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#$%!XGF!7%5'%/+%7!-'(6![2P?P!8*99*(,!/+!(-!Y/,:/'A!H3!2O2H!0(![2U?P!8*99*(,!/+!(-!Y/,:/'A!H3!2O22?!!
!
;<#:$.1$%&;,,:?)#1"+,&
`,)%+06%,0!@%0:',!
!
#$%!Y/,:/'A!H3!2O22!)/9:/0*(,!'%-9%50+!/!P?O\!*,)%+06%,0!'%0:',!/++:6&0*(,!B0$%!+/6%!/+!0$%!Y/,:/'A!H3!2O2H!
/++:6&0*(,C?!!#$%!*,)%+06%,0!'%0:',!/++:6&0*(,!$/+!7%5'%/+%7!+%)%'/9!0*6%+!+*,5%!Y/,:/'A!H3!2OH2!B+%%!7%0/*9!
(,!&/;%!JC?!!G+!&/'0!(-!0$*+!)/9:/0*(,3!<%!5(,+*7%'%7!<$%0$%'!0(!6/*,0/*,!0$%!P?O\!/++:6&0*(,!('!'%7:5%!*0!
-:'0$%'?!

!
!

 &
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3-&%4%)1!.5%&+166"/7!!"#$%&$'()*&
!

8+-+169(,./!60+:/5;+(./6.+3,24,5/60+,0<+7=(7./7017+,0,2>!/!+
!"#$%&$'()*+

!
T/'9A!0$*+!A%/'3!VTS.3!S@`#>+!*,)%+06%,0!5(,+:90/,03!&'()*7%7!-*;:'%+!-('!1OaA%/'!%R&%50%7!'%0:',!&'(c%50*(,+!
:+*,;!/!8:*97*,;!89(5b!/&&'(/5$!/,7!0$%!0/';%0!/99(5/0*(,!/,7!%R&%50%7!9(,;!0%'6!'%0:',+!8A!/++%0!59/++?!!#$%!
%R&%50%7!/,,:/9!'%0:',!*+!K?I\!BK?U\!*-!<%!/++:6%!%R&%,+%+!(-!NO!8/+*+!&(*,0+!/,7!0$%!%R&%50%7!'%0:',!'%-9%50+!
/!;'(++!'%0:',C!*,!0$*+!+0:7A?!!#$*+!-*;:'%!*+!HO!8/+*+!&(*,0+!;'%/0%'!0$/,!0$%!-*;:'%!-'(6!0$%!2O2H!+0:7A?!!V(0%!
0$/0!0$%!K?I\!/)%'/;%!%R&%50%7!'%0:',!7(%+!,(0!6%/,!0$/0!0$%!%R&%50%7!'%0:',!%/5$!A%/'!<*99!8%!K?I\?!!`,!-/503!
()%'! 0$%! +$('0%'! 0%'6! BHO! A%/'+C! 0$%! /)%'/;%!%R&%50%7! '%0:',! *+! N?P\! BHO!8/+*+! &(*,0+! 9%++! 0$/,! 9/+0! A%/'C?!!
d'%/0%'!%R&%50%7!'%0:',+!*,!9/0%'!A%/'+!7%0%'6*,%7!VTS.>+!9(,;a0%'6!&'(c%50*(,?!!#$%!VTS.!&'(c%50%7!'%0:',+!
/'%!0$%!-*'+0!6%/+:'%!<%!'%)*%<!0(!7%0%'6*,%!0$%!9(,;a0%'6!*,)%+06%,0!'%0:',!/++:6&0*(,?!
!
G!5(6&/'*+(,!(-!'%5%,0!%R&%50%7!'%0:',!&'(c%50*(,+!/+!<%99!/+!$*+0('*5/9!S@`#!'%0:',+!*+!+$(<,!8%9(<?!
!
! TR&%50%7!G,,:/9!@%0:',!B;'(++C!
! 2OHK! 2OHP! 2OHJ! 2OHI! 2O2O! 2O2H! 2O22!
NaP!A%/'!%R&%50%7!'%0:',! K?J\! K?J\! K?K\! K?J\! K?2\! N?J\! N?P\!
1O!A%/'!%R&%50%7!'%0:',! P?J\! P?J\! P?P\! P?I\! P?1\! K?J\! K?I\!

!
e!`,!A%/'+!&'*('!0(!2O2O3!VTS.>+!+$('0a0%'6!$('*W(,!</+!NaP!A%/'+!
!

G50:/9!@%0:',+!/+!(-!^%5%68%'!1H3!2O2H!
2O2H! 2O?N\!
N!A%/'+!B2OHPa2O2HC! H2?I\!
HO!A%/'+!B2OH2a2O2HC! HH?O\!
2O!A%/'+!B2OO2a2O2HC! J?K\!
1P!A%/'+!BHIJNa2O2HC! I?I\!

!
`,!/77*0*(,!0(!0$%!VTS.!/,/9A+*+3!<%!'%)*%<!(0$%'!5/&*0/9!6/'b%0!+0:7*%+!-('!5(6&/'*+(,?!!E,%!'%&('0!0$/0!<%!
'%)*%<! *+! 0$%! f('*W(,! G50:/'*/9! 4%')*5%+! 4:')%A! (-! ./&*0/9! =/'b%0! G++:6&0*(,+?! #$*+! +0:7A! 5(6&/'%+! 0$%!
&'(c%50*(,+!(-!1I!7*--%'%,0!*,)%+06%,0!5(,+:90/,0+3!*,59:7*,;!VTS.?!!#$%!f('*W(,!+0:7A!:+%7!*,!(:'!/,/9A+*+!</+!
&:89*+$%7!*,!G:;:+0!2O2H?!!4*,5%!*0!'%-9%50+!2O2H!5/&*0/9!6/'b%0!&'(c%50*(,+3!0$%'%!*+!/!9/;!8%0<%%,!0$%!f('*W(,!
'%+:90+!/,7!0$%!2O22!VTS.!+0:7A?!!f(<%)%'3!0$%!f('*W(,!+0:7A!5(,0*,:%7!0(!+$(<!0$%!0'%,7!(-!7%5'%/+*,;!
%R&%50%7!*,)%+06%,0!'%0:',+?!E0$%'!+0:7*%+!<%!'%)*%<%7!+$(<%7!'%+:90+!5(,+*+0%,0!<*0$!0$*+!0'%,7?!!!
!
`,!/77*0*(,!0(!0$%!VTS.!/,7!(0$%'!5/&*0/9!6/'b%0!/,/9A+%+3!VG4@G!&%'*(7*5/99A!&:89*+$%+!/!+0:7A!(-!*,)%+06%,0!
'%0:',!/++:6&0*(,+!:+%7!8A!()%'!HOO!9/';%!&:89*5!&9/,+?!!`,!*0+!+0:7A!/+!(-!Y/,:/'A!2O223!0$%!/)%'/;%!*,)%+06%,0!
'%0:',!/++:6&0*(,!</+!P?OU\3!/!7%5'%/+%!-'(6!0$%!P?HJ\!-*;:'%!&:89*+$%7!*,!L%8':/'A!2O2H?!!G90$(:;$!0$*+!+0:7A!
7(%+! ,(0! 0/b%! *,0(! /55(:,0! 7*--%'%,0! /++%0! /99(5/0*(,+! 8%0<%%,! 0$%! &9/,+3! *0! 7%6(,+0'/0%+! 0$%! 5(,0*,:*,;!
'%7:50*(,!*,!0$*+!/++:6&0*(,?!!
!
g%!'%5(66%,7%7!/!'/,;%!-('!0$*+!/++:6&0*(,!(-!K?JN\!a!P?O\!0(!0$%!.(66*++*(,?!#$%!.(66*++*(,!7%5*7%7!
0(!6/*,0/*,!0$%!P?O\!/++:6&0*(,!-('!0$*+!)/9:/0*(,?!

 &
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3-&%4%)1!.5%&+166"/7!!"#$%&$'()*&
!

