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1#+0&2+,;$#!.&1!Q,(*23+!7*+(!*#&$,*2!9-2#+6!!`&()!&.!
()#+#!01&O#%(+!*1#!*!+,82,.,%*2(!9#0*1(-1#!.1&'!':!
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$&&V!.&15*19!(&!%&$$*;&1*(,&2+!5,()!':!2#5!>LA!
%&$$#*8-#+!*29!(&!,27&$7,28!*+!'*2:!-29#181*9-*(#!
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)*7#!;##2!*!+(1&28!.&%-+!&.!':!1#+#*1%)!;#%*-+#!()#:!
*1#!*!V#:!81&-0!.&1!9,+(,28-,+),28!+#7#1*$!'&9#$+!&.!
A&$*1!A:+(#'!#7&$-(,&2!*29!.&1!-29#1+(*29,28!()#!
01#7*$#2%#!&.!&18*2,%!'*(#1,*$6!!@!*$+&!1#8-$*1$:!
&;+#17#!M-,0#1!`#$(!&;O#%(+=!,%:!+*(#$$,(#+=!*29!&()#1!
*+(#1&,9!81&-0+!T,2%$-9,28!g#+(*W.*',$:=!2#*1W>*1()=!
*29!;,2*1:!*+(#1&,9+U!(&!-29#1+(*29!)&5!()#,1!
+-1.*%#+!1#$*(#!(&!()#+#!(&0,%+6!!Q)#!>LA!9#0*1('#2(!
5,$$!01&7,9#!*2!#]%,(,28!&00&1(-2,(:!(&!#]0*29!()#!
)&1,J&2+!&.!+&'#!&.!()#+#!1#+#*1%)!*1#*+=!*29!@!
#*8#1$:!*2(,%,0*(#!+(,'-$*(,28!9,+%-++,&2+!*29!2#5!
%&$$*;&1*(,&2+!5,()!+(-9#2(+!*29!1#+#*1%)#1+!*$,V#6!
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New Faces $ 

!

!

!

)

!"#$%&'"(&$=)C+'>(>-&%$&>8()

"#!5&-$9!$,V#!(&!5#$%&'#!N*1,#!`*$$#5!*+!&-1!2#5!
*9',2,+(1*(,7#!*++,+(*2(6!N*1,#!O&,2#9!&-1!.1&2(!&..,%#!
+(*..!,2!#*1$:!S-2#c(*V,28!*97*2(*8#!&.!()#!+-''#1!
$-$$!(&!;#%&'#!.*',$,*1!5,()!()#!'*2:!9-(,#+!.&1!5),%)!
&-1!+(*..!,+!1#+0&2+,;$#6!N*1,#3+!.&1'#1!',$,(*1:!%*1##1!
8*7#!)#1!()#!&00&1(-2,(:!(&!$,7#!,2!+#7#1*$!+(*(#+=!;-(!
+)#!1#$&%*(#9!;*%V!(&!)#1!)&'#!+(*(#!&.!Q#22#++##!
*;&-(!B!:#*1+!*8&6!L1,&1!(&!O&,2,28!PQ=!+)#!+#17#9!*+!
*2!#27,1&2'#2(*$!)#*$()!*29!+*.#(:!+0#%,*$,+(6!N*1,#!
)*+!*!+(1&28!$&7#!.&1!*$$!*2,'*$+=!*29!)*+!()1##!
',2,*(-1#!0,2%#1+!*29!(5&!0*11&(+6

)

D"=38'")&8)EF%)G"5)B%$+F$&")H=$--I)

!

F()&%";&G)37(3A"&+A(7"%A+H&'32I&)$;&B@)$.&:"@A&A$&)1G,AEJ&01:"+&K"%7")+$%L&-)12&K$G3%L&D,1::14&!"))/M"))/L&C%7)";&
0$$)"N&6)$%A&)$;&B@)$.&:"@A&A$&)1G,AEJ&O3)3,&5371"(PL&-:1Q3M"A,&8""L&*32I1"&83%G1::"L&0"G3%&-%%1+H&

!

"#!5&-$9!$,V#!(&!&..,%,*$$:!5#$%&'#!*$$!&.!&-1!2#5!81*9-*(#!+(-9#2(+e

?3."J& &

TCU!!A*1*)!`#()!Z*9,#-]!
TEU!!L),$$,0!/#11:;#11:!
ThU!!N#8*2!>22,+!
THU!!N,$#+!_#29#1+&2!
TBU!!>1,%!_&8*2!
T^U!!S*%V,#!a*28,$$#!
TFU!!`#()!a*7&,#!
TfU!!>$,J*;#()!a##!
TIU!!?291#5!N&&1#!

6)$.J&

N&-2(!_&$:&V#!Z&$$#8#!
Q#22#++##!Q#%)!P2,7#1+,(:!
N&1#)#*9!A(*(#!P2,7#1+,(:!
P2,7#1+,(:!&.!d#&18,*!
P2,7#1+,(:!&.!d#&18,*!
Z#2(1*$!"*+),28(&2!P2,7#1+,(:!
d#&18,*!A(*(#!
A#5*2##!Z&$$#8#!
"#+(#12!Z*1&$,2*!P2,7#1+,(:!

C7#1+$)J&

a,29*!M*)!TA#9WA(1*(Wd#&%)#'U!
`&;!_*(%)#1!TA(1-%(-1#WQ#%(&2,%+U!
_*0!N%A5##2!TL$*2#(*1:U!
a,29*!M*)!TA#9WA(1*(Wd#&%)#'U!
Z)1,+!K#9&!TA#9WA(1*(U!
N,%*)!S#++-0!TA(1-%(-1#WQ#%(&2,%+U!
a*11:!N%M*:!T_:91&8#&$&8:U!
N,%*)!S#++-0!TA(1-%(-1#WQ#%(&2,%+U!
>9!L#1.#%(!T_:91&8#&$&8:U!
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%                          Recognizing Our Faculty 

!

!

!

!
!

!

H7$(3"==8%,-)C5$%+)98%):J3"=="(3")>()6"$37>(A)

Z&$,2!A-'1*$$!1#%#,7#9!*!!""#$%&'()*++,-./$01'-2$3,-$
45)*++*()*$6($7*')&6(86!Z&$,2!5*+!2&',2*(#9!.&1!(),+!
%&'0#(,(,7#!*5*19!.&1!),+!%&2+,+(#2($:!#]%#$$#2(!
(#*%),28!#7*$-*(,&2+=!*29!()#!*5*19!%,(*(,&2!#]0$,%,($:!
+(*(#9!()*(!()#!*5*19!%&'',((##!*18-#9!&7#1!5)&!
5&-$9!8#(!(&!*((#29!),+!i?8#!&.!()#!/,2&+*-1+j!%&-1+#6!!

!

67")H>&$+"=)!>-&>(AF>-7"+)C=F'(F-)C5$%+)

_*0!N%A5##2!1#%#,7#9!()#!!""#$96/:6(8;6/&*2$
0+;<(;/$01'-2!.1&'!),+!-29#181*9-*(#!*$'*!'*(#1=!
Q)#!Z,(*9#$6!!Q)#!*5*19!5*+!01#+#2(#9!(&!_*0!;:!
Z)*1$#+!d1&#(+%)=!/#*2!&.!()#!Z,(*9#$k+!A%)&&$!&.!
A%,#2%#!*29!N*()#'*(,%+6!!_*0!5*+!)&2&1#9!.&1!),+!
%&2(1,;-(,&2+!(&!0$*2#(*1:!+%,#2%#!*29!#]0$&1*(,&26!!
Q),+!'*1V+!()#!.,1+(!(,'#!Q)#!Z,(*9#$!)*+!01#+#2(#9!
+-%)!*2!*5*196!

!

!

2>3$7)K"--F#)8()&7")!>-38@"%1)H7$(("=)

N,%*)!S#++-0!)*+!+V,$$+!;#:&29!()*(!&.!()#!&19,2*1:!
.*%-$(:l!_#!5*+!*+V#9!;:!()#!/,+%&7#1:!Z)*22#$!(&!
%$,';!Z*+($#(&2!Q&5#1!,2!N&*;=!P(*)=!.&1!()#!+#1,#+!
=*'-+*//$>+'(*:6!!?.(#1!.$:,28!(&!()#!;*+#!&.!()#!(&5#1!
7,*!)#$,%&0(#1=!)#!+0#2(!(,'#!%$,';,28!*29!9,+%-++,28!
8#&$&8:!5,()!*!01&.#++,&2*$!%$,';#16!Q)#!8&*$!&.!()#!
=*'-+*//$>+'(*:!+#1,#+!,+!(&!,2(1&9-%#!.-29*'#2(*$!
8#&$&8,%!%&2%#0(+!-+,28!+0#%(*%-$*1!#]*'0$#+6!@2!(),+!
01&81*'=!()#:!9,+%-++#9!()#!-0$,.(!&.!()#!Z&$&1*9&!
L$*(#*-!*29!()#!,2%,+,&2!&.!()#!Z&$&1*9&!m,7#1!(&!.&1'!
()#!d1*29!Z*2:&26!")*(!*!81#*(!#]0#1,#2%#ll!

!

!

B"8#71->3$=)483>"&1):$%=1)H$%""%)C5$%+)

d1#8!`*V#1!1#%#,7#9!()#!,2*-8-1*$!4(?6-,(<*(:'+$'(2$
4(86(**-6(8$@*,A&B/6)'+$C,)6*:B$4'-+B$%'-**-$01'-26!!
Q),+!%&'0#(,(,7#!*5*19!1#%&82,J#+!d1#83+!2-'#1&-+!
*%),#7#'#2(+!,2!#27,1&2'#2(*$!8#&0):+,%+=!,2%$-9,28!
),+!-+#!&.!(,'#W$*0+#!+#,+',%!1#.1*%(,&2!(&'&81*0):!
TQaAmQU!*29!81&-29!0#2#(1*(,28!1*9*1!TdLmU6!!
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Faculty Research Awards & 

!

L$3F=&1)?"-"$%37)C5$%+-))

"#!*1#!*$5*:+!#]%,(#9!5)#2!&-1!.*%-$(:!*1#!*5*19#9!
+0#%,*$!1#%&82,(,&2!.1&'!()#,1!0##1+=!;-(!5#!*1#!
#X-*$$:!#]%,(#9!5)#2!1#%&82,(,&2!&.!&-1!.*%-$(:3+!
#]%#$$#2%#!%&'#+!,2!()#!.&1'!&.!1#+#*1%)!.-29,286!
L1&%-1,28!1#+#*1%)!.-29,28!,+!*2!,2(#81*$!0*1(!&.!&-1!
*%*9#',%!',++,&2=!*29!()#+#!*5*19+!#2+-1#!()#!
%&2(,2-*(,&2!&.!&-1!1#+#*1%)!8&*$+6!?(!*!(,'#!5)#2!
'*2:!.-29,28!*8#2%,#+!%*2!+-00&1(!$#++!()*2!CDWED\!
&.!+-;',((#9!01&0&+*$+=!&-1!9#0*1('#2(3+!+-%%#++!,2!
*((*,2,28!1#+#*1%)!.-29,28!,+!*!%$#*1!+,82!&.!()#!
+(1#28()!&.!&-1!.*%-$(:!%&'',('#2(6!!

Q),+!:#*1=!()#!/#0*1('#2(!&.!>*1()!b!L$*2#(*1:!
A%,#2%#+!+#%-1#9!ED!2#5!1#+#*1%)!*5*19+!()*(!
1#01#+#2(!()#!#..&1(+!&.!CB!.*%-$(:!'#';#1+=!(&(*$,28!
'&1#!()*2!GC=BDD=DDD!,2!#](#12*$!.-29,28!.&1!
1#+#*1%)6!Q)#+#!.-29+!'*V#!*!81#*(!*99,(,&2!(&!()#!
.-29+!*7*,$*;$#!.1&'!%&2(,2-,28!1#+#*1%)!81*2(+=!
5),%)!1#01#+#2(!*!0&1(,&2!&.!()#!2#*1$:!GC=hDD=DDD!
()*(!PQ!.*%-$(:!5#1#!*5*19#9!,2!A(*(#!*29!K#9#1*$!
81*2(+!*29!%&2(1*%(+!,2!EDDF6!!!

G"5)C5$%+-)98%)MNNO)

R)"G&'3I")&S&F=?8&
N-$(,+%*$#!,27#+(,8*(,&2+!&.!()#!1*(#+!*29!'#%)*2,+'+!
&.!(*18#(#9!,''&;,$,J*(,&2!*29!2*(-1*$!*((#2-*(,&2!

01I"&5:3)I&S9?&!"4A&$@&-7(23A1$%&
K,1+(!Q#22#++##!Q#22N*0+!>*1()!*29!#27,1&2'#2(*$!
+%,#2%#+!0*1(2#1+),0!!

*$+,(3&-.")/&S&?COC&&
4#*1W@2.1*1#9!+01#%(1&+%&0:!*29!0)&(&'#(1:!&.!
01,',(,7#!*+(#1&,9+!

0123,&*"++(4&S&?3A1$%3:&R"$G)34,12&O$21"A/&
>])-'*(,&2!&.!()#!?'*!/1,'#!N*++,.=!Q,;#(!

'$M&K3A2,")&S&TORO&&
Z&27#1+,&2!&.!9#(*,$#9!8#&$&8,%!'*0+!(&!?1%N*0W
%&'0*(,;$#!8#&+0*(,*$!9*(*;*+#+!

81%73&U3,&S&?O6!
`#)*7,&1!&.!'*1,2#!+-$.*(#!,2!()#!>*1$:!L*$#&J&,%e!
#](#29,28!()#!(1*%#!+-$.*(#!01&]:!!

81%73&U3,&S&?O6&3%7&?3A1$%3:&R"$G)34,12&O$21"A/!!
a*(#1*$$:!#](#2+,7#!;1#%%,*+!,2!()#!N#+&01&(#1&J&,%!
?(*1!d1&-0=!N*-1,(*2,*e!Q+-2*',!9#0&+,(,&2!1#+-$(,28!
.1&'!*!'*1,2#!#](1*(#11#+(1,*$!,'0*%(n!

