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0GhGh! NC5+54,!>%,*,!('!#5'$%@('%$*C!#5'C*',%$*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!WX!
0GhGW! NC5+54,!>%,*,!('!$%':,!C4+('>!5.*+%$(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!WX!
0GhGV! NC5+54,!>%,!75+@%$(5'!('!+*#%4,$(#(a('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!WU!
0GhGX! NC5+54,!>%,*,!('!;(@*!:(;'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!WU!
0GhGU! NC5+54,!>%,*,!('!*77;4*'$!$+*%$@*'$!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!W2!
0GhG2! NC5+54,!>%,*,!('!#=*@(#%;,!=%'C;('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!W2!

0GW! NC5+54,!>%,!)5;4@*,!%'C!#5'#*'$+%$(5',!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!WT!
0GWG/! [5'#*'$+%$*C!'5'A#5'C*',%Z;*!>%,*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!WT!
0GWG0! F(;4$*C!'5'A#5'C*',%Z;*!>%,*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!V/!

0GV! [5;;*#$('>!5C5+54,!>%,*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!V/!
0GX! NC5+54,!>%,!C*,$+4#$(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!VX!

0GXG/! J[Y!C*,$+4#$(5'!('!%!+*#5)*+?!Z5(;*+!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!VU!
0GXG0! FJ[Y!%'C![J[Y!C*,$+4#$(5'!Z?!7;%+('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!VU!
0GXGh! FJ[Y!%'C![J[Y! C*,$+4#$(5'!('!;(@*!:(;',!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!V2!
0GXGW! FJ[Y!%'C![J[Y!C*,$+4#$(5'!('!C*C(#%$*C!Z5(;*+,!GGGGGGGGGGGGGGGGGGG!V2!
0GXGV! FJ[Y!%'C![J[Y!C*,$+4#$(5'!('!.5M*+!Z5(;*+, !GGGGGGGGGGGGGGGGGGGGGGGG!VT!



!

!

0GXGX! FJ[Y!%'C![J[Y!C*,$+4#$(5'!('!5$=*+!#5@Z4,$(5'!*^4(.@*'$!VT!
0GU! J[Y!#5;;*#$(5'!%'C!=%'C;('>!('!$=*!/TT1,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!X1!
0G2! Y4(C*;('*,!5'!J[Y, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!X0!

0G2G/! K66[!011/!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!X0!
0G2G0! K66[!01/V!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!Xh!
0G2Gh! BHI[!010h !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!XW!
0G2GW! I-HI"[!01/U !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!XV!
0G2GV! 35C%=4,:5@@($$*'!01/T!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!XV!

B! &-.5/; % HI!
hG/! 6*+,5'%;!,%7*$?!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!X2!
hG0! Y%,!(>'($(5'!%'C!*\.;5,(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!U1!
hGh! 3@*;$AM%$*+!*\.;5,(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!U/!
hGW! [5'$('454,!J[Y!75+@%$(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!U/!
hGV! 8\%@.;*,!57!,%7*$?!(,,4*,!('!:+%7$!.4;.!@(;;,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!U0!

hGVG/! [J[Y,!),!FJ[Y, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!U0!
hGVG0! 95;4@*!7;5M,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!U0!
hGVGh! "(+!('!J[Y, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!U0!
hGVGW! <4+.*'$('*!('!J[Y, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!Uh!
hGVGV! I;%#:!;(^45+!7;%,=('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!UW!
hGVGX! 3;5.*, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!UV!
hGVGU! J[Y!;('*!#5'C*',%$*!+*@5)%;!%'C!C+%('('>!.5#:*$,!GGGGGGGGGGGGGGGGGG!UX!
hGVG2! J[Y!Z?.%,,!;('*!#5'C*',%$*!+*@5)%;,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!UX!
hGVGT! 3$*%@!;('*!#5'C*',%$*!+*@5)%;!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!UU!
hGVG/1! Y+54'C('>,!%'C!.5$*'$(%;!C(77*+*'#*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!U2!
hGVG//! "$$*'$(5'!$5!.(.*;('*!M%$*+!,*%;!C*,(>'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!U2!
hGVG/0! [5@@4'(#%$(5'!Z*$M**'!C*.%+$@*'$,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!U2!
hGVG/h! Y%,!,%@.;('>!%'C!,%7*$?!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!UT!

hGX! J[Y!%##(C*'$,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!21!
hGXG/! 34'(;%!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!21!
hGXG0! O54$,*'5!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!21!
hGXGh! 9*+%#*;!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!2/ !
hGXGW! 6(*$%+,%%+(!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!2/ !
hGXGV! B+%?!I*'$5,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!2/ !
hGXGX! 9S+e!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!20!
hGXGU! 3:5>=%;;!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!20!
hGXG2! 9*($,(;45$5!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!20!
hGXGT! F*H(CC*+!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!20!
hGXG/1! 3)*$;5>5+,:!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!2h!
hGXG//! _*@(!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!2h!
hGXG/0! "'C=+%!6%.*+!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!2h!
hGXG/h! N$=*+,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!2W!