8+-+169(,./!60+:/5;+(./6.+3,24,5/60+,0<+7=(7./7017+,0,2>!/!+
!"#$%&$'()*+

!
=('0/9*0A!
`,!(:'!2OHH!/50:/'*/9!)/9:/0*(,3!<%!8%;/,!'%-9%50*,;!-:0:'%!6('0/9*0A!*6&'()%6%,0!B*,5'%/+*,;!9*-%!%R&%50/,5AC?!
T/5$!A%/'!<%!6(7*-*%7!0$*+!/++:6&0*(,!/+!<%!6()%7!59(+%'!0(!/!-:99A!;%,%'/0*(,/9!6('0/9*0A!/++:6&0*(,!B/!0<(!
7*6%,+*(,/9! 0/89%! 8/+%7! (,! /! 6%68%'>+! /;%! /,7! 5/9%,7/'! A%/'! 0$/0! *,59:7%+! /99! %R&%50%7! -:0:'%! 6('0/9*0A!
*6&'()%6%,0+C?!D/+%7!(,!(:'!/,/9A+*+!*,!%/'9A!2OHN!(-!'%0*'%%!6('0/9*0A!7:'*,;!2OH23!2OH13!/,7!2OHU3!<%!/7(&0%7!
/!-:99A!;%,%'/0*(,/9!/++:6&0*(,!*,!0$%!2OHN!)/9:/0*(,?!D/+%7!(,!(:'!2OHP!/,/9A+*+!(-!'%0*'%%!6('0/9*0A!7:'*,;!
2OHN!/,7!2OHK3!<%!-:'0$%'!/7c:+0%7!0$%!6('0/9*0A!/++:6&0*(,!8A!/7(&0*,;!0$%!@Sa2OHU!<$*0%!5(99/'!0/89%!/+!(-!
Y/,:/'A!H3!2OHP?!g%!&%'-('6%7!/77*0*(,/9!/,/9A+*+!*,!2O2O!/,7!/7(&0%7!0$%!6(+0!'%5%,09A!'%9%/+%7!4(5*%0A!(-!
G50:/'*%+!&:89*5!&9/,!6('0/9*0A!0/89%+!B4EG!S:8a2OHO!#%/5$%'+!B$%/75(:,0!<%*;$0%7C!0/89%+C!/,7!:&7/0%7!0$%!
6('0/9*0A!*6&'()%6%,0!+5/9%!0(!0$%!6('%!5:''%,0!=Sa2O2O?!g%!6/*,0/*,%7!0$%!8/+%!6('0/9*0A!0/89%!/,7!0$%!
=Sa2O2O!6('0/9*0A!*6&'()%6%,0!+5/9%!*,!0$*+!)/9:/0*(,?!
!
!
@#7*.&67$)#*.&ABC&1,,:*,&
#$%'%!/'%!+%)%'/9!(0$%'!5$/,;%+!:,7%'!.$/&0%'!HPK!0$/0!<%!$/)%!7*+5:++%7!*,!&'%)*(:+!)/9:/0*(,+!0$/0!$/)%!0$%!
6(+0! *6&/50! (,! 7%5'%/+*,;! &9/,! 9*/8*9*0*%+! ()%'! 0$%! 9(,;%'! 0%'6?! #$%+%! *,59:7%! /,! *,5'%/+%! *,! 0$%! ,('6/9!
'%0*'%6%,0!/;%!8A!0<(!A%/'+!B-('!%R/6&9%3!-'(6!/;%!KN!0(!/;%!KP!-('!d'(:&!H!6%68%'+C3!/,!*,5'%/+%!*,!0$%!/;%!
B%/'9A!'%0*'%6%,0C!'%7:50*(,!-/50('!-('!/;%+!8%9(<!0$%!6/R*6:6!/;%!B-'(6!/!U?O\!0(!/!K?O\!/,,:/9!'%7:50*(,C3!
/,7!/,! *,5'%/+%! *,! 0$%!&%'*(7! -('!7%0%'6*,*,;!/!6%68%'>+!/)%'/;%!/,,:/9!5(6&%,+/0*(,! B-'(6!1!A%/'+! 0(!N!
A%/'+C?!!#$%+%!5$/,;%+!/'%!%--%50*)%!(,9A!-('!6%68%'+!$*'%7!/-0%'!G&'*9!H3!2OH2?!

!

G+!(-! Y/,:/'A!H3!2O223! 0$%'%!<%'%!/&&'(R*6/0%9A!U13JOO!6%68%'+!$*'%7!/-0%'!G&'*9!H3!2OH2?! !#$%!%6&9(A%'!
,('6/9!5(+0!*+!/&&'(R*6/0%9A![PN!6*99*(,!9(<%'!0$/,!*0!<(:97!$/)%!8%%,!*-!0$%!&'*('!&'()*+*(,+!<%'%!*,!&9/5%!-('!
0$%+%!6%68%'+?!#$%!/50:/'*/9!9*/8*9*0A!*+!/&&'(R*6/0%9A![KPN!6*99*(,!9(<%'!0$/,!*0!<(:97!$/)%!8%%,!*-!0$%!&'*('!
&'()*+*(,+!<%'%!*,!&9/5%?!!!
!
D$#$&;,,:?)#1"+,&!
g%!$/)%!7%0/*9%7!/!,:68%'!(-!0$%!/++:6&0*(,+!<%!6/7%!-('!6*++*,;!('!Q:%+0*(,/89%!7/0/!-('!/50*)%!6%68%'+!
(-!0$%!#@4!*,!4%50*(,!K?!!
 !
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3-&%4%)1!.5%&+166"/7!!"#$%&$'()*&
!

1+-+?40</0@+(.6@.7!!++
!
#$%!XGF!/,7!-:,7%7!'/0*(!/'%!6%/+:'%+!(-!0$%!&9/,>+!-:,7%7!+0/0:+?!#$%+%!6%/+:'%+!'%-9%50!0$%!&9/,>+!&(+*0*(,!
/+!(-!Y/,:/'A!H3!2O22?!g%!8%9*%)%!0$%+%!6%/+:'%+!/9(,%!/'%!,(0!/&&'(&'*/0%!-('!/++%++*,;!0$%!+:--*5*%,5A!(-!/++%0+!
0(!5()%'!0$%!%+0*6/0%7!5(+0!(-!+%009*,;!0$%!#%/5$%'+>!8%,%-*0!(89*;/0*(,+!('!/++%++*,;!0$%!,%%7!-('!('!0$%!/6(:,0!
(-!-:0:'%!5(,0'*8:0*(,+?!f(<%)%'3!<%!8%9*%)%!0$%+%!6%/+:'%+3!*,!5(,c:,50*(,!<*0$!6/*,0/*,*,;!0$%!/&&'(&'*/0*(,+!
'%Q:*'%7! :,7%'! 0$%! .(66(,<%/90$! -:,7*,;! +5$%7:9%3! /'%! /&&'(&'*/0%! -('! /++%++*,;! 0$%! /6(:,0! (-! -:0:'%!
5(,0'*8:0*(,+?!
!

#$%!,/0:'%!(-!/50:/'*/9!-:,7*,;!*+!0$/0!/++%0+!;'/7:/99A!5/05$!:&!0(!0$%!/50:/'*/9!9*/8*9*0A?!g$%,!&%,+*(,!-:,7*,;!
</+!/7(&0%7!*,!HIJP3!0$%!*,*0*/9!/6('0*W/0*(,!&%'*(7!</+!%+0/89*+$%7!/+!UO!A%/'+?!D/+%7!(,!0$%!/6('0*W/0*(,!8/+*+!
(-! 0$%!+5$%7:9%+!/7(&0%73! 0$%!XGF!</+!%R&%50%7! 0(! *,5'%/+%! -('!/!&%'*(7!(-! 0*6%?!f(<%)%'3!7:%! 0(!/50:/9!
*,)%+06%,0!'%0:',+!+*;,*-*5/,09A!%R5%%7*,;!0$%!%R&%50%7!'%0:',!*,!0$%!HIIO>+3!0$%!XGF!/50:/99A!7%5'%/+%7!:,0*9!
Y/,:/'A!H3!2OOO?!!!
!

`0!*+!*6&('0/,0!0(!,(0%!0$/0!&9/,!/++%0+!$/)%!;'(<,!-/+0%'!0$/,!&9/,!9*/8*9*0*%+?!G+!(-!Y/,:/'A!H3!HIIO3!0$%!/50:/'*/9!
9*/8*9*0A!</+![I?P!8*99*(,!/,7!/++%0+!<%'%![1?J!8*99*(,?!#$%!7*--%'%,5%!(-![N?I!8*99*(,!*+!0$%!XGF?!!G+!(-!Y/,:/'A!H3!
2O223!0$%!/50:/'*/9!9*/8*9*0A!*+![KO?1!8*99*(,!/,7!0$%!/50:/'*/9!)/9:%!(-!/++%0+!*+![1N?K!8*99*(,?!#$%!7*--%'%,5%!(-![2U?P!
8*99*(,!*+!0$%!XGF?!#$%!/50:/'*/9!9*/8*9*0A!$/+!;'(<,!K?2!0*6%+!()%'!0$*+!&%'*(7!B[KO?1D!_![I?PDC?!D:0!/++%0+!$/)%!
;'(<,!I?U!0*6%+!()%'!0$*+!+/6%!&%'*(7!B[1N?KD!_![1?JDC?!!L('!0$*+!'%/+(,3!<%!8%9*%)%!0$%!-:,7%7!'/0*(!'%&'%+%,0+!
/!8%00%'!6%/+:'%!(-!-:,7*,;!&'(;'%++?!!
!
E?)$<#&"/&$,,:?)#1"+&$+-&)%$+&<7$+8*,&,1+<*&FGGH&&
#$%'%!$/)%!8%%,!/!,:68%'!(-!(0$%'!&9/,!/,7!/++:6&0*(,!5$/,;%+!+*,5%!2OOI!0$/0!$/)%!*,5'%/+%7!0$%!/50:/'*/9!
9*/8*9*0A?!#$%+%!5$/,;%+!*,59:7%!+*R!'%7:50*(,+!*,!0$%!*,)%+06%,0!'%0:',!/++:6&0*(,3!/,,:/9!/7c:+06%,0+!0(!0$%!
6('0/9*0A! /++:6&0*(,! &'*('! 0(! 0$%! 5$/,;%! 0(! /! -:99A! ;%,%'/0*(,/9! /++:6&0*(,! /+! (-! Y/,:/'A! H3! 2OHN3! <*0$!
+:8+%Q:%,0!/7c:+06%,0+!*,!2OHP!/,7!2O2H?!E0$%'!5$/,;%+!*,59:7%!/7c:+06%,0+!6/7%!8/+%7!(,!0$%!%R&%'*%,5%!
+0:7A!'%+:90+!/,7!0$%!/7(&0*(,!(-!/![H13OOO!.EFG!8/+%?!#$%!:,-:,7%7!/50:/'*/9!9*/8*9*0A!*+!/&&'(R*6/0%9A![I?2!
8*99*(,!;'%/0%'!0$/,!*0!<(:97!$/)%!8%%,!:+*,;!0$%!2OOI!)/9:/0*(,!/++:6&0*(,+!/,7!&9/,!&'()*+*(,+?!#$%'%-('%3!(,!
/! 5(6&/'/89%! 8/+*+!<*0$! 0$%! 2OOI! /++:6&0*(,+! /,7! &9/,! &'()*+*(,+3! 0$%!XGF!(,! Y/,:/'A! H3! 2O22!<(:97! 8%!
/&&'(R*6/0%9A![HN?N!8*99*(,!/,7!0$%!-:,7%7!'/0*(!<(:97!8%!/&&'(R*6/0%9A!PO\?!