&
&

81%73&U3,&S&C.")123%&5,".123:&O$21"A/&
<%#*2!%,1%-$*(,&2=!2-(1,#2(!%:%$,28=!*29!()#!AW,+&(&0#!
%&'0&+,(,&2!&.!>*1$:!L*$#&J&,%!'*1,2#!+:+(#'+!

83))/&02U3/&S&D"%%&OA3A"&T%1#")+1A/&+(M2$%A)32A!
/#7#$&0'#2(!&.!*!%1,(,%*$!J&2#!&;+#17*(&1:!*(!()#!
A)*$#!_,$$+!A,(#!,2!L#22+:$7*2,*!!

83))/&02U3/&S&9"A)39"2,VC)./&2$%A)32A&
`#2%)W+%*$#!1#'#9,*(,&2!+(-9,#+!.&1!g&$-2(##1!?1':!
?''-2,(,&2!L$*2(!

K34&02O;""%&S&?COC&
N#(#&1,(#!0#(1&8#2#+,+!

*"@@&0$")+2,&S?COC!
A0#%(1*$!'*00,28!*29!()#1'&0):+,%*$!
%)*1*%(#1,J*(,&2!&.!()#!'*1(,*2!+-1.*%#!5,()!()#!N*1+!
<9:++#:!Q_>N@A!#]0#1,'#2(!

*"@@&0$")+2,&S?COC&
Q)#1'*$!,2.1*1#9!,'*8,28!&2!(#11#+(1,*$!*2*$&8+!.&1!
N*1(,*2!+#9,'#2(*1:!.#*(-1#+!!

5:3(713&0$)3&&S&?O6&
Z$,'*(#!9:2*',%+!*29!#27,1&2'#2(*$!),+(&1:!,2!()#!
2&1()#*+(!Z*1,;;#*2!!

5:3(713&0$)3&W&K34&02O;""%&S&F=?8&
Z)#',%*$!;#)*7,&1!,2!+&$,9W.$-,9!+:+(#'+!!

-7&D")@"2A&S&F=?8&&
o-*2(,.,%*(,&2!&.!):91&$&8,%*$=!8#&%)#',%*$=!*29!
',2#1*$&8,%*$!01&%#++#+!8&7#12,28!()#!.*(#!*29!
(1*2+0&1(!&.!-1*2,-'!&7#1!'-$(,0$#!+%*$#+!*(!()#!
_*2.&19!A,(#=!"?!!

5$:1%&O(.)3::&W&01I"&02U1%%"/&S&?O6&
?2!,27#+(,8*(,&2!&.!0#1*'&10)&+,+!,2!,+&1&0),2,9!
#91,&*+(#1,&9!#%),2&9#1'+!!

83))/&93/:$)&S&?COC&
>7&$-(,&2!&.!0$*2#(*1:!%1-+(+!*29!'*2($#+e!Q)#!N&&2!
*29!N*1+!

83))/&93/:$)&S&?COC&
a-2*1!*#1&+&$!9-+(!(&],%&$&8:!*97,+&1:!81&-0e!a-2*1!
9-+(!%)*1*%(#1,J*(,&2!

H8(A%$&F=$&>8(-)&8)$==I)
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'                            Departmental Outreach 

!

:$%&7)43>"(3")L$>%):J3>&"-)4&F+"(&-,)P(&"%"-&)>()B"8=8A1)

D*A-6(:*2$3-,<$:&*$E(,5?6++*$F*1/$C*(:6(*+G$=-62'BG$H'(;'-B$I#G$!""#$

'/&R"),3)7&O2,%"1M":!!
A0#%,*$!L-;$,%*(,&2+!%&11#+0&29#2(!

! ?((#29,28!*2!>*1()!A%,#2%#!K*,1!,+!*!.-2!5*:!(&!
$#*12!&-(+,9#!()#!%$*++1&&'=!+*:+!",$$,*'!Z&#=!*!
d1##25*:!N,99$#!A%)&&$!#,8)()W81*9#16!i@!$#*12#9!
*;&-(!$,8)(+!*29!$*+#1+!*29!+(-..=!7&$%*2&#+=!*29!
2*(-1*$!)*J*19+!$,V#!$*29+$,9#+!*29!+,2V)&$#+=j!)#!+*,9!
*(!()#!.*,16!i@!$#*12#9!()*(!()#1#!,+!&,$!*29!2*(-1*$!8*+!
,2!Q#22#++##6!@!9,923(!V2&5!()*(6j!A(-9#2(+!$,V#!
",$$,*'!.1&'!',99$#!*29!),8)!+%)&&$+!*%1&++!>*+(!
Q#22#++##!(&&V!0*1(!,2!()#!.*,1=!5),%)!8*7#!()#'!()#!
&00&1(-2,(:!(&!$#*12!*;&-(!#*1()!+%,#2%#+!.,1+()*296!!
! Q)#!.*,1!,+!)&+(#9!;:!()#!/#0*1('#2(!&.!>*1()!*29!
L$*2#(*1:!A%,#2%#+!,2!()#!Z&$$#8#!&.!?1(+!*29!A%,#2%#+!
-29#1!()#!9,1#%(,&2!&.!'1::&!"3%"6!iQ),+!,+!()#!+#7#2()!
:#*1!()*(!()#!9#0*1('#2(!)*+!)&+(#9!()#!>*1()!A%,#2%#!
K*,1!*29!()#!+#%&29!(,'#!()*(!@!)*7#!%&&19,2*(#9!()#!
*%(,7,(,#+=j!/#*2#!+*:+6!i`:!91*5,28!&2!()#!#]0#1(,+#!
&.!&-1!.*%-$(:!*29!+(-9#2(+=!5#!%*2!01&7,9#!*!1,%)!*29!
9,7#1+#!,2(1&9-%(,&2!(&!+%,#2%#6!Q)#!;#+(!0*1(!,+!)&5!
'-%)!.-2!,(!,+!(&!,2(#1*%(!5,()!()#!7,+,(,28!+(-9#2(+!
*29!(#*%)#1+6j!!
! N*1V!R&-28=!*!+%,#2%#!(#*%)#1!*(!d1##25*:!
N,99$#!A%)&&$!,2!M2&]7,$$#=!+*:+!),+!+(-9#2(+!#2O&:#9!
+##,28!%&2%#0(+!()#:!)*9!+(-9,#9!%&'#!(&!$,.#!,2!()#!
.&1'!&.!#]0#1,'#2(+!*29!9#'&2+(1*(,&2+6!iQ)#!V,9+!
1#*$$:!#2O&:!,(=j!+*:+!R&-28=!5)&!*99+!()*(!()#!PQ!
>*1()!*29!L$*2#(*1:!A%,#2%#+!.*%-$(:!'#';#1+!*29!
+(-9#2(+!01&7,9#!#28*8,28!*%(,7,(,#+!*(!()#!.*,1!()*(!
01&'&(#!$#*12,286!!
! `-(!O-+(!)#$0,28!+(-9#2(+!$#*12!*;&-(!#*1()!
+%,#2%#+!()1&-8)!)*29+W&2!*%(,7,(,#+!,+!2&(!()#!&2$:!
8&*$!&.!()#!.*,16!L*1(,%,0*2(+!*$+&!)*7#!*!%)*2%#!(&!(*$V!
5,()!(&0!+%,#2(,+(+!*29!81*9-*(#!+(-9#2(+!,2!()#!.,#$9=!
+(,'-$*(,28!()#,1!,2(#1#+(!,2!()#!+%,#2%#+6!
! /#*2#3+!,2(#1,'!9#0*1('#2(!)#*9=!!)H&K3))/&
XK34Y&02O;""%=!+*:+!()*(!()#!.*,1!,+!&2#!&.!()#!5*:+!
PQ!'*V#+!*!1#*$!9,..#1#2%#!,2!()#!%&''-2,(:6!i"#31#!
#]%,(#9!*;&-(!()#!&00&1(-2,(:!(&!1#*%)!+(-9#2(+!*29!
8#(!()#'!,2(#1#+(#9!,2!#*1()!*29!0$*2#(*1:!+%,#2%#+6j!
<()#1!#7#2(+!*(!()#!.*,1=!)#$9!,2!<%(&;#1!*+!0*1(!&.!
4*(,&2*$!>*1()!A%,#2%#!"##V=!5#1#!9#+,82#9!(&!
9#'&2+(1*(#!(&0,%+!,2%$-9,28!*+(1&;,&$&8:=!
*1%)#&$&8:=!,'0*%(!%1*(#1+=!*29!()#!0):+,%+!&.!
'*82#(,+'6!!
! Q),+!:#*1=!2#*1$:!FDD!+(-9#2(+!*00$,#9!(&!
0*1(,%,0*(#=!'&1#!()*2!%&-$9!;#!*%%&''&9*(#96!

i"#37#!;##2!)&+(,28!()#!.*,1!.&1!+#7#2!:#*1+=!;-(!,(!)*+!
1#*$$:!V,29!&.!'-+)1&&'#9!,2!()#!$*+(!.#5!:#*1+=j!
N%A5##2!+*:+=!*99,28!()*(!)#!)&0#+!'&1#!1#+&-1%#+!
5,$$!;#!*7*,$*;$#!,2!()#!.-(-1#=!+&!()*(!#7#1:&2#!5)&!
5*2(+!(&!0*1(,%,0*(#!,2!()#!.*,1!%*2!*((#296!!
! A#7#1*$!&()#1!9#0*1('#2(+!,2!()#!Z&$$#8#!&.!?1(+!
*29!A%,#2%#+!O&,2!()#!>*1()!*29!L$*2#(*1:!A%,#2%#+!
.*%-$(:!(&!'*V#!()#!.*,1!*!+-%%#++6!4&2W-2,7#1+,(:!
0*1(2#1+!,2%$-9#!()#!?'#1,%*2!@2+(,(-(#!&.!
L1&.#++,&2*$!d#&$&8,+(+=!*29!()#!>*+(!Q#22#++##!
d#&$&8,%*$!A&%,#(:6!iQ)#!.*,1!+,'0$:!5&-$9!2&(!;#!
0&++,;$#!5,()&-(!()#!+-00&1(!&.!&()#1!PQ!-2,(+!*29!*!
2-';#1!&.!,29,7,9-*$!7&$-2(##1+!*29!%&''-2,(:!
&18*2,J*(,&2+=j!/#*2#!+*:+6!iQ)#:!%&2(1,;-(#!;&()!
.-29,28!*29!+(*..!*++,+(*2%#!*29!'*V#!()#!#7#2(!*!
+-%%#++6j!!
! ?$&28!5,()!0,X-,28!+(-9#2(+3!,2(#1#+(!,2!#*1()!
+%,#2%#+=!()#!.*,1!#X-,0+!(#*%)#1+!(&!+)*1#!V2&5$#98#!
,2!()#,1!%$*++1&&'+6!>*1()!+%,#2%#+!5#1#!&2$:!1#%#2($:!
*99#9!(&!()#!+(*(#!%-11,%-$-'=!+&!'*2:!(#*%)#1+!2#7#1!
+(-9,#9!()#!(&0,%!,2!+%)&&$6!!
! i>7#2!,.!:&-!9,923(!)*7#!,(!,2!+%)&&$=!:&-!+(,$$!)*7#!
(&!(#*%)!,(=j!#]0$*,2+!?291#*!Q*$$#:=!*!(#*%)#1!*(!
d1##2#7,$$#!N,99$#!A%)&&$!,2!d1##2#7,$$#=!Q#226!!
Q*$$#:!*29!)#1!%&$$#*8-#=!_#*()#1!d&#8#'*22=!5#1#!
*;$#!(&!-+#!*!(#*%)#13+!,2W+#17,%#!9*:!(&!*((#29!()#!
.*,16!d&#8#'*22!+*:+!()#!.*,1!,+!*!81#*(!5*:!.&1!
(#*%)#1+!(&!+-00$#'#2(!()#,1!$#++&2!0$*2+!5,()!2#5!
*%(,7,(,#+6!i@(3+!*!81#*(!01&81*'!(&!-09*(#!(#*%)#1+!
*;&-(!()#!#*1()!+%,#2%#+6j!

!

5$)/&C%7")+$%&$M+")#"+&,1+&+3.4:"&$@&X;3A")&M"3)+Y&&
1%&A,"!3+A)$M1$:$G/&3%7&"PA)"."$4,1:"+&:3M&3+&*32$M&
T4,$@@&:$$I+&$%&BD,$A$&2)"71AJ&*")".13,&K3))1+E
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& '1::&!"3%"L&01I"&5:3)IL&3%7&01I"&R1M+$%&4$+1%G&;1A,& 01I"&R1M+$%&A3:I1%G&A"32,")+&A,)$(G,&3%&"P")21+"&$%&&
& A"32,")+&$@&A,"&O(..")&Z[[\&9-??0CDO&4)$G)3.& .$M1:1A/&3%7&.$A1$%&(+1%G&71%$+3()&A)32I;3/+&

P'#%8@>(A)43788=-)01)6"$37>(A)6"$37"%-)

Q>44N?LA!.&1!()#!K-(-1#=!K,1+(!Q#22#++##!K,#$9!A#17,%#!Z#2(#1k+!.#9#1*$!*29!+(*(#!0*1(2#1+),0!5,()!()#!
/#0*1('#2(!&.!>*1()!b!L$*2#(*1:!A%,#2%#+=!,+!*!()1##W:#*1!01&O#%(!()*(!+#17#+!+%)&&$!9,+(1,%(+!,2!(#2!-00#1!#*+(!
Q#22#++##!%&-2(,#+=!#*%)!*'&28!()#!0&&1#+(!,2!()#!2*(,&26!K#5!(#*%)#1+!,2!(),+!1#8,&2!)*7#!)*9!*2:!(1*,2,28!,2!
()#!#*1()!*29!0$*2#(*1:!+%,#2%#+=!:#(!'-+(!(#*%)!()#+#!+-;O#%(+!,2!()#,1!+%)&&$+6!!?!%1,(,%*$!2##9!.&1!(#*%)#1!
(1*,2,28!5*+!*991#++#9!;:!,2(#2+,7#!(5&W5##V!5&1V+)&0!&2!#*1()!*29!#27,1&2'#2(*$!+%,#2%#!.&1!Hf!&.!()#+#!
(#*%)#1+6!Q)#!Q#22N*0+!01&O#%(!,+!9,1#%(#9!;:!01I"&5:3)I!*29!'1::&!"3%"!*(!()#!P2,7#1+,(:!&.!Q#22#++##6!?$+&!
,27&$7#9!,2!()#!01&O#%(!*1#!5$:1%&O(.)3::!*29!PQWN*1(,2!.*%-$(:!012,3":&R1M+$%&BD,H!HL&]^\\E6!

