.%:,/320/7./3>%E07.%@099%8.%299,33.*%5,+%0/3.+2:30/-%@034%132/*2+*1%1.330/-%2-./:0.1%3,%-60*.%

*.B.9,;7./3%,5%34.1.%;+2:30:.1>%

E4.% 132/*2+*0=.*% PK% 2/*% LQER% 3.131% 42B.% 8../% :,7;9.3.*% 5,+% ,/.% :2/*0*23.% 40-4% 4)*+,-./%

:2;2:03)% 7.*02% 6/*.+% :,/10*.+230,/% 5,+% 13,+2-.% 1)13.7% 2;;90:230,/1A% :2329)=.*% K2L9(O> E4.1.%

.<;.+07./31% @.+.% :,/*6:3.*% 8)% 34.% 50+13% 3@,% 2634,+1% 0/% ;+.;2+230,/% 5,+% *.7,/13+230,/% ,5% 2%
;+,3,3);.% 4)*+,-./% 13,+2-.% *.B0:.% +.;,+3.*% ,/% ;+.B0,619)% h'i>% j409.% 03% 01% +.:,-/0=.*% 3423% 3401%

723.+029%@099%/,3%7..3%34.%13+0/-./3%:+03.+02%+.D60+.*%5,+%:,77.+:029%2;;90:230,/1A%03%4,9*1%72/)%,5%

34.% :42+2:3.+0130:1% 3423% @099% 8.% +.D60+.*% 0/:96*0/-% 20+% 2/*% @23.+% 1./1030B03)>% ?/% 3401% +.-2+*A% 03% 01%
107092+%3,%,34.+%723.+0291%@40:4%*,%4,9*%34.%;+,701.%,5%:,77.+:029%2;;90:230,/>%S.16931%,5%0/03029%

132/*2+*0=.*%3.131%,/%3401%2:30B.%723.+029%@099%8.%-0B./%4.+.%3,%14,@%34.%630903)%,5%34.%3.131%1.9.:3.*%

2/*%3,%;+,B0*.%2%821.%90/.%8)%@40:4%,34.+%40-4%4)*+,-./%:2;2:03)%723.+0291%:2/%8.%:,7;2+.*>%

@6U%,ÂY,51+,(-*.%Y53J,)'5,

Q,*067%29670/67%3.3+2&4)*+0*.A%K2L9(OA%@21%;6+:421.*%5+,7%L98.72+9.%?/:>%0/%031%:,77.+:029%

5,+7>%k/.%C09,-+27%,5%34.%21&+.:.0B.*%723.+029%@21%36789.%8299%7099.*%@034%Hc%Y299%:,7;,1030,/1%
2+.%-0B./% 0/%7,9.%c%6/9.11%,34.+@01.% 0/*0:23.*Z%:+)132990/.%E0X9d% 5,+% 34+..%4,6+1%6/*.+%2/% 0/.+3%

/03+,-./%237,1;4.+.>%E4.%723.+029%@21%*0B0*.*%0/3,%34+..%;2+31%@034%34.%50+13%+.1.+B.*%21%34.%&'(()%

*+,-./0%723.+029>%E4.% 1.:,/*%;,+30,/%@21% 168N.:3.*% 3,% 2% 34.+729% 3+.237./3%,5%'IIlXbHO%4,6+1%
6/*.+%B2:667%3,%2:40.B.%34.%1,-2ò,(()%ñòðï+,-./0%1323.%@40:4%@21%:,7;,1.*%,5%K2dL9(J%f%HL9>%

E4.%50/29%290D6,3%@21%4.23%3+.23.*%23%'eIlXbHO%4,6+1%6/*.+%B2:667%+.16930/-%0/%&'(()%ñòðï+,-./0

723.+029%:,7;,1.*%,5%K2(%f%L9>%

E4.1.% 34+..% :,7;,1030,/1% @.+.% 3.13.*% 5,+% 59277280903)A% :,78613080903)% 2/*% @23.+% +.2:30B03)%

2::,+*0/-%3,%34.%P/03.*%K230,/1%+.:,77./*230,/1%5,+%3.130/-%42=2+*,61%723.+0291%hHi%21%*.1:+08.*%

0/%34.%5,99,@0/-%168&1.:30,/1>%%

@6:%aE?7A7R%5G8>%-><8

E4.% ;6+;,1.1% ,5% 34.% 86+/% +23.% 3.13% 2+.% 34.% :9211050:230,/% ,5% +2;0*9)% :,78613089.% 1,90*1A%
*055.+./30230,/%,5%0-/03289.A%+2;0*9)%86+/0/-%2/*%*2/-.+,61%86+/0/-%168132/:.1%2/*%211.117./3%,5%