 &
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3-&%4%)1!.5%&+166"/7!!"#$%&$'()*&
!

1+-+?40</0@+(.6@.7!!+!"#$%&$'()*+
&
#$%!5$/'0!8%9(<!&'()*7%+!-:'0$%'!7%0/*9!(,!0$%+%!5$/,;%+?!
!
! ! .$/,;%!*,!X,-:,7%7!G50:/'*/9!F*/8*9*0A!+*,5%!2OOI!Z/9:/0*(,!B*,!8*99*(,+C!
!

&
 
 
 
 
 
 
&

G++:6&0*(,!5$/,;%+!B<*0$!)/9:/0*(,!7/0%!'%-9%50%7C! ! !!!!!!!B`,!6*99*(,+C!
!

@%7:50*(,!*,!*,)%+06%,0!'%0:',!/++:6&0*(,!-'(6!J?2N\!0(!J?O\!B2OH1C! [JJI!
@%7:50*(,!*,!*,)%+06%,0!'%0:',!/++:6&0*(,!-'(6!J?O\!0(!P?PN\!B2OHNC! H3OUN!
@%7:50*(,!*,!*,)%+06%,0!'%0:',!/++:6&0*(,!-'(6!P?PN\!0(!P?NO\!B2OHKC! H3HIO!
@%7:50*(,!*,!*,)%+06%,0!'%0:',!/++:6&0*(,!-'(6!P?NO\!0(!P?1N\!B2OHJC! JUN!
@%7:50*(,!*,!*,)%+06%,0!'%0:',!/++:6&0*(,!-'(6!P?1N\!0(!P?2N\!B2OHIC! NPP!
@%7:50*(,!*,!*,)%+06%,0!'%0:',!/++:6&0*(,!-'(6!P?2N\!0(!P?O\!B2O2HC! H3NPO!
G7(&0*(,!(-!-:99A!;%,%'/0*(,/9!6('0/9*0A!/++:6&0*(,!B2OHNC! H3O22!
E0$%'!6('0/9*0A!/7c:+06%,0+!B2OH23!2OH13!2OHU3!2OHP3!2O2HC!! H3KO2!
E0$%'!%R&%'*%,5%!+0:7A!5$/,;%+!B2OH1C! 1HH!

!!!!!!!!!!#(0/9! ! ! ! ! ! ! ! !I3ONH!
!
!!!!!!!!!!!!!!!!!!!S9/,!/6%,76%,0!B<*0$!)/9:/0*(,!7/0%!'%-9%50%7C!

!
[H13OOO!.EFG!8/+%!B2OH2C! ![HUJ!

&
&
&
&
&
&
&
&
&
&
&
&

! 2/%%:!
"'/0#'&%!

I%%,5(*$)+!B#/+K'%! [\:AL!

Q-/+!I5'+<5'+*%! A:>L!

")*/-! [\:@A!
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3-&%4%)1!.5%&+166"/7!!"#$%&$'()*+
!
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(-!9*/8*9*0*%+h!
!
`,0%'%+0!'/0%!'*+ba!0$%!&(0%,0*/9!0$/0!*,0%'%+0!'/0%+!<*99!8%!7*--%'%,0!0$/,!%R&%50%7h!
!
F(,;%)*0A!/,7!7%6(;'/&$*5!'*+ba!0$%!&(0%,0*/9!0$/0!6('0/9*0A!('!(0$%'!7%6(;'/&$*5!%R&%'*%,5%!<*99!8%!7*--%'%,0!
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B/++%++*,;!0$%!*6&/50!(-!/,!/7)%'+%!5$/,;%!*,!(,%!('!+%)%'/9!-/50('+C3!+%,+*0*)*0A!0%+0*,;!B/++%++*,;!0$%!*6&/50!(-!
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0$%!XGF!0(!LMUO!7:%!0(!0$%!2OOJ!*,)%+06%,0!9(++?!!`,!2OHU3!0$%!+5$%7:9%!'%7:5%7!0$%!/6('0*W/0*(,!&%'*(7!0(!
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`0!*+!/++:6%7!0$/0!PN\!(-!&'%a'%0*'%6%,0!7%/0$+!/'%!c(8a'%9/0%7?!L('!6%68%'+!'%0*'%7!:,7%'!/,!G55*7%,0/9!
^*+/8*9*0A3!UO\!(-!7%/0$+!/'%!/++:6%7!0(!8%!-'(6!0$%!+/6%!5/:+%!/+!0$%!7*+/8*9*0A?!
!
#$%!6('0/9*0A!/++:6&0*(,+!'%-9%50!(:'!'%5%,0!%R&%'*%,5%!/,/9A+*+!&:89*+$%7!*,!2OHU!B8/+%7!(,!0$%!A%/'+!2OOKa
2OHHC3!:&7/0%7!0(!'%-9%50!/50:/9!%R&%'*%,5%!-'(6!2OH2!0(!2O2O!-('!&(+0a'%0*'%6%,0!6('0/9*0A!/,7!&'(-%++*(,/9!
c:7;6%,0?!#$*+!/++:6&0*(,!'%-9%50+!(8+%')%7!5:''%,0!6('0/9*0A!/+!<%99!/+!%R&%50%7!6('0/9*0A!*6&'()%6%,0?!
 !
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@-&")!1"/."$&"++16:!.'*+&!"#$%&$'()*&
 
 
6.-.+5(!":+$.%$((
(
`,5'%/+%+!/'%!8/+%7!(,!+%')*5%!/+!+$(<,!8%9(<?!
(

 4%')*5%! #%/5$%'+!
 O! P?NO\!
 H! P?HO\!
 2! P?OO\!
 1! K?IO\!
 U! K?JO\!
 N! K?PO\!
 K! K?KO\!
 P! K?NO\!
 J! K?1O\!
 I! K?HO\!
 HO! N?IO\!
 HH! N?PO\!
 H2! N?2O\!
 H1! U?PO\!
 HU! U?1N\!
 HNaHK! U?2O\!
 HPaHI! U?HO\!
 2Ol! U?OO\!

!
#$%!+/9/'A!*,5'%/+%!/++:6&0*(,!'%-9%50+!8(0$!&'*('!%R&%'*%,5%!B2OHU!+0:7AC!/,7!&'(-%++*(,/9!c:7;6%,0?!



 

M A S S A C H U S E T T S  T E A C H E R S ’  A C T U A R I A L  V A L U A T I O N  R E P O R T  |  J A N U A R Y  1 ,  2 0 2 2          26 

@-&")!1"/."$&"++16:!.'*+&!"#$%&$'()*&
!
!
)$&/+$'$"&(
O1</?!
!
!

! T(&!,%!>/&,'/7/%&!:<*?! ! ! >/&,'/7/%&!:<*?!
! L/??!&B1%!2R! 2RU! ! ! L/??!&B1%!2R! 2RVCR! CRU!

JF! R#RRR! R#RRR! ! JF! R#RR! R#RRR! R#RR!
JQ! R#RRR! R#RRR! ! JQ! R#RR! R#RRR! R#RR!
JI! R#RRR! R#RRR! ! JI! R#RR! R#RRR! R#RR!
MR! R#RRR! R#R2R! ! MR! R#RR! R#R"R! R#R2!
M"! R#RRR! R#R2R! ! M"! R#RR! R#R"R! R#R2!
M2! R#RRR! R#R2R! ! M2! R#RR! R#R"R! R#R2!
MC! R#RRR! R#R2R! ! MC! R#RR! R#R"M! R#R2!
MJ! R#RRR! R#RCR! ! MJ! R#RR! R#R2M! R#R2!
MM! R#RCM! R#RCR! ! MM! R#RM! R#RCR! R#RN!
MN! R#RCM! R#RCM! ! MN! R#RM! R#RNR! R#2R!
MF! R#RMR! R#RJR! ! MF! R#RM! R#"RR! R#JR!
MQ! R#RMM! R#RMR! ! MQ! R#RM! R#"MR! R#MR!
MI! R#RNR! R#RNR! ! MI! R#"R! R#2RR! R#MR!
NR! R#RFM! R#"MR! ! NR! R#"R! R#2MR! R#JR!
N"! R#"2R! R#2MR! ! N"! R#2R! R#CRR! R#JR!
N2! R#"JR! R#CRR! ! N2! R#2R! R#CMR! R#CM!
NC! R#"JR! R#CRR! ! NC! R#2M! R#JRR! R#CM!
NJ! R#"JR! R#CRR! ! NJ! R#2M! R#JRR! R#CM!
NM! R#CRR! R#CRR! ! NM! R#2M! R#JRR! R#CM!
NN! R#CRR! R#2MR! ! NN! R#CR! R#CRR! R#JR!
NF! R#CRR! R#2MR! ! NF! R#CR! R#CRR! R#JR!
NQ! R#CRR! R#2MR! ! NQ! R#CR! R#CRR! R#JR!
NI! R#CRR! R#2MR! ! NI! R#CR! R#CRR! R#JR!
FRU! "#RRR! "#RRR! ! FRU! "#RR! "#RRR! "#RR!

