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=9&+Q!38*!252N@$3&5+9!$+'!4*385'5@5Q&*9!+53*'!$05%*;!38&9!4$+N9-)&23!$'')*99*9!38*!
65@@5R&+Q!)*9*$)-8!VN*93&5+9!)*Q$)'&+Q!38*!S8*)45-8*4&93):!75+-*23!U+%*+35):!JS7UOb!
"O!U9!38*!S7U!'$3$!$22)52)&$3*!65)!$+$@:9&9!N9&+Q!38*!Z$9-8!45'*@p!
BO!g5R!'5!38*!S7U!&3*49!6N+-3&5+!R8*+!$'4&+&93*)*'!$9!$!9N44$3&%*!$99*994*+3p!
IO!(8$3!*%&'*+-*!9N225)39!38*!%$@&'&3:!$+'!)*@&$0&@&3:!56!38*!S7U!'$3$p!
iO!7$+!38*!S7U!'&93&+QN&98!0*3R**+!2*)65)4$+-*!Q)5N29p!
dO!(8$3!*%&'*+-*!9N225)39!38*!Q*+*)$@&Y$0&@&3:!56!38*!S7Up!

!
<("90)",/.8,@+"$9""+&.,
!
Z$9-8!45'*@!$+$@:9&9!R$9!N9*'!35!-5@@*-3!*%&'*+-*!65)!38*!&+3*+'*'!N9*9!$+'!
&+3*)2)*3$3&5+9!56!S7U!3*93&+Q!'$3$L!S8&9!$+$@:9&9!R$9!N9*'!35!'*3*)4&+*!&6!&3*49!2)5%&'*!
&+65)4$3&%*!'&$Q+593&-!'$3$;!)*6@*-3&+Q!8&Q8>6N+-3&5+&+Q!&3*49L!P+!&+65)4$3&%*;!8&Q8>
6N+-3&5+&+Q!&3*4!-$+!0*!'*9-)&0*'!0:!38*!65@@5R&+Q!-8$)$-3*)&93&-9b!$@@!'&93)$-3*)9!$)*!
$33)$-3&%*!35!$!-*)3$&+!2)525)3&5+!56!38*!93N'*+3!9$42@*!$+'!&3*4!'&66&-N@3:!3$)Q*39!93N'*+3!
$0&@&3&*9!65N+'!&+!38*!3$)Q*3!252N@$3&5+L!f%$@N$3&5+!56!&3*4!6N+-3&5+&+Q!'N)&+Q!!>3*93&+Q!
&+65)4*'!38*!+5%&-*!)*925+9*!2)5-*99!%$@&'&3:!&+3*)%&*R9!503$&+*'!&+!38*!2)&5)!93N':!
J()*+!$+'!/$)0*)$;!BD"IO!$+'!R$9!N9*'!35!6@$Q!92*-&6&-!&3*49!5)!&3*4!)*925+9*9!65)!
)*%&9&5+!5)!)*45%$@!6)54!38*!S7UL!Z*%&9&5+9!35!&3*49!R*)*!*%$@N$3*'!&+!38*!2&@53!93N':;!
)*9N@3&+Q!&+!38*!"D>&3*4!%*)9&5+!56!38*!S7U!N9*'!&+!38*!@$)Q*!'$3$!-5@@*-3&5+!'$3$!9*3!
2)*9*+3*'!&+!38&9!4$+N9-)&23L!#*3$&@*'!29:-854*3)&-!$+$@:9&9!56!38*!"D>&3*4!%*)9&5+!56!38*!
S7U!R&@@!0*!2)*9*+3*'!$@5+Q!R&38!$''&3&5+!35!&+65)4$3&5+!Q$&+*'!6)54!!!$+'!2&@53!3*93&+QL!!
!
3--*5-*+)"%&%..'58'012'6)")'85*'9).,:'3&)7;.+.!
!
S8*!"D!S7U!&3*49!$'4&+&93*)*'!&+!38*!@$)Q*!'$3$!-5@@*-3&5+!R*)*!*%$@N$3*'!65)!
N+&'&4*+9&5+$@&3:!$+'!@5-$@!&+'*2*+'*+-*L!U+!*%$@N$3&+Q!38*!N+&'&4*+9&5+$@&3:!56!38*!S7U;!
3R5!&3*49!8$'!@5$'&+Q9!$05%*!38*!)*-544*+'*'!%$@N*!56!DLiDL!U3*49!#!$+'!F!J9**!
P22*+'&[!65)!$!@&93!56!$@@!S7U!&3*49O!0538!8$'!@5$'&+Q!%$@N*9!56!DLHC!5+!38*!9*-5+'!-5+3)$93L!
g5R*%*);!38*!*&Q*+%$@N*!56!38&9!-5+3)$93!R$9!5+@:!"Li;!@*99!38$+!BLDD!-N3>566L!S8*)*65)*;!
38*9*!&3*49!$)*!+53!9**+!$9!$!38)*$3!35!38*!N+&'&4*+9&5+$@&3:!56!38*!S7UL!P@@!538*)!&3*49!8$'!
@5$'&+Q9!@*99!38$+!±!DLiL!U+!*%$@N$3&+Q!38*!@5-$@!&+'*2*+'*+-*!56!38*!&3*49;!+5!3R5!S7U!&3*49!
8$'!&+3*)>&3*4!-5))*@$3&5+!%$@N*9!Q)*$3*)!38$+!DL"EL!S8&9!@5R!%$@N*;!-542$)*'!35!38*!
-)&3*)&5+!56!DLd;!2)5%&'*9!*%&'*+-*!65)!38*!$99N423&5+!56!@5-$@!&+'*2*+'*+-*L!/$9*'!5+!
38*9*!*%$@N$3&5+9;!38*!S7U!'$3$!4**39!38*!Z$9-8!$99N423&5+9!56!N+&'&4*+9&5+$@&3:!$+'!@5-$@!
&+'*2*+'*+-*!$+'!38*)*65)*;!38&9!&9!$+!$22)52)&$3*!4*$9N)*4*+3!45'*@L!
!
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! C!

S8*!$99N423&5+9!56!&3*4!'&9-)&4&+$3&5+!*VN$@&3:!$+'!QN*99&+Q!R*)*!+53!*[2@&-&3@:!*%$@N$3*'!
65)!38*!S7U!$9!$!R85@*L!P9!38*!4593!4*$+&+Q6N@!'$3$!6)54!38*!S7U!&9!$3!38*!&3*4>)*925+9*!
@*%*@!J&L*L;!523&5+!-85&-*!$+'!-5++*-3&5+!35!$+!$@3*)+$3*!-5+-*23&5+O!38*!&42$-3!56!38*9*!
2$)$4*3*)9!R&@@!0*!'&9-N99*'!&+!-5+3*[3;!$3!38*!&3*4>@*%*@;!'N)&+Q!38*!)*925+9*!2)5-*99!
%$@&'&3:!25)3&5+!56!38&9!9*-3&5+L!
!
012'2"%4'<#&,"+5&+&='6#*+&='!#44)"+>%'3..%..4%&"'
!
67+)"(4"!8,1!9#":!;+#!#,!#<"!=$.4<!>,)"%!
!
Z$R!S7U!3*93&+Q!'$3$!R$9!N9*'!$+$@:Y*'!N9&+Q!38*!(&+93*29!2)5Q)$4L!U3*4!'&66&-N@3:!
4*$9N)*!*93&4$3*9!$+'!6&3!93$3&93&-9!-$@-N@$3*'!N9&+Q!38*!Z$9-8!45'*@!$)*!985R+!&+!S$0@*!"L!
!
2/70(,?L!U3*4>@*%*@!29:-854*3)&-!*93&4$3*9!65)!Z$9-8!45'*@!$+$@:9&9;!&3*49!5)'*)*'!6)54!
8$)'*93!J&3*4!#O!35!*$9&*93!J&3*4!]OL!
!