!!!!! !

& T9&4)$@"++$)+&U"%&F)#1+&3%7&O3::/&K$)%&BM32IL&2"%A")E& 9"32,")+&'"A+/&91::"AA&3%7&_12A$)13&K"37)12I&&71+2(++&
& 4$+1%G&;1A,&+A(7"%A+&3%7&A"32,")+&1%#$:#"7&1%&RU`]Z& A)""&)1%G&3%3:/+1+&;1A,&O3)3,&5371"(P&3%7&="%"&8";1+&&

P'#%8@>(A)43788=-)01)!>%"3&)B%$+F$&")4&F+"(&)P(@8=@"'"(&)

EDDf!'*1V+!()#!.,2*$!:#*1!&.!*!hW:#*1!01&O#%(!*,'#9!*(!#nriching earth science in rural Tennessee middle schools 

through research-based activities on climate and environmental history. The project, headed by UT Geographers 

Sally Horn and Ken Orvis, also involves Geology faculty Linda Kah and Colin Sumrall (and formerly Claudia 

Mora). Funding for this project from the National Science Foundation allows UT to place 10 graduate students per 

year into classrooms, where they aid in the development and integration of hands-on activities in the classroom. 

Graduate students from Earth & Planetary Sciences involved in the project include: Sarah Cadieux, Geoff 

Gilleaudeau, Emily Goodman (B.S. 2005, M.S. 2007), Whitney Kocis, Daniel Lewis, Bryan Schultz (M.S. 

2005), and Rene Shroat-Lewis.



     Department of Earth & Planetary Sciences! !!! !

     

)                       Our Students 

!

C)D8%+)9%8')&7")Q6)B"83=F0)<%"->+"(&)

Q&!0-(!,(!+,'0$:=!()#!+(-9#2(+!&.!()#!/#0*1('#2(!&.!
>*1()!b!L$*2#(*1:!A%,#2%#+!1&%Vl!!Q),+!:#*1=!&-1!
+(-9#2(+!)*7#!;1&-8)(!,2!&7#1!GHI=DDD!&.!#](#12*$!
.-29,28=!5#1#!*-()&1+!&.!+#7#1*$!0-;$,%*(,&2+=!*29!
01#+#2(#9!()#,1!5&1V!*(!2-'#1&-+!+%,#2(,.,%!
%&2.#1#2%#+=!;&()!9&'#+(,%*$$:!*29!*;1&*96!@(!5*+=!&.!
%&-1+#=!+*9!(&!+##!()&+#!5)&!81*9-*(#9!$#*7#=!;-(!()#!
*99,(,&2!&.!2#5!81*9-*(#!+(-9#2(+!*29!-29#181*9-*(#!
'*O&1+!5,$$!;#=!*+!*$5*:+=!*2!#]%,(,28!%)*28#6!!"#!*1#!
*$$!+&!01&-9!&.!()#!1#%#2(!81*9-*(#+!()*(!)*7#!8&2#!&2!
(&!0-1+-#!9#81##+!&1!0&+(W9&%+!)#1#!*(!PQ!&1!
#$+#5)#1#=!*29!()&+#!()*(!)*7#!.&-29!O&;+!,2!;&()!
*%*9#',*!*29!,29-+(1:6!!!

d#&Z$-;!5*+!7#1:!;-+:!(),+!+#'#+(#16!!?+!-+-*$=!
A0*8)#((,!A-00#1!5*+!*!),(l!!Q),+!:#*1!5*+!*!;,(!
9,..#1#2(=!5,()!()#!'*O&1,(:!&.!()#!#7#2,28!;#,28!+0#2(!
5*(%),28!()#!;#+(!+V,(+!.1&'!01#7,&-+!:#*1+6!!d1#*(!
.&&9=!81#*(!'#'&1,#+=!81#*(!%&'0*2:=!*29!*!5)&$#!$&(!
&.!$*-8)+!1#+-$(#9!,2!()#!#7#2,28!;#,28!*!)-8#!+-%%#++l!!
<7#1!+01,28!;1#*V=!d#&Z$-;!1*2!*!HW9*:!(1,0!(&!
"*+),28(&2=!/6Z6=!5)#1#!+(-9#2(+!)*9!()#!&00&1(-2,(:!
(&!8#(!*!;#),29W()#W+%#2#+!(&-1!&.!()#!8#&$&8,%!
%&$$#%(,&2+!*(!()#!A',()+&2,*2!@2+(,(-(,&26!!Q)#!+(-9#2(+!
*$+&!#2O&:#9!*$$!&.!()#!&()#1!'-+#-'+=!'&2-'#2(+=!*29!
),+(&1:!()*(!"*+),28(&2=!/6Z6=!)*+!(&!&..#16!!d#&Z$-;!
5*+!*$+&!*;$#!(&!&18*2,J#!()#!9#+,82!*29!0-1%)*+,28!&.!
9#0*1('#2(!(##!+),1(+=!+&'#(),28!()*(!)*+!2&(!;##2!
9&2#!.&1!'*2:!:#*1+6!!<7#1!BD!+),1(+!5#1#!0-1%)*+#9=!
+&!,.!:&-!$,7#!*1&-29!M2&]7,$$#=!@3'!+-1#!:&-3$$!#29!-0!
+##,28!+&'#&2#!5#*1,28!&2#6!!Q)#!d#&Z$-;!+(,$$!
'*,2(*,2+!*!9#0*1('#2(!5#;+,(#=!+&!.##$!.1##!(&!%)#%V!
&-(!5)*(!5#!*1#!-0!(&!*(!
)((0epp5#;6-(V6#9-pq8#&%$-;p9#.*-$(6)('$6!

?(!?5*19+!/*:!(),+!:#*1=!()#!+(-9#2(+!1#%&82,J#9!
m),*22&2!N*:2#!*+!()#!81*9-*(,28!9&%(&1*$!+(-9#2(!
5,()!()#!'&+(!01&.#++,&2*$!01&',+#!*29!/*7,9!
K,2V#$+(#,2!*+!()#!;#+(!(#*%)#16!!Z&281*(-$*(,&2+!(&!
;&()l!!m),*22&2!)*+!+,2%#!$#.(!PQ!.&1!*!0&+(W9&%(&1*$!
0&+,(,&2!*(!()#!A',()+&2,*2=!*29!/*7#!,+!5&1V,28!)*19!
(&!8#(!*$$!&.!&-1!9#0*1('#2(3+!,+&(&0,%!*29!&18*2,%!
*2*$:+,+!$*;+!-0!*29!1-22,28!,2!0#*V!.&1'6!d#&Z$-;!5*+!
*$+&!*;$#!(&!*5*19!.&-1!+(-9#2(+!5,()!.,#$9!%*'0!
+%)&$*1+),0+!&.!GEDD!#*%)6!!?$+&!1#%&82,J#9!*(!*5*19+!
9*:!5#1#!*$$!&.!()#!+(-9#2(+!()*(!)*9!7&$-2(##1#9!(),+!
:#*1!(#*%),28!$&%*$!h19=!H()=!B()=!*29!^()!81*9#1+!*$$!*;&-(!
()#!5&29#1.-$!5&1$9!&.!8#&$&8:!*(!()#!N%Z$-28!
N-+#-'6!!@(!5*+!*'*J,28!*29!,2+0,1,28!(&!+##!()#!
2-';#1!&.!+(-9#2(+!5,$$,28!(&!7&$-2(##1!+&'#!&.!()#,1!

01#%,&-+!.1##!(,'#!(&!)#$0!5,()!%&''-2,(:!&-(1#*%)6!!
?$$!,2!*$$=!,(!5*+!*!81#*(!:#*16!!A(*:!(-2#9!(&!+##!5)*(!5#!
*1#!-0!(&!,2!()#!.-(-1#l!

!

T%7")G)37(3A"&4"A)$:$G/&+A(7"%A+&C%7/&6$/L&?12,$:3+&
5$+A"::$L&3%7&C7)13%&9,$.4+$%&A3I"&37#3%A3G"&$@&3&
X7)"++"7&7$;%Y&K34&02O;""%&$%&A,"&:3+A&73/&$@&2:3++&

EF&A8>(A)B"83=F0)E99>3"%-)

L1#+,9#2(e!!N#$,++*!_*8#!
g,%#!L1#+,9#2(e!!N,V#!/#?28#$,+!
A#%(1#(*1:pQ1#*+-1#1e!!Z)1,+(,2*!g,7,*2&!
dAA!m#01#+#2(*(,7#e!!?291#5!`#%V!
P29#181*9!L1#+,9#2(e!!A(#7#2!S*1#(!
P29#181*9-*(#!g,%#!L1#+,9#2(e!!A(#0)*2,#!4,%&$$!

P(38'>(A)B"83=F0)E99>3"%-)

L1#+,9#2(e!!Z)1,+(,2*!g,7,*2&!
g,%#!L1#+,9#2(e!!L#(#1!M2*00#(!
A#%(1#(*1:pQ1#*+-1#1e!!/*7,9!d*,2#+!
dAA!m#01#+#2(*(,7#e!!/*2,#$!a#5,+!
P29#181*9-*(#!L1#+,9#2(e!!N&18*2!`1*](,2WA#*1+!
P29#181*9-*(#!g,%#!L1#+,9#2(e!!S&)2!m&#$&.+!

!

!"43)A."%A3:&9`+,1)A&BM32IE&
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67")4F33"--)89)8F%)4&F+"(&-)

"#!01,9#!&-1+#$7#+!&2!()#!X-*$,(:!&.!&-1!+(-9#2(+!*(!*$$!
#9-%*(,&2*$!$#7#$+6!!@2!1#%#2(!:#*1+=!5#!)*7#!+##2!()#!
#..#%(+!&.!&-1!9#0*1('#2(*$!#..&1(+!,2!()#!2-';#1!&.!
-29#181*9-*(#!+(-9#2(+!%&2(,2-,28!()#,1!8#&$&8,%*$!
#9-%*(,&2!,2!81*9-*(#!+%)&&$=!,2!()#!2-';#1!&.!N6A6!
+(-9#2(+!()*(!#,()#1!%)&&+#!(&!0-1+-#!L)6/6!9#81##+!&1!
(&!#2(#1!9,1#%($:!,2(&!*!5,9#!1*28#!&.!8#&$&8,%*$!O&;+!,2!
,29-+(1:=!*29!,2!()#!2-';#1!&.!81*9-*(#!+(-9#2(+!5)&!
+)&5!()#'+#$7#+!(&!;#!%&'0#(,(,7#!,2!*((*,2,28!.*%-$(:!
0&+,(,&2+6!!@(!,+!*!(1-#!'*1V!&.!&-1!+(-9#2(+3!#]%#$$#2%#!
(&!+##!&-1!+(-9#2(+!+-%%##9c5#!%&281*(-$*(#!#*%)!!
*29!#7#1:!&2#!&.!:&-l!

?"3"(&)4&F+"(&-R<8-&+83-)>()C3$+"'>3)<8->&>8(-)

C.":13&=$M1%+$%&B0HOHL&Z[[ZE&
L)6/6!EDDF!Y!P2,7#1+,(:!&.!Z*$,.&12,*=!/*7,+!
?++,+(*2(!L1&.#++&1=!P2,7#1+,(:!&.!?1V*2+*+!!

_3:")1"&="/%$:7+&BD,H!HL&Z[[aE&
?++,+(*2(!L1&.#++&1=!Z&$;:!Z&$$#8#!

5,)1+&<,1+%")&BD,H!HL&Z[[bE&
g,+,(,28!?++,+(*2(!L1&.#++&1=!`$&&'+;-18!A(*(#!
P2,7#1+,(:!

U"1A,&01:3.&BD,H!HL&Z[[cE&
?++,+(*2(!L1&.#++&1=!<),&!P2,7#1+,(:!

93+,3&!(%%&BD,H!HL&Z[[\E&
g,+,(,28!?++,+(*2(!L1&.#++&1=!@$$,2&,+!A(*(#!P2,7#1+,(:!

*"%&<,1+%")&BC'!L&Z[[\E&
g,+,(,28!a#%(-1#1=!`$&&'+;-18!A(*(#!P2,7#1+,(:!

*"%&D13A"I&B4$+A7$2L&Z[[cE&
?++,+(*2(!01&.#++&1=!Z#2(1*$!Z&22#%(,%-(!A(*(#!

?12I&83%G&B4$+A7$2L&Z[[\E&
?++,+(*2(!L1&.#++&1=!N#1%:)-1+(!Z&$$#8#!

MNNSTMNNO)Q(+"%A%$+F$&")!"A%""-)C5$%+"+)

A(#7#2!`1#$$#(),2!TEDDFU! L*(1,%,*!a##!d&*9!TEDDfU!
d1*2(!N,2%:!TEDDFU! ! A(#0)*2,#!4,%&$$!TEDDfU!
`1&&V#!L#1,2,!TEDDFU! ! N#8*2!A',()!TEDDfU!
A)*2#!d#*+$,2!TEDDfU! ! Q:V#!A5,+)#1!TEDDfU!