!
!
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@-&")!1"/."$&"++16:!.'*+&!"#$%&$'()*&
!
!
)$&/+$'$"&(
D/71</?!
!
!

! T(&!,%!>/&,'/7/%&!:<*?! ! ! >/&,'/7/%&!:<*?!
! L/??!&B1%!2R! 2RU! ! ! L/??!&B1%!2R! 2RVCR! CRU!

JF! R#RRR! R#RRR! ! JF! R#RR! R#RR! R#RRR!
JQ! R#RRR! R#RRR! ! JQ! R#RR! R#RR! R#RRR!
JI! R#RRR! R#RRR! ! JI! R#RR! R#RR! R#RRR!
MR! R#RRR! R#R"R! ! MR! R#RR! R#R"! R#R"M!
M"! R#RRR! R#R"R! ! M"! R#RR! R#R"! R#R"M!
M2! R#RRR! R#R"M! ! M2! R#RR! R#R"! R#R"M!
MC! R#RRR! R#R2R! ! MC! R#RR! R#R"! R#R"M!
MJ! R#RRR! R#R2R! ! MJ! R#RR! R#R"! R#R2R!
MM! R#RCM! R#RJR! ! MM! R#RC! R#RC! R#RMR!
MN! R#RCM! R#RJR! ! MN! R#RC! R#RM! R#"MR!
MF! R#RCM! R#RJR! ! MF! R#RJ! R#RQ! R#CMR!
MQ! R#RMR! R#RNR! ! MQ! R#RQ! R#"R! R#CMR!
MI! R#RNM! R#RQR! ! MI! R#RQ! R#"M! R#CMR!
NR! R#RQM! R#"MR! ! NR! R#"R! R#2R! R#CMR!
N"! R#"RR! R#2RR! ! N"! R#"2! R#2M! R#CMR!
N2! R#"2R! R#2RR! ! N2! R#"2! R#CR! R#CMR!
NC! R#"2R! R#2MR! ! NC! R#"M! R#CR! R#CMR!
NJ! R#2RR! R#CRR! ! NJ! R#2R! R#CR! R#CMR!
NM! R#CRR! R#JRR! ! NM! R#2M! R#JR! R#CMR!
NN! R#CRR! R#CRR! ! NN! R#2M! R#CR! R#CMR!
NF! R#CRR! R#CRR! ! NF! R#CR! R#CR! R#CRR!
NQ! R#CRR! R#CRR! ! NQ! R#CR! R#CR! R#CRR!
NI! R#CRR! R#CRR! ! NI! R#CR! R#CR! R#CRR!
FRU! "#RRR! "#RRR! ! FRU! "#RR! "#RR! "#RRR!

!
@%0*'%6%,0! '/0%+! /'%! 8/+%7! (,! (:'!6(+0! '%5%,0! %R&%'*%,5%! /,/9A+*+! B2OHUC!<$*5$! '%)*%<%7! /;%3! +%')*5%3!
;%,7%'3!/,7!c(8!;'(:&?!!#$%!/++:6&0*(,!'%-9%50+!0$*+!/,/9A+*+!/,7!&'(-%++*(,/9!c:7;6%,0?!
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@-&")!1"/."$&"++16:!.'*+ !!"#$%&$'()*!
 
?/%.@/-/&5(
(
D/+%7!(,!/,!/,/9A+*+!(-!&/+0!%R&%'*%,5%?!4/6&9%!/,,:/9!'/0%+!/'%!+$(<,!8%9(<?!
 
 9E/! !
 2R! R#RRRRJ!
 CR! R#RRRRN!
 JR! R#RRR"R!
 MR! R#RRRMR!
 NR! R#RRRFR!

 
`0!*+!/9+(!/++:6%7!0$/0!1N\!(-!7*+/8*9*0*%+!<*99!8%!c(8a'%9/0%7!-('!#%/5$%'+?!
!
^*+/8*9*0A!'/0%+!/'%!8/+%7!(,!(:'!6(+0!'%5%,0!%R&%'*%,5%!/,/9A+*+!B2OHUC!<$*5$!'%)*%<%7!/;%3!;%,7%'!/,7!c(8!
;'(:&?!!#$%!/++:6&0*(,!'%-9%50+!0$*+!/,/9A+*+!/+!<%99!/+!&'(-%++*(,/9!c:7;6%,0?!
!
A/&32+.B.-(
 
D/+%7!(,!/,!/,/9A+*+!(-!&/+0!%R&%'*%,5%?!`,!/77*0*(,!0(!8%*,;!/;%!/,7!+%')*5%!8/+%73!#%/5$%'!'/0%+!/'%!/9+(!
;%,7%'!8/+%7?!L*,/9!'/0%+!'%-9%50!0$*+!/,/9A+*+!/+!<%99!/+!&'(-%++*(,/9!c:7;6%,0?!4/6&9%!/,,:/9!'/0%+!/'%!+$(<,!
8%9(<?!
 

9E/! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!6/'5,+/!
! R! !!!!!!!!!!!!M! "RU!

! O1</! D/71</! O1</! D/71</! O1</! D/71</!
2R! R#"CR! R#"RR! R#RMM! R#RFR! R#R"M! R#RMR!
CR! R#"MR! R#"MR! R#RMJ! R#RQQ! R#R"M! R#RJM!
JR! R#"CC! R#"RM! R#RM2! R#RMR! R#R"F! R#R22!
MR! R#"N2! R#RIQ! R#RFR! R#RMR! R#R2C! R#R2R!

!
 
>$'@$+%(C/+$2(0"(0+(4,&$+(4D+/-(EF(EGHE(
!
.$/&0%'!HPK!(-!0$%!G50+!(-!2OHH!5$/,;%7!0$%!'%0*'%6%,0!%9*;*8*9*0A!-('!6%68%'+!(-!0$%!=#@4?!!=#@4!%9*;*8*9*0A!
5$/,;%7!-'(6!NN!A%/'+!(97!<*0$!HO!A%/'+!(-!+%')*5%!0(!KO!A%/'+!(97!<*0$!HO!A%/'+!(-!+%')*5%!B.$/&0%'!HPK!
'%6()%7!0$%!&'()*+*(,!0$/0!/99(<%7!'%0*'%6%,0!/0!/,A!/;%!<*0$!2O!A%/'+!(-!+%')*5%C?!!E:'!+(-0</'%!+A+0%6!*+!
&'(;'/66%7!+:5$!0$/0!/0!/,A!;*)%,!/;%3!/!6%68%'!*+!/++:6%7!0(!%*0$%'!'%0*'%!('!0%'6*,/0%3!8:0!,(0!8(0$?!!
#$%'%-('%3!<%!/7c:+0%7!0$%!'%0*'%6%,0!/,7!0%'6*,/0*(,!'/0%+!-('!6%68%'+!*6&/50%7!8A!.$/&0%'!HPK?!!L('!
%R/6&9%3!<%!'%6()%7!'%0*'%6%,0!'/0%+!-('!/;%+!NOaNI?!!#%'6*,/0*(,!'/0%+!'%6/*,!*,!%--%50!-('!0$(+%!A%/'+?!!
g%!<*99!6(,*0('!0$%+%!/++:6&0*(,+!;(*,;!-('</'7?!
!
90.2/"7(."2(42'/"/%&+.&/#$(IJD$"%$%(
!
g%!*,5'%/+%7!0$%!0(0/9!,('6/9!5(+0!8A!2\!/,7!0$%!/50:/'*/9!/55':%7! 9*/8*9*0A!(-!/50*)%!6%68%'+!8A!H\!0(!
/55(:,0!-('!8:A8/5b+!/0!'%0*'%6%,0!/,7!)/'*(:+!7/0/!*++:%+!*,59:7*,;!0$%!+0/0:+!(-!6%68%'+!<*0$!'%&('0%7!&/A!
(-!9%++!0$/,![2O3OOO?!!
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A-&+166"/7&'(&:$"*&:/'5.+.'*+&
!

,<9/0/!5.,5/60++
!

#$%! =/++/5$:+%00+! #%/5$%'+>! @%0*'%6%,0! 4A+0%6! *+! ;()%',%7! 8A! /! +%)%,a6%68%'! '%0*'%6%,0! 8(/'7! /,7!
.$/&0%'!12!(-!0$%!=/++/5$:+%00+!d%,%'/9!F/<+?!#$*+!9/<!%+0/89*+$%+!8%,%-*0+3!5(,0'*8:0*(,!'%Q:*'%6%,0+!/,7!
/,!/55(:,0*,;!/,7!-:,7+!+0':50:'%!-('!0$%!+A+0%6?!

!
(,.5/1/(,5/60+

!
S/'0*5*&/0*(,! *+! 6/,7/0('A! -('! /99! -:99a0*6%! %6&9(A%%+?! T9*;*8*9*0A! <*0$! '%+&%50! 0(! &/'0a0*6%3! &'()*+*(,/93!
0%6&('/'A3!+%/+(,/9!('!*,0%'6*00%,0!%6&9(A6%,0!*+!;()%',%7!8A!'%;:9/0*(,+!&'(6:9;/0%7!8A!0$%!'%0*'%6%,0!
8(/'73!/,7!/&&'()%7!8A!ST@G.?!!
!
#$%'%! /'%! U! 59/++%+! (-! 6%68%'+$*&! *,! 0$%! .(66(,<%/90$?! =%68%'+! (-! 0$%! =/++/5$:+%00+! #%/5$%'+>!
@%0*'%6%,0!4A+0%6!/'%!59/++*-*%7!*,!d'(:&!H?!