34.%+.9230B.%42=2+*%,5%+2;0*9)%:,78613089.%1,90*1> E4.%3.13%;+,:.*6+. *.32091%5,99,@.* PK&SEg]%



%

&O&

;2+3&dA%3.13&K'%h'i>%E4.%;,@*.+)%4)*+,-./%13,+2-.%723.+029%@21 *.;,103.* 21%2%13+0;%,/%2%;9235,+7%

3,% 7.216+.% 34.% 86+/0/-% +23.>% E4.% ;,@*.+% 13+0;% @034% HeI% 77% ,5% 9./-34% 2/*% 2% 'II% 77
H
% :+,11&

1.:30,/%@21% 0-/03.*% 5+,7%,/.%./*%2/*%86+/0/-%;+,;2-230,/% 307.%7.216+.*%5,+%'II%77%253.+%2/%

0/03029% 1328090=230,/%;.+0,*>%E4.% 168132/:.% 01% :9211050.*% 21%F2:C0/-%]+,6;% ??% 05% 86+/0/-% 307.% 9.11%

342/%Oe%1.:,/*1>

%

@6@%/\978G7>9E<%J9HQE<8A97%-><8

E4.% ;6+;,1.% ,5% 34.% 1;,/32/.,61% :,786130,/% 3.13% 01% 3,% :921105)% 1;,/32/.,619)% :,78613089.%

723.+0291%0/3,%3@,%3);.1U%Y0Z%F)+,;4,+0:%Q68132/:.1A%1,90*%,+%90D60*%70<36+.1%@40:4A%.B./%0/%17299%
D62/3030.1A%0-/03.%@0340/%e%70/63.1%,5%:,70/-%0/%:,/32:3%@034%20+A%2/*%Y00Z%Q.95&4.230/-%168132/:.1A%

168132/:.1% @40:4A% 0/% :,/32:3% @034% 20+% 2/*% @034,63% 2/% ./.+-)% 16;;9)A% 2+.% 90289.% 3,% 1.95&4.230/->%

E4.1.%168132/:.1%@099%0-/03.%,/9)%@4./%0/%92+-.%D62/3030.1%Y0>.>%C09,-+27ZA%2/*%253.+%2%9,/-%;.+0,*%
,5%307.%Y0>.>%4,6+1%,+%*2)1Z>

E4.%*.32091%,5%34.%3.13%;+,:.*6+.%5,99,@.* PK&SEg]%*0B>%O>H>%E4.%;,@*.+%127;9.1%@.+. 9,2*.*%

0/% He<He<He% 77% :680:% 821C.31% 72*.% ,5% 1320/9.11% 13..9% 1:+../% @034% I>Ie% 77% ,;./0/-1 2/*% 2/%
6/:,B.+.*%3,;%16+52:.>%L%:4+,7.9&2967.9%34.+7,:,6;9.%@034%I>d%77%*027.3.+%@21%0/1.+3.*%0/%34.%

:./3.+% ,5% 34.% ;,@*.+)% 127;9.% 3,% 7,/03,+0/-% 3.7;.+236+.>% E4.% 821C.31% @21% 4,61.*% 0/% 2% :680:%

:,/320/.+% :,B.+% 72*.% 5+,7% 2% 1320/9.11% 13..9% /.3% @034% 2% 7.14% ,;./0/-% ,5% I>JI% 77A% 2/*% 190-439)%
92+-.+%342/%34.%127;9.%:,/320/.+>%E4.%:68.%01%1.3%0/%2%4,3%20+&:0+:69230/-%,B./%23%2780./3A%'IIA%'HI%

2/*%'OI
,
X%YmH

,
XZ%5,+%23%9.213%HO%4,6+1%,+%6/309%1;,/32/.,61%0-/030,/%,+%*2/-.+,61%1.95&4.230/-%@21

,81.+B.*>%E4.%:42/-.%,5%34.%3.7;.+236+.%23%34.%:./3.+%,5%34.%:68.%@21%+.:,+*.*%5,+%34.%*6+230,/%,5%
34.%3.13>

@6C%YF?9\=9?ABA8F%-><8%

E4.%;6+;,1.%,5%34.%;)+,;4,+0:03)%3.13%01%3,%B.+05)%34.%280903)%,5%2%1,90*%3,%0-/03.%,/%:,/32:3%@034%20+%
2/*%*.3.+70/.%34.%307.%3,%0-/030,/>%E4.%3.13%;+,:.*6+. 5,99,@.*%PK&SEg]%;2+3&dA%3.13&KH>%%L/%

290D6,3%,5%'nH%79%,5%34.%127;9.%@21%;,6+.*%5+,7%2;;+,<0723.9)%2%,/.%7.3.+%4.0-43%,/3,%2%/,/&

:,78613089.%16+52:.>%k81.+B230,/%@21%72*.%21%3,%@4.34.+%34.%168132/:.%0-/03.*%*6+0/-%*+,;;0/-%
,+%@0340/%e%70/63.1%,5%1.3390/->%E401%;+,:.*6+.%@21%;.+5,+7.*%10<%307.1%,+%6/309%2%;,1030B.%+.1693%

@21%,8320/.*>%E4.%168132/:.%@21%:9211050.*%21 ;)+,;4,+0:% 05% 0-/030,/%,::6++.* *6+0/-%,/.%,5%34.