D! @?J%$;$/52%-83%$-.5/;%"8%1-#45%2)35#8%50:-1;,/0$%+#-./%,01,%2"11$% KF!
WG/! J[Y!#5;;*#$(5' !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!2V!
WG0! [J[Y!,54+#*, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!2X!



!

!

WGh! FJ[Y!,54+#*, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!22!
WGhG/! FJ[Y!,54+#*,!('!$=*!7(Z*+;('* !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!2T!
WGhG0! FJ[Y,!7+5@!*)%.5+%$(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!2T!
WGhGh! FJ[Y,!7+5@!+*#%4,$(#(a('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!T1!

WGW! J[Y!=%'C;('>!%'C!C*,$+4#$(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!T0!
WGV! D%]5+!,%7*$?!(,,4*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!TV!
WGX! [5'#;4,(5',!7+5@!@5C*+'!*4#%;?.$4,!.4;.!@(;;!J[Y!,?,$*@,!GGGGGGGGGGGGGG!TU!

F! @?J%$;$/52%-83%$-.5/;%"8%2)35#8%1-#45%@)#3":%+#-./%,01,%2"11$% LL!
VG/! D(;;!,$4C(*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!TT!
VG0! [J[Y!,?,$*@, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/11!
VGh! FJ[Y!,?,$*@, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/10!
VGW! J[Y!#5;;*#$(5'!%'C!=%'C;('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/1h!
VGV! [=%'>*!$5!=(>=A:%..%!.4;.('> !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/1W!
VGX! D%]5+!,%7*$?!(,,4*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/1V!
VGU! [5'#;4,(5',!+*>%+C('>!@5C*+'!,57$M55C!@(;;!J[Y!,?,$*@,!GGGGGGGGGGGGGGG!/1U!

H! &)0#:5$9%:)115:/")8%-83%7-831"84%).%@?J$%"8%2)35#8%+#-./%,01,%2"11$%AML!
XG/! J[Y!)5;4@*!7;5M,!%'C!#5'#*'$+%$(5',!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//1 !
XG0! J[Y!#5;;*#$(5'!%'C!=%'C;('>!('!$=*!0101,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//0 !
XGh! B(Z*+;('*!%+*%!J[Y,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//h !

XGhG/! [55:('>!%+*%!J[Y, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//W!
XGhG0! I+5M'!,$5#:!M%,=('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//V !
XGhGh! 3#+**'('> !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//V !
XGhGW! I;*%#=('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//V !
XGhGV! F*;(>'(7(#%$(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//V !
XGhGX! 877;4*'$!,$+*%@,!@(\('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//X !

XGW! H*#5)*+?!Z5(;*+!%'C!*)%.5+%$(5'!%+*%!J[Y,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//X !
XGWG/! H*#5)*+?!Z5(;*+!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//U !
XGWG0! 8)%.5+%$(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//U !
XGWGh! <%;;!5(;!.;%'$!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//U !
XGWGW! B54;!#5'C*',%$*!,$+(..('>!%'C!$=*!@*$=%'5;!.;%'$!GGGGGGGGGGGGGGGGGGG!//U !
XGWGV! <4+.*'$('*!C*#%'$('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//U !

XGV! H*#%4,$(#(a('>!%+*%!J[Y,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//2 !
XGX! FJ[Y!,54+#*,E!#5;;*#$(5'!%'C!=%'C;('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//2 !

XGXG/! FJ[Y!,54+#*,!('!$=*!7(Z*+;('* !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!//T !
XGXG0! FJ[Y,!7+5@!*)%.5+%$(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/01!
XGXGh! <%;;!5(;!.;%'$!)*'$,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/0/ !
XGXGW! FJ[Y,!7+5@!+*#%4,$(#(a('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/0/ !
XGXGV! H*#5)*+?!Z5(;*+!FJ[Y, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/00!
XGXGX! 3$+*%@,!'5$!('#;4C*C!('!FJ[Y!#5;;*#$(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/0h!