5)(', @+11+$90)#,
:(/"9*(/,

5.1+),
:ABC7,

D9)1+),
:ABC7,

@, "Ld"! "L"I! "LBI!
3, "LIC! DLEi! DLEI!
5, DLHG! DLEd! DLEI!
E, DLdB! DLEG! "LDD!
F, DLBG! "LDG! "LDE!
-, DL"H! DLEd! DLEI!
=, >DLBB! "LDD! DLEC!
G, >DLCi! DLEG! DLEC!
H, >DLEH! DLEI! DLGi!
I, >BLHD! "L"D! "LdH!

$b!S8*!45)*!+*Q$3&%*!38*!%$@N*!38*!*$9&*)!38*!&3*4!
0b!P--*23$0@*!)$+Q*!65)!eA?m!%$@N*9!&9!"LDD!±!DLd!J/5+'!$+'!<5[;!BDDC`!k&+$-)*;!BD"DO!
!
Z$9-8!&3*4!'&66&-N@3:!4*$9N)*9!$)*!5+!$!@&+*$)!@5Q&3!&+3*)%$@!9-$@*;!R8&-8!&9!N9*6N@!65)!
-542$)&+Q!35!93N'*+3!$0&@&3:!4*$9N)*9!38$3!$)*!5+!38*!9$4*!9-$@*L!U+!$''&3&5+;!*$-8!&3*4!
'&66&-N@3:!4*$9N)*!8$9!$995-&$3*'!6&3!&+'&-*9;!N9*'!35!*%$@N$3*!85R!R*@@!93N'*+3!&3*4!
)*925+9*9!6&3!38*!Z$9-8!45'*@L!P+$@:9&9!56!'$3$!6&33&+Q!35!38*!Z$9-8!45'*@!65-N9*9!5+!
&'*+3&6:&+Q!509*)%$3&5+9!38$3!$)*!5N3@&*)9!35!38*!'$3$!9*3!$+'!5+!N+*[2*-3*'!)*925+9*!
2$33*)+9!&+!509*)%$3&5+9L!U'*+3&6:&+Q!5N3@&*)9;!N9&+Q!5N36&3!93$3&93&-9;!R$9!38*!6&)93!93*2!&+!38*!
$+$@:9&9!56!S7U!'$3$;!65@@5R*'!0:!&'*+3&6&-$3&5+!56!N+*[2*-3*'!)*925+9*!2$33*)+9;!N9&+Q!&+6&3!
93$3&93&-9L!!
!
S8*!5N36&3!eA?m!93$3&93&-9!J985R+!&+!S$0@*!"O!65)!$@@!&3*49;!*[-*23!&3*4!]!J5N36&3!eA?m!X!
"LdHO;!$)*!$--*23$0@*L!A5!nS?#!93$3&93&-9!$)*!Q&%*+!&+!S$0@*!";!$9!38*!@$)Q*!9$42@*!9&Y*!
'*-)*$9*9!38*!N3&@&3:!56!38&9!93$3&93&-!65)!'&$Q+593&-!2N)259*9L!P9!985R+!&+!S$0@*!";!$@@!&3*49!
5+!38*!S7U!8$'!&+6&3!93$3&93&-9!R*@@!R&38&+!38*!$--*23$0@*!)$+Q*L!S8&9!&9!93)5+Q!93$3&93&-$@!
*%&'*+-*!65)!)*925+9*!2)5-*99!%$@&'&3:L!U3*4!]!&9!+53!9**+!$9!2)50@*4$3&-!&+!3*)49!56!
)*925+9*!2)5-*99!%$@&'&3:!$9!&39!&+6&3!%$@N*!R$9!$--*23$0@*L!
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! G!

!
67+)"(4"!8,1!9#":!-$1/"#+(/!
!
?3N'*+3!$0&@&3:!*93&4$3*9!-$+!0*!-$@-N@$3*'!0:!3)$+965)4&+Q!S7U!)$R!9-5)*9!5+35!$!@5Q&3!
&+3*)%$@!9-$@*L!S8*!93N'*+3!$0&@&3:!4*$9N)*9!-$+!0*!'&)*-3@:!-542$)*'!35!&3*4!'&66&-N@3:!
4*$9N)*9;!$9!38*:!$)*!0538!5+!$!@5Q&3!9-$@*L!P+!$99*994*+3!&9!4593!&+65)4$3&%*!R8*+!&3*4!
'&66&-N@3&*9!$)*!4$3-8*'!R&38!93N'*+3!$0&@&3&*9L!F&%*+!38$3!$!93N'*+3!252N@$3&5+!R&@@!8$%*!$!
'&93)&0N3&5+!56!$0&@&3&*9;!&3*4!'&66&-N@3&*9!985N@'!$@95!%$):!35!9$42@*!93N'*+39!$3!'&66*)*+3!
$0&@&3:!@*%*@9L!P+!*$9:!R$:!35!*%$@N$3*!&3*4!3$)Q*3&+Q!65)!$!9$42@*!&9!35!2@53!Z$9-8!93N'*+3!
$0&@&3:!$+'!&3*4!'&66&-N@3:!4*$9N)*9!5+!38*!9$4*!@5Q&3!$[&9;!-5445+@:!.+5R+!$9!$!()&Q83!
e$2L!S8*!()&Q83!e$2!65)!38*!@$)Q*!'$3$!-5@@*-3&5+!9$42@*!&9!985R+!&+!<&QN)*!"L!
!

!
!
E+;9*(,?L!()&Q83!4$2!56!&3*4!2*)95+!$0&@&3:!$+'!&3*4!'&66&-N@3:!2@533*'!5+!$!@5Q&3!9-$@*`!e!
&+'&-$3*9!4*$+;!?!&+'&-$3*9!5+*!93$+'$)'!'*%&$3&5+;!S!&+'&-$3*9!3R5!93$+'$)'!'*%&$3&5+9L!
!
S8*!4*$+!56!38*!&3*4!'&66&-N@3:!4*$9N)*9!&9!-*+3*)*'!$3!D!@5Q&39;!$+'!-$+!0*!-542$)*'!35!38*!
4*$+!56!93N'*+3!$0&@&3:!4*$9N)*9L!(8*+!38*!4*$+9!56!&3*4!'&66&-N@3:!$+'!93N'*+3!$0&@&3:!$)*!
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each "#" = 21 persons

each "." = 1-20 persons

Person 
Ability

Item 
Difficulty

3

2

1

0

-1

-2

-3
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! E!