!
#$%&'!()!!!
!
d%,%'/9!%6&9(A%%+3!*,59:7*,;!59%'*5/93!/76*,*+0'/0*)%3!0%5$,*5/9!/,7!/99!(0$%'!%6&9(A%%+!,(0!
(0$%'<*+%!59/++*-*%7?!
!

97987.+1605./845/60!+
!

=%68%'!5(,0'*8:0*(,+!)/'A!7%&%,7*,;!(,!0$%!6(+0!'%5%,0!7/0%!(-!6%68%'+$*&]!
!

^/0%!(-!=%68%'+$*&! !!!!!!!.(,0'*8:0*(,!@/0%!
S'*('!0(!HIPN]!! ! N\!(-!'%;:9/'!5(6&%,+/0*(,!
HIPN!a!HIJ1]!! ! P\!(-!'%;:9/'!5(6&%,+/0*(,!
HIJU!0(!K_1O_IK]! J\!(-!'%;:9/'!5(6&%,+/0*(,!
P_H_IK!0(!&'%+%,0]!! I\!(-!'%;:9/'!5(6&%,+/0*(,!
P_H_OH!0(!&'%+%,0]! HH\!(-!'%;:9/'!5(6&%,+/0*(,!B-('!6%68%'+!$*'%7!/-0%'!P_H_OH!/,7!0$(+%!

/55%&0*,;!&'()*+*(,+!(-!.$/&0%'!HHU!(-!0$%!G50+!(-!2OOOC!
HIPI!0(!&'%+%,0]!! /,!/77*0*(,/9!2\!(-!'%;:9/'!5(6&%,+/0*(,!*,!%R5%++!(-![1O3OOO3!%R5%&0!

6%68%'+!+:8c%50!0(!.$/&0%'!HHU!(-!0$%!G50+!(-!2OOO?!
!

`,!/77*0*(,3!6%68%'+!(-!d'(:&!H!<$(!c(*,!0$%!+A+0%6!(,!('!/-0%'!G&'*9!23!2OH2!<*99!$/)%!0$%*'!<*0$$(97*,;!
'/0%!'%7:5%7!8A!1\!/-0%'!/5$*%)*,;!1O!A%/'+!(-!5'%7*0/89%!+%')*5%?!
!
.,57+6?+/057.7!5+

!
`,0%'%+0!(,!'%;:9/'!7%7:50*(,+!6/7%!/-0%'!Y/,:/'A!H3!HIJU!*+!/!'/0%!%+0/89*+$%7!8A!ST@G.!*,!5(,+:90/0*(,!<*0$!
0$%!.(66*++*(,%'!(-!D/,b+?!#$%!'/0%!*+!(80/*,%7!-'(6!0$%!/)%'/;%!'/0%+!&/*7!(,!*,7*)*7:/9!+/)*,;+!/55(:,0+!
8A!/!'%&'%+%,0/0*)%!+/6&9%!(-!/0!9%/+0!HO!-*,/,5*/9!*,+0*0:0*(,+?!

!
.75/.79705+,@7++

!
#$%'%!*+!,(!6/,7/0('A!'%0*'%6%,0!/;%!-('!%6&9(A%%+!*,!d'(:&!H?!
!
!
!
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A-&+166"/7&'(&:$"*&:/'5.+.'*+&!"#$%&$'()*&
!

!4(7.,004,5/60+.75/.79705+
!

G!&%'+(,!<$(!8%5/6%!/!6%68%'!8%-('%!G&'*9!23!2OH2!*+!%9*;*89%!-('!/!+:&%'/,,:/0*(,!'%0*'%6%,0!/99(</,5%!
B+%')*5%!'%0*'%6%,0C!:&(,!6%%0*,;!0$%!-(99(<*,;!5(,7*0*(,+]!

!
m!5(6&9%0*(,!(-!2O!A%/'+!(-!+%')*5%3!('!

!
m!/00/*,6%,0!(-!/;%!NN!*-!$*'%7!&'*('!0(!HIPJ!('!

!
m!/00/*,6%,0!(-!/;%!NN!<*0$!HO!A%/'+!(-!+%')*5%3!*-!$*'%7!/-0%'!HIPP!!
!

G!&%'+(,!<$(!8%5/6%!/!6%68%'!(,!('!/-0%'!G&'*9!23!2OH2!*+!%9*;*89%!-('!/!+:&%'/,,:/0*(,!'%0*'%6%,0!/99(</,5%!
B+%')*5%!'%0*'%6%,0C!:&(,!6%%0*,;!0$%!-(99(<*,;!5(,7*0*(,+]!

!
m!/00/*,6%,0!(-!/;%!KO!<*0$!HO!A%/'+!(-!+%')*5%!!
!

,96405+6?+8707?/5++
!

G!6%68%'>+! /,,:/9! /99(</,5%! *+!7%0%'6*,%7!8A!6:90*&9A*,;! /!8%,%-*0! '/0%! '%9/0%7! 0(! 0$%!6%68%'>+! /;%! /0!
'%0*'%6%,0!8A!$*+!('!$%'!A%/'+!(-!5'%7*0/89%!+%')*5%3!/,7!0$%,!6:90*&9A*,;!0$/0!&'(7:50!8A!-*,/9!/)%'/;%!+/9/'A?!
G!6%68%'!<$(!*+!+:8c%50!0(!0$%!&'()*+*(,+!(-!.$/&0%'!HHU!(-!0$%!/50+!(-!2OOO3!/,7!<$(!5(6&9%0%+!/0!9%/+0!
1O!A%/'+!(-!5'%7*0/89%!+%')*5%!<*99!'%5%*)%!/,!/77*0*(,/9!2\!(-!$*+!/)%'/;%!+/9/'A!-('!%/5$!-:99!A%/'!(-!+%')*5%!
/8()%!2U!B21!-('!6%68%'+!$*'%7!(,!('!/-0%'!U_2_H2C?!#$%!/6(:,0!7%0%'6*,%7!8A!0$%!8%,%-*0!-('6:9/!5/,,(0!
%R5%%7!JO\!(-!0$%!6%68%'>+!$*;$%+0!0$'%%aA%/'!B('!-*)%aA%/'!/+!7*+5:++%7!8%9(<C!/)%'/;%!+/9/'A?!L('!)%0%'/,+!
/+!7%-*,%7!*,!d?F?!5?!123!+?!H3!0$%'%!*+!/,!/77*0*(,/9!8%,%-*0!(-![HN!&%'!A%/'!-('!%/5$!A%/'!(-!5'%7*0/89%!+%')*5%3!
:&!0(!/!6/R*6:6!(-![1OO?!
!
m!4/9/'A!*+!7%-*,%7!/+!;'(++!'%;:9/'!5(6&%,+/0*(,?!L('!%6&9(A%%+!<$(!8%5(6%!6%68%'+!/-0%'!Y/,:/'A!H3!2OHH3!
'%;:9/'!5(6&%,+/0*(,!*+!9*6*0%7!0(!KU\!(-!0$%!-%7%'/9!9*6*0!-(:,7!*,!2K!X?4?.?!UOHB/CBHPC?!!!`,!/77*0*(,3!'%;:9/'!
5(6&%,+/0*(,!-('!6%68%'+!<$(!'%0*'%!/-0%'!G&'*9!23!2OH2!<*99!8%!9*6*0%7!0(!&'($*8*0!i+&*b*,;j!(-!/!6%68%'>+!
+/9/'A!0(!*,5'%/+%!0$%!'%0*'%6%,0!8%,%-*0?!
!
m!L('!&%'+(,+!<$(!8%5/6%!6%68%'+!&'*('!0(!G&'*9!23!2OH23!/)%'/;%!+/9/'A!*+!0$%!/)%'/;%!/,,:/9!'/0%!(-!'%;:9/'!
5(6&%,+/0*(,!'%5%*)%7!7:'*,;!0$%!0$'%%!5(,+%5:0*)%!A%/'+!0$/0!&'(7:5%!0$%!$*;$%+0!/)%'/;%3!('3!*-!;'%/0%'3!
7:'*,;!0$%!9/+0!0$'%%!A%/'+!B<$%0$%'!('!,(0!5(,+%5:0*)%C!&'%5%7*,;!'%0*'%6%,0?!!!
!
m!L('!&%'+(,+!<$(!8%5/6%!6%68%'+!(,!('!/-0%'!0(!G&'*9!23!2OH23!/)%'/;%!+/9/'A!*+!0$%!/)%'/;%!/,,:/9!'/0%!(-!
'%;:9/'! 5(6&%,+/0*(,! '%5%*)%7! 7:'*,;! 0$%! -*)%! 5(,+%5:0*)%! A%/'+! 0$/0! &'(7:5%! 0$%! $*;$%+0! /)%'/;%3! ('3! *-!
;'%/0%'3!7:'*,;!0$%!9/+0!-*)%!A%/'+!B<$%0$%'!('!,(0!5(,+%5:0*)%C!&'%5%7*,;!'%0*'%6%,0?!!!
!
m!#$%!8%,%-*0!'/0%!)/'*%+!<*0$!0$%!6%68%'>+!'%0*'%6%,0!/;%?!!L('!&%'+(,+!<$(!8%5/6%!6%68%'+!&'*('!0(!G&'*9!
23!2OH2!0$%!$*;$%+0!'/0%!(-!2?N\!/&&9*%+!0(!d'(:&!H!%6&9(A%%+!<$(!'%0*'%!/0!('!/-0%'!/;%!KN?!!G!O?H\!'%7:50*(,!
*+!/&&9*%7!-('!%/5$!A%/'!(-!/;%!:,7%'!KN?!
!
m!L('!&%'+(,+!<$(!8%5/6%!6%68%'+!(,!('!/-0%'!G&'*9!23!2OH2!/,7!'%0*'%!<*0$!9%++!0$/,!1O!A%/'+!(-!5'%7*0/89%!
+%')*5%3!0$%!$*;$%+0!'/0%!(-!2?N\!/&&9*%+!0(!6%68%'+!<$(!'%0*'%!/0!('!/-0%'!/;%!KP?!G!O?HN\!'%7:50*(,!*+!/&&9*%7!
-('!%/5$!A%/'!(-!/;%!:,7%'!KP?!
 !
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!
m!L('!&%'+(,+!<$(!8%5/6%!6%68%'+!(,!('!/-0%'!G&'*9!23!2OH2!/,7!'%0*'%!<*0$!1O!('!6('%!A%/'+!(-!5'%7*0/89%!
+%')*5%3!0$%!$*;$%+0!'/0%!(-!2?N\!/&&9*%+!0(!6%68%'+!<$(!'%0*'%!/0!('!/-0%'!/;%!KP?!G!O?H2N\!'%7:50*(,!*+!
/&&9*%7!-('!%/5$!A%/'!(-!/;%!:,7%'!KP?!