XGU! [J[Y!#5;;*#$(5'!%'C!=%'C;('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/0h!
XGUG/! I5$$;('>!57![J[Y,!C4+('>!Z4+'('>!7%(;4+*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/0h!
XGUG0! J[Y!.;%#*,!57!C*,$+4#$(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/0W!
XGUGh! B;%+*!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/0W!

XG2! 65,,(Z;*!($*@,!57!#5'#*+'!('!@5C*+'!@(;;,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/0V!



!

!

XG2G/! F(>*,$*+!%+*%!.+*,,4+*!,.(:*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/0V!
XG2G0! N! !Z;5M!$%':!)*'$,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/0V!
XG2Gh! 9*'$,!%7$*+!N! !Z;5M!$%':E!7+5@!;%,$!.4;.!M%,=*+,!GGGGGGGGGGGGGGGGGGGG!/0V!
XG2GW! N.*'!C(;4$*C!'5' A#5'C*',%Z;*!>%,!#5;;*#$(5'!GGGGGGGGGGGGGGGGGGGGGGGGGG!/0V!
XG2GV! NC5+54,!>%,!75+@%$(5'!('!$%':,!C4+('>!5.*+%$(5'!GGGGGGGGGGGGGGGGGGGG!/0X!
XG2GX! N)*+Ai4'C*+A.+*,,4+*!.+5$*#$(5'!%'C!#5'C*',%$*!+*@5)%;!GGGGGGG!/0U!
XG2GU! 8)%.5+%$(5'!)%#44@!.($!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/0U!
XG2G2! B54;!#5'C*',%$*!$+*%$@*'$!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/02!
XG2GT! B54;!#5'C*',%$*!$%':!('!*)%.5+%$(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/02!
XG2G/1! -(^45+!7;%,=('>!('!*)%.5+%$(5'!;(^45+!$%':,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/0T!
XG2G//! B(+('>!Z;%#:!;(^45+!%'C!=*%)?!Z;%#:!;(^45+!$%':,!GGGGGGGGGGGGGGGGGGGGG!/0T!
XG2G/0! 877;4*'$!$+*%$@*'$!57!.4;.!@(;;,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/h1!
XG2G/h! F(,,5;)('>!$%':!)*'$!>%,!=%'C;('>!57!+*#5)*+?!Z5(;*+!GGGGGGGGGGGGGG!/h/ !
XG2G/W! FJ[Y!>%,*,!$5!%!C(77*+*'$!%(+!;*)*;!('!$=*!+*#5)*+?!Z5(;*+!GGGGGG!/h/ !
XG2G/V! I;5#:('>!57!$=*!FJ[Y!>%,!.+*=*%$*+!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/h/ !
XG2G/X! 8'$+?!57!#5'C*',%$*,!$5!+*#5)*+?!Z5(;*+!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/h0!
XG2G/U! B54;('>!57!$=*!,#+4ZZ*+!=*%$!*\#=%'>*+,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/hh!
XG2G/2! H*#%4,$(#(a('>!FJ[Y!>%,*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/hh!
XG2G/T! B(Z*+;('*!FJ[Y!>%,*, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/hh!
XG2G01! <%;;!5(;!.;%'$!)*'$!>%,*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/hh!
XG2G0/! [=(.!Z('!)*'$, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/hW!
XG2G00! <4+.*'$('* !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/hW!
XG2G0h! [5'C*',%$*,!7+5@!FJ[Y!#5'C*',('>!,?,$*@, !GGGGGGGGGGGGGGGGGGGGGGGG!/hV!
XG2G0W! 8)%.5+%$(5'!.;%'$!,$%+$A4. !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/hV!
XG2G0V! H*#5)*+?!Z5(;*+![J[Y!Z4+'*+!.+5Z;*@,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/hV!
XG2G0X! F(,$4+Z%'#*,!('!$=*!,.%+*!Z4+'('>!.;%#*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/hX!
XG2G0U! J5' A#5'C*',%Z;*!>%,*,!%+*!=*%)(*+!$=%'!%(+!GGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/hX!

XGT! D%('!(@.+5)*@*'$,!('!J[Y!,?,$*@, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/hU!
XG/1![5'#;4,(5',!+*>%+C('>!@5C*+'!@(;;!J[Y,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/W0!