-@59*!35!5+*!$+538*)!$+'!38*!92)*$'!56!&3*4!'&66&-N@3&*9!-5%*)9!38*!)$+Q*!56!93N'*+3!$0&@&3&*9;!
38&9!&9!$+!&+'&-$3&5+!56!Q55'!3*93!3$)Q*3&+QL!S8*!S7U!&3*49!'&92@$:!*[-*@@*+3!3$)Q*3&+Q!35!38*!
252N@$3&5+!93N'&*';!R8*)*!$@@!&3*49!*[-*23!65)!5+*!J&3*4!]O!$)*!R*@@!4$3-8*'!R&38!38*!
4$K5)&3:!56!38*!93N'*+3!$0&@&3&*9L!S8&9!2)5%&'*9!*%&'*+-*!38$3!38*)45-8*4&93):!-5+3*+3!
3*93*'!0:!S7U!&3*49!%$)&*9!&+!'&66&-N@3:;!$+'!-$+!2)5%&'*!3$)Q*3*'!&+65)4$3&5+!65)!$!)$+Q*!56!
93N'*+3!$0&@&3&*9L!<5)!38&9!9$42@*;!38*!$%*)$Q*!93N'*+3!$0&@&3:!&9!Q)*$3*)!38$+!D!@5Q&39;!R&38!$!
2)525)3&5+!56!93N'*+39!R&38!$0&@&3&*9!$05%*!38*!&3*4!R&38!38*!Q)*$3*93!&3*4!'&66&-N@3:!J&3*4!
#OL!(8*+!38*)*!$)*!+5!&3*49!$05%*!$!93N'*+3T9!$0&@&3:!4*$9N)*;!38*)*!-$+!0*!$!38)*$3!35!
)*@&$0&@&3:!56!38*!93N'*+3!$0&@&3:!*93&4$3*L!g5R*%*);!&+!2&@53!3*93&+Q;!R8&-8!N9*'!38*!S7U!$9!
@5R>93$.*9!65)4$3&%*!$99*994*+3;!38*!$%*)$Q*!93N'*+3!$0&@&3:!R$9!KN93!0*@5R!D!@5Q&39!$+'!
&3*4!#!R$9!R*@@!3$)Q*3*'!35!38*!93N'*+39!R&38!38*!Q)*$3*93!$0&@&3:!4*$9N)*9L!\*)6*-3!&3*4!
3$)Q*3&+Q!&9!'&66&-N@3!35!503$&+!65)!9$42@*9!R&38!%$):&+Q!$%*)$Q*!$0&@&3&*9!$+'!'&66*)*+3!
93$.*9!56!3*93&+QL!A*%*)38*@*99;!&3*4!3$)Q*3&+Q!R$9!9$3&96$-35):!&+!0538!@5R!J65)4$3&%*!
$99*994*+3O!$+'!8&Q8*)>93$.*9!J9N44$3&%*O!3*93&+QL!U3*4!3$)Q*3&+Q!$@95!2)5%&'*9!*%&'*+-*!
65)!38*!&3*4!)*@&$0&@&3:L!U3*49!38$3!8$%*!'&66&-N@3:!4*$9N)*9!-@59*!35!38*!$%*)$Q*!93N'*+3!
$0&@&3:!R&@@!8$%*!8&Q8!&3*4!)*@&$0&@&3:!*93&4$3*9L!S8N9;!&3*49!$)5N+'!38*!-*+3*)!56!38*!S7U!
9-$@*!J*LQL;!&3*49!U;!<;!F;!P;!fO!R&@@!&+8*)*+3@:!2)5%&'*!38*!4593!)*@&$0@*!4*$9N)*9;!R8*+!
-542$)*'!35!&3*49!38$3!$3!38*!*[3)*4*9!56!38*!S7U!9-$@*!J*LQL;!&3*49!#!$+'!]OL!S8&9!-$+!8*@2!
N9*)9!56!38*!S7U!2@$-*!-5+6&'*+-*!&+!&3*4>@*%*@!&+3*)2)*3$3&5+9!56!38*&)!3*93&+Q!'$3$L!!
!
67+)"(4"!8,1!9#":!;?(4#+,(+(/!
!
#&93)$-3*)!$+$@:9&9!56!S7U!&3*49!R$9!N9*'!65)!0538!38*!&3*4!'*%*@524*+3!2)5-*99!$+'!&+!38*!
*%$@N$3&5+!56!38*!"D>&3*4!%*)9&5+!56!38*!S7U!&3*49!N9*'!&+!38*!@$)Q*!'$3$!-5@@*-3&5+!93N':L!
U3*4!523&5+!2)50$0&@&3:!-N)%*9!Jo\79O!2)5%&'*!$!%&9N$@!)*2)*9*+3$3&5+!56!38*!$33)$-3&%*+*99!
56!&3*4!523&5+9;!$9!9**+!&+!<&QN)*!BL!P9!0538!93N'*+3!$0&@&3:!$+'!&3*4!'&66&-N@3:!$)*!4*$9N)*'!
5+!38*!9$4*!9-$@*;!38*:!-$+!0*!-542$)*'J/5+'!$+'!<5[;!BDDCOL!,N93!$9!$+!&+'&%&'N$@T9!
2)50$0&@&3:!56!-5))*-3@:!)*925+'&+Q!35!$+!&3*4!'*2*+'9!5+!38$3!2*)95+T9!$0&@&3:!&+!)*@$3&5+!
35!38*!&3*4!'&66&-N@3:;!95!35!'5*9!38*&)!2)50$0&@&3:!56!-8559&+Q!$+!&3*4!523&5+L!P+!o\7!2@539!
5N3!38*!2)50$0&@&3:!56!-8559&+Q!$+!523&5+!J2@533*'!5+!38*!:>$[&9O!$9!$!6N+-3&5+!56!$0&@&3:!
J2@533*'!5+!38*![>$[&9OJ/5+'!$+'!<5[;!BDDC`!k&+$-)*;!BD"DOL!<5)!$+!&+'&%&'N$@!&3*4;!38*9*!
2@539!38*+!4$2!5N3!R8&-8!93N'*+3!$0&@&3&*9!$)*!38*!4593!@&.*@:!35!-8559*!$!Q&%*+!)*925+9*!
523&5+!35!38$3!&3*4L!Z$9-8!&3*4!o\79!-$+!0*!N9*'!35!*%$@N$3*!)*9*$)-8*)!*[2*-3$3&5+9!56!
523&5+!$33)$-3&%*+*99!35!93N'*+39!56!-*)3$&+!$0&@&3&*9;!R8&-8!&9!-)&3&-$@!65)!'&$Q+593&-!
'&93)$-3*)>')&%*+!-5+-*23!&+%*+35)&*9!Jg*))4$++>P0*@@!$+'!#*/5*);!BD""OL!<5)!*[$42@*;!
38*!-5))*-3!$+9R*)!985N@'!8$%*!$!@5R!2)50$0&@&3:!56!0*&+Q!-859*+!0:!93N'*+39!56!38*!@5R*93!
$0&@&3:!J$9!*93&4$3*'!0:!38*!Z$9-8!45'*@O!$+'!985N@'!&+-)*$9*!&+!2)50$0&@&3:!$9!93N'*+3!
$0&@&3:!&+-)*$9*9L!k&.*R&9*;!-*)3$&+!'&93)$-3*)9!)*2)*9*+3&+Q!92*-&6&-!$@3*)+$3&%*!-5+-*23&5+9!
38$3!'*%&$3*!6)54!38*!-5))*-3!-5+-*23&5+!985N@'!0*!45)*!@&.*@:!-859*+!0:!@5R*)>$0&@&3:!
93N'*+39!38$+!8&Q8*)>$0&@&3:!93N'*+39L!U+!$''&3&5+;!&3*4!o\79!-$+!0*!N9*'!35!*%$@N$3*!85R!
&3*4!523&5+9!-$+!'&9-)&4&+$3*!93N'*+39!56!'&66*)*+3!$0&@&3&*9L!U3*4!P!985R+!&+!<&QN)*!B!&9!$+!
*[$42@*!56!$+!&3*4!R&38!Q55'!&3*4!'&93)$-3*)!6N+-3&5+&+QL!
!
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! "D!