5+..&*+,;;0/-%3.131>%

@6I%ÁG8>?%5>GB8AOA8F%-><8

E4.%;6+;,1.%,5%34.%@23.+%+.2:30B03)%3.13%01%3,%B.+05)%05%34.%168132/:.A @4./%0/%:,/32:3%@034%@23.+A

86+/1%,+%.7031%59277289.%-21.1>%E4.%.<;.+07./329%*.32091 5,99,@.* PK&SEg]%;2+3&dA%3.13&Ke 0/%
@40:4%34+..%1.;2+23.%3.131%@.+.%:,/*6:3.*>%Y0Z%L%17299%D62/303)%Y2;;+,<0723.9)%H%77%*027.3.+Z%,5%

34.% 3.13% 168132/:.% @21 *+,;;.*% 0/% 2% 3+,6-4% ,5% *013099.*% @23.+% 23% HI
,
X>% Y00Z% L% 17299% D62/303)%

Y2;;+,<0723.9)%H%77%*027.3.+Z%,5% 34.% 3.13%168132/:.% @21%;92:.*%,/% 34.%:./3.+%,5%2% 5093.+%;2;.+%
@40:4%01%59,23.*%5923%,/%34.%16+52:.%,5%*013099.*%@23.+%23%HI

,
X%0/%2%1603289.%B.11.9 Y0>.>%2%'II%77%

*027.3.+% .B2;,+230/-%*014Z>%E4.% 5093.+%;2;.+% 01% 3,%C..;% 34.% 168132/:.% 0/%,/.%;92:.A%6/*.+%@40:4%

:,/*030,/%34.%90C.904,,*%,5%1;,/32/.,61%0-/030,/%,5%2/)%-21%01%-+.23.13>%Y000Z%E4.%3.13%168132/:.%@21%

5,+7.*%0/3,%2%17299%;09.%2;;+,<0723.9)%HI%77%40-4%2/*%dI%77%*027.3.+%@034%2%4,99,@%0/%34.%3,;>%
L%5.@%*+,;1%,5%@23.+%2+.%2**.*%3,%34.%4,99,@> ?5%1;,/32/.,61%0-/030,/%,::6++.*%23%2/)%132-.A%34.%

168132/:.%01%:9211050.*%21%2 @23.+%+.2:30B.%168132/:.%.70330/-%59277289.%-21.1>%K,%56+34.+%3.130/-%

01%/.:.112+)>

@6K%+A7AHEH%*E89V1R7A8A97%->H\>?G8E?>%-><8

E4.% ;6+;,1. ,5% 34.% 70/0767% 263,&0-/030,/% 3.7;.+236+.% 3.13% 01% 3,% *.3.+70/.% 34.% 70/0767%
3.7;.+236+.% 23% @40:4% 2% *613% :9,6*% @099% 263,7230:299)% 0-/03.% 0/% 20+>% E4.% .<;.+07./329% *.32091%

5,99,@.*% LQER% Q32/*2+*% E.13% R.34,*% G'Oo'&op>% E4.% 127;9.% @21% *01;.+1.*% 8)% 2% ;691.% ,5



%

&e&

:,7;+.11.*% 20+% 0/3,% 2% 4.23.*% :4278.+% @034% 2% 592;% B./3% 5,+% -./.+230,/% ,5% 2% 520+9)% 6/05,+7% *613

:9,6*>% E4.% 0/03029% 3.13% :,/:./3+230,/% 5,+% 7,13% *613% 01% dII&'III% -b7
d
>% E4.% 3.7;.+236+.% ,5% 34.%

:4278.+% @21% 0/:+.21.* 5+,7% eI% 3,% 'II
,
X% -+2*6299)% 6/309% 0-/030,/% ,5% 34.% *613% ,::6++.*>% L% 5213%

+.1;,/1.% 34.+7,:,6;9.% 7.216+.*% 34.% 3.7;.+236+.% +01.% *6+0/-% 0-/030,/% ,5% 34.% *613% :9,6*% 0/% 34.%