MNNSTMNNO)B%$+F$&")!"A%""-)C5$%+"+)

U"1A,&01:3.&BD,H!HL&Z[[cE&?%%-1*%:!&.!0$*8,&%$*+#!
%&'0&+,(,&2+!.1&'!$*;&1*(&1:!*29!N*1+!+0*%#%1*.(!
()#1'*$!#',++,&2!+0#%(1*!TN%A5##2=!N&#1+)U&

*"@@&?"AA:"+&BD,H!HL&Z[[cE&L#(1&$&8:!&.!%)&291-$#!
01#%-1+&1+!*29!+&1(,28!&.!0*1(,%$#+!,2!&19,2*1:!
%)&291,(#+!TN%A5##2U&

81#1$&9$)%3M"%"&BD,H!HL&Z[[cE!m#'&(#!+#2+,28!&.!
,'0*%(!%1*(#1W#]0&+#9!+-;+-1.*%#!$,()&$&8,#+!*29!
N*1(,*2!1*:#9!%1*(#1!+:+(#'+!TN%A5##2=!N&#1+)U!

C:/++3&'"::&B0HOHL&Z[[cE!K*%(&1+!,2.$-#2%,28!
0#1+,+(#2%#!&.!.#%*$!J'):*-,62*/!,2!+(1#*'!5*(#1!
TN%M*:U!

03AA&R3A";$$7&B0HOHL&Z[[cE&Q#%(&2,%+!&.!()#!
2&1()#*+(#12!@22#1!L,#9'&2(=!2&1()5#+(#12!4Z=!.1&'!
9#(*,$#9!8#&$&8,%!'*00,28=!8#&%)1&2&$&8,%=!
8#&%)#',%*$=!*29!0#(1&$&8,%!+(-9,#+!5,()!+(1-%(-1*$!
*2*$:+#+!&.!9-%(,$#!.*-$(!J&2#+!T_*(%)#1U&

-.1:/&R$$7.3%&B0HOHL&Z[[cE&a*;&1*(&1:!01#%,0,(*(,&2!
*29!8#&%)#',%*$!,27#+(,8*(,&2!&.!-2+(*;$#!Z*Z<h!
0&$:'&10)+e!@'0$,%*(,&2+!.&1!()#!&1,8,2!&.!L1#%*';1,*2!
r'&$*1W(&&()r!',%1&+0*1!TM*)U&

83()3&93/:$)&B0HOHL&Z[[cE&N#%)*2,+'+!&.!&18*2,%!
'*((#1!01#+#17*(,&2!,2!%&2(,2#2(*$!'*18,2!+#9,'#2(+!
.1&'!()#!d-$.!&.!N*,2#!TL#1.#%(U&

93+,3&!(%%&BD,H!HL&Z[[\E!@9#2(,.,%*(,&2!&.!(#11#+(1,*$!
*$V*$,%!1&%V+!-+,28!()#1'*$!#',++,&2!+0#%(1&+%&0:!e!
?00$,%*(,&2+!(&!'*1(,*2!1#'&(#!+#2+,28!TN%A5##2U!

=,13%%$%&03/%"&BD,H!HL&Z[[\E&@27#+(,8*(,28!()#!
0#(1&8#2#+,+!&.!()#!;*+*$(,%!%1-+(!&.!*+(#1&,9!H!g#+(*e!?!
%&';,2#9!0#(1&$&8,%W+0#%(1*$!+(-9:!&.!()#!-2;1#%%,*(#9!
#-%1,(#+!TN%A5##2U&

93MM/&53#"%71+,&B0HOHL&Z[[\E&?',2&!*%,9!*2*$:+,+!&.!
'*1,2#!+#9,'#2(+=!_*-1*V,!d-$.=!4#5!s#*$*29!TM*)U&

U"#1%&'()%+&B0HOHL&Z[[\E&d1&-29!0#2#(1*(,28!1*9*1!
,27#+(,8*(,&2+!&2!()#!1#$*(,&2+),0!;#(5##2!)&1,J&2(*$!
+-;W5*7#$#28()!k(),2W$*:#1k!;#91&%V!.1*%(-1#+!*29!
1#.$#%(,&2!*'0$,(-9#+!T`*V#1U&

01I"&0"::1%&B0HOHL&Z[[\E&N*O&1!*29!(1*%#!#$#'#2(!
%)#',+(1:!&.!',2#1*$+!,2!$,()&$&8,#+!?!b!`!,2!N*1(,*2!
'#(#&1,(#!>>Q?!FIDDCe!0#(1&8#2#+,+!1#7,+,(#9!TQ*:$&1U&

'"%&?$)A$%&B0HOHL&Z[[\E&g&$-'#(1,%!01&0&1(,&2!
*2*$:+#+!&.!%*1;&2*%#&-+!%)&291,(#+e!@'0$,%*(,&2+!.&1!
*%%1#(,&2!*29!%&'0&+,(,&2*$!9,7#1+,(:!TN%A5##2U&

!$%&OA3,)&B0HOHL&Z[[\E&Q#%(&2&'#(*'&10),%!
#7&$-(,&2!&.!()#!#*+(#12!`$-#!m,98#e!/,..#1#2(,*(,28!
'-$(,0$#!L*$#&J&,%!&1&8#2,%!0-$+#+!,2!()#!d$#27,$$#!*29!
`,8!m,98#!X-*91*28$#+=!A"!4&1()!Z*1&$,2*!T_*(%)#1U!
&



     Department of Earth & Planetary Sciences! !!! !

     

!!                       Our Students 

!

67")4F33"--)89)EF%)4&F+"(&-)!

<-1!+(-9#2(+3!+-%%#++!,+!*$+&!1#7#*$#9!,2!()#!$*18#!
2-';#1!&.!01#+#2(*(,&2+!8,7#2!*(!01&.#++,&2*$!
'##(,28+=!*29!,2!()#!,2%1#*+,28!2-';#1!&.!0##1W
1#7,#5#9!0-;$,%*(,&2+6!Z&281*(-$*(,&2+!(&!*$$!&.!:&-l!

4&F+"(&)<""%T?"@>"5"+)<F0=>3$&>8(-)

<-1!81*9-*(#!+(-9#2(+!T*29!1#%#2(!81*9-*(#+U!)*7#!
*-()&1#9=!&1!%&*-()&1#9=!'&1#!()*2!CD!0##1W1#7,#5#9!
0-;$,%*(,&2+!(),+!:#*1c*!+-0#1;!*%),#7#'#2(l!

_#*()#1!`:*1+!TN6A6!+(-9#2(U!
N*((!Z)&O2*%V,!TL)6/6!+(-9#2(U!
N,V#!/#?28#$,+!TL)6/6!+(-9#2(U&
Q1&:!/#](#1!TN6A6=!EDD^U&
Q*+)*!/-22!TL)6/6=!EDDfU!
",$$,*'!d,$$,*'!TN6A6!+(-9#2(U!
Z1*,8!_*1981&7#!TL)6/6!+(-9#2(U!
L#(#1!M2*00#(!TL)6/6!+(-9#2(U!
a,JJ,#!S&)2+&2!TN6A6!+(-9#2(U!
"),(2#:!M&%,+!TL)6/6!+(-9#2(U!
/*2,#$!a#5,+!TL)6/6!+(-9#2(U!
?1()-1!N#1+%)*(!TL)6/6!+(-9#2(U&
M#,()!N,$*'!!TL)6/6=!EDDFU&
/*11#2!A%)2*1#!TN6A6=!EDD^U!
`1:*2!A%)-$(J!TN6A6!=EDDBU!

4&F+"(&)<%"-"(&$&>8(-)!

<-1!+(-9#2(+!)*7#!*$+&!'*9#!BC!01#+#2(*(,&2+!*(!
1#8,&2*$=!2*(,&2*$=!*29!,2(#12*(,&2*$!'##(,28+6!!"#!
5&-$9!$,V#!(&!()*2V!&-1!*$-'2,!.&1!+-00&1(!5),%)!
)#$0#9!(&!.-29!(1*7#$!.&1!%&2.#1#2%#!*((#29*2%#6!!

?291#5!`#%V!TL)6/6!+(-9#2(Ut!Q#11:!`1&52!TN6A6!
+(-9#2(Ut!_#*()#1!`:*1+!TN6A6!+(-9#2(Ut!A)*52*!
Z:0)#1+!TN6A6!+(-9#2(Ut!N,%)*#$!/#?28#$,+!TL)6/6!
+(-9#2(Ut!S#++,%*!/-2*5*:!TN6A6!+(-9#2(Ut!Q*+)*!/-22!
TL)6/6=!EDDfUt!d#&..!d,$$#*-9#*-!TL)6/6!+(-9#2(Ut!
",$$,*'!d,$$,*'!TN6A6!+(-9#2(Ut!Z1*,8!_*1981&7#!TL)6/6!
+(-9#2(Ut!A(#7#2!S*1#(!T`6A6!+(-9#2(Ut!a,JJ:!S&)2+&2!
TN6A6!+(-9#2(Ut!L#(#1!M2*00#(!TL)6/6!+(-9#2(Ut!"),(2#:!
M&%,+!TL)6/6!+(-9#2(Ut!Q*,1&2#!a#*&!TL)6/6!+(-9#2(Ut!
/*2,#$!a#5,+!TL)6/6!+(-9#2(Ut!m),*22&2!N*:2#!TL)6/6=!
EDDfUt!@*2!N%d$:22!TL)6/6!+(-9#2(Ut!!
N,V#!N#$$,2!TN6A6=!EDDfUt!?1()-1!N#1+%)*(!TL)6/6!
+(-9#2(Ut!/*11#2!A%)2*1#!TN6A6=!EDD^Ut!`1,*2!A%)-$(J!
TN6A6=!EDDBUt!m#2#!A)1&*(Wa#5,+!TL)6/6!+(-9#2(Ut!
/&2*$9!A(*)1!TN6A6=!EDDfUt!M#7,2!Q)*,++#2!TN6A6!
+(-9#2(Ut!Z*1*!Q)&'0+&2!TL)6/6!+(-9#2(Ut!N*1:!g*12#$$!
TN6A6!+(-9#2(U=!Z)1,+(,2*!g,7,*2&!TN6A6!+(-9#2(U6!!

4&F+"(&)?"-"$%37)C5$%+-)/)B%$+F$&"-)

Q)#!9#0*1('#2(!5&-$9!*$+&!$,V#!(&!1#%&82,J#!&-1!
+(-9#2(+3!&-(+(*29,28!#..&1(+!(),+!:#*1!,2!51,(,28!*29!
;#,28!*5*19#9!*!(&(*$!&.!2#*1$:!GHI=DDD!,2!#](#12*$!
.-29,28l!<-1!+(-9#2(+3!+-%%#++!,2!*((*,2,28!#](#12*$!
.-29,28!,+!*!(#+(*'#2(!(&!()#!8#&+%,#2%#!%&''-2,(,#+!
,2(#1#+(!,2!()#!),8)WX-*$,(:!&.!1#+#*1%)!()*(!,+!;#,28!
0#1.&1'#9!;:!&-1!+(-9#2(+6!

C%7)";&'"2Ie!PQ!d1*9-*(#!A(-9#2(!A#2*(#!Q1*7#$!
?5*19=!N>QA<Z!Q1*7#$!?5*19!!

93MM3A,3&53#"%71+,e!4*(,&2*$!L*1V!A#17,%#!K#$$&5!!

012,3":&!"C%G":"+e!N*:&!>9-%*(,&2*$!K&-29*(,&2!!

93+,3&!(%%e!a-2*1!*29!L$*2#(*1:!@2+(,(-(#!Z*1##1!
/#7#$&0'#2(!?5*19=!N*:&!>9-%*(,&2*$!K&-29*(,&2!
N>QA<Z!Q1*7#$!?5*19=!A,8'*![,!m#+#*1%)!d1*2(!!

!3#17&R31%"+e!>]]&2N&;,$!1#+#*1%)!81*2(!!

R"$@@&R1::3(7"3(e!A>LN!"#,'#1!A(-9#2(!m#+#*1%)!
d1*2(=!dA?!m#+#*1%)!d1*2(=!??Ld!A(-9#2(!m#+#*1%)!
?5*19=!>7&$7,28!>*1()!K&-29*(,&2=!`*11,28#1!K*',$:!
K-29!.&1!N#(#&1,(#!@'0*%(!m#+#*1%)=!dA?!A#9,'#2(*1:!
d#&$&8:!/,7,+,&2!*5*19!.&1!<-(+(*29,28!m#+#*1%)!

0":1++3&K3G"e!dA?!m#+#*1%)!d1*2(=!@2+(,(-(#!&.!a*V#!
A-0#1,&1!d#&$&8:!?5*19=!?'#1,%*2!L),$&+&0),%*$!
A&%,#(:!?+(1&;,&$&8:!?5*19=!PQ!d1*9-*(#!A(-9#2(!
A#2*(#!Q1*7#$!?5*19!

<,1A%"/&U$21+e!PQ!@2+(,(-(#!.&1!A#%-1#!*29!
A-+(*,2*;$#!>27,1&2'#2(!!

!3%1":&8";1+e!dA?!m#+#*1%)!d1*2(!!

=,13%%$%&03/%"e!N>QA<Z!Q1*7#$!?5*19!

d3%&02R:/%%e!dA?!m#+#*1%)!d1*2(!

C)A,()&0")+2,3Ae!PAdA=!dA?!Q1*7#$!?5*19!

53)3&9,$.4+$%e!A>LN!d#1*$9!K1,#9'*2!A(-9#2(!
m#+#*1%)!d1*2(!

4&F+"(&)?"-"$%37)C5$%+-)/)Q(+"%A%$+F$&"-))

K,2*$$:=!$#(!-+!2&(!.&18#(!()#!5&29#1.-$!*%),#7#'#2(+!&.!
&-1!-29#181*9-*(#!+(-9#2(+=!5)&!)*7#!;##2!;&()!
*%(,7#!,2!1#+#*1%)!*29!+-%%#++.-$!,2!+#%-1,28!#](#12*$!
*5*19+!.&1!()#,1!#..&1(+6!