!
<7?7..7<+37!57<+8707?/5++

!
G!&/'0*5*&/,0!<$(!$/+!/00/*,%7!0$%!'%Q:*+*0%!A%/'+!(-!5'%7*0/89%!+%')*5%!5/,!%9%50!0(!7%-%'!$*+!('!$%'!'%0*'%6%,0!
:,0*9!/! 9/0%'!7/0%?!G99! *,/50*)%!&/'0*5*&/,0+!6:+0!8%;*,!0(!'%5%*)%!/!'%0*'%6%,0!/99(</,5%!('!<*0$7'/<!0$%*'!
/55:6:9/0%7!7%7:50*(,+!,(!9/0%'!0$/,!G&'*9!HN!(-!0$%!5/9%,7/'!A%/'!-(99(<*,;!0$%!A%/'!0$%A!'%/5$!/;%!POn?!
!
:/5;<.,:,2+6?+1605./845/60!+

!
=%68%'!5(,0'*8:0*(,+!6/A!8%!<*0$7'/<,!:&(,!0%'6*,/0*(,!(-!%6&9(A6%,0?!#$%!*,0%'%+0!'/0%!-('!%6&9(A%%+!
<$(!-*'+0!8%5(6%!6%68%'+!(,!('!/-0%'!Y/,:/'A!H3!HIJU!<$(!)(9:,0/'*9A!<*0$7'/<!0$%*'!5(,0'*8:0*(,+!<*0$!
9%++!0$/,!HO!A%/'+!(-!+%')*5%!<*99!8%!1\?!!̀ ,0%'%+0!&/A/89%!(,!/99!(0$%'!<*0$7'/</9+!<*99!8%!+%0!/0!'%;:9/'!*,0%'%+0?!
!
6.</0,.>+</!,8/2/5>+

!
*+,-,.,+,/0)! V(,a)%0%'/,+! <$(! 8%5(6%! 0(0/99A! /,7! &%'6/,%,09A! 7*+/89%7! 8A! '%/+(,! (-! /! ,(,ac(8! '%9/0%7!
5(,7*0*(,!<*0$!/0!9%/+0!0%,!A%/'+!(-!5'%7*0/89%!+%')*5%?!
!
Z%0%'/,+!<*0$!0%,!A%/'+!(-!5'%7*0/89%!+%')*5%!<$(!8%5(6%!0(0/99A!/,7!&%'6/,%,09A!7*+/89%7!8A!'%/+(,!(-!/!
,(,ac(8!'%9/0%7!5(,7*0*(,?!!!
!
12/,$2324/!5++%67482)!L('!&%'+(,+!<$(!8%5/6%!6%68%'+!&'*('!0(!G&'*9!23!2OH23!0$%!8%,%-*0!*+!%Q:/9!0(!
0$%!/55':%7!+:&%'/,,:/0*(,!'%0*'%6%,0!8%,%-*0!/+!*-!0$%!6%68%'!</+!/;%!NN?!`-!0$%!6%68%'!*+!/!)%0%'/,3!0$%!
8%,%-*0!*+!NO\!(-!0$%!6%68%'>+!-*,/9!'/0%!(-!+/9/'A!7:'*,;!0$%!&'%5%7*,;!H2!6(,0$+3!&9:+!/,!/,,:*0A!8/+%7!:&(,!
/55:6:9/0%7!6%68%'!5(,0'*8:0*(,+!&9:+!5'%7*0%7!*,0%'%+0?!`-!0$%!6%68%'!*+!/;%!NN!('!(97%'3!$%!('!+$%!<*99!
'%5%*)%!,(0!9%++!0$/,!0$%!+:&%'/,,:/0*(,!/99(</,5%!0(!<$*5$!$%!('!+$%!*+!%,0*09%7?!
!
L('! &%'+(,+! <$(! 8%5/6%! 6%68%'+! (,! ('! /-0%'! G&'*9! 23! 2OH23! 0$%! 8%,%-*0! *+! %Q:/9! 0(! 0$%! /55':%7!
+:&%'/,,:/0*(,!'%0*'%6%,0!8%,%-*0!/+!*-!0$%!6%68%'!</+!/;%!KO?!!`-!0$%!6%68%'!*+!/!)%0%'/,3!0$%!8%,%-*0!*+!
NO\! (-! 0$%! 6%68%'>+! -*,/9! '/0%! (-! +/9/'A! 7:'*,;! 0$%! &'%5%7*,;! H2! 6(,0$+3! &9:+! /,! /,,:*0A! 8/+%7! :&(,!
/55:6:9/0%7!6%68%'!5(,0'*8:0*(,+!&9:+!5'%7*0%7!*,0%'%+0?!`-!0$%!6%68%'!*+!/;%!KO!('!(97%'3!$%!('!+$%!<*99!
'%5%*)%!,(0!9%++!0$/,!0$%!+:&%'/,,:/0*(,!/99(</,5%!0(!<$*5$!$%!('!+$%!<(:97!$/)%!8%%,!%,0*09%7!$/7!0$%A!
'%0*'%7!-('!+:&%'/,,:/0*(,?!
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!
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7:0*%+?!#$%'%!/'%!,(!6*,*6:6!/;%!('!+%')*5%!'%Q:*'%6%,0+?!!
!
12/,$2324/!5++%67482)!P2\!(-!+/9/'A!&9:+!/,!/,,:*0A!8/+%7!(,!/55:6:9/0%7!6%68%'!5(,0'*8:0*(,+3!<*0$!
*,0%'%+0?!#$*+!/6(:,0!*+!,(0!0(!%R5%%7!HOO\!(-!&/A?!L('!0$(+%!<$(!8%5/6%!6%68%'+a*,a+%')*5%!/-0%'!Y/,:/'A!
H3!HIJJ!('!<$(!$/)%!,(0!8%%,!6%68%'+a*,a+%')*5%!5(,0*,:/99A!+*,5%!0$/0!7/0%3!0$%!/6(:,0!*+!9*6*0%7!0(!PN\!
(-!&/A?!#$%'%! *+!/,!/77*0*(,/9!&%,+*(,!(-![H3OHO?2J!&%'!A%/'!&%'!5$*97!<$(!*+!:,7%'!HJ!/0!0$%!0*6%!(-!0$%!
6%68%'>+!'%0*'%6%,03!<*0$!,(!/;%!9*6*0/0*(,!*-!0$%!5$*97!*+!6%,0/99A!('!&$A+*5/99A!*,5/&/5*0/0%7!-'(6!%/',*,;?!
#$%!/77*0*(,/9!&%,+*(,!6/A!5(,0*,:%!:&!0(!/;%!22!-('!/,A!5$*97!<$(!*+!/!-:99a0*6%!+0:7%,0!/0!/,!/55'%7*0%7!
%7:5/0*(,/9!*,+0*0:0*(,?!Z%0%'/,+3!/+!7%-*,%7!*,!d?F?!5?!123!+?!H3!'%5%*)%!/,!/77*0*(,/9!8%,%-*0!(-![HN!&%'!A%/'!-('!
%/5$!A%/'!(-!5'%7*0/89%!+%')*5%3!:&!0(!/!6/R*6:6!(-![1OO?!