:4278.+>%L%B01629%,81.+B230,/%291,%7,/03,+.*%34.%5927.%,63%,5%34.%B./3%*6+0/-%0-/030,/>%%

%

@6N%+A7AHEH%1R7A8A97%,7>?RF%-><8%

E4.%;6+;,1. ,5%34.%70/0767%0-/030,/%./.+-)%3.13%01%3,%*.3.+70/.%34.%70/0767%./.+-)%5,+%0-/030/-%

2%*613%:9,6*%0/%20+>%E4.%*.32091%,5%34.%.<;.+07./329%;92/%5,99,@.*%LQER%Q32/*2+*%GHI'o&Id>%L
;691.% ,5% :,7;+.11.*% 20+% 89.@% 2% *613% :9,6*% ,5% 3.130/-% 723.+029% 0/3,% 2% *01:42+-.% :4278.+>% E4.%

./.+-)%13,+.*%0/%2%:2;2:03,+%01%*01:42+-.*%0/3,%34.%*613&20+%70<36+.%21%2%1;2+C>%%E4.%,::6++./:.%,+%

/,/,::6++./:.% ,5% 2% 5927.% 01% +.:,+*.*>% ?-/030,/% @21% *.3.+70/.*% 8)% B01629% ,81.+B230,/% ,5% 5927.%
;+,;2-230,/%2@2)%5+,7%34.%1;2+C%-2;>%E4.%R0/0767%?-/030,/%G/.+-)A%R?GA%@21%*.3.+70/.*%8)%

B2+)0/-%34.%1;2+C%*01:42+-.%./.+-)>%%?/%1,7.%:21.1A%34.%R?G%:2/%8.%8.9,@%34.%9,@.+%90703%,5%34.%

2;;2+2361>%

@6Z%+A7AHEH%,b\P9<AO>%J97B>78?G8A97%-><8

E4.%;6+;,1.%,5%34.%R0/0767%G<;9,10B.%X,/:./3+230,/%YRGXZ%3.13%01%3,%*.3.+70/.%34.%70/0767%

:,/:./3+230,/%,5%2%*613&20+%70<36+.%3423%@099%;+,;2-23.%2%*.592-+230,/>%E4.%.<;.+07./329%;+,:.*6+.%
5,99,@.*%LQER%Q32/*2+*%G'e'e&Id2>%L/ 2*.D623.9)%6/05,+7%*613%:9,6*%@21%:+.23.*%21%28,B. 0/%

2%:9,1.*%:,786130,/%:4278.+%23%237,1;4.+0:%;+.116+.>%E4.%0/03029%:,/:./3+230,/%@21%'II%-b7
d
>%?5

34.% 0/03029% :,/:./3+230,/% ;+,*6:.*% 2% *.592-+230,/A% 34.% :,/:./3+230,/% @21% *.:+.21.*% 6/309% /,%
*.592-+230,/%,::6++.* ,+%B01.%B.+12>%E4.%:,/:./3+230,/% 0/:+.7./31%@.+.%/,%-+.23.+% 342/%Hec%,5%

34.% RGX% 0/% 34.% 50/29% *.3.+70/230,/>% ?-/030,/% ,5% 34.% *613&20+% 70<36+. B02% 2% 1;2+C% 5+,7% 2%

:2;2:032/:.%*01:42+-.%@21%;.+5,+7.*>%%E4.%;+.116+.&307.%:6+B.1%@.+.%+.:,+*.* 610/-%2 ;+.116+.%

3+2/1*6:.+>%L3%9.213%50B.%127;9.1%,B.+%2%+2/-.%,5%RGX%@.+.%3.13.*>%
%

C6U%5,/'.-/%À%)1/J'//13(

C6:%aE?7A7R%5G8>%-><8
E4.%86+/%+23.1%5,+%34.%34+..%723.+0291%[699)%X42+-.*A%F2+30299)%g01:42+-.*%2/*%[699)%g01:42+-.*%

@.+.%e'A%HHHA%Hp 77b1.:> +.1;.:30B.9)> E4.% F2+30299)% g01:42+-.*% 723.+029% 01% 10-/050:2/39)% 7,+.%

2:30B.%342/%.034.+%,5%34.%,34.+%3@,%723.+0291>%E4.1.%723.+0291%2+.%3461 299%:9211050.*%21%[9277289.%

Q,90*1A%F2:C0/-%]+,6;%H>

C6@%/\978G7>9E<%J9HQE<8A97%-><8

ABCBD :4(+3.*%/('.+,(0%&.0EFG.(',)3
E4.%3.7;.+236+.%B1>% 307.%;9,3%5,+%34.%5699)%:42+-.*%723.+029%.<;,1.*%3,%20+%23%'IIlX%01%-0B./%0/%

[0->% '% @4.+.% 34.% 56+/2:.% 3.7;.+236+.% 01% -0B./% 0/% +.*% 2/*% 34.% 127;9.% 3.7;.+236+.% 0/% 896.> E4.%

127;9.% 01% 1../% 3,% 0/:+.21.%-+2*6299)% 0/% 3.7;.+236+.% 3,%'IIlX%23%@40:4%;,0/3% 03% 4.231% +2;0*9)% 3,%
n'pelX%2/*%1328090=.1A%28,B.%34.%'JIlX%90703%3,%8.%:9211050.*%21%*2/-.+,619)%1.95%4.230/-> (.230/-%