OA"#"%&*3)"Ae!dA?!m#+#*1%)!d1*2(=!Z)*2%#$$&13+!_&2&1+!
L1&81*'!m#+#*1%)!d1*2(&&

OA"4,3%1"&?12$::J!PQ!?5*19!.&1!4*(-1*$!A%,#2%#+!
/,7,+,&2!&.!()#!>]),;,(,&2!.&1!P29#181*9-*(#!m#+#*1%)!!
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6PGB4U)C()>((8@$&>@")>(&"%9$3")0"&5""()&7"):$%&7);)<=$("&$%1)43>"(3"-)!"#$%&'"(&)$(+)P(+F-&%1)

EDDf!'*1V#9!()#!+#%&29!:#*1!,2!5),%)!()#!Q#22#++##!@2(#2+,7#!4#*1W+-1.*%#!d#&0):+,%+!A(-9:!T*V*!Q@4dAU!
01&81*'!%&29-%(#9!*!()1##W5##V!,2(#2+,7#!%&-1+#!*,'#9!*(!01&7,9,28!+(-9#2(+!*29!5&1V#1+!,2!,29-+(1:!*2!
&00&1(-2,(:!(&!8#(!()#,1!)*29+!&2!2-'#1&-+!+(*(#W&.W()#W*1(!8#&0):+,%*$!(&&$+!*29!(&!,2(#1*%(!5,()!,2+(1-%(&1+!
.1&'!#,8)(!9,..#1#2(!,29-+(1:!0*1(2#1+6!!!

Q),+!,22&7*(,7#!01&81*'=!)#*9#9!;:!R)"G&'3I")=!,+!9#+%1,;#9!*+!r?!2#*1W+-1.*%#!8#&0):+,%+!.,#$9!%*'0!.&1!
8#&0):+,%,+(+!*29!2&2W8#&0):+,%,+(+!*$,V#=!01&7,9,28!0*1(,%,0*2(+!#]0&+-1#!(&!*!-2,X-#!*11*:!&.!,29-+(1:!*29!
*%*9#',%!,2+(1-%(&1+!%&7#1,28!*!5,9#!7*1,#(:!&.!(#%)2,X-#+6r!Q)#!%&-1+#!%&7#1+!()#!)*29+W&2!*+0#%(+!&.!+-17#:!
9#+,82=!9*(*!*%X-,+,(,&2=!9*(*!01&%#++,28!*29!9*(*!,2(#101#(*(,&2!.&1!*!7*1,#(:!&.!8#&0):+,%*$!(#%)2,X-#+!*29!
*$()&-8)!()#!%&-1+#!,(+#$.!,+!.&%-+#9!&2!#27,1&2'#2(*$!01&;$#'+=!()#!+V,$$!+#(+!()*(!*1#!#'0$&:#9!*1#!5,9#$:!
*00$,%*;$#!(&!;1&*9#1!8#&0):+,%*$!X-#+(,&2+6!!

_*195*1#!,29-+(1:!0*1(2#1+!,2%$-9#e!?97*2%#9!d#&+%,#2%#+=!@2%6=!T#$#%(1,%*$!1#+,+(,7,(:p@LU=!d#&'#(1,%+!T+#,+',%=!
'*82#(,%+=!%*0*%,(,7#$:W%&-0$#9!1#+,+(,7,(:U=!d#&2,%+!T81&-29!%&29-%(,7,(:=!#$#%(1&'*82#(,%+U=!L>a?!
T+0&2(*2#&-+!0&(#2(,*$U=!*29!A#2+&1+!b!A&.(5*1#!T81&-29W0#2#(1*(,28!1*9*1U6!!A&.(5*1#!,29-+(1:!0*1(2#1+!
,2%$-9#e!?97*2%#9!d#&+%,#2%#+=!@2%6=!T1#+,+(,7,(:!,27#1+,&2U=!d#&+&.(!T<*+,+!N&2(*O!+0*(,*$!9*(*!9,+0$*:U=!M*2+*+!
d#&$&8,%*$!A-17#:!TN?A"!+-1.*%#!5*7#!*2*$:+,+U=!*29!L*1*$$#$!d#&+%,#2%#!Z&106!T+#,+',%!1#.$#%(,&2!01&%#++,28U6!

K-29,28!.&1!()#!Q@4dA!01&O#%(!5*+!01&7,9#9!;:!()#!P2,7#1+,(:!&.!Q#22#++##=!()#!/#0*1('#2(!&.!>*1()!b!L$*2#(*1:!
A%,#2%#+=!*29!()#!A&%,#(:!&.!>]0$&1*(,&2!d#&0):+,%,+(+!TA>dU6!!

)) )) )
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C5$%+-)!$1)MNNO)

!! !

K34&02O;""%&;1A,&$()&(%7")G)37(3A"&B:"@AE&3%7&G)37(3A"&B)1G,AE&3;3)7&;1%%")+H&9,3%I+&A$&A,"&G"%")$(+&+(44$)A&
@)$.&$()&3:(.%1&3%7&@)1"%7+L&A,"&U%$P#1::"&R".&W&01%")3:&O$21"A/L&3%7&A,"&D:3%"A3)/&R"$+21"%2"+&d%+A1A(A"L&;"&;")"&

3M:"&A$&4)$#17"&eZZL^[[&1%&.$%"A3)/&+(44$)A&@$)&$()&+A(7"%A+f&

Q(+"%A%$+F$&")C5$%+-))

F(A+A3%71%G&O"%1$)&C;3)7J!S&+)-*!m&;#1(+&

5$@@""&5(4&C;3)7&@$)&,1G,"+A&RDCJ&?29:!K&:!

C:(.%1&T%7")G)37(3A"&4)$.1+"&C;3)7+J&d1#8!
?1%)#1=!?9*'!`*%V-+=!N&18*2!`1*](&2WA#*1+=!M#$$,!
_*11#$+&2=!S*'#+!L1*((=!/*7,9!m##7#+=!?91,*2!
Q)&'0+&2=!>',$:!"&1+)*'&

<3::+&C;3)7&@$)&$(A+A3%71%G&4")@$).3%2"&1%&
1%A)$7(2A$)/&G"$:$G/&2$()+"+J&S*'#+!Z*11*+%&=!A*1*)!
Z$&++#1=!Q:!Z&22#1=!S*',#!M&7*1,V=!a,29*!N*1+(&2=!4&*)!
N%/&-8*$&

U%$P#1::"&R".&W&01%")3:&O$21"A/&C;3)7+J!?29:!K&:=!
/*11,2!`1*8#1=!Q:$#1!m&:!

D:3%"A3)/&R"$+21"%2"&d%+A1A(A"&O(..")&d%A")%+,14J&
A(#7#2!S*1#(!TA)&%V!.#*(-1#+!.1&'!()#!Q#2&-'#1!,'0*%(!
%1*(#1=!N*-1,(*2,*U!

U$44&T%7")G)37(3A"&="+"3)2,&O2,$:3)+,14+J&
A(#0)*2,#!4,%&$$!TN#(*'&10),+'!&.!0#$,(,%!+%),+(+U=!
S&)2!m&#$&.+!TQ-1V#:!Z1##V!5#($*29+U=!N#8*2!A',()!
TN,%1&+(1-%(-1*$!*2*$:+,+!&.!()#!?'*!/1,'#!
9#(*%)'#2(=!Q,;#(U=!Z)1,+!"*1#!TN,%1&0&1&+,(:!*29!
0*1(,%$#!+,J#U!

=$++&61":7&53.4&O2,$:3)+,14+J!N&18*2!`1*](&2W
A#*1+=!A(#0)*2,#!4,%&$$=!S&)2!m&#$&.+=!S&+)-*!m&;#1(+=!
N#8*2!A',()=!Q:V#!A5,+)#1=!Z)1,+!"*1#!

R"$2:(M&61":7&53.4&O2,$:3)+,14+J!N&18*2!`1*](&2W
A#*1+=!N#8*2!A',()!

U%$P#1:"&R".&W&01%")3:&O$21"A/&61":7&53.4&C;3)7J&
N&18*2!`1*](&2WA#*1+=!Z)1,+!"*1#!

B%$+F$&")C5$%+-))

R$)7$%&C;3)7&@$)&D)$@"++1$%3:&D)$.1+"J!m),*22&2!
N*:2#!

5$@@""&5(4&C;3)7&@$)&,1G,"+A&RDCJ!Q*,1&2#!a#*&!

'"+A&OA(7"%A&="+"3)2,&D)"+"%A3A1$%J!N*1:!g*12#$$=!
m,%)*19!/&2*(!T)&2&1*;$#!'#2(,&2U=!L#(#1!M2*00#(!
T)&2&1*;$#!'#2(,&2U!

U%$P#1::"&R".&W&01%")3:&O$21"A/&R)37(3A"&
O2,$:3)+,14+J&N*1:!g*12#$$=!@*2!N%d$:22!

-P2"::"%2"&1%&9"32,1%G&M/&3&R)37(3A"&9"32,1%G&
C++1+A3%AJ!N,%)*#$!/#?28#$,+=!"),(2#:!M&%,+!

-P2"::"%2"&1%&F(A)"32,&3%7&!"43)A."%A3:&O")#12"J!
Q*+)*!/-22=!m),*22&2!N*:2#!

C:(.%1&C;3)7&@$)&D)$@"++1$%3:&D)$.1+"&1%&3&
R"$:$G12&!1+214:1%"J&N,%)*#$!/#?28#$,+=!N#$,++*!_*8#=!
Z1*,8!_*181&7#=!L#(#1!M2*00#(=!?1()-1!N#1+%)*(=!
Z)1,+(,2*!g,7,*2&!

D:3%"A3)/&R"$+21"%2"&d%+A1A(A"&C;3)7+J&Q*+)*!/-22=!
@*2!N%d$:22=!M#7,2!Q)*,++#2=!/*11#2!A%)2*1#!

O;1%G:"&6"::$;+,14+&@$)&R"$:$G12&61":7&<$)IJ!N*1:!
g*12#$$=!_#*()#1!`:*1+!

R"$2:(M&61":7&53.4&O2,$:3)+,14+&@$)&R)37(3A"&
OA(7"%A+J!d#&..!d,$$#*-9#*-=!N*((!Z)&O2*%V,!

'/"):/&61":7&53.4&O2,$:3)+,14+J!d#&..!d,$$#*-9#*-=!
A*1*)!m,%)*19+!

H8(A%$&F=$&>8(-)&8)$==)89)8F%)$5$%+)5>(("%-I

!
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Q6)C%8F(+)&7")D8%=+)

@2!EDDf=!()#!P2,7#1+,(:!&.!Q#22#++##!#';*1V#9!&2!*!im#*9:!.&1!()#!"&1$9j!%*'0*,82!(&!,2%1#*+#!%-$(-1*$!
9,7#1+,(:!*29!*5*1#2#++!&2!%*'0-+=!*29!(&!#2)*2%#!,2(#12*(,&2*$!&00&1(-2,(,#+!.&1!+(-9#2(+6!!`#%*-+#!&-1!
9#0*1('#2(!)*+!*!$&28!),+(&1:!&.!,2(#12*(,&2*$!1#+#*1%)=!5#!()&-8)(!,(!5&-$9!;#!.-2!(&!),8)$,8)(!+&'#!&.!()#+#!
*%(,7,(,#+6!@2!(),+!,2*-8-1*$!2#5+$#((#1!+#8'#2(=!iPQ!?1&-29!()#!"&1$9j=!5#!5,$$!$&&V!*(!()#!,2(#12*(,&2*$!
*%(,7,(,#+!&.!%-11#2(!.*%-$(:=!0&+(9&%+=!81*9-*(#!*29!-29#181*9-*(#!+(-9#2(+=!*29!*$-'2,6!!"#!5&-$9!$,V#!(&!
#2%&-1*8#!*$-'2,!(&!%&2(1,;-(#!0,%(-1#+!*29!+(&1,#+!&.!()#,1!&52!,2(#12*(,&2*$!*%(,7,(,#+!.&1!.-(-1#!2#5+$#((#1+6!
!

!!!! !

R)"G&'3I")&"%g$/1%G&A,"&+1A"+&3%7&+$(%7+&$@&91"))3&7":&6("G$&

R)"G&'3I")!)*+!;##2!;-+:!,2!EDDf6!!",()!%&$$#*8-#+!.1&'!a#),8)!*29!A$,00#1:!m&%V!-2,7#1+,(,#+=!)#!#]*',2#9!
r/*15,2k+!`&-$9#1+j!&.!Q,#11*!9#$!K-#8&=!%&2%$-9,28!()*(!()#:!1#01#+#2(!1#'2*2(+!&.!+-0#18$*%,*$!1&%V+$,9#+!
&1,8,2*(,28!,2!()#!),8)!Z),$#*2!Z&19,$$#1*6!a*(#1!,2!EDDf=!d1#8!7,+,(#9!Z),2*=!5)#1#!)#!-+#9!),+!8#&0):+,%*$!+V,$$+!
(&!+#*1%)!.&1!*1%)#&$&8,%*$!&-(0&+(+!2#*1![,3*2c)&'#!&.!()#!.*'&-+!o,2!/:2*+(:!(#11*!%&((*!5*11,&1+6!

!!!! !
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2#5!PQ!0&+(9&%!6")%3%7$&R$."Q=!*29!/16!m,%*19&!?+(,2,!TP2,7#1+,(:!&.!Z&19&;*=!?18#2(,2*U6!!!
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)&5!(&!;*$*2%#!0&$,(,%+=!0&7#1(:=!*29!()#!)#*(!*29!
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9#%,+,&2!'*V,28!),8)$,8)(+!()#!,'0&1(*2%#!&.!2&(!&2$:!

8*()#1,28!V2&5$#98#!()1&-8)!+%,#2%#=!;-(!#..#%(,7#$:!
%&''-2,%*(,28!()*(!V2&5$#98#!(&!*!;1&*9!*-9,#2%#6!

@2!':!5&1V!*+!*!'#9,*!&..,%#1!*(!()#!4*(,&2*$!
A%,#2%#!K&-29*(,&2=!@!9#7&(#!':!(,'#!(&!()&+#!#..&1(+6!!
@!1#8-$*1$:!%&$$*;&1*(#!5,()!1#+#*1%)#1+!(&!(1*2+$*(#!
()#,1!'&+(!1#%#2(!1#+-$(+!,2(&!O-+(!*;&-(!*2:!'#9,-'!
()*(!%*2!%*11:!()#,1!.,29,28+!(&!*2!*-9,#2%#!()*(!81&5+!
)-281,#1!#7#1:!9*:!.&1!+%,#2%#!%&2(#2(6!