!
E+;9*(,JL!\9:-854*3)&-!&+65)4$3&5+!65)!U3*4!P!65)!0538!&3*4>@*%*@!J'&66&-N@3:!4*$9N)*O!$+'!
&3*4!523&5+>@*%*@!J523&5+!-5N+3!$+'!6)*VN*+-:`!$%*)$Q*!$0&@&3:!56!93N'*+39!-8559&+Q!523&5+OL!!
!
<5)!&3*4!P;!*$-8!)*925+9*!523&5+!3$)Q*39!$!'&66*)*+3!93N'*+3>$0&@&3:!)$+Q*L!S8&9!&9!&425)3$+3!
65)!38*!*%$@N$3&5+!56!523&5+9!/!$+'!7;!R8&-8!R*)*!5+@:!9*@*-3*'!0:!Gj!$+'!""j!56!38*!
93N'*+3!9$42@*;!)*92*-3&%*@:L!o23&5+9!38$3!9**4!N+$33)$-3&%*!35!93N'*+39!0$9*'!9&42@:!5+!
)*925+9*!6)*VN*+-:!4&Q83!$-3N$@@:!0*!6N+-3&5+&+Q!R*@@;!&6!38*:!$)*!$33)$-3&%*!35!$!94$@@!
25)3&5+!56!38*!9$42@*!38$3!8$9!$!92*-&6&-!$0&@&3:!)$+Q*L!S8*)*65)*;!&3*4!o\79!-$+!8*@2!
$'')*99!&6!@5R!523&5+!)*925+9*!&9!9&42@:!*))5)!'N*!35!93N'*+3!QN*99&+Q!5)!&9!2)5%&'&+Q!
&+65)4$3&5+!$05N3!$+!$@3*)+$3&%*!-5+-*23&5+!&+!$!25)3&5+!56!38*!93N'*+3!252N@$3&5+L!P+!
$''&3&5+$@!.*:!6*$3N)*!-$+!0*!9**+!&+!38*!o\7!56!&3*4!P;!38$3!&9!38$3!$9!93N'*+3!$0&@&3:!
&+-)*$9*9;!38*!2)50$0&@&3:!56!-8559&+Q!$+:!'&93)$-3*)!'*-)*$9*9!$+'!38*!2)50$0&@&3:!56!
-8559&+Q!38*!-5))*-3!523&5+!&+-)*$9*9L!
!
<5)!&3*4!7!J<&QN)*!IO;!0538!&3*4!523&5+!)*925+9*!6)*VN*+-:!$+'!38*!&3*4!o\7!'*45+93)$3*!
38$3!523&5+!P!&9!+53!$33)$-3&%*!35!93N'*+39;!0$9*'!5+!38*!*[3)*4*@:!@5R!)*925+9*!6)*VN*+-:!
38$3!'&92@$:*'!+5!'&9-)&4&+$3&5+!56!93N'*+3!$0&@&3&*9L!S8*!-5))*-3!$+9R*)!R$9!38*!4593!
2)50$0@*!$+9R*)!65)!93N'*+39!56!8&Q8*)!$0&@&3:;!$9!38&9!&3*4!R$9!38*!9*-5+'!4593!'&66&-N@3!
&3*4!5+!38*!S7UL!U+!-5+3)$93;!$+$@:9&9!56!38*!3R5!538*)!'&93)$-3*)9!J523&5+9!/!$+'!7O!
'*45+93)$3*9!'&9-)&4&+$3&5+!56!93N'*+39!0$9*'!5+!$0&@&3:L!o23&5+!/!R$9!38*!4593!2)50$0@*!
$+9R*)!65)!93N'*+39!56!38*!@5R*93!$0&@&3:;!$+'!)*2)*9*+39!38*!$@3*)+$3&%*!-5+-*23&5+!38$3!38*!
)$3*!56!38*)4$@!*+*)Q:!3)$+96*)!-$+!0*!'*3*)4&+*'!N9&+Q!38*!38*)4$@!2)52*)3&*9!56!
4$3*)&$@9!J*LQL;!92*-&6&-!8*$3!-$2$-&3:!J()*+!$+'!/$)0*)$;!BD"IOOL!o23&5+!7!R$9!38*!4593!
2)50$0@*!65)!93N'*+39!56!$%*)$Q*!$0&@&3:;!$+'!)*2)*9*+39!38*!$@3*)+$3&%*!-5+-*23&5+!38$3!38*!
3*42*)$3N)*!56!$+!50K*-3!&9!$+!$--N)$3*!4*$9N)*!56!38*!353$@!38*)4$@!*+*)Q:!56!$+!50K*-3!
J()*+!$+'!/$)0*)$;!BD"IOL!/$9*'!5+!38&9!$+$@:9&9;!&3*4!7!8$9!$--*23$0@*!Z$9-8!&3*4!6&3!
93$3&93&-9!$+'!$+!&+65)4$3&%*!o\7!R&38!38*!*[-*23&5+!56!523&5+!PL!S8&9!2)5%&'*9!*%&'*+-*!

!"#$%&%

!"#$%&'(&)*$#+$,-++&)-./$0#123&*$4#.5'-.$62)&$"'5&)$'5$,-++&)&.5$
5&36&)'52)&*7$84&$-*$',,&,$5#$59&$"'5&)$-.$&'49$%&'(&)7$:9##*&$59&$3#*5$
'442)'5&$'.*"&)$/-0&.$%&1#"7$

;<=  >?2'1$'3#2.5*$#+$-4&$"-11$3&15$-.$&'49$%&'(&)$
;@=  !9&$"'5&)$-*$4#.*-,&)&,$59&$*A*5&3$%&4'2*&$-5$-*$/-0-./$#++$9&'5$
;:=  !9&$3&15-./$#+$59&$-4&$-.$&-59&)$4#.5'-.&)$-*$4#.*-,&)&,$'.$

&B#59&)3-4$6)#4&**$
;C=  D#)&$-4&$"-11$3&15$-.$59&$%&'(&)$"-59$"'5&)$'5$EFF$G:$

!"#$%&$
!"#$%'(")*+$ ,*-+"$ .$ /0123%&4#506#%&7)8)"9$

&$ HFI$ JJ$ F7KL$
:$ EFE$ K$ MF7NO$
,$ EPL$ EE$ MF7LO$
;$ NPN$ LH$ F7FL$

$$
/0123%;)<=)2-8"9%>#01-5#$ F7EI$
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! ""!

38$3!523&5+!P!985N@'!0*!)*45%*'!6)54!&3*4!7;!0N3!38$3!38*!&3*4!985N@'!)*4$&+!&+!38*!6&+$@!
%*)9&5+!56!38*!S7UL!
!

!
E+;9*(,KL!U3*4!7!$+'!$995-&$3*'!29:-854*3)&-!&+65)4$3&5+!'*45+93)$3*9!38$3!523&5+!P!&9!
N+$33)$-3&%*!38*!93N'*+39!JIj!523&5+!6)*VN*+-:O!$+'!'5*9!+53!'&9-)&4&+$3*!$45+Q!
93N'*+39!0$9*'!5+!$0&@&3:!Jo\7OL!!
!
\9:-854*3)&-!*93&4$3*9!$+'!&3*4!o\79!65)!$@@!&3*49!-$+!0*!65N+'!&+!38*!P22*+'&[L!U+!
$''&3&5+!35!38*!)*45%$@!56!523&5+!P!6)54!&3*4!7;!523&5+!P!6)54!U3*4!g!985N@'!$@95!0*!
)*45%*'!65)!38*!9$4*!)*$95+9!$9!2)*9*+3*'!$05%*L!U+!-5+3)$93;!523&5+!7!56!&3*4!]!$@95!8$'!$!
255)>2*)65)4&+Q!523&5+;!$9!985R+!&+!<&QN)*!i;!85R*%*);!&3!R&@@!0*!)*3$&+*'!&+!38*!6&+$@!
%*)9&5+!56!38*!S7UL!Z*45%&+Q!38&9!523&5+!6)54!&3*4!]!-5N@'!&+-)*$9*!38*!38)*$3!35!%$@&'&3:!
J-5+93)N-3>&))*@*%$+3!*$9&+*99!JP4*)&-$+!f'N-$3&5+$@!Z*9*$)-8!P995-&$3&5+;!"EEE`!()*+!
$+'!/$)0*)$;!BD"IOO!0:!2)5%&'&+Q!&+65)4$3&5+!38$3!-5N@'!0*!N9*'!0:!93N'*+39!35!$+9R*)!
538*)!&3*49L!?2*-&6&-$@@:;!38$3!38*!)*$-3&5+!*+38$@2:!-$+!0*!N9*'!35!'*3*)4&+*!&6!$!)*$-3&5+!&9!
*+'538*)4&-!5)!*[538*)4&-L!/:!.**2&+Q!523&5+!7;!38&9!38)*$3!35!%$@&'&3:!-$+!0*!4&+&4&Y*';!
*%*+!&6!38&9!523&5+!&39*@6!'5*9!+53!2)5%&'*!4N-8!N9*6N@!&+65)4$3&5+L!!
!