I ! <33"/")8-1%,#):5$$5$%"8%2)35#8%+#-./%,01,%2"11$% ADF!
UG/! B54;!#5'C*',%$*!=%'C;('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/WV!
UG0! D*$=%'5;!;(^4*7%#$(5'!75+!,4..5+$!74*;!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/WU!
UGh! [+4C*!$%;;!5(;!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/W2!
UGW! 34;.=4+(#!%#(CE!,5C(4@!Z(,4;.=($*!%'C!,5C(4@!,4;.=($*!.+5C4#$(5'!GGGGG!/W2!
UGV! -(>'('!.+5C4#$(5'!%'C!($,!5C5+54,!>%,*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/V1!
UGX! 64+(7(*C!@*$=%'5;!75+!$+%C*!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/V0!
UGU! j=*'!:+%7$!.4;.!@(;;!.+5C4#*,!C(,,5;)('>!.4;. !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/Vh!
UG2! D*#=%'(#%;!)%.54+!+*#5@.+*,,(5'!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/Vh!
UGT! J[Y!#5;;*#$(5'!57!I[<D6!M=*'!('$*>+%$*C!('!%!:+%7$!.4;.!@(;;!GGGGGGGGG!/Vh!

K! N5$01/$%-83%3"$:0$$")8% AFF!
2G/! 3%7*$?!;*,,5',!;*%+'$!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/VX!
2G0! [=%'>*,!('!)5;4@*!7;5M,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/VU!
2Gh! [=%'>*,!('!,4;.=4+!@%,,!7;5M,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/V2!

2GhG/! 34;.=(C($?!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/V2!



!

!

2GhG0! 8^4(.@*'$!#=%'>*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/V2!
2GhGh! 8@(,,(5', !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/VT!

2GW! [=%'>*,!('!#=(.!(@.+*>'%$(5'!%'C!.+*A,$*%@('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/X1!
2GV! [=%'>*,!('!#55:('>!@*$=5C,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/X/ !
2GX! -5M!:%..%!),!=(>=!:%..%!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/X0!
2GU! [=%'>*,!('!754;!#5'C*',%$*!=%'C;('>!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/Xh!
2G2! [=%'>*,!('![J[Y!#5;;*#$(5' !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/XV!
2GT! [=%'>*,!('!FJ[Y!#5;;*#$(5' !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/XX!
2G/1![=%'>*,!('!Z;%#:!;(^45+!C+?!,5;(C,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/XU!
2G//!-(>'('!+*@5)%;!%'C!*77*#$!$5!,4;.=4+!+*;*%,*!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/Uh!
2G/0![;5,('>!$=*!,4;.=4+!#?#;*!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/Uh!
2G/h!H*#5@@*'C%$(5',!75+!@(;;AM(C*!J[Y,!75+!'*\$!I"<!IH8B !GGGGGGGGGGGGGG!/UW!

2G/hG/! B4$4+*![J[Y, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/UV!
2G/hG0! B4$4+*!FJ[Y, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/UX!

2G/W!N$=*+!(C*%,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/U2!

L! <8$>5#$%/)%/75%#5$5-#:7%O05$/")8$% AIL!
TG/! J[Y!,54+#*,!%'C!=%'C;('>!('!@5C*+'!.4;.!@(;;,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/UT!
TG0! 9%+(%$(5',!('!J[Y!)5;4@*,!%'C!#5'#*'$+%$(5',!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/2U!
TGh! F(77*+*'#*,!Z*$M**'!@5C*+'!=%+CA!%'C!,57$M55C!:+%7$!.4;.!@(;;,!GGGGGGG!/T1!
TGW! 3%7*$?!(,,4*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/T/ !
TGV! J*M!%'C!%CC($(5'%;!.+5#*,,*,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/Th!

AM!P0#/75#%"35-$%.)#%35*51),% ALF!
/1G/!FJ[Y!#5;;*#$(5'!#5'$+5;!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/TV!
/1G0!FJ[Y!#5'C*',%$*, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/TX!
/1Gh!";:%;('*!,#+4ZZ*+!Z*75+*!Z4+'*+!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/TX!
/1GW!";:%;('*!,#+4ZZ*+!75+!Z?.%,,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/TU!
/1GV!D*$=?;!@*+#%.$%'!,#+4ZZ*+!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/TU!
/1GX!D('(@(,('>!JN\!*@(,,(5',!7+5@!$=*!J[Y!Z5(;*+!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/TU!
/1GU![5'$+5;;('>!$=*!,4;.=4+!Z%;%'#*!M($=!J[Y,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/T2!

/1GUG/! K'#+*%,('>!,4;.=4+!#5'$*'$!('![J[Y!>%,*, !GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/T2!
/1GUG0! [5'$+5;;('>!@(;;!,4;.=(C($?!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/T2!
/1GUGh! K'#+*%,('>!,4;.=(C($?!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/T2!

/1G2!65M*+!Z5(;*+!%,!%!Z4+'('>!,($*!75+!J[Y,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/TT!
/1GT!65M*+!Z5(;*+!%,!%!Z4+'('>!,($*!75+!@*$=%'5;!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/TT!
/1G/1! N$=*+,!GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG!/TT!