2-20/%0/:+.21.1 253.+%+,6-49)%dII%1.:,/*1%@034%34.+7,:,6;9.%+.2*%,63%52096+.%,::6++0/-%23%dIIlX>%

K.-9.:30/-% @23.+% B2;,+% +.2:30,/1A% 34.% 0/03029% 4.230/-% 3,% 28,B.% 'IIlX% 01% 233+0863.*% 3,% 34.%
*.4)*+,-./230,/%+.2:30,/%@034%1681.D6./3%,<0*230,/%,5%7.329%16:4%21U

dK2L9(O f%dkH q%K2dL9(J%f%HL9Hkd%f%%d(H Y'Z

E401%01%+.2:30,/%01%34.%:,780/230,/%,5%34.%./*,34.+70:U

dK2L9(O q%K2dL9(J%f%HL9%f%%d(H Y'2Z



%

&J&

2/*%34.%.<,34.+70:U

%
HL9%f%dkH%q%%HL9Hkd % % % %%%%%%Y'8Z%

%

E4.% ./*,34.+70:% *.4)*+,-./230,/% +.2:30,/% 01% 34.% 90C.9)% :261.% ,5% 34.% 3.7;.+236+.% ;923.26>% E4.%

1.:,/*% 4.230/-% .B./3% 01% 233+0863.*% 3,% 34.% 1.:,/*% *.4)*+,-./230,/% +.2:30,/% 2/*% 7.329% ,<0*230,/%
16:4%21U

%

K2dL9(J%f%
d
bOkH q%dK2(%f%

'
bHL9Hkd%f%

d
bH(H% %%%%%%%YHZ%

%

E401%01%2-20/%34.%:,780/230,/%,5%34.%./*,34.+70:U%

%
K2dL9(J%q%dK2(%f%L9%f%

d
bH(H% % %%%%%%YH2Z%

2/*%34.%.<,34.+70:U

L9%f
%d
bHkH q%%

'
bHL9Hkd YH8Z

L-20/A% 34.% .<,34.+70:% +.2:30,/% )0.9*1% 34.% 4.230/-% @409.% 34.% ./*,34.+70:% +.2:30,/% +.16931% 0/% 34.%
3.7;.+236+.%;923.26>%E4.%3.7;.+236+.1%:,++.1;,/*%3,%34.%*.4)*+,-./230,/%3.7;.+236+.1%5,+%34.1.%

3@,%+.2:30,/%13.;1%hdi>%%

%
G<270/230,/% ,5% 34.% 127;9.% 253.+% 3.130/-% 14,@.*% 34.% 1320/9.11% 13..9% 821C.3% 3,% 42B.% 7.93.*A%

+.D60+0/-% 3.7;.+236+.1% 0/%.<:.11%,5%'dIIrX>% %E4.%50+.%@21%,81.+B.*% 3,%8.%@403.&4,3% 3,% 34.% .).A%

:,/50+70/-%2%40-4%3.7;.+236+.%86+/%253.+%34.%34.+7,:,6;9.%*232%@21%9,13>%j409.%34.%D62/303230B.%

*232%@21% 9,13A% 03% 01%D62903230B.9)%1;.:6923.*% 3423%8,34%2% 1,*067%2/*%29670/67%50+.% +.1693.*%253.+%
3,329%*.4)*+,-./230,/>

%

%

[0-6+.%' Q.95&4.230/-%2/*%0-/030,/%,5%[699)%X42+-.*%723.+029%0/%2%'IIrX%,B./

&

'&

(&&

('&

)&&

)'&

*&&

*'&

& +& ()& (,& )-& *&& *+& -)&

&'(&%)'*+,-.%('/,0-(

./ 01%20340562750

861905.7:%:0;<=>062?19%80<?1?2?.1@%(+&ä

2>053.ä.74;0%<6?;08



%

&p&

ABCBC%?(+',(007%G7*+63.)('.*%/('.+,(0%&.0EFG.(',)3

E4.%3.7;.+236+.%B1>%307.%;9,3%5,+%34.%;2+30299)%:42+-.*%723.+029%.<;,1.*%3,%20+%23%'IIlX%01%-0B./%
0/%[0->%H>%%?*./30:299)%3,%34.%[699)%X42+-.*%127;9.A%03s1%3.7;.+236+.%0/:+.21.*%-+2*6299)%3,%'IIlX%

23%@40:4%;,0/3%03%4.23.*%+2;0*9)%3,%%n'pelX%2/*%1328090=.*>%(.230/-%2-20/%0/:+.21.* 253.+%+,6-49)%