!
,11/<705,2+<7,5;++

!
*+,-,.,+,/0)!G&&9*%+!0(!6%68%'+!<$(!7*%!/+!/!'%+:90!(-!/!<('ba'%9/0%7!*,c:'A!('!*-!0$%!6%68%'!</+!'%0*'%7!-('!
/55*7%,0/9!7*+/8*9*0A!/,7!0$%!7%/0$!</+!0$%!,/0:'/9!/,7!&'(R*6/0%!'%+:90!(-!0$%!*,c:'A!('!$/W/'7!:,7%';(,%!(,!
/55(:,0!(-!<$*5$!+:5$!6%68%'!</+!'%0*'%7?!!
!
5++%67482)!G,!*66%7*/0%!&/A6%,0!0(!/!,/6%7!8%,%-*5*/'A!%Q:/9!0(!0$%!/55:6:9/0%7!7%7:50*(,+!/0!0$%!0*6%!
(-!7%/0$3!&9:+!/!&%,+*(,!%Q:/9!0(!P2\!(-!5:''%,0!+/9/'A!/,7!&/A/89%!0(!0$%!+:')*)*,;!+&(:+%3!7%&%,7%,0!5$*97'%,!
('!0$%!7%&%,7%,0!&/'%,03!&9:+!/!+:&&9%6%,0!(-![H3OHO?2J!&%'!A%/'3!&%'!5$*973!&/A/89%!0(!0$%!+&(:+%!('!9%;/9!
;:/'7*/,!:,0*9!/99!7%&%,7%,0!5$*97'%,!'%/5$!/;%!HJ!('!22!*-!/!-:99!0*6%!+0:7%,03!:,9%++!6%,0/99A!('!&$A+*5/99A!
*,5/&/5*0/0%7?!
!
<7,5;+,?57.+,11/<705,2+</!,8/2/5>+.75/.79705++

!
T--%50*)%!V()%68%'!P3!HIIK3!G55*7%,0/9!^*+/8*9*0A!'%0*'%%+!<%'%!/99(<%7!0(!+%9%50!E&0*(,!.!/0!'%0*'%6%,0!/,7!
&'()*7%!/!8%,%-*0!-('!/,!%9*;*89%!+:')*)('?!L('!G55*7%,0/9!^*+/8*9*0A!'%0*'%%+!&'*('!0(!V()%68%'!P3!HIIK3!<$(!
5(:97!,(0!+%9%50!E&0*(,!.3!*-!0$%!6%68%'>+!7%/0$!*+!-'(6!/!5/:+%!:,'%9/0%7!0(!0$%!5(,7*0*(,!-('!<$*5$!0$%!
6%68%'!'%5%*)%7!/55*7%,0/9!7*+/8*9*0A!8%,%-*0+3!/!+:')*)*,;!+&(:+%!<*99!'%5%*)%!/,!/,,:/9!/99(</,5%!(-![H23OOO?!
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<7,5;+/0+,15/37+!7.3/17+!"#$%"&'()+
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5++%67482)!G,!*66%7*/0%!/99(</,5%!%Q:/9!0(!0$/0!<$*5$!<(:97!$/)%!8%%,!&/A/89%!$/7!0$%!6%68%'!'%0*'%7!
/,7!+%9%50%7!E&0*(,!.!(,!0$%!7/A!8%-('%!$*+!('!$%'!7%/0$?!L('!/!&%'+(,!<$(!8%5/6%!/!6%68%'!&'*('!0(!G&'*9!
23!2OH2!<$(+%!7%/0$!(55:''%7!&'*('!0(!0$%!6%68%'>+!+:&%'/,,:/0*(,!'%0*'%6%,0!/;%3!0$%!/;%!NN!8%,%-*0!'/0%!
*+!:+%7?!!!`-!0$%!6%68%'!7*%7!/-0%'!/;%!NN3!0$%!/50:/9!/;%!*+!:+%7?!!L('!/!6%68%'!<$(!8%5/6%!/!6%68%'!(,!
('!/-0%'!G&'*9!23!2OH2!<$(+%!7%/0$!(55:''%7!&'*('!0(!0$%!6%68%'>+!+:&%'/,,:/0*(,!'%0*'%6%,0!/;%3!0$%!/;%!
KO!8%,%-*0!'/0%!*+!:+%7?!!̀ -!0$%!6%68%'!7*%7!/-0%'!/;%!KO3!0$%!/50:/9!/;%!*+!:+%7?!!#$%!6*,*6:6!/,,:/9!/99(</,5%!
&/A/89%!0(!0$%!+:')*)*,;!+&(:+%!(-!/!6%68%'a*,a+%')*5%!<$(!7*%+!<*0$!/0!9%/+0!0<(!A%/'+!(-!5'%7*0/89%!+%')*5%!
*+![K3OOO3!&'()*7%7!0$/0!0$%!6%68%'!/,7!0$%!+&(:+%!<%'%!6/''*%7!-('!/0!9%/+0!(,%!A%/'!/,7!9*)*,;!0(;%0$%'!
(,!0$%!6%68%'>+!7/0%!(-!7%/0$?!!
!
#$%!+:')*)*,;!+&(:+%!(-!+:5$!/!6%68%'a*,a+%')*5%!'%5%*)%+!/,!/77*0*(,/9!/99(</,5%!%Q:/9!0(!0$%!+:6!(-![H3UUO!
&%'!A%/'!-('!0$%!-*'+0!5$*97!/,7![H3OJO!&%'!A%/'!-('!%/5$!/77*0*(,/9!5$*97!:,0*9!/99!7%&%,7%,0!5$*97'%,!'%/5$!/;%!
HJ!('!22!*-!/!-:99a0*6%!+0:7%,03!:,9%++!6%,0/99A!('!&$A+*5/99A!*,5/&/5*0/0%7?!

!
16!5+6?+2/3/0@+

!
G!5(+0!(-!9*)*,;!/7c:+06%,0!B.EFGC!*+!7%0%'6*,%7!8/+%7!:&(,!0$%!*,5'%/+%!*,!0$%!.(,+:6%'!S'*5%!`,7%R!B.S`C!
:+%7!-('!*,7%R*,;!4(5*/9!4%5:'*0A!8%,%-*0+3!8:0!5/,,(0!%R5%%7!1?O\!(,!0$%!-*'+0![H13OOO!(-!/!'%0*'%%>+!8%,%-*0?+
!
975;6<!+6?+(,>9705+

!
G!6%68%'!6/A!%9%50!0(!'%5%*)%!$*+!('!$%'!'%0*'%6%,0!/99(</,5%!*,!(,%!(-!1!-('6+!(-!&/A6%,0?!
!
9'/,%4! 5)! #(0/9! /,,:/9! /99(</,5%3! &/A/89%! *,! 6(,0$9A! *,+0/996%,0+3! 5(66%,5*,;! /0! '%0*'%6%,0! /,7!
0%'6*,/0*,;!/0!0$%!6%68%'>+!7%/0$?!
!
9'/,%4!:)!G! '%7:5%7! /,,:/9! /99(</,5%3! &/A/89%! *,!6(,0$9A! *,+0/996%,0+3! 5(66%,5*,;! /0! '%0*'%6%,0! /,7!
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7*--%'%,5%!('!8/9/,5%!(-!$*+!/55:6:9/0%7!7%7:50*(,+!<*99!8%!&/*7!*,!/!9:6&!+:6!0(!0$%!'%0*'%%>+!8%,%-*5*/'A!('!
8%,%-*5*/'*%+!(-!5$(*5%?!
!
9'/,%4!;)!G!'%7:5%7!/,,:/9!/99(</,5%3!&/A/89%!*,!6(,0$9A!*,+0/996%,0+3!5(66%,5*,;!/0!'%0*'%6%,0?!G0!0$%!
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6/A!8%! 0$%!+&(:+%3!('! -('6%'!+&(:+%!<$(!'%6/*,+!:,6/''*%7! -('!/!6%68%'!<$(+%!'%0*'%6%,0!8%5(6%+!
%--%50*)%!(,!('!/-0%'!L%8':/'A!23!HII23!5$*973!&/'%,03!+*+0%'3!('!8'(0$%'!(-!0$%!%6&9(A%%C!-('!0$%!9*-%!(-!0$%!
8%,%-*5*/'A?!L('!6%68%'+!<$(!'%0*'%7!(,!('!/-0%'!Y/,:/'A!H23!HIJJ3!*-!0$%!8%,%-*5*/'A!&'%a7%5%/+%+!0$%!'%0*'%%3!
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'%0*'%6%,0?!L('!6%68%'+!<$(!'%0*'%7!&'*('!0(!Y/,:/'A!H23!HIJJ3!*-!0$%!4A+0%6!$/+!/55%&0%7!4%50*(,!2JJ!(-!
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!
!
!



 

M A S S A C H U S E T T S  T E A C H E R S ’  A C T U A R I A L  V A L U A T I O N  R E P O R T  |  J A N U A R Y  1 ,  2 0 2 2          34 

A-&+166"/7&'(&:$"*&:/'5.+.'*+&!"#$%&$'()*&
!
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!
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&'(a'/0*(,!<*99!,(0!8%!:,7%'0/b%,?!!#$*+!*+!8%5/:+%!+:5$!/!&%'+(,!<*99!'%5%*)%!/!+%&/'/0%!'%0*'%6%,0!/99(</,5%!
-'(6!%/5$!+A+0%6?!
+
&
&
&
&
&
&
&
&
&
&
&
&
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,B-&<$'++"/7&'(&!%/6+&
!

,154,./,2+,11.47<+2/,8/2/5>!
!

#$/0!&('0*(,!(-!0$%!G50:/'*/9!S'%+%,0!Z/9:%!(-!&%,+*(,!&9/,!8%,%-*0+!<$*5$!*+!,(0!&'()*7%7!8A!-:0:'%!V('6/9!
.(+0+! ('! %6&9(A%%! 5(,0'*8:0*(,+?! `0! *+! 0$%! &('0*(,! (-! 0$%!G50:/'*/9! S'%+%,0!Z/9:%! /00'*8:0/89%! 0(! +%')*5%!
'%,7%'%7!/+!(-!0$%!Z/9:/0*(,!^/0%?!