AA!?)8:10$")8$% GMA!

N5.5#58:5$% GMB!

<,,583"Q%A%?)8*5#$")8% GAL!
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!

2*0-)',&$3%- 4
" C$! "(+!C+?!$5'!. 4;. !
I"< ! I*,$! %)%(;%Z;*!$*#='(^4*, !
I[<D6 ! I;*%#=*C!#=*@(A$=*+@5@*#=%'(#%;!.4;.!
INF ! I(5;5>(#%;!5\?>*'! C*@%'C!
[J[Y ! [5'#*'$+%$*C!' 5' A#5'C*',%Z;*!>%,!
[ "#d "$! <4+.*'$('* !
[d %Nd ! D*$=%'5;!
C,! F+?!,5;(C!
F[3 ! F(,$+(Z4$*C!#5'$+5;!,?,$*@!
FD3 ! F(@*$=?;!,4;.=(C*!QQ[d %R! 3R!
FDF3! ! F(@*$=?;!C(,4;.=(C*!QQ[d%R! 3! R!
FJ[Y! ! F(;4$*C!' 5' A#5'C*',%Z;*!>%,!
8<6! 877;4*'$!$+*%$@*'$!.;%'$!
d9-[! ! d(>=!)5;4@*!;5M!#5'#*'$+%$*C!
d ! 3!! d?C+5>*'!,4;.=(C*!
d3 &!! d?C+5>*'!,4;.=(C*!(5' !
d ! 3N' !! 34;.=4+(#!%#(C!
-[ ! -*$=%;!#5'#*'$+%$(5'!!
-[ V1! <=*!%@54'$!57!%!,4Z,$%'#*!,4,.*'C*C!('!$=*!%(+!+*^4(+*C!$5!:(;;!V1k!57!$=*!

$*,$!%'(@%;,!C4+('>!%!.+*C*$*+@('*C!5Z,*+)%$(5'!.*+(5C!
-[-5 ! -5M*,$!;*$=%;!#5'#*'$+%$(5'!
-9d[! ! -5M!) 5;4@*!=(>=!#5'#*'$+%$*C!
D*Nd ! D*$=%'5;!
D[ ! D*C(4@A#5',(,$*'#? !
DD! ! D*$=?;!@*+#%.$%'!Q[d%3dR!
DPF ! D*,,('> AF4+:**!C(>*,$*+̀!%'!('#;('*C!#55:('>! )*,,*;! M($=!%!#5')*?5+!

(',(C* !
J%! 3!! 35C(4@!,4;.=(C*!
J%! 3N' !! 35C(4@!,4;.=%$*!
J%d3N%! 35C(4@!Z(,4;.= ($*!
J[Y ! J5' A#5'C*',%Z;*!>%,!
JYN ! J5' A>5)*+' @*'$%;!5+>%'(,%$(5'!
Jd %!! "@@5'(%!
JN\! ! J($+5>*'!5\(C*,!QJNE!JN! R!
AN[d %!! D*$=5\?!>+54.!
3NY!! 3$+(..*+!577A>%,!
3N! !! 34;.=4+!C(5\(C*!
<H3!! <5$%;!+*C4#*C!,4;.=4+!
9N[! ! 95;%$(;*!5+>%'(#!#5@.54'C,! !
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5-',&%&$6*)#4

R0#8"/"8%

<=*! 5+(>('%;($?! 57! $=(,! C(,,*+$%$(5'! =%,! Z**'! +*)(*M*C! M($=! $=*! <4+'($('! ,(@(;%+($?!
#=*#:('>!,*+)(#*G!*

<E%0$5%

_(+,(!3G!d5)(:5+.(E!$=*!%4$=5+!57!$=*!C(,,*+$%$(5'E!C(C! '5$!4,*!%'?! "K!$55;,!C4+('>!$=*!
.+*.%+%$(5'!57!$=(,!C5#$5+%;!C(,,*+$%$(5'G!!

!



AF%

!

7! 7)$%*.3'$6*)4
<=(,!M5+:!C*,#+(Z*,!%'C!C(,#4,,*,!.%,$!%'C!.+*,*'$!#5;;*#$(5'!%'C!=%'C;('>!,?,$*@,!57!
'5' A#5'C*',%Z;*!>%,*,!QJ[Y,RG!J*M!(''5)%$(5',!=%)*!Z**'!$%:*'!('$5!5.*+%$(5'G!K!=%)*!
Z**'! 75+$4'%$*! $5! Z*! %Z;*! $5! M5+:! $=*,*! .%,$! 0V! ?*%+,! 5'! %'! %+*%! $=%$! =%,! C*)*;5.*C!
#5',(C*+%Z;?G!!