'II% 1.:,/*1% 2/*% 1328090=.*% 23% teIlX>% L53.+% 1328090=0/-% 2-20/% 5,+% 2;;+,<0723.9)% 'II% 1.:>% 34.%

3.7;.+236+.%+,1.%+2;0*9)%6/309%34.+7,:,6;9.%52096+.%23%'dIIlX>

E4.% F2+30299)% g.4)*+,-./23.*% 723.+0291% 13099% :,/320/.*% 1,7.% K2L9(OA% )0.9*0/-% 34.% 50+13%

3.7;.+236+.%;923.26%21%,81.+B.*%28,B.>%E4.%1.:,/*%;923.26%,81.+B.*%23%teIlX%01%34.%+.16931%,5%34.%
./*,34.+70:%*.4)*+,-./230,/%,5%K2(%21U

%

K2(%q%K2%f%
'
bH(H% % % %%%%%%%% %%%%%%%%YdZ%

%

Q681.D6./3%4.230/-%253.+%3401%;923.26%01%*6.%3,%34.%.<,34.+70:U

%

K2%f%
'
bHkH q%K2Hk YOZ

S.2:30,/% YOZ% 01% 40-49)% .<,34.+70:A% 34.% 86+/0/-% ,5% 1,*067A% 2/*% @,69*% :.+320/9)% +.1693% 0/% 34.%

7.930/-%,5%34.%1320/9.11%13..9%7.14%*.1:+08.*%5,+%34.%5699)%:42+-.*%723.+029>%
%

&

)&&

-&&

+&&

,&&

(&&&

()&&

(-&&

& (&& )&& *&& -&& '&& +&&

&'(& %)'*+,-.%('/,0-(

*'(+-324%0562789

-'(,*)&+,0

058%-'(,*)&+,0

2>053.ä.74;0%ã7512%.<<

861905.7:%:0;<=>062?19%80<?1?2?.1@%(+&%ä

./01%20340562750

()'/+1'0%&'1)'*2&3*'

05%,:+-2&+,0

[0-6+.%H>%Q.95&4.230/-%2/*%0-/030,/%,5%F2+30299)%()*+,-./23.*%723.+029%23%'IIrX

ABCBA%H<007%I,184(+3.*%/('.+,(0%&.0EFG.(',)3
E4.%[699)%g01:42+-.*%723.+029%*0*%/,3%.<40803%*2/-.+,61%1.95&4.230/-%0/%2%'IIrX%,B./>%%[0-6+.%d

132+31%,63%:42+2:3.+0130:299)%107092+%3,%[0-6+.1%'%W%H>%%E4.%3.7;.+236+.%,/9)%190-439)%16+;211.1%3423%

,5% 34.% 56+/2:.% 3,% 'dOlX% 5,99,@.*% 8)% 1.3390/-% 3,% 34.% 56+/2:.% 3.7;.+236+.>% L3% /,% 307.% *0*% 34.%
127;9.%.<:..*%34.%'JIlX%72<0767%0/*0:230/-%*2/-.+,61%1.95%4.230/->%%

E4.%;2+30299)%g01:42+-.*%723.+029%01%10-/050:2/39)%9.11%161:.;3089.%3,%1.95&4.230/-%342/ .034.+ [699)%

X42+-.*A%K2L9(OA%,+%;2+30299)%g01:42+-.*A%K2dL9(J f HL9A%;2+30:6923.>%[6+34.+%3.131%3,%*.3.+70/.%
34.%;+,*6:31%:,7;,1030,/%@,69*%/..*%3,%8.%;.+5,+7.*%0/%,+*.+%3,%:,/50+7%34.%16;;,1030,/1%72*.>%

E4.1.%2/29)=.1%42B.%/,3%8../%;.+5,+7.*%3,%*23.>%
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[0-6+.%d>%%R09*%1.95&4.230/-%,5%[699)%g01:42+-.*%723.+029%0/%2%'IIrX%,B./%

%

%

C6C%YF?9\=9?ABA8F%-><8%

F)+,;4,+0:03)% 3.131% @.+.% ;.+5,+7.*% ,/% 299% 34+..% 723.+0291% @034% /.-230B.% +.16931% 23% 34.% 132/*2+*%

132+30/-%3.7;.+236+.%,5%HI°X>%%E4.%3.131%@.+.%+.;.23.*%J%307.1%@034%/,%0/:0*./:.%,5%1;,/32/.,61%

0-/030,/>%%(,@.B.+A%7,*05)0/-%34.%3.13%;+,:.*6+.%8)%4.230/-%34.%723.+029%3,%tI°X%3,%+.;+.1./3%34.%