!
,154,./,2+,!!49(5/60!!

!
G++:6&0*(,+3!8/+%7!:&(,!&/+0!%R&%'*%,5%!('!+0/,7/'7!0/89%+3!:+%7!0(!&'%7*50!0$%!(55:''%,5%!(-!-:0:'%!%)%,0+!
/--%50*,;! 0$%! /6(:,0! /,7! 7:'/0*(,! (-! &%,+*(,! 8%,%-*0+3! +:5$! /+]! 6('0/9*0A3! <*0$7'/</93! 7*+/89%6%,0! /,7!
'%0*'%6%,0h!5$/,;%+!*,!5(6&%,+/0*(,h!'/0%+!(-!*,)%+06%,0!%/',*,;+!/,7!/++%0!/&&'%5*/0*(,!('!7%&'%5*/0*(,h!/,7!
/,A!(0$%'!'%9%)/,0!*0%6+?!

!
,154,./,2+16!5+975;6<+M6.+?40</0@+975;6<N!!

!
G!&'(5%7:'%! -('!/99(5/0*,;! 0$%!G50:/'*/9!S'%+%,0!Z/9:%!(-! /99!&/+0! /,7! -:0:'%!&%,+*(,!&9/,!8%,%-*0+! 0(! 0$%!
V('6/9!.(+0!/,7!0$%!G50:/'*/9!G55':%7!F*/8*9*0A?!

!
,154,./,2+@,/0+6.+26!!+M6.+7=(7./7017+@,/0+6.+26!!N!!

!
G!6%/+:'%!(-!0$%!7*--%'%,5%!8%0<%%,!/50:/9!%R&%'*%,5%!/,7!0$/0!%R&%50%7!8/+%7!:&(,!0$%!+%0!(-!G50:/'*/9!
G++:6&0*(,+3!7:'*,;!0$%!&%'*(7!8%0<%%,!0<(!G50:/'*/9!Z/9:/0*(,!7/0%+?!
!
<%/2)!#$%!%--%50!(,!0$%!G55':%7!F*/8*9*0A!/,7_('!0$%!V('6/9!.(+0!'%+:90*,;!-'(6!5$/,;%+!*,!0$%!G50:/'*/9!
G++:6&0*(,+3!0$%!G50:/'*/9!.(+0!=%0$(7!('!&%,+*(,!&9/,!&'()*+*(,+!<(:97!8%!7%+5'*8%7!/+!+:5$3!,(0!/+!/,!
G50:/'*/9!d/*,!BF(++C?!

!
,154,./,2+(.7!705+3,247!

!
#$%!7(99/'!)/9:%!(,!0$%!)/9:/0*(,!7/0%!(-!/99!8%,%-*0+!%R&%50%7!0(!8%!&/*7!0(!5:''%,0!6%68%'+!8/+%7!:&(,!0$%!
G50:/'*/9!G++:6&0*(,+!/,7!0$%!0%'6+!(-!0$%!S9/,?!

!
,96.5/O,5/60+(,>9705+!

!
#$/0!&('0*(,!(-!0$%!&%,+*(,!&9/,!/&&'(&'*/0*(,!<$*5$!'%&'%+%,0+!&/A6%,0+!6/7%!0(!&/A!*,0%'%+0!(,!/,7!0$%!
'%7:50*(,!(-!0$%!X,-:,7%7!G55':%7!F*/8*9*0A?!
!
,004,2+!5,579705+!!

!
#$%! +0/0%6%,0! +:86*00%7! 0(! ST@G.!%/5$! A%/'! 0$/0! 7%+5'*8%+! 0$%! /++%0! $(97*,;+! /,7! L:,7! 8/9/,5%+! /+! (-!
^%5%68%'! 19! /,7! 0$%! 0'/,+/50*(,+! 7:'*,;! 0$%! 5/9%,7/'! A%/'! 0$/0! /--%50%7! 0$%! -*,/,5*/9! 5(,7*0*(,! (-! 0$%!
'%0*'%6%,0!+A+0%6?!
!
,004/5>+.7!7.37+?40<+++

!
#$%!-:,7! *,0(!<$*5$!0(0/9!/55:6:9/0%7!7%7:50*(,+3! *,59:7*,;! *,0%'%+03! *+!0'/,+-%''%7!/0!0$%!0*6%!/!6%68%'!
'%0*'%+3!/,7!-'(6!<$*5$!/,,:*0A!&/A6%,0+!/'%!6/7%?!
!
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,B-&<$'++"/7&'(&!%/6++!"#$%&$'()*+
!

,004/5>+!,3/0@!+?40<+!!
!

#$%!-:,7!*,!<$*5$!%6&9(A%%!5(,0'*8:0*(,+!&9:+!*,0%'%+0!5'%7*0%7!/'%!$%97!-('!/50*)%!6%68%'+!/,7!-('!-('6%'!
6%68%'+!<$(!$/)%!,(0!<*0$7'/<,!0$%*'!5(,0'*8:0*(,+!/,7!/'%!,(0!A%0!'%5%*)*,;!/!8%,%-*0!B*,/50*)%!6%68%'+C?!

!

,!!75!+!!
!

#$%!)/9:%!(-!+%5:'*0*%+!$%97!8A!0$%!&9/,?!
!

16!5+6?+8707?/5!+!!
!

#$%!%+0*6/0%7!&/A6%,0!-'(6!0$%!&%,+*(,!+A+0%6!-('!8%,%-*0+!-('!0$%!-*+5/9!A%/'?!
!

?40</0@+!1;7<427+!
!

#$%!+5$%7:9%!8/+%7!:&(,!0$%!6(+0!'%5%,09A!/&&'()%7!/50:/'*/9!)/9:/0*(,!<$*5$!+%0+!-('0$!0$%!/6(:,0!<$*5$!
<(:97!8%!/&&'(&'*/0%7!0(!0$%!&%,+*(,!+A+0%6!*,!/55('7/,5%!<*0$!4%50*(,!22.!(-!=?d?F?!.$/&0%'!12?!!

!

@,!8!!
!

d()%',6%,0/9!G55(:,0*,;!40/,7/'7+!D(/'7!
!

06.9,2+16!5+!!
!

#(0/9!V('6/9!.(+0!*+!0$/0!&('0*(,!(-!0$%!G50:/'*/9!S'%+%,0!Z/9:%!(-!&%,+*(,!&9/,!8%,%-*0+3!<$*5$!*+!0(!8%!&/*7!
*,!/!+*,;9%!-*+5/9!A%/'?!#$%!T6&9(A%%!V('6/9!.(+0!*+!0$%!/6(:,0!(-!0$%!%R&%50%7!%6&9(A%%!5(,0'*8:0*(,+!-('!
0$%!-*+5/9!A%/'?!#$%!T6&9(A%'!V('6/9!.(+0!*+!0$%!7*--%'%,5%!8%0<%%,!0$%!#(0/9!V('6/9!.(+0!/,7!0$%!T6&9(A%%!
V('6/9!.(+0?!

!

(70!/60+?40<+!!
!

#$%!-:,7!*,0(!<$*5$!/&&'(&'*/0*(,!/6(:,0+!/+!7%0%'6*,%7!8A!ST@G.!/'%!&/*7!/,7!-'(6!<$*5$!&%,+*(,!8%,%-*0+!
/'%!&/*7?!
!

(70!/60+.7!7.37+?40<+!!
!

#$%! -:,7!<$*5$!+$/99!8%!5'%7*0%7!<*0$!/99!/6(:,0+!+%0!/+*7%!8A!/!+A+0%6!-('!0$%!&:'&(+%!(-!%+0/89*+$*,;!/!
'%+%')%!0(!6%%0!-:0:'%!&%,+*(,!9*/8*9*0*%+?!#$%+%!/6(:,0+!<(:97!*,59:7%!%R5%++!*,0%'%+0!%/',*,;+?!!
!

!(71/,2+?40<+?6.+9/2/5,.>+!7.3/17+1.7</5 !
!

#$%!-:,7!<$*5$!*+!5'%7*0%7!<*0$!/6(:,0+!&/*7!8A!0$%!'%0*'%6%,0!8(/'7!%Q:/9!0(!0$%!/6(:,0!<$*5$!<(:97!$/)%!
8%%,!5(,0'*8:0%7!8A!/!6%68%'!7:'*,;!/!6*9*0/'A!9%/)%!(-!/8+%,5%!/+!*-!0$%!6%68%'!$/7!'%6/*,%7!*,!/50*)%!
+%')*5%! (-! 0$%! '%0*'%6%,0! 8(/'7?! `,! 0$%! %)%,0! (-! '%0*'%6%,0! ('! /! ,(,ac(8! '%9/0%7! 7%/0$3! +:5$! /6(:,0! *+!
0'/,+-%''%7! 0(! 0$%!G,,:*0A!@%+%')%!L:,7?! `,! 0$%!%)%,0!(-! 0%'6*,/0*(,!&'*('! 0(! '%0*'%6%,0!('!7%/0$3! +:5$!
/6(:,0!+$/99!8%!0'/,+-%''%7!0(!0$%!S%,+*(,!L:,7?!
!

40?40<7<+,11.47<+2/,8/2/5>+!
!

#$%!%R5%++!(-!0$%!G50:/'*/9!G55':%7!F*/8*9*0A!()%'!0$%!G++%0+?!
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