<=(,!$=*,(,!;55:,!%$!(,,4*,!57!@%;5C5+54,!*@(,,(5',!7+5@!:+%7$!.4;.!@(;;,!%'C!$=*!,54+#*,!
57!@%;5C5+54,!,4;.=4+!#5'$%('('>!J[Y , !QI4+>*,,!/TT0E!I%'C*:%+!$&*'2G!01/XE!I5+C%C5!
$&* '2G!011hE! 011XE! D%=@55C!$&* '2G! /TTTRE!%,! M*;;! %,! $=*(+! #5;;*#$(5'! %'C! C*,$+4#$(5'!
QI-[HI"[!01/X E!3JHI[!01/TE! d*C*'=%>!$&*'2G!/TT2E!O5=',5'!$&*'2G!<"66K!<K6!1W/XA
1TE!-('!0112E!9 %::(;%('*'!$&*'2G!0110RG!8)*'!$=54>=!$=*+*!%+*!5$=*+!.4;.('>!.+5#*,,*,!('!
4,*E!$=(,!$=*,(,!75#4,*,!5'!$=*!:+%7$!.+5#*,,E!%,!$=*!@%]5+($?!57!.4;.!(,!.+5C4#*C!M($=!($!
%'C!5C5+!#5@.;%('$,!,$(;;!7+*^4*'$;?!%+(,*G!",!;5'>!%,!$=*+*!(,!l :+%7$!@(;;!5C5+b!>*'*+%$(5'E!
M*!'**C!$5!4'C*+,$%'C!$=*!@*#=%'(,@,!$=%$!75+@!,4#=!>%,*,!Q<*C*+!$&*'2G!/TT/ R!('!5+C*+!
$5!Z*!%Z;*!$5!C*,(>'!*77*#$()*!%'C!,%7*!>%,!#5;;*#$(5'!%'C!$+*%$@*'$!,?,$*@,!QI4+>*,,! $&*
'2G!/TT0E![=%>%,!$&*'2G!01/TRG!!

K'!#5']4'#$(5'!M($=!('#+*%,('>!#5'#*+',!%Z54$!$=*!(@.%#$,!57!('C4,$+(%;!*@(,,(5',!5'!$=*!
*')(+5'@*'$! %'C! %! C*,(+*! $5! .+5@5$*! %! ,4,$%('%Z;*! 74$4+*E! $=*! 84+5.*%'! &'(5'! =%,!
#5@.(;*C!I*,$!")%(;%Z;*!<*#='(^4*,!QI"<R!%'C!($,!+*7*+*'#*!C5#4@*'$,E!$=*!,5A#%;;*C!
IH 8B,G! <=*!. 4;.! %'C! .%.*+! IH8B! Q84+5.*%'![ 5@@(,,(5'!011/! %'C!01/VR! #5'$%(',!
4,*74;! ('75+@%$(5'!5'!=5M!$5!=%'C;*!%'C!#5;;*#$!J[Y,! ('!@5C*+'! :+%7$!.4;.!@(;;,G!K'!
#+*%$('>!$=*!;%$*,$!I"<!IH8B, E!J[Y!=%'C;('>!('! @5,$!@5C*+'!;%+>*!:+%7$!.4;.!@(;;,!M%,!
;%+>*;?!(>'5+*CG!B5+!JYNb, !$=*!:+%7$!,@*;;!M%,!.+5Z%Z;?!'5$!%!,(>'(7(#%'$!(,,4* G!!

<=(,! $=*,(,! %$$*@.$,! $5!7(;;! $=*! >%.! ('! :'5M;*C>*! Z?! =(>=;(>=$('>! @5C*+'! $+*%$@*'$!
@*$=5C,E!$=*!+*%,5',!M=?!$=*?!%+*!%C5.$*CE!%'C!=5M!#5;;*#$%Z;*!,54+#*,E!,4;.=4+!@%,,!
%'C! >%,! )5;4@*! 7;5M,! =%)*! #=%'>*CG!<=*! $%+>*$! ('! @5C*+'! .4;.! @(;;,! (,! $5! =%)*! '5!
5C5+54,!*@(,,(5',!%$!%'?!$(@*!%'C!$5!,$5.!*@(,,(5', !7+5@!%;;!,4;.=4+!,$+*%@,G!!