Q#2!:#*1+!*8&!5)#2!@!*11,7#9!*(!PQ!*+!*!N6A6!
%*29,9*(#=!@!5*+!,2!()#!-2-+-*$!+,(-*(,&2!&.!V2&5,28!
5)*(!@!5*2(#9!(&!9&!5)#2!@!81*9-*(#9=!*29!()#!#7#2!
'&1#!-2-+-*$!+,(-*(,&2!&.!V2&5,28!()*(!,(!5&-$9!
01&;*;$:!2&(!;#!8#&+%,#2%#6!!!

`#%*-+#!&.!()#!#*1$:!(,$(!(&!+%,#2%#!51,(,28=!@!5*+!
8,7#2!8-,9*2%#!*29!&00&1(-2,(,#+!.1&'!':!'#2(&1+!
.1&'!9*:!&2#6!!4&!.#5#1!()*2!)*$.!*!9&J#2!01&.#++&1+!
,2!()#!>*1()!b!L$*2#(*1:!A%,#2%#+!/#0*1('#2(!&0#2#9!
9&&1+!.&1!'#!*%1&++!%*'0-+!*29!*%1&++!()#!%&-2(1:=!
#2*;$,28!'#!(&!)&2#!':!+%,#2%#!51,(,28!+V,$$+6!!?+!
%1,(,%*$$:=!@!1#%#,7#9!#2%&-1*8#'#2(!.1&'!*$$!&.!()#'=!
*29!,(!%&2(,2-#+!(&!(),+!9*:6!

?+!*!1#+-$(=!@!)*7#!;##2!*;$#!(&!2*7,8*(#!*%1&++!*$$!
9,+%,0$,2#+!&.!+%,#2%#!*29!#28,2##1,28!(&!+)*1#!
1#+#*1%)!1#+-$(+!.1&'!':!7*2(*8#!*(!4AK6!!Q&!'##(!()#!
81&5,28!9#'*29!.&1!+%,#2%#!2#5+=!&-1!*8#2%:!*29!
&()#1+!)*7#!#]0*29#9!%&''-2,%*(,&2+!.1&'!+(*29*19!
01#++!1#$#*+#+!*29!.#*(-1#!+(&1,#+!(&!01&9-%(+!()*(!
5#1#!&-(!&.!1#*%)!O-+(!*!9#%*9#!*8&6!!!

`#%*-+#!&.!()#!(&&$+!01&7,9#9!;:!()#!@2(#12#(=!&-1!
&..,%#!%*2!2&5!01&9-%#!1*9,&!+#8'#2(+!()*(!*$+&!*,1!*+!
0&9%*+(+=!.&&(*8#!.&1!5#;%*+(+=!*29!*+!7,9#&!2#5+!
1#$#*+#+!.&1!(#$#7,+,&2!()*(!8#(!7,+,(#9!'&2()+!&1!:#*1+!
*.(#1!()#,1!.,1+(!*,1,286!!N*(#1,*$+!9#7#$&0!$#8+!&2!()#!
"#;!,2!5*:+!()#:!2#7#1!)*7#!;#.&1#6!!<2#!,$$-+(1*(,&2!
&.!*2!#](1*+&$*1!0$*2#(!#7#2!#29#9!-0!*+!*!9#+V(&0!
i5*$$0*0#1j!T()#!,$$-+(1*(&1!.&-29!,(=!,1&2,%*$$:=!5),$#!
$&&V,28!.&1!*!;*%V81&-29!.&1!),+!2#5!0)&2#U6!!

?+!(1*9,(,&2*$!'#9,*!+-%)!*+!2#5+0*0#1+!*29!
;1&*9%*+(!(#$#7,+,&2!01&81*'+!$&+#!81&-29!(&!()#!
@2(#12#(=!'*2:!*1#!*9*0(,28!;:!,2%&10&1*(,28!#7#1!
'&1#!%&2(#2(!&2!()#,1!5#;+,(#+=!5),$#!2#5!0-;$,%!*29!
01,7*(#!%&2(#2(!01&7,9#1+!*1#!1-+),28!(&!&..#1!()#,1!
+)*1#6!!`#%*-+#!()#!@2(#12#(!,+!+&!#]0*2+,7#=!*29!()#!
*-9,#2%#!+&!7*+(=!4AK!!)*+!;##2!$-%V:!(&!1#*%)!',$$,&2+!
&.!7,#5#1+!5)&!&2$:!*!.#5!:#*1+!*8&!5&-$9!2#7#1!)*7#!
)#*19!&.!()#!*8#2%:6!

Q)#!1#+-$(!&.!()#+#!%)*28#+!,+!*!5#*$()!&.!+%,#2%#!
,2.&1'*(,&2=!*$$!&.!5),%)!-$(,'*(#$:!&1,8,2*(#+!5,()!
,29,7,9-*$+6!!")#1#!+%,#2%#!%&''-2,%*(,&2!8&#+!.1&'!
)#1#!,+!#2(,1#$:!-0!(&!()#!+%,#2(,+(+6!!!
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m#+#*1%)!%*2!*(!(,'#+!'&7#!.&15*19!,2!*!1#$*(,7#!
7*%--'=!;-(!&-1!2*(,&2!%*22&(6!!A(-9#2(+=!&.!*$$!*8#+=!
2##9!(&!V2&5!&.!+%,#2(,.,%!9,+%&7#1,#+!&1!()#!
'&(,7*(,&2!&.!*2!#2(,1#!8#2#1*(,&2!'*:!5*2#6!!
L&$,(,%,*2+!2##9!(&!V2&5!&.!+%,#2(,.,%!9,+%&7#1,#+!(&!
;#((#1!.1*'#!0&$,%,#+!81&-29#9!,2!)*19!9*(*6!!
N#';#1+!&.!()#!0-;$,%!*(!$*18#=!0*1(,%-$*1$:!,2!
9,+*+(#1W01&2#!1#8,&2+=!2##9!(&!V2&5!&.!+%,#2%#!
9,+%&7#1,#+!2#5!*29!&$9=!;#%*-+#!()#,1!$,7#+!'*:!
9#0#29!&2!5)#()#1!&1!2&(!()#:!9#%,9#!(&!.&$$&5!()#,1!
,2+(,2%(+!&1!:&-1!.,29,28+6!

@!%)&+#!+%,#2%#!51,(,28!*+!*!%*1##1!(&!)#$0!
1#+#*1%)#1+!8#(!8&&9!,2.&1'*(,&2!(&!0#&0$#!5)&!2##9!
,(6!@!#2%&-1*8#!#*%)!&.!:&-!(&!1#*%)!&-(!(&!:&-1!
-2,7#1+,(:!'#9,*!&..,%#+=!:&-1!.-29,28!*8#2%,#+=!*29!
#+0#%,*$$:!()#!0-;$,%!(&!)#$0!8-,9#!()#!#7&$-(,&2!&.!
+%,#2%#!$,(#1*%:!,2!()#!P2,(#9!A(*(#+6!!!

?+!*!+%,#2(,+(!,2!()#!*8#!&.!()#!@2(#12#(=!*!-2,X-#!
&00&1(-2,(:!(&!#9-%*(#!;#:&29!:&-1!%$*++1&&'+!*29!
&..,%#+!2&5!$,#+!;#.&1#!:&-=!*29!()&+#!&.!-+!,2!+%,#2%#!
%&''-2,%*(,&2+!*1#!5*,(,28!(&!)#$06!!

K6*1/$*5A-*//*2$6($:&6/$'-:6)+*$'-*$:&*$A*-/,('+$?6*1/$,3$:&*$';:&,-$'(2$2,$(,:$(*)*//'-6+B$-*A-*/*(:$:&*$?6*1/$,3$:&*$LMCM$F':6,('+$C)6*()*$=,;(2':6,(M$

 

 

 

L%8')E>=)&8)C3$+"'>$)

47$()47$'FA$')Z<7[![X)]^SO\)

@!*'!%-11#2($:!,2!':!+#%&29!%*1##1!*+!*2!?9O-2%(!
L1&.#++&1!&.!A#9,'#2(&$&8:!*(!()#!P2,7#1+,(:!&.!
Q#]*+Y?1$,28(&26!N:!$&28!0*()!(&!(),+!0&,2(!;#8*2!,2!
@29,*!,2!CIHH6!@!#',81*(#9!(&!()#!P6A6!,2!CIFD=!*29!
;#%*'#!*!2*(-1*$,J#9!P6A6!%,(,J#2!,2!CIID6!N:!%*1##1!
;#8*2!5,()!9#81##+!.1&'!?22*'*$*,!P2,7#1+,(:!,2!
+&-()#12!@29,*!T`6A%6=!CI^B=!d#&$&8:!*29!Z)#',+(1:U=!
()#!@29,*2!@2+(,(-(#!&.!Q#%)2&$&8:!TN6A%6=!CI^f=!
d#&$&8:U=!<),&!P2,7#1+,(:!TN6A6=!CIFE=!d#&$&8:U=!*29!
.,2*$$:!*(!()#!P2,7#1+,(:!&.!Q#22#++##!TL)6/6=!CIFf=!
d#&$&8:t!-29#1!+-0#17,+,&2!&.!M#2!"*$V#1U6!@!()#2!
O&,2#9!N&;,$!m#+#*1%)!*29!/#7#$&0'#2(!Z&10&1*(,&2!
*+!*!m#+#*1%)!d#&$&8,+(=!*29!1#(,1#9!.1&'!N&;,$!T2&5!
>]]&2N&;,$U!*+!*!d#&$&8,%*$!A%,#2(,+(!,2!EDDD6!)

N:!0*++,&2!,+!()#!1&%V+6!@!)*7#!;##2!.&1(-2*(#$:!
(&!)*7#!9#+%1,;#9!T.1&'!CI^B!(&!EDDfU!&7#1!CD=DDD!
'!&.!1&%V+!5&1$95,9#=!5),%)!,2%$-9#!%&27#2(,&2*$!
%&1#+!.1&'!hE!9##0W5*(#1!+*29+(&2#!0#(1&$#-'!

1#+#17&,1+6!N:!0*++,&2!.&1!8#&$&8:!)*+!$#9!'#!(&!
&18*2,J#!9##0W5*(#1!+*29+(&2#!5&1V+)&0+!.&1e!()#!
PM!/#0*1('#2(!&.!Q1*9#!*29!@29-+(1:!T/Q@U!,2!
A%&($*29t!L#(1&;1*+=!N&;,$=!*29!P2&%*$!,2!`1*J,$t!<,$!
*29!4*(-1*$!d*+!Z&10&1*(,&2!T<4dZU!,2!@29,*t!*29!
m#$,*2%#!@29-+(1,#+!,2!@29,*6!@!)*7#!*$+&!;##2!
.&1(-2*(#!(&!)*7#!%&29-%(#9!.,#$9!+(-9,#+!&.!%&*$!
9#0&+,(+!,2!?-+(1*$,*t!%&2,.#1&-+!1*,2!.&1#+(+!&.!4#5!
s#*$*29t!$,'#+(&2#!V*1+(!,2!d-,$,2=!Z),2*t!.$-7,*$!
9#0&+,(+!&.!@29,*t!(+-2*',W1#$*(#9!%&*+(*$!9#0&+,(+!,2!
Q*',$!4*9-=!@29,*t!+)*$$&5W'*1,2#!9#0&+,(+!,2!
o*++,'=!A*-9,!?1*;,*t!*29!#+(-*1,2#!9#0&+,(+!,2!()#!
<1,#2(#!`*+,2=!>%-*9&16!!Q),+!5&29#1.-$!%*1##1!)*+!
$#9!(&!()#!0-;$,%*(,&2=!+,2%#!CIFD=!&.!hEB!0-;$,%*(,&2+!
&2!*!5,9#!1*28#!&.!(&0,%+=!,2%$-9,28!E!;&&V+!*29!CEB!
0##1W1#7,#5#9!*1(,%$#+6!!
@2!1#%#2(!:#*1+=!*29!#+0#%,*$$:!+,2%#!()#!EDDH!

@29,*2!<%#*2!(+-2*',=!':!1#+#*1%)!)*+!.&%-+#9!&2!
0#(1&$#-'!1#+#17&,1!0&(#2(,*$!&.!9##0W5*(#1!+*29+!
(1,88#1#9!;:!%:%$&2#+!*29!(+-2*',+6!@!)*7#!;##2!
)&2&1#9!(&!)*7#!1#%#,7#9!()#!CIIB!;#+(!0*0#1!*5*19!
.1&'!()#!4,8#1,*2!?++&%,*(,&2!&.!L#(1&$#-'!
>]0$&1*(,&2,+(+!.&1!':!0*0#1!u/##05*(#1!>]0$&1*(,&2e!
Z&2%#0(-*$!N&9#$+!*29!()#,1!P2%#1(*,2(,#+3=!*29!':!
0*0#1!u_,8)W9#2+,(:!(-1;,9,(:!%-11#2(+e!*1#!()#:!+*29:!
9#;1,+!.$&5+n3!0-;$,+)#9!,2!()#!S&-12*$!&.!A#9,'#2(*1:!
m#+#*1%)!,2!CII^=!)*+!*%),#7#9!()#!+(*(-+!&.!()#!+,28$#!
'&+(!%,(#9!0*0#1!0-;$,+)#9!,2!()1##!5&1$9W1#2&52#9!
0#1,&9,%*$+cS&-12*$!&.!A#9,'#2(*1:!m#+#*1%)=!
A#9,'#2(&$&8:=!*29!A#9,'#2(*1:!d#&$&8:c9-1,28!()#!
+-17#:!0#1,&9!&.!CII^WEDDh6!@2!*99,(,&2!(&!':!;-+:!
1#+#*1%)!+%)#9-$#=!':!5,.#!S#*2!T*!2*(,7#!&.!M2&]7,$$#U!
*29!@!*$+&!9#9,%*(#!%&2+,9#1*;$#!(,'#!(&!&-1!&()#1!
0*++,&2c*2!,27&$7#'#2(!,2!()#!.##9,28!*29!%$&(),28!
&.!0&&1!+%)&&$!%),$91#2!,2!+&-()#12!@29,*=!*!(*+V!()*(!
5#!)*7#!-29#1(*V#2!#7#1:!:#*1!+,2%#!CIIf6!
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B4C)41'#8->F')*8(8%-)H%$>A)E1"()

!