!"#$%&%

!"#$%&'"%("!$)*+,)*"-!$."/,0"/"#$%&'"%("12%,"-34."4/&5"/6"78"'9"/24"
:+*)$6/,4%):$;"02%<<40"+,6%"+04,6+&/$":6;2%(%/*"&)<:"&%,6/+,+,="654"
:/*4"/*%),6"%(">/642"/6"?7"'9">/642@""95%%:4"654"*%:6"/&&)2/64"/,:>42"
=+A4,"#4$%>@"

-!.  !(642"/00+,="4+6542"#$%&'"6%"654">/642B"654"<2%&4::"&/,"#4"
04:&2+#40"/:"/,"4,0%6542*+&"<2%&4::B">+65"24:<4&6"6%"654"#$%&'"

-C.  D542*/$"4,42=;">+$$"#4"62/,:(42240"(/:642"#46>44,"654"!$"#$%&'"
/,0"654">/642"65/,"#46>44,"654"34"#$%&'"/,0"654">/642"

-9.  D54"E+,/$"64*<42/6)24"%("654">/642"+,"#%65"!"/,0"C">+$$"#4"654"
:/*4"

-F.  D54">/642"+,"!">+$$"5/A4"/"5+=542"E+,/$"64*<42/6)24"65/,"654">/642"
+,"C"

!"#$%&"
!"#$%()"*+," &+-,"" ." /0123%45#607#%48*9*":"

4" GH" I" J8@HH"
;" IGI" ?K" J8@H8"
&" 7HI" G8" 8@??"
<" IL7" IH" H@8L"

""
/0123%<*=>*2-9":%?#01-6#" H@IK"
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! "B!

!
E+;9*(,LL!U3*4!]!29:-854*3)&-!&+65)4$3&5+!'*45+93)$3*9!38$3!523&5+!7!'5*9!+53!2)5%&'*!
N9*6N@!5)!)*@&$0@*!&+65)4$3&5+!
!
?)7+$+";')&$'9%7+)@+7+";'A>+$%&,%'58'012'6)")'
!
@#1?4#?1$%!A$%+)+#B!
!
?3)N-3N)$@!%$@&'&3:!&9!38*!'*Q)**!35!R8&-8!38*!$-3N$@!3*93!93)N-3N)*!4$3-8*9!38*!'*9&Q+*'!
38*5)*3&-$@!93)N-3N)*!0$9*'!5+!38*!-5+93)N-3!0*&+Q!4*$9N)*'!Jk5*%&+Q*);!"EdCOL!U6!$!3*93!&9!
'*9&Q+*'!35!0*!N+&'&4*+9&5+$@!J5+@:!4*$9N)&+Q!5+*!-5+93)N-3O;!&3!985N@'!0*!*93$0@&98*'!
38$3!5+@:!5+*!-5+93)N-3!&9!0*&+Q!4*$9N)*'L!S8*!S7U!R$9!'*9&Q+*'!35!4*$9N)*!5+*!
29:-85@5Q&-$@!-5+93)N-3;!38*)45-8*4&-$@!-5+-*23N$@!N+'*)93$+'&+QL!S8N9;!38*!93)N-3N)*!56!
38*!S7U!985N@'!0*!N+&'&4*+9&5+$@;!R&38!*$-8!&3*4!0*&+Q!$!4*$9N)*!56!38*)45-8*4&-$@!
-5+-*23N$@!N+'*)93$+'&+QL!P9!R$9!985R+!'N)&+Q!38*!*%$@N$3&5+!56!38*!$99N423&5+9!56!38*!
Z$9-8!45'*@;!38*!S7U!&9!N+&'&4*+9&5+$@!$+'!38*)*65)*!4$3-8*9!38*!'*9&Q+*'!38*5)*3&-$@!
93)N-3N)*L!
!
=".5,(."!*1,4"..!A$%+)+#B!
!
o23&5+!2)50$0&@&3:!-N)%*9!Jo\79O!-$+!0*!N9*'!35!9N225)3!38*!%$@&'&3:!56!93N'*+39T!)*925+9*!
2)5-*99*9L!#N)&+Q!38*!'*%*@524*+3!28$9*;!*%&'*+-*!65)!)*925+9*!2)5-*99!%$@&'&3:!65)!38*!
S7U!&3*49!R$9!*93$0@&98*'!38)5NQ8!&+3*)%&*R9!R&38!93N'*+39!6)54!38*!3$)Q*3!
252N@$3&5+J()*+!$+'!/$)0*)$;!BD"IOL!S8*9*!&+3*)%&*R9!985R*'!38$3!93N'*+39!'&'!+53!
-8559*!)*925+9*!523&5+9!$3!)$+'54`!)$38*);!38*:!N9*'!)*$95+&+Q!0$9*'!5+!38*&)!@*%*@!56!
-5+-*23N$@!N+'*)93$+'&+Q!56!38*!352&-!0*&+Q!2)50*'!0:!$+!&3*4L!S8&9!3:2*!56!)*925+9*!
2)5-*99!'$3$!-$+!0*!6N)38*)!-5+6&)4*'!N9&+Q!38*!o\79L!U3!R$9!985R+!$05%*!38$3!38*!
)*925+9*!2)56&@*!56!$+!o\7!-5N@'!0*!N9*'!35!'*3*)4&+*!'&66*)*+-*9!&+!93N'*+3!$0&@&3:!$9!R*@@!

!"#$%&%

!"#$#%&$'()*+#,$-#$#'()*"*+##%&$'()*+#&+(,$./0#123%4+56#
',**-&#(,&#7*-(#$''8%$(&#%&-/*+-&#9&.*:;#

1<5  =,&#%&$'()*+#'$+#9&#>&-'%)9&>#$-#$+#
#,("-#.$*/#/%*'&--#

1?5  =,&#%&$'()*+#'$+#9&#>&-'%)9&>#$-#$+#
#01("-#.$*/#/%*'&--#

1@5  =,&%&#)-#234#&+*8A,#)+"*%7$()*+#(*#>&(&%7)+&#
)"#(,&#%&$'()*+#)-#$+#&4*(,&%7)'#*%#&+>*(,&%7)'#
/%*'&--#

!"#$%&#
!"#$%3'"*(0# 5(60"# 7# 89)/-%:+#.9;#%:<*=*">#

:# BB# C# DE;CF#
?# GHEE# IJ# E;CJ#
5# JK# J# E;JH#

##
@==#L)"M)'8.(0# E;IHF#

@==#L)-'%)7)+$()*+# E;EFI#
N$-',#L)"M)'8.(0#O&$-8%&# DH;PE#
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! "I!