!"! ! !"#"$%&'()*"#+,-.# (

K'! $=*! :+%7$! .4;.! @(;;! #55:('>! .+5#*,,E! %;:%;('*! #=*@(#%;,! +*%#$! M($=! M55C! #=(.,! $5!
,*.%+%$*!5+>%'(#,!,4#=!%,!;(>'('!7+5@!$=*!.4;.!7(Z*+E!#*;;4;5,*G!"$!$=*!,%@*!$(@*E!$=*,*!
+*%#$(5',!.+5C4#*!,4;.=4+!#5'$%('('>!>%,*54,!#5@.54'C,G!<=*,*!>%,*,!%+*!#%;;*C!'5'A!
#5'C*',%Z;*!>%,*,G!<=*!@%('!,4;.=4+!#5@.54'C,!('!J[Y, !%+*!=?C+5>*'!,4;.=(C*!Qd! 3RE!
@*$=?;! @*+#%.$%'! Q[d%3dE! DDRE! C(@*$=?;!,4;.=(C*! QQ[d%R! 3E! FD3R! %'C! C(@*$=?;!
C(,4;.=(C*!QQ[d%R! 3! E!FDF3RE!%;;! 57!M=(#=!=%)*!%! )*+?! ;5M!5C5+!$=+*,=5;C!QI4+>*,,!
/TT0E! I%'C*:%+!$&* '2G! 01/XRG! N$=*+! #5@@5'! 5+>%'(#! #5@.54'C,! ('! J[Y! >%,*,! %+*!
@*$=%'5;!Q[d%NdRE!%@@5'(%!QJd%R!%'CE!('! ,57$M55C!@(;;,E!$4+.*'$('*!Q["#d "$RG!<=*!
$5$%;! '4@Z*+! 57! (C*'$(7(*C!#5@.54'C,! #5'$%('('>!,4;.=4+! ('! .4;.! @(;;! ,$+*%@,! (,!
,4Z,$%'$(%;!QJ(*@*;S!011/RG!!
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AH%

_+%7$!.4;.!@(;;,!,$(;;!#5;;*#$!%'C!=%'C;*!'5' A#5'C*',%Z;*!,4;.=4+!#5'$%('('>!>%,*,!%'C!
$=*(+! #5'C*',%$*,! ('! ,4#=! %!M%?!$=%$! 5C5+! *@(,,(5', ! %+*! #+*%$*CG! ",! J[Y, ! #%'! Z*!
*\.;5,()* E!4'75+$4'%$*;?!;%+>*!%##(C*'$,!5##%,(5'%;;?!5##4+E!C4*!$5!.+5Z;*@,!('!,?,$*@!
,%7*$?G!K'!%CC($(5'E!('=%;('>!J[Y , !(,!C%'>*+54,!%,!($!(,!$5\(#!%'C!#%'!('!*\$+*@*!#%,*,!
;*%C!$5!7%$%;($(*,G!35@*!57!$=*!#4++*'$!@(;;,!%+*!('!$=*!.5,($(5'!57!02$$5").*H$'7&3B!M%($('>!
'5$!75+!$=*!. +('#*!Z4$!+%$=*+!%,;**.E!(>'5+('>!%!.5,,(Z;* !@%,,()*!>%,!*\.;5,(5'!5+! 5$=*+!
7%$%;!('#(C*'$G!<+%C($(5'%;;?E!$?.*,!57!>%,*, !5$=*+!$=%'!$=5,*!#5'$%('('>!,4;.=4+!$=%$!=%)*!
%!,@*;;!=%)*!'5$!Z**'!('#;4C*C!M($=('!$=*!,#5.*!57!5C5+54,!>%,*,G!N7!@5C*+'!.+%#$(#*E!
*,.*#(%;;?!57!.4;.!@(;;,!Z4(;$!%7$*+!01/1E!$=*+*!(,!)*+?!;($$;*!.4Z;(#!('75+@%$(5'G!

<5! 4'C*+,$%'C! #5++*#$;?! =5M! '5' A#5'C*',%Z;*! >%,*,! Z*=%)*E!M=%$! $=*(+! %#$4%;!
#5@.5,($(5'! (,E!=5M! $=*?! 75+@E!%'C!=5M! $=*?! %+*! %'C! ,=54;C! Z*!Z5$=!#5;;*#$*C! %'C!
=%'C;*C!Z*75+*!#5')*?('>!$=*@!$5!$=*!.;%#*,!57!C*,$+4#$(5'E!m/ !$5!mV!%+*!.5,*C!('!5+C*+!
$5!*,$%Z;(,=!=5M!@5C*+'!:+%7$!.4;.!@(;;,!%+*!C*,(>'*C!%'C!5.*+%$*CG!