!

5)31G&F/"%!5*+!)&2&1#9!*(!*!A:'0&+,-'!,2!),+!2*'#!*(!()#!EDDf!A&-()#*+(#12!dA?!'##(,28!
,2!Z)*1$&((#=!4&1()!Z*1&$,2*6!Q)#!A:'0&+,-'!5*+!%)*,1#9!;:!),+!(5&!.&1'#1!*97,+&1+=!/&-8!

S&2#+!TP2,7#1+,(:!&.!K$&1,9*U!*29!N,%)*#$!N%M,22#:!TP2,7#1+,(:!&.!Q#22#++##U6!!Q)#!
%&2(1,;-(#9!0*0#1+!.&%-+#9!&2!A&-()#*+(#12!0*$#&2(&$&8:=!#+0#%,*$$:!#%),2&9#1'+6!?'&28!
()#!'*2:!%&2(1,;-(&1+!5#1#!Z1*,83+!.&1'#1!%$*++'*(#+!*29!.1,#29+!*(!PQ=!!3%&6)"7")12I&

BD,H!HL&]^^iE=!*$%&')/3%&BD,H!HL&]^^]E=!!
012,3":&R1M+$%&BD,H!HL&]^\\E=!*29!PQ!0*$#&2(&$&8,+(!5$:1%&O(.)3::6!!!

Z1*,8!9,#9!-2#]0#%(#9$:!,2!?1,J&2*!&2!A#0(#';#1!B=!EDDB6!`&12!,2!",$$,+(&2=!4&1()!/*V&(*=!
S-2#!EF=!CI^h=!)#!#*12#9!),+!`6A6!*(!4&1()!/*V&(*!A(*(#!P2,7#1+,(:=!%&2(,2-#9!5,()!81*9-*(#!
+(-9,#+!*(!()#!P2,7#1+,(:!&.!Q#22#++##=!*29!%&'0$#(#9!),+!L)6/6!,2!d#&$&8:!*(!()#!P2,7#1+,(:!
&.!K$&1,9*6!K&$$&5,28!()1##!:#*1+!&2!()#!.*%-$(:!&.!d#&18,*!A&-()#12!P2,7#1+,(:=!,2!CIIf!)#!
O&,2#9!()#!.*%-$(:!&.!A),00#2+;-18!P2,7#1+,(:!,2!L#22+:$7*2,*!5)#1#!)#!5*+!*2!*++,+(*2(!
01&.#++&1!,2!()#!d#&81*0):!*29!>*1()!A%,#2%#!/#0*1('#2(6!?(!()#!(,'#!&.!),+!9#*()=!)#!5*+!
&2!+*;;*(,%*$!.1&'!A),00#2+;-18!*29!5&1V,28!5,()!()#!4*(,&2*$!L*1V!A#17,%#!,2!d1*29!

Z*2:&2!4*(,&2*$!L*1V6!!

Z1*,8!5*+!*!7#1:!0&0-$*1!01&.#++&1!*29!5*+!O-+(!;#8,22,28!*!01&9-%(,7#!%*1##1!,2!
0*$#&2(&$&8:!*29!#9-%*(,&26!_#!5,$$!;#!81#*($:!',++#9!;:!'*2:!0#&0$#6!!

!

!

!
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*$%3A,3%&')/3%&BD,H!HL&]^^]E!)*+!O-+(!)*9!*!
;&&Vcm&*9+,9#!d#&$&8:!&.!K$&1,9*c0-;$,+)#9!;:!
N&-2(*,2!L1#++6!Q)#!;&&V!,+!0*1(!&.!()#!m&*9+,9#!
+#1,#+=!5),%)!)*+!;##2!7#1:!0&0-$*1!&7#1!()#!:#*1+6!
S&2!(#$$+!-+!()*(!)#!)*+!*$5*:+!;##2!7#1:!01&-9!&.!
()#!*%%&'0$,+)'#2(+!&.!&-1!PQ!*$-'2,=!*29!,+!
0$#*+#9!(&!%&-2(!),'+#$.!,2!()*(!0&&$!5,()!(),+!
%&2(1,;-(,&26!a&&V!.&1!S&2!*(!()#!EDDf!dA?!'##(,28!
,2!_&-+(&2=!5)#1#!)#!5,$$!;#!)*7,28!*!;&&V!+,82,28l!

OA"4,3%1"&!)(.,"::")&B'HOHL&Z[[bE!,+!%&2(,2-,28!
(&5*19+!)#1!L)6/6!,2!7#1(#;1*(#!0*$#&2(&$&8:!*(!()#!
P2,7#1+,(:!&.!@&5*6!!A#7#1*$!(,'#+!*!:#*1=!)#1!
1#+#*1%)!;1,28+!)#1!()1&-8)!M2&]7,$$#6!A)#!)*+!;##2!
5&1V,28!(&!-29#1+(*29!;,(#!'*1V+!*29!;&2#!
0*()&$&8,#+!&.!$*18#!7#1(#;1*(#+6!!_#1!1#+#*1%)!)*+!
$#9!(&!.-2!#]0#1,#2%#+!,2!#]0#1,'#2(*$!9#+,826!6!6$,V#!
%&$$#%(,28!0,8!%*1%*++#+!(&!(&++=!(#'0&1*1,$:=!,2(&!
*$$,8*(&1W,2.#+(#9!+5*'0+!&.!A&-()!K$&1,9*6!Q)#!.-2!
0*1(!,+!1#(1,#7,28!()#!;&2#+!.&1!*2*$:+,+l!!

-.1:/&R$$7.3%&B'HOHL&Z[[bN&0HOHL&Z[[cE!*29!)#1!
.*',$:=!S*+&2!*29!N*99,#=!*1#!1#*9,$:!*9O-+(,28!(&!
$,.#!,2!_&-+(&26!>',$:!;#8*2!)#1!2#5!),1#!1&(*(,&2+!
5,()!>]]&2N&;,$!,2!?-8-+(!EDDF!*29!S*+&2!,+!(*V,28!
*97*2(*8#!&.!>',$:3+!+*$*1:!(&!0-1+-#!),+!&52!
81*9-*(#!+(-9,#+6!!

D3A)1213&K3::&B'HOHL&Z[[aE!)*+!.,2,+)#9!)#1!N6A6!,2!
7#1(#;1*(#!0*$#&2(&$&8:!*(!4&1()#12!?1,J&2*!
P2,7#1+,(:=!*29!()#2!+0#2(!+&'#!(,'#!*(!P00+*$*!
P2,7#1+,(:!,2!A5#9#26!A)#!)*+!+$&5$:!;##2!+5,(%),28!
)#1!.,#$9!(&!',%1&;,&$&8:!T,''-2&$&8:p,2.#%(,&2&-+!
9,+#*+#+U!*29!5&-$9!$&7#!(&!.,29!*!O&;!5,()!()#!Z/Z6!

!

'$+1:gI3&R:(.32&BD,H!HL&]^^cE&*29&9$%/&
53:73%3)$&B0HOHL&]^^iE&*1#!V##0,28!;-+:!5,()!()#,1!
.*',$:!*29!8#&$&8,%*$!%*1##1+6!`&+,$OV*!,+!%-11#2($:!
*2!?++&%,*(#!L1&.#++&1!*(!A',()!Z&$$#8#!*29!1#%#2($:!
(&&V!&2!()#!*99,(,&2*$!(*+V!&.!/#0*1('#2(!_#*96!A)#!
,+!*$+&!V##0,28!7#1:!*%(,7#!5,()!+(-9#2(+!*29!)#1!
1#+#*1%)=!*29!1#%&''#29#9!*!1#%#2(!1#+#*1%)!
+(-9#2(=!A*1*)!Z*9,#-]=!(&!&-1!81*9-*(#!01&81*'6!
Q)*2V+!`&+,$OV*=!*29!8&&9!$-%Vl!

&

0"G&K$;3)7&B0HOHL&Z[[hE!*29!j(1%A1%&F#")$2I")&
B0HOHL&Z[[bE!)*7#!O-+(!0-1%)*+#9!*!2#5!)&-+#!,2!()#!
5,$9+!&.!N&2(*2*6!Q)#:!*1#!7#1:!#]%,(#9!*;&-(!()#,1!
2#5!*;&9#c*!$&8!%*;,2!&2!*!IDW*%1#!)&1+#!1*2%)!,2!
*!;&]!%*2:&26!!N#8!1#%#2($:!1#%#,7#9!)#1!$,%#2+-1#!
*+!*!L1&.#++,&2*$!d#&$&8,+(=!*29!%&2(,2-#+!*+!*!
L1&O#%(!A%,#2(,+(!.&1!Q#(1*!Q#%)6!!S#*$&-+!&.!N#8=!5)&!
8#(+!(&!5&1V!*;&7#!81&-29=!o-,2(,2!%&2(,2-#+!),+!
5&1V!*+!*!8#&$&8,+(!.&1!A(,$$5*(#1!N,2,28!Z&'0*2:6!
Q)#:!+0#29!()#,1!.1##!(,'#!.,+),28!*29!#2O&:,28!()#!
&-(9&&1!$,.#!5,()!()#,1!9&8+=!S&+:!*29!Z&9:6!

0":1++3&8"%2Q";+I1&BD,H!HL&Z[[]E&%&2(,2-#+!)#1!
;-+:!%*1##1!*(!4&1()#12!@$$,2&,+!P2,7#1+,(:=!5)#1#!
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1#8-$*1$:!*++&%,*(#9!5,()!.#$$&5!.*%-$(:!03)I&
61+2,")&B0HOHL&]^\^E6!4@P3+!#2(,1#!9#0*1('#2(!5*+!
81#*($:!+)*V#2!(),+!:#*1!;:!*!),8)$:!0-;$,%,J#9!
+%)&&$!+)&&(,28=!5),%)!(&&V!0$*%#!,2!&2#!&.!()#,1!
8#2W#9!8#&$&8:!%&-1+#+6!!N#$,++*=!N*1V=!*29!()#!1#+(!
&.!4@P!1#'*,2!,2!&-1!()&-8)(+!*29!01*:#1+6!

&

U"1A,&01:3.&BD,H!HL&Z[[cE!*29!),+!5,.#!M#11:!
5&-$9!$,V#!(&!*22&-2%#!()#!;,1()!&.!()#,1!+&2=!S&)2!
?-;1#:!N,$*'=!&2!Q-#+9*:=!S-2#!EH=!*(!heCB!*'!,2!
?()#2+=!<),&6!A,;$,28+!s*%!*29!>',$:!*1#!#]%,(#9!(&!
)*7#!*!$,(($#!;1&()#1=!*29!()#!*99,(,&2!,+!+-1#!(&!V##0!
M#,()!)&00,28!*+!)#!5&1V+!(&5*19+!(#2-1#l!

R)3%A&01%2/&B'HOHL&Z[[cE&)*+!;##2!V##0,28!-+!
,2.&1'#9!&.!),+!7#1:!;-+:!:#*1!+,2%#!81*9-*(,28!
.1&'!PQ6!_#!)*+!;##2!5&1V,28!5,()!()#!"*+),28(&2!
Z&2+#17*(,&2!Z&10+!&2!*!+#1,#+!&.!01&O#%(+!5),%)!
)*7#!,2%$-9#9!'*00,28!+(1#*'!91*,2*8#!0*((#12+!&2!
N(6!m*2,#1=!,27*+,7#!0$*2(!1#'&7*$=!*29!;#,28!.*1'#9!
&-(!(),+!+-''#1!(&!@&5*=!5)#1#!)#!)#$0#9!5,()!
.$&&9!1#+0&2+#6!@2!d1*2(3+!%&0,&-+!.1##!(,'#=!)#!)*+!
*$+&!1#%#,7#9!),+!%1#9#2(,*$+!*+!*!5,$9W$*29!.,1#!
.,8)(#1=!*29!,+!2&5!%&2+,9#1,28!*!'&7#!;*%V!(&!#*+(!
Q#22#++##!(&!(1:!(&!+(*1(!*!BDC%!81*++W1&&(+!
?'#1,%&10+!01&O#%(!,2!()#!A'&V:!N&-2(*,2+6!!d1*2(!
V##0+!-0!5,()!+#7#1*$!&.!),+!+%)&&$!'*(#+!*29!(#$$+!
-+!()*(!*(:1"&03A,1+&B'HOHL&Z[[hE!,+!%-11#2($:!,2!
4#;1*+V*!9&,28!.,#$9!5&1V!.&1!)#1!N6A6!*(!K$&1,9*!
A(*(#!P2,7#1,+(:=!()*(!C.3%73&="/%$:7+&B'HOHL&
Z[[hE!,+!#2O&:,28!)#1!N6A6!5&1V!*(!?-;-12=!()*(!
!$(G&O.1A,&B'HOHL&Z[[bE!,+!,2!"*+),28(&2=!/6Z6!
9&,28!#27,1&2'#2(*$!%&2+-$(,28=!*29!()*(!5,)1+A1%3&
')$;%&B'HOHL&Z[[bE&)*9!;##2!01#0*1,28!(&!'&7#!(&!
Z&$&1*9&!(&!5&1V!,2!()#!0#(1&$#-'!,29-+(1:6!!

!

!

D3A)12I&0(::1G3%&B0HOHL&]^\cE!)*+!;##2!5&1V,28!(&!
#+(*;$,+)!1#+#*1%)!*29!+(-9#2(!,2(#12+),0!
&00&1(-2,(,#+!.&1!PQ!+(-9#2(+!5,()!),+!#'0$&:#1=!
o-*2(-'!>27,1&2'#2(*$!b!>28,2##1,286!L*(1,%V!9,9!
),+!()#+,+!1#+#*1%)!,2!%$*:!',2#1*$&8:!5,()!<((&!
M&00=!*29!(#$$+!-+!()*(!)#!7#1:!'-%)!*001#%,*(#+!()#!
;1#*9()!&.!V2&5$#98#!*29!.$#],;,$,(:!&.!()&-8)(!()*(!
),+!PQ!#9-%*(,&2!01&7,9#96!!!