$9!R8*+!$+!523&5+!&9!+53!N+&VN*@:!$33)$-3&%*!35!$+!$0&@&3:!)$+Q*L!S8*9*!2)56&@*9!985R!38$3!
-*)3$&+!)*925+9*!523&5+9!$)*!$33)$-3&%*!35!93N'*+39!56!$!-*)3$&+!$0&@&3:!)$+Q*!$+'!38$3!
93N'*+39!$)*!+53!)$+'54@:!QN*99&+QL!U+!$''&3&5+;!38*!o\7!2)56&@*9!985R!38$3!38*!&3*49!8$%*!
38*!$0&@&3:!35!'&9-)&4&+$3*!0*3R**+!38*!8&Q8!$+'!@5R!2*)65)4*)9L!P9!+53*'!&+!38*!9*-3&5+!
$05%*;!&3*4!)*925+9*!523&5+9!38$3!'5!+53!'&92@$:!38*9*!)*925+9*!2)5-*99!%$@&'&3:!
-8$)$-3*)&93&-9!$)*!R&@@!0*!)*45%*'!6)54!38*!6&+$@!%*)9&5+!56!38*!S7U!&3*49L!
!
U3!R$9!+53*'!&+!38*!4*385'5@5Q:!9*-3&5+!38$3!38*!Z$9-8!45'*@!'5*9!+53!$--5N+3!65)!
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&3*4!@*%*@L!!
!
(5"%&"+)7'B.%*.'58'":%'012'
!
78*4&93):!&+93)N-35)9!$+'!-8*4&-$@!*'N-$3&5+!)*9*$)-8*)9!&+3*)*93*'!&+!N9&+Q!38*!6&+$@&Y*'!
%*)9&5+!56!38*!S8*)45-8*4&93):!75+-*23!U+%*+35):!JS7UO!985N@'!-5+3$-3!38*!-5))*925+'&+Q!
$N385)!65)!$+!*@*-3)5+&-!-52:L!U+!$''&3&5+!35!38*!6&+$@&Y*'!%*)9&5+;!$!'*3$&@*'!$+9R*)!.*:!8$9!
0**+!4$'*!65)!N9*!&+!65)4$3&%*!$99*994*+3;!35!2)5%&'*!93N'*+39!'*3$&@*'!*[2@$+$3&5+9!R8:!
*$-8!'&93)$-3*)!&9!&+-5))*-3!$+'!R8$3!$995-&$3*'!$@3*)+$3&%*!-5+-*23&5+!&9!$995-&$3*'!R&38!
*$-8!&+-5))*-3!$+9R*)L!
!
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! "E!

<(1(*(.$(",
!
P'$49;!(L!]L!$+'!(&*4$+;!7L!fL;!JBD""O;!#*%*@524*+3!$+'!a$@&'$3&5+!56!U+93)N4*+39!

35!e*$9N)*!k*$)+&+Q!56!f[2*)3>k&.*!S8&+.&+Q;!9(#"1($#+,($%!O,?1($%!,8!@4+"(4"!
6)?4$#+,(P!KK;!"BGE>"I"BL!

P4*)&-$+!f'N-$3&5+$@!Z*9*$)-8!P995-&$3&5+;!PL!\L!PL;!A$3&5+$@!75N+-&@!5+!
e*$9N)*4*+3!&+!f'N-$3&5+;!J"EEEO;!@#$()$1).!8,1!")?4$#+,($%!$()!5.B4<,%,/+4$%!
#".#+(/;!($98&+Q35+;!#7b!P4*)&-$+!f'N-$3&5+$@!Z*9*$)-8!P995-&$3&5+L!

P)K55+;!,L;!sN;!sL!$+'!k*R&9;!,L;!JBD"IO;!=+'*)93$+'&+Q!38*!?3$3*!56!38*!P)3!65)!
e*$9N)*4*+3!&+!78*4&93):!f'N-$3&5+!Z*9*$)-8b!f[$4&+&+Q!38*!\9:-854*3)&-!
f%&'*+-*;!O,?1($%!,8!3<":+4$%!6)?4$#+,(P!MNJdO;!dIH>didL!

/$&@*:;!,L!eL!$+'!?@$3*);!SL!<L!JBDDdOL!P!-5+3*425)$):!)*%&*R!56!]>"H!$93)5+54:!
*'N-$3&5+!)*9*$)-8;!g&Q8@&Q839!&+!P93)5+54:;!oL!f+Q%5@';!?$+!<)$+-&9-5;!
P93)5+54:!?5-&*3:!56!38*!\$-&6&-;!?K;!"DBE>"DI"L!

/$)0*)$;!,L;!JBD"IO;!P!\9:-854*3)&-!P+$@:9&9!56!38*!78*4&-$@!75+-*23!U+%*+35):;!
O,?1($%!,8!3<":+4$%!6)?4$#+,(P!MNJdO;!diH>ddIL!

/$).*;!gL!#L;!g$Y$)&;!PL!$+'!t&30$)-.;!?L;!JBDDEO;!>+.4,(4"5#+,(.!+(!4<":+.#1BQ!
R))1"..+(/!5"14"5#+,(.!+(!4<":+4$%!")?4$#+,(;!/*)@&+!g*&'*@0N)Qb!?2)&+Q*)>a*)@$QL!

/5+';!SL!$+'!<5[;!7L;!JBDDCO;!R55%B+(/!-<"!=$.4<!>,)"%;!B+';!A*R!t5).;!Atb!
Z5N3@*'Q*L!

/)*3Y;!?L!kL!$+'!k&+*+0*)Q*);!]L!,L;!JBD"BO;!#*%*@524*+3!56!38*!f+Y:4*>?N093)$3*!
U+3*)$-3&5+9!75+-*23!U+%*+35):;!'+,4<":+.#1B!$()!>,%"4?%$1!'+,%,/B!6)?4$#+,(P!
LNJiO;!BBE>BIIL!

78&;!eL!JBDDGOL!S8)**!S:2*9!56!75+-*23N$@!78$+Q*b!/*@&*6!Z*%&9&5+;!e*+3$@!e5'*@!
S)$+965)4$3&5+;!$+'!7$3*Q5)&-$@!?8&63;!U+3*)+$3&5+$@!g$+'055.!56!Z*9*$)-8!5+!
75+-*23N$@!78$+Q*;!?L!a5+9&$'5N;!A*R!t5).;!At;!Z5N3@*'Q*;!H">GBL!

7@$*9Q*+9;!,L;!?-$@&9*;!]L;!(&@95+;!eL!$+'!?3$-:;!PL;!JBDDEO;!e$22&+Q!?3N'*+3!
=+'*)93$+'&+Q!&+!78*4&93):b!S8*!\*)92*-3&%*9!56!78*4&939;!@4+"(4"!6)?4$#+,(P!
MK;!dH>GdL!

7)5-.*);!kL!$+'!P@Q&+$;!,L;!J"EGHO;!9(#1,)?4#+,(!#,!3%$..+4$%!$()!>,)"1(!-".#!-<",1B;!
A*R!t5).;!Atb!g5@3;!Z&+*8$)3!$+'!(&+935+L!

#5-.35);!,L!kL!$+'!e*93)*;!,L!\L!JBD""OL!P!9:+38*9&9!56!'&9-&2@&+*>0$9*'!*'N-$3&5+!
)*9*$)-8!&+!28:9&-9L!AL!ZL!75N+-&@L!

g$'*+6*@'3;!,L!7L;!/*)+85@3;!?L;!k&N;!sL;!A*N4$++;!]L!$+'!\$)-84$++;!UL;!JBD"IO;!=9&+Q!
o)'*)*'!eN@3&2@*>785&-*!U3*49!35!P99*99!?3N'*+39u!=+'*)93$+'&+Q!56!38*!
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! BD!