723.+029%0/%031%1323.%*6+0/-%13,+2-.%1)13.7%612-.A%34.%F2+30299)%g01:42+-.*%723.+029%@21%5,6/*%3,%
8.%;)+,;4,+0:%@409.%34.%,34.+%3@,%+.720/.*%/,3>%%?/:0*./329%3,%:9.2/0/-%6;%253.+%34.%*+,;%3.131A%34.%

[699)% X42+-.*% 2/*% F2+30299)% g01:42+-.*% 723.+0291% 1.95&0-/03.*% 2% 5.@% 70/63.1% 253.+% 8.0/-% 1@.;3%

0/3,%2%;09.>% %E401% 01%/,3%°;)+,;4,+0:03)¯A%2::,+*0/-% 3,% 34.%PK%*.50/030,/>% % ?3% 01%°*2/-.+,61%1.95&
4.230/-¯A%*01:611.*%.2+90.+%0/%3401%+.;,+3>
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9
J

J/('.+,(0%'+()1@6+'(',6)Ú%
TU

9
J

J&71'.5%(@@0,8(',6)Ú%

[699)%X42+-.* K, K,

F2+30299)%g01:42+-.* K, ®.1

[699)%g01:42+-.* K, K,

C6I%ÁG8>?%5>GB8AOA8F%-><8

L99% 34+..%723.+0291% .<40803.*% °g2/-.+,61%j4./%j.3¯% :42+2:3.+0130:1A% 2::,+*0/-% 3,%PK%R2/629%
dd>O>'>O>d>% % E4.% [699)% X42+-.*% 2/*% F2+30299)% g01:42+-.*% 723.+0291% 0-/03.*% 077.*023.9)% @4./%

*+,;;.*% 0/3,% @23.+ @409. 34.% [699)% g01:42+-.* 723.+029% *0*% /,3>% % E4.% 3.13% 1.D6./:.% :2991% 5,+%

56+34.+%3.130/-%,5%2/)%723.+029%3423%52091%3,%0-/03.%@4./%*+,;;.*%0/3,%@23.+>%%E4.%/.<3%3.13%+.D60+.1%
*+,;;0/-% ,/3,% 2% 5093.+% ;2;.+% 59,230/-% ,/% @23.+>% %E4.% [699)% g01:42+-.*% 723.+029% 0-/03.*% D60:C9)%

*6+0/-% 3401% 3.13>% % L99% 34+..% 723.+0291% 14,@% °2% 3./*./:)% 5,+% 34.% -21% ;+,*6:.*% 3,% 1;,/32/.,619)%

0-/03.¯%Ydd>O>'>O>O>HZ%2/*%34.+.5,+.A%2+.%0/%X9211%O>dA%F2:C0/-%]+,6;%?>
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E4.%+.16931%,5%34.%34+..%*613%:9,6*%.<;9,10,/%3.131%2+.%-0B./%0/%E289.%H>%k/9)%34.%5699)%:42+-.*%2/*%
5699)%*01:42+-.*%723.+0291%:,69*%8.%42/*9.*%2/*%3.13.*%*6.%3,%34.%B.+)%40-4%+.2:30B03)%,5%34.%

;2+30299)%*01:42+-.*%723.+0291>%%E4.%3.13%+.16931%2+.%-0B./%21U%F72<A%34.%72<0767%.<;9,10,/%

;+.116+.A%S72<A%72<0767%;+.116+.%+01.A%\13A 34.%72<0767%1:29.*%+23.%,5%;+.116+.%+01.A%

RGXA%34.%70/0767%.<;9,10B.%:,/:./3+230,/A%RG?A 34.%70/0767%1;2+C%0-/030,/%./.+-)%2/*%E:A%
34.%70/0767%*613%:9,6*%0-/030,/%3.7;.+236+.>
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K2L9(Of%
Hc%E0X9d

K2(fL9f%
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F033>%Q.27%
X,29%g613

V):,;,*067%
Q;,+.1%

F72< Ù(+F3 ''>o% t>o% p>d% p>O%

S72<%Ù(+Ø1 dHIH% 'HII OHJ e''

\13%Ù(+F5Ø1% tJo% dHJ 'HO 'do
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RGX%3Ø5A
'OI% oI% Je% dI%

R?G%5× p p ''I 'p
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6:% 'dp>e 'dp>e etO OdI
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L1%+.5.+./:.1A%+.16931%5,+%F033186+-4%Q.27%X,29%g613%2/*%V):,;,*067%Q;,+.1%2+.%291,%-0B./>%?/%

299% 0/132/:.1% .<:.;3% 5,+% RGXA% 34.% [699)% X42+-.*% 723.+029% @21% 7,+.% 2:30B.% 342/% 34.% [699)%
g01:42+-.*% 723.+029>% Q07092+9)% 8,34% ,5% 34.1.% 723.+0291% @.+.% 7,+.% 2:30B.% 342/% .034.+% ,5% 34.%