I7$#&"()*;J*K,'&*'%$*&,$*LMN*#(7%/$#*")*8(-$%)*5725*8"22#B*,(6*6$22*'%$*&,$3*/(22$/&$-B*
')-*,(6*'%$*&,$"%*,')-2").*#3#&$8#*/()#&%7/&$-O*

I7$#&"()*EJ*P(6* -(* 5%(/$##*')- *$Q7"58$)&*#$2$/&"()*'#*6$22* '#*(5$%'&").*/()-"&"()# *
'++$/&*/()/$)&%'&"()#*')-*A(278$#*(+*LMN#*")*8(-$%)*8"22#O*

I7$#&"()*<J*K,'&* '%$*&,$*8'")* -"++$%$)/$#*4$&6$$)*8(-$%)* .%$$)+"$2-* ,'%-6((-* ')-*
#(+&6((-*R%'+&*5725*8"22#O**
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Patent: Chemical 
pulping from wood

First soda based 
chemical pulping mills 
started in Europe and 
in USA

Sulphite process 
replaces soda 
(brighter pulp and 
simpler to make)

Sulphate process 
development starts 
to replace sulphite 
(stronger pulp and 
higher yield) 

First wood based 
pulp mill  started in 
Valkeakoski, 
Finland

Kaukas pulp mill 
started in Finland

1853 1860 É 1870 1879 1880 1887

First foul 
condensate steam 
stripper in Finland 
to decrease BOD 
and to use purified 
condensates in 
fiberline.

NCG system 
developed undiluted 
and steam ejector, in 
Sweden 

Environmental 
development starts 

Attempts to collect 
and burn NCGs first 
tried (Fan and Air 
dilution)

Dilution of CNCG 
from digester and 
evaporation caused 
excplosions

Development of the 
continuous kraft 
digester
began with a 5 
ton/day pilot plant 
in Sweden

First paper of odor 
problems in 
literature

First kraft mill, 
batch cooking
 
Air pollution 
problems                                                                                                                     

1970s early 1970s late 1950s 1938  ~ 1900 1891

24.5.1989 First test 
to lead dissolving 
tank vents to 
recovery boiler 
tertiary air registers 
in Sunila mill in 
Finland 

Several gas 
measurements 
before collection 
design in Finland 

One of the first 
concentrator in Kemi 
mill in Finland

CNCG burning with 
support fuel in new 
recovery boiler

First black liquor 
heat treatment in 
€Šnekoski mill in 
Finland 

NCG Collection and 
handling started in 
Finland, burning in 
lime kiln, in 
dedicated boiler, in 
flare. Sodium 
bisulfite production 
with NCG boiler

Alkaline TRS 
scrubbers to recover 
sulfur before burning

DNCG collection 
and handling from 
fiberline and 
evaporation DNCG  
to recovery boiler 
tertiary air and 
recausticizing 
DNCG to lime kiln in 
Finland

CNCG to recovery 
boiler burner 
without support 
fuel , one of the 
first in Joutseno 
mill in Finland

1980s and 1990s End of 1980 1989 Beginning 1990 End of 1990 1999

Sulphuric acid 
production from 
CNCG destruction on 
dedicated boiler in 
hardwood mill in 
Brazil

Sulphuric acid 
production from CNCG 
destruction on 
dedicated boiler in 
softwood mill in 
€Šnekoski Finland

Liquid ring vacuum 
pump (connected 
to UPS) use instead 
of low pressure 
steam ejector in 
CNCG in hardwood 
mill South America 

Updated BAT BREF

Fresh steam to chip 
bin presteaming by 
reboiler 

Pressurized firing 
black liquor tank, 
CNCG to evaporation 
effects

Burning of CNCG 
dissappears in new 
lime kilns 

DNCG of 
recausticizing 
continues 

Power boiler as 
back-up for CNCG 
and DNCG

Dissolving tank 
vent gases to 
recovery boiler in 
Varkaus Finland

Foul condensate 
tank from DNCG to 
CNCG collection.

First European 
Union BAT BREF 
2001

2024 2017 2012 2010s 2000s Beginning 2000
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/ ! j*%:!Z;%#:!;(^45+! W01! WXGh! A! A! 0EX11!
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h! F(+$?!*)%.5+%$5+!#5'CG*! h1! 0UGV! A! A! UG1!
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/0 ! 3$+(..*+!>%,! X1! h11! U1!
/h ! 35%.!,.;($$*+!>%,! V! A! W1!
/W! j%,=!7(;$*+!)*'$! / EW11! A! A!
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/2 ! D*$=%'5;!$%':!)*'$! V1! 011! W1!
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