?3)N-3N)*!$+'!754259&3&5+!56!e$33*);!O,?1($%!,8!3<":+4$%!6)?4$#+,(P!MN;!"HDB>
"HDGL!

g*))4$++>P0*@@;!7L!$+'!#*/5*);!FL;!JBD""O;!=9&+Q!'&93)$-35)>')&%*+!93$+'$)'9>0$9*'!
4N@3&2@*>-85&-*!$99*994*+39!$+'!Z$9-8!45'*@&+Q!35!&+%*93&Q$3*!8&*)$)-8&*9!56!
-8*4&93):!4&9-5+-*23&5+9!$+'!'*3*-3!93)N-3N)$@!2)50@*49!R&38!&+'&%&'N$@!&3*49;!
3<":+.#1B!6)?4$#+,(!="."$14<!$()!*1$4#+4"P!?J;!"Gi>"EBL!

k&+$-)*;!,L!eL!JBD"DOL!(&+93*29!Ja*)9&5+!ILCDLDO!v?563R$)*wL!/*$%*)35+;!oZL!

k5*%&+Q*);!,L;!J"EdCO;!o0K*-3&%*!S*939!P9!U+93)N4*+39!56!\9:-85@5Q&-$@!S8*5):;!
*.B4<,%,/+4$%!="5,1#.P!KJe5+5Q)$28!?N22@*4*+3!EO;!HId>HEiL!

e-7@$):;!kL!eL!$+'!/)*3Y;!?L!kL;!JBD"BO;!#*%*@524*+3!$+'!P99*994*+3!56!$!#&$Q+593&-!
S55@!35!U'*+3&6:!o)Q$+&-!78*4&93):!?3N'*+39u!P@3*)+$3&%*!75+-*23&5+9!Z*@$3*'!35!
P-&'!?3)*+Q38;!9(#"1($#+,($%!O,?1($%!,8!@4+"(4"!6)?4$#+,(P!KLJ"dO;!BI"C>BIi"L!

e*:*);!,L!\L;!JBD"DO;!="%+$C+%+#B;!A*R!t5).b!o[65)'!=+&%*)9&3:!\)*99;!U+-L!

A$3&5+$@!Z*9*$)-8!75N+-&@!JBDDDOL!g5R!\*52@*!k*$)+b!/)$&+;!e&+';!f[2*)&*+-*;!$+'!
?-855@L!/L!7544&33**!5+!#*%*@524*+39!&+!38*!?-&*+-*!56!k*$)+&+Q;!,58+!;!/)5R+;!
P++!;!75-.&+Q;!Z5'+*:!Jf'9LO;!7544&99&5+!5+!/*8$%&5)$@!$+'!?5-&$@!?-&*+-*9!$+'!
f'N-$3&5+L!($98&+Q35+;!#L7L;!A$3&5+$@!P-$'*4:!\)*99L!

A$3&5+$@!Z*9*$)-8!75N+-&@!JBD"BOL!#&9-&2@&+*>/$9*'!f'N-$3&5+!Z*9*$)-8b!
=+'*)93$+'&+Q!$+'!U42)5%&+Q!k*$)+&+Q!&+!=+'*)Q)$'N$3*!?-&*+-*!$+'!
f+Q&+**)&+QL!7L!7544&33**!5+!38*!?3$3N9;!$+'!<N3N)*!#&)*-3&5+9!56!#&9-&2@&+*>
/$9*'!f'N-$3&5+!Z*9*$)-8;!?&+Q*);!?N9$+!;!A&*@9*+;!A$3$@&*!;!?-8R*&+Q)N0*);!g*&'&!
Jf'9LO;!/5$)'!5+!?-&*+-*!f'N-$3&5+;!#&%&9&5+!56!/*8$%&5)$@!$+'!?5-&$@!?-&*+-*!$+'!
f'N-$3&5+L!($98&+Q35+;!#L7L;!A$3&5+$@!P-$'*4:!\)*99L!

\*+3*-593;!SL!7L!$+'!/$)0*)$;!,L;!JBD"IO;!e*$9N)&+Q!k*$)+&+Q!F$&+9!&+!78*4&-$@!
f'N-$3&5+b!P!7542$)&9&5+!56!SR5!e*385'9;!O,?1($%!,8!3<":+4$%!6)?4$#+,(P!MNJCO;!
GIE>GidL!

?-$@&9*;!]L;!7@$*9Q*+9;!,L;!(&@95+;!eL!$+'!?3$-:;!PL!JBDDHOL!x78*4mN*):hk&%&+Q!/:!
78*4&93):!Jk/7OLx!!!Z*3)&*%*'!<*0)N$):;!BD"i;!6)54!
83329bhh0*$)-*+3*)L0*).*@*:L*'Nh2)5K*-3h-8*4VN*):@&%&+Q>-8*4&93):>@0-L!

a5+9&$'5N;!?L;!a$4%$.5N99&;!sL!$+'!?.52*@&3&;!UL!JBDDGOL!S8*!<)$4*R5).!S8*5):!
P22)5$-8!35!38*!\)50@*4!56!75+-*23N$@!78$+Q*;!U+3*)+$3&5+$@!g$+'055.!56!
Z*9*$)-8!5+!75+-*23N$@!78$+Q*;!?L!a59+&$'5N;!A*R!t5).;!At;!Z5N3@*'Q*;!!

(*&;!?L;!k&N;!sL;!($+Q;!nL!$+'!($+Q;!sL;!JBD"BO;!=9&+Q!Z$9-8!e*$9N)*4*+3!35!#*%*@52!
$!7542N3*)!e5'*@&+Q>/$9*'!U+93)N4*+3!35!P99*99!?3N'*+39u!75+-*23N$@!
=+'*)93$+'&+Q!56!e$33*);!O,?1($%!,8!3<":+4$%!6)?4$#+,(P!OMJIO;!IId>IidL!
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! B"!

(&@95+;!eL;!JBDDdO;!3,(.#1?4#+(/!>"$.?1".S!R(!9#":!=".5,(."!>,)"%+(/!R551,$4<;!
A*R!,*)9*:b!k$R)*+-*!f)@0$N4!P995-&$3*9;!U+-L!

()*+;!#L!$+'!/$)0*)$;!,L;!JBD"IO;!F$38*)&+Q!f%&'*+-*!65)!a$@&'&3:!'N)&+Q!38*!#*9&Q+;!
#*%*@524*+3;!$+'!mN$@&3$3&%*!f%$@N$3&5+!56!S8*)45-8*4&93):!75+-*23!
U+%*+35):!U3*49;!O,?1($%!,8!3<":+4$%!6)?4$#+,(P!MNJ"BO;!"dED>"HD"L!

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

)*+,-./#01&,(!$23+*&*(.4(0-#(5-#1/.,-#/&*01+(6.$,#"0(7$8#$0.1+!
!