+.5.+./:.%723.+0291>%E4.%,/.%.<:.;30,/%01%34.%R0/0767%G<;9,10B.%X,/:./3+230,/A%RGXA%@40:4%01%
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d
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d
%5,+%34.%[699)%X42+-.*%2/*%[699)%g01:42+-.*%

723.+0291% +.1;.:30B.9)>% E4.% 9,@%R?G% 01%,5%;2+30:692+%/,3.>%E4.%p 7M%R?G%/,3.*% 01%23% 34.% 9,@
90703%,5%34.%3.130/-%1)13.7%:2;280903)>%?-/030,/%./.+-0.1%8.9,@%3401%72)%,::6+>%E401%01%0/*0:230B.%,5%

2%B.+)%1./1030B.%723.+029%:2;289.%,5%*613%:9,6*%0-/030,/%5+,7%B.+)%17299%./.+-)%0/;631>%

I6U%J3(J.'/13(/

L%;+,-+27%421%8../%,6390/.*%5,+%*.3.+70/0/-%34.%+.9230B.%+01C1%5,+%2/%2++2)%,5%1,90*%1323.%4)*+,-./

13,+2-.%723.+0291>%L%/678.+%,5%928,+23,+0.1%@099%8.%@,+C0/-%:9,1.9)%3,%0*./305)%34.1.%+01C1%2/*%3,%
*.3.+70/.% +01C% 7030-230,/% 13+23.-0.1>% ?3% 01% 07;,+32/3% 3423% 34.1.% 723.+0291% 8.% :,7;2+.*% 3,% 211.11%

34.0+%+.9230B.%+01C1%/,3%,/9)%2-20/13%34.71.9B.1A%863%291,%2-20/13%,34.+%:,7;.30/-%./.+-)%13,+2-.%

3.:4/,9,-0.1>% ?/% .55,+31% 3,% :,/30/6299)% 50/*% 40-4.+% *./103)% ./.+-)% 13,+2-.% 7.34,*1A% 34.% +01C1%

211,:023.*%@034%34.1.%7.34,*1%@099%90C.9)%0/:+.21.>%

k/.%723.+029A%:2329)=.*%K2L9(O%@21% 3.13.*%610/-%34.%25,+.7./30,/.*%3.13%,6390/.>%E4.%723.+0291%

,+*.+.*%0/%+2/C%,5%34.0+%+.2:30B03)%2+.U%F2+30299)%g01:42+-.*A%[699)%X42+-.*%2/*%[699)%g01:42+-.*>%
?3% 01% .B0*./3% 3423% 34.% K2dL9(J% 723.+029% 01% 34.% 7,13% 2:30B.% 1;.:0.1% 3.13.*% 4.+.>% % [+..% 29670/67%

;,@*.+%@21%2B209289.% 0/%:,;0,61%D62/3030.1% 0/% 34.%[699)%g01:42+-.*%:21.A%863%42B0/-% 34.% 9,@.13%

+.2:30B03)A%34.%29670/67%;,@*.+%:2/%/,3%8.%34.%1,6+:.%,5%34.%40-4%+.2:30B03)>%E4.%723.+029%0/%299%

,5%031%5,+71%7613%8.%42/*9.*%@034%:2+.A%32C0/-%1;.:029%233./30,/%3,%2B,0*%@23.+%:,/32:3>%Q)13.71%
*.10-/.*%@034%3401%723.+029%14,69*%61.%/,/&+.2:30B.%4.23%3+2/15.+%5960*1%3,%0/16+.%125.%,;.+230,/>%

E401%3.13%,6390/.A%@034%34.%0/:9610,/%,5%0/13+67./3.*%07;2:3%:2;2:03)A%01%16550:0./3%3,%0*./305)%34.%
+01C1% 211,:023.*% 0/% 1)/34.10=0/-% 42/*90/-% 2/*% 3.130/-% 34.1.% 723.+0291>% j034% 34.% +01C1% 3461%
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%
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E4.%2634,+1%g>%L/3,/%2/*%g>%R,14.+%@,69*%90C.%3,%2:C/,@9.*-.%34.%3.:4/0:29%16;;,+3%,5%R+>%S>%

T+,@/% 0/% 34.% ;+.;2+230,/% ,5% 1,*067% 29670/67% 4)*+0*.% 723.+0291>% E4.% *090-./3% @,+C% ,5% R+>% [>%
V)/:4% ,5% ()*+,-./% X,7;,/./31% ?/:>% 01% 291,% -+.239)% 2;;+.:023.*% 5,+% 34.% 0*./3050:230,/% ,5%

2;;+,;+023.%3.131%2/*%0/%:,/*6:30/-%34.%@23.+%:,/32:3%2/*%20+%.<;,16+.%3.131%,/%34.%25,+.7./30,/.*%
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