"#$%&!'()*#!#*&!+#,-!.#(/)(#/0!
#")1#(23)*2!45!67)3%82(9:!'#-)!;4()82!<*%$)(8%29:!'%*824*=>#?)3:!@4(27!6#(4?%*#!ABCDE:!<*%2)&!
>2#2)8!!
/")1#(23)*2!45!67)3%82(9!#*&!.%4,7)3%82(9:!<*%$)(8%29!45!@4(27)(*!64?4(#&4:!F())?)9:!64?4(#&4!
GDHIE:!<*%2)&!>2#2)8!J0K#,-L/#(/)(#MN*,4L)&NO!
(
(
(
).0#$0&23(9*#1*(.4(0-#(567(
!
67)3%82(9!%*82(N,24(8!#*&!,7)3%,#?!)&N,#2%4*!()8)#(,7)(8!%*2)()82)&!%*!N8%*P!27)!
5%*#?%Q)&!$)(8%4*!45!27)!R7)(34,7)3%82(9!64*,)12!S*$)*24(9!JR6SO!874N?&!,4*2#,2!
27)!,4(()814*&%*P!#N274(!54(!#*!)?),2(4*%,!,419L!S*!#&&%2%4*!24!27)!5%*#?%Q)&!$)(8%4*:!
#!&)2#%?)&!#*8T)(!-)9!7#8!/))*!3#&)!54(!N8)!%*!54(3#2%$)!#88)883)*2:!24!1(4$%&)!
82N&)*28!&)2#%?)&!)U1?#*#2%4*8!T79!)#,7!&%82(#,2)(!%8!%*,4((),2!#*&!T7#2!#884,%#2)&!
#?2)(*#2%$)!,4*,)12%4*!%8!#884,%#2)&!T%27!)#,7!%*,4((),2!#*8T)(L!
!
(
(
!%%&0&.$23()*+,-./#01&,(:8&%#$,#(
!
;4(!)#,7!45!27)!CD!%2)38!4*!27)!R7)(34,7)3%82(9!64*,)12!S*$)*24(9:!#!5N??!8)2!45!
VN#*2%2#2%$)!&#2#!%8!1()8)*2)&L!
!
"#2#!1()8)*2)&!%*,?N&)8W!
CO!R7)!%2)3!%28)?5!
AO!S2)3!()814*8)!5()VN)*,%)8!#*&!X#8,7!#/%?%29!?)$)?8!
IO!X#8,7!&%55%,N?29!3)#8N()!$#?N)8!
YO!X#8,7!S2)3!412%4*!1(4/#/%?%29!,N($)8!
(
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!
! "#$%!&!
!
Two beakers of differing volumes contain pure water at different temperatures. Ice is added to the 
water in each beaker. Choose the most accurate answer given below.!
!

!
!
!
!
!
!

(A) Equal amounts of ice will melt in each beaker 

(B) The water is considered the system because it is giving off heat 

(C) The melting of the ice in either container is considered an exothermic process 

(D) More ice will melt in the beaker with water at 100 °C!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!

"#$%!&!
"#$%!'(#)*+! ,*-+#! .! /0123!&4$506$!&7)8)#9!

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

!
/0123!;)<<)2-8#9!=$01-5$! #&)$!

ICE
5 Kg

20 ˚C

1 Kg
100 ˚C

!"

!#$"

!#%"

!#&"

!#'"

!#("

!#)"

!#*"

!#+"

!#,"

$"

-(" -'" -&" -%" -$" !" $" %" &" '" ("

!"
#$

%$
&'&
()
*

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

3(.4*0*

."/01223045"

6"

0"

7"
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!"#$%&%
!
A styrofoam coffee cup contains water at 20 ˚C. Three identical metal blocks at three different 
temperatures are shown to the left of the cup. Choose the most accurate response below.!

!
!

(A) When the block at 30 ˚C is added to the water, thermal energy will flow back and forth 
between the block and the water until thermal equilibrium is reached 

(B) When the block at 52 ˚C is added to the water, the system would be defined as 
everything in the coffee cup and the surroundings would be everything else 

(C) When the block at 15 ˚C is added to the water, the process can be described as an 
endothermic process with respect to the block!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!"#$%&!
!"#$%'(")*+% ,*-+"% .% /0123%45#607#%48)9)":%

4% "#$! ""! %&'"#!
&% ()! $! %&'"&!
,% *+&! ("! &'$,!

!
/0123%;)<<)2-9":%=#01-6#% %&'(,!
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!"#$%&%
!
A block of Aluminum (Al) and a block of Iron (Fe) each at 50 ˚C are simultaneously dropped into 
identical styrofoam cups containing the same amount of water at 25 ˚C water.  Choose the most 
accurate answer given below.!
!

!
!

(A) After adding either block to the water, the process can be described as an endothermic 
process, with respect to the block 

(B) Thermal energy will be transferred faster between the Al block and the water than 
between the Fe block and the water 

(C) The final temperature of the water in both A and B will be the same 

(D) The water in A will have a higher final temperature than the water in B!
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!
Use the following reaction and the associated standard reaction enthalpy to choose the most 
accurate answer below. 
 

 
 

(A) The breaking of the A-B bond is exothermic and the making of the B-C bond is 
endothermic 

(B) The bond enthalpy (energy) of the reactants is larger than the bond enthalpy (energy) of 
the products 

(C) The reaction requires 400 kJ/mol of energy to occur 
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Item E 
 
A styrofoam coffee cup contains water at 20 ˚C. Three salt shakers are shown below, containing 
salts A, B & C. Use the reaction enthalpies given to choose the answer that most accurately 
describes what would happen when equivalent moles of salt are added to the water. 
 
 

 
 
 

 
 

 
 

(A) When salt A is added to the water, heat is created 

(B) When salt C is added to the water, it will not dissolve 

(C) The temperature of the water in the cup will increase when salt B is added 

(D) Adding salt A will result in the largest change in temperature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
!
!
!
!
!
!
!
!
!
!
!
!

Reaction ΔH°
dissolution 

A (s) --> A (aq) -100 kJ/mol 
B (s) --> B (aq) 50 kJ/mol 
C (s) -->  C (aq) 0 kJ/mol 
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!
The production of carbon dioxide from elemental carbon and oxygen is shown in the reaction 
below. For this reaction, choose the most accurate statement below. 
 

C (s) + O2 (g)  -->  CO2 (g)     ΔH˚rxn < 0 
 

 
(A) The product is more energetically stable than the reactants 
(B) The production of CO2 (g) is an endothermic process 
(C) The change in enthalpy of the reaction depends on the amount of heat contained in the 

reactants and product 
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!
Use the chemical equations below to choose the most accurate response. Each chemical 
equation represents the formation of a molecule from elements in their standard state. 
 
 
 
!
!
!

(A) Reaction [2] will reach completion faster than reaction [1] 

(B) The bond energy for AB (g) is less than the bond energy for CD (g) 

(C) Based on the ΔH°
rxn values, neither reaction requires energy to occur 

(D) Reaction [1] is more endothermic than reaction [2]!
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Reaction Equation ΔH°
rxn 

[1] A (g) + B (g) --> AB (g) -100 kJ/mol 
[2] C (g) + D (g) --> CD (g) -500 kJ/mol 
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Using the heating curve for water provided, select the most accurate answer. 
 

 

(A) The Y-axis of this graph could also be labeled as heat, because temperature and heat 
are the same 

(B) Moving from point D to E temperature is constant, therefore no thermal energy is added 

(C) The freezing of water, represented by moving from C to B, is an exothermic process 

(D) The water at point C is a liquid, therefore the temperature cannot be 0 ˚C!
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!
Two identical systems I and II are shown below. The direction and magnitude of thermal energy 
transfer and work are represented by arrows. Use this information to choose the most accurate 
response below. 

 

!
!

(A) The total energy (internal energy) for system I will increase 

(B) The temperature of system I will decrease  

(C) The process shown in system II can be described as endothermic 

(D) The sign of the work with respect to system II is negative!
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!
 
If a reaction has a positive reaction enthalpy (ΔHrxn), choose the most accurate response below. 
 
(A) The reaction can be described as an exothermic process 
(B) The reaction can be described as an endothermic process 
(C) There is NOT enough information to determine if the reaction is an exothermic or 

endothermic process 
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