R3)/&FAA1%G")&B0HOHL&]^^^E!91&00#9!-+!*!$,2#!(&!$#(!
-+!V2&5!()*(!)#=!),+!5,.#!?28#$*=!*29!),+!9*-8)(#1!
`1#2$,=!*1#!1#$&%*(,28!(&!?;-!/)*;,!.&1!*!()1##!:#*1!
*++,82'#2(!5,()!>]]&2N&;,$6!!d*1:!,+!%-11#2($:!
5&1V,28!&2!%*1;&2*(#+!T"*$V#1!5&-$9!;#!01&-9lU!
*29!)*+!;##2!.&%-+,28!&2!N,99$#!>*+(#12!%*1;&2*(#!
1#+#17&,1+!.&1!()#!$*+(!+#7#1*$!:#*1+6!!_,+!-0%&',28!
*++,82'#2(!5,$$!;#!01&9-%(,&2W+%*$#!5&1V!&2!&2#!
()#!$*18#+(!&,$!.,#$9+!,2!()#!5&1$9l!!d*1:!+*:+e!i@k7#!
;##2!.&1(-2*(#!(&!+(*:!,2!()#!%*1;&2*(#!1#*$'!&.!
0#(1&$#-'!8#&$&8:!*29!)*7#!()&1&-8)$:!#2O&:#9!,(6!
@.!*2:&2#!.,29+!()#,1!5*:!(&!?;-!/)*;,!*29!2##9+!*!
0$*%#!(&!+(*:=!;#!+-1#!(&!%&2(*%(!-+!*(!
T-*#67&$+v:*)&&6%&'U6j!

')$$I"&D")1%1&B'HOHL&Z[[cE!,+!%-11#2($:!5&1V,28!&2!
)#1!N6A6!,2!2#*1W+-1.*%#!+#,+'&$&8:!*(!)#!P2,7#1+,(:!
&.!M*2+*+=!*29!5,$$!+&&2!;#!O&,2#9!,2!M*2+*+!;:!
O,3%"&R"3+:1%&B'HOHL&Z[[\E6!`1&&V#!1#%#2($:!
#2O&:#9!;#,28!&2!()#!i5,22,28!+,9#j!&.!(5&!2*(,&2*$!
%)*'0,&2+),0+=!5,()!;&()!()#!MP!S*:)*5V+!TN#23+!
4Z??!Z)*'0,&2+U!*29!()#!a*9:!g&$+!T"&'#23+!
4Z??!Z)*'0,&2+U6!d&!g&$W_*5V+ln&

9)32/&D$::$2I&B%""&53.4M"::N&'HOHL&Z[[aE!*29!
03)I&D$::$2I&B0HOHL&Z[[aE!*1#!;*%V!,2!M2&]7,$$#6!
Q1*%:!,+!%&'0$#(,28!)#1!N6A6!,2!d#&81*0):!*(!PQ!*29!
N*1V!,+!5&1V,28!5,()!?N>Z6!!Q),+!:#*1=!()#:!)*7#!
;##2!.&1(-2*(#$:!#2&-8)!(&!(1*7#$!(&!@(*$:=!*29!+0#2(!
(,'#!(&-1,28!m&'#=!K$&1#2%#=!*29!N(6!g#+-7,-+!
T5),%)!()#:!+-'',((#9U=!*29!()#!@+$*29!&.!Z*01,+6!

OA"#"&<":2,&B0HOHL&Z[[bE!)*+!1#(-12#9!(&!
>]]&2N&;,$!,2!_&-+(&2!*.(#1!*!+)&1(!$#*7#!&.!
*;+#2%#!(&!+-00&1(!),+!5,.#!?':3+!*%(,7#!%*1##1!,2!
%1,',2*$!.&1#2+,%+!,27#+(,8*(,&26!!A(#7#!$*-8)+!()*(=!
,2!),+!2#5!),1#!1&(*(,&2+=!#!*$5*:+!+##'+!(&!;#!
.&$$&5,28!,2!()#!.&&(+(#0+!&.!*$":&8(2I$;&B0HOHL&
Z[[aE6!6!6'&+(!1#%#2($:!5&1V,28!#]0$&1*(,&2!,2!()#!
9##0W5*(#1!d-$.!&.!N#],%&6!4&5!()*(!?':!)*+!
1#$&%*(#9!(&!_&-+(&2=!()#:!*1#!#2O&:,28!(,'#!*29!
5,()!#*%)!&()#1!*29!()#,1!9&8+6!!
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U3)"%&OA$2I+A1::&BD,H!HL&Z[[bE!*29!*$+,&53,1::&
B0HOHL&Z[[iE!*1#!01&-9!(&!*22&-2%#!()*(!()#:!*1#!
#]0#%(,28!*!.-(-1#!8#&$&8,+(!*29!_*5*,,*2!+%-;*!
9,7#16!!N*2:!PQ!.1,#29+!*1#!V##0,28!*!%$&+#!#:#!&2!
()#!$,(($#!&2#3+!01&81#++!()1&-8)!M*1#23+!;$&86!

K")M")A&B'")%1"E&91"7".3%%&B0HOHL&]^bhE!51,(#+!
()*(!PQ!)*9!*!01&.&-29!,2.$-#2%#!&2!),+!$,.#=!
01&7,9,28!),'!5,()!*2!#9-%*(,&2*$!*29!,2(#$$#%(-*$!
;*%V81&-29!5,()!5),%)!)#!5*+!*;$#!(&!+-%%#++.-$$:!
2#8&(,*(#!*!%*1##1!&.!8#&$&8:W*++&%,*(#9!5&1V!5,()!
(),1(##2!9,..#1#2(!#'0$&:#1+!,2!CC!%,(,#+!*29!2,2#!
+(*(#+!&7#1!*!0#1,&9!&.!HI!:#*1+6!_#!2&(#+!()*(!),+!
:#*1+!*(!PQ!5#1#!0*1(,%-$*1$:!9#$,8)(.-$=!#+0#%,*$$:!
;#%*-+#!i@!'*11,#9!&2#!&.!':!d#&$&8:!a*;!
+(-9#2(+c()#!;#+(!(),28!()*(!#7#1!)*00#2#9!(&!'#6j!
_#!*$+&!+*:+e!jQ)#!d#&$&8,%!+#((,28!&.!Q#22#++##!5*+!
,9#*$!.&1!&2#!5)&!$&7#9!'*00,28=!*29!()#!
&00&1(-2,(,#+!@!#]0#1,#2%#9!5&1V,28!5,()!()#!PQ!
.*%-$(:=!5,()!()#!Q#22#++##!/,7,+,&2!&.!d#&$&8:=!*29!
.&1!g*29#1;,$(!P2,7#1+,(:!'*00,28!*!'#(#&1!,'0*%(!
+(1-%(-1#!,2!N,99$#!Q#22#++##!$#9!(&!+#7#2!:#*1+!&.!
+*(#$$,(#!0)&(&81*0):!5&1V!5,()!4?A?=!*!:#*1!
5&1V,28!.&1!1#(,1#9!*+(1&2*-(!"*$$:!A%),11*=!*29!
$*(#1=!2,2#!:#*1+!&.!5&1$95,9#!1#'&(#!+#2+,28!
#]0$&1*(,&2!5,()!L),$$,0+!L#(1&$#-'6j!

O/)""A3&_3(G,%&B%""&!12I")+$%N&0HOHL&Z[[bE!*29!
)#1!)-+;*29=!Z$*1#2%#=!)*7#!;##2!$,7,28!,2!L&5#$$=!
Q4=!5),$#!A:1##(*!5&1V+!,2!5*+(#!'*2*8#'#2(!*(!
()#!RWCE!%&'0$#]!,2!<*V!m,98#6!A:1##(*!)*+!;##2!
(*V,28!*!7*1,#(:!&.!-00#1W$#7#$!%*$%-$-+!%&-1+#+!,2!
01#0*1*(,&2!.&1!+(*1(,28!9&%(&1*$!5&1V!,2!
>27,1&2'#2(*$!>28,2##1,28!*(!PQ!(),+!.*$$6!!!

=12,/&<3)7&B'HOHL&Z[[]E!%&2(*%(#9!()#!9#0*1('#2(!
,2!+#*1%)!&.!8#&9#!)-2(,28!+,(#+!,2!Q#22#++##6!@(!,+!
*$5*:+!2,%#!(&!+##!0*++,&2!.&1!8#&$&8:!,2!&-1!*$-'+l!!

83))/&02U3/&)*+!*$+&!'#(!2-'#1&-+!*$-'2,!&2!!!!
),+&5&1$95,9#!(&-1!*+!*!B4C)Y>%+-$==T!%">--)
!>-&>(AF"-7"+)."3&F%"%6!_#!(#$$+!-+!()*(e!

&

OI14&'3)A$%&B'HOHL&]^^iE&5&1V+!.&1!Q#(1*!Q#%)=!*29!
)*+!;##2!%&$$*;&1*(,28!5,()!a*11:!N%M*:!&2!()#!
#27,1&2'#2(*$!1#'#9,*(,&2!&.!*!.&1'#1!?1':!
'-2,(,&2+!0$*2(!2#*1!Z)*((*2&&8*=!5),%)!)*+!
+-;+(*2(,*$!%)#',%*$!*29!;,&$&8,%*$!%&2(*',2*(,&26!!

k3+.1%"&?"":/=!5)&!*((#29#9!PQ!,2!()#!CIfD3+!,+!
5&1V,28!*+!*2!1#+#*%)!*29!9#7#$&0'#2(!#28,2##1!*(!
Z&19,+!Z&10&1*(,&2!,2!"*11#2=!4#5!S#1+#:6!

&

R"$)G"&K3):$;&B0HOHL&]^\cE!*29!9)1+,3&*$,%+$%&
B0HOHL&Z[[bE!$,7#!*29!5&1V!,2!g?6!d#&18#!5&1V+!.&1!
()#!PAdA!&2!5*(#1!1#+&-1%#!*29!5*(#1!X-*$,(:!
01&;$#'+!,2!()#!m,%)'&29!*1#*t!Q1,+)*!,+!5&1V,28!
.&1!g,18,2,*!/#0*1('#2(!&.!>27,1&2'#2(*$!o-*$,(:6!!

U3)"%&9,$)Mg$)%+"%&B0HOHL&]^^bE!,+!%-11#2($:!
5&1V,28!5,()!A)*5!>27,1&2'#2(*$!,2!M2&]7,$$#=!Q4=!
.&%-+,28!&2!(&],%!'#(*$+!,2!+&,$+=!*29!(#*%),28!+)&1(!
%&-1+#+!&2!9,+(,28-,+),28!*2()1&0&8#2,%!.1&'!
2*(-1*$$:!&%%-11,28!%&2%#2(1*(,&2+6!



   Department of Earth & Planetary Sciences!

 

Effects of Alumni Support "( 

!

67$(V)18F)98%)$==)89)18F%)-F##8%&I)

?$-'2,!9&2*(,&2+!(&!()#!/#0*1('#2(!&.!>*1()!b!L$*2#(*1:!A%,#2%#+!*1#!,27*$-*;$#6!?+!*$5*:+=!:&-1!8#2#1&-+!
+-00&1(!)*+!*$$&5#9!-+!(&!01&7,9#!%&2(,2-#9!+-00&1(!.&1!+(-9#2(+!,2!()#!.&1'!&.!+(-9#2(!+%)&$*1+),0+!*29!
*5*19+=!+-00&1(!.&1!.,#$9!#]%-1+,&2+=!.-29,28!.&1!+*'0$#!*2*$:+,+=!*29!(1*7#$!(&!01&.#++,&2*$!'##(,28+6!@2!(),+!
+#%(,&2=!5#!5&-$9!$,V#!(&!),8)$,8)(!+&'#!&.!()#!5*:+!,2!5),%)!:&-1!+-00&1(!)*+!9,1#%($:!*..#%(#9!()#!X-*$,(:!&.!
#9-%*(,&2!()*(!5#!%*2!01&7,9#!(&!&-1!+(-9#2(+6!A&'#!#]*'0$#+!&.!1#%#2(!*%(,7,(:!'*9#!0&++,;$#!()1&-8)!()#!
+-00&1(!&.!&-1!PQ!*$-'2,!*29!.1,#29+e!

G$'"+)<%89"--8%-7>#-)

<-1!/#0*1('#2(!%&2(*,2+!+#7#1*$!2*'#9!01&.#++&1+),0+6!@2!*99,(,&2!(&!(5&!H,(*/$>-,3*//,-/&6A/!T)#$9!;:!83))/&
02U3/!*29!!3#17&61%I":+A"1%U!*29!&-1!H,(*/NJ6O**$>-,3*//,-/&6A!T)#$9!;:!R)"G&'3I")U=!5#!*$+&!)*7#!*!
$&28+(*29,28!%'-2*($>-,3*//,-/&6A!*29!5#!2&5!*99!*!E*((*:&$P'+Q*-$>-,3*//,-/&6A6!!>*%)!&.!()#+#!01&.#++&1+),0+!
01&7,9#+!'&9#+(!.-29+!(&!()#!)&$9#1!#*%)!:#*1=!(&!;#!+0#2(!.&1!()#!#2)*2%#'#2(!&.!()#,1!%*1##1+6!!Z&''&2$:!
.-29+!*1#!-+#9!.&1!0,$&(!01&O#%(+=!.&1!+(-9#2(!+-00&1(=!&1!.&1!-09*(,28!&.!*2*$:(,%*$!#X-,0'#2(6!!!

Q)#!%'-2*($>-,3*//,-/&6A!1#01#+#2(+!*!;#X-#+(!
'*2:!:#*1+!*8&!&.!()#!01&%##9+!&.!()#!Z*19#2!
&,$!5#$$!,2!a&-,+,*2*6!Q)#!%'-2*($>-,3*//,-/&6A!
5*+!&1,8,2*$$:!)#$9!;:!M#2!"*$V#1=!*29!)#$9!
'&+(!1#%#2($:!;:!Z$*-9,*!N&1*6!?+!&.!K*$$=!EDDf=!
5#!*1#!0$#*+#9!(&!01#+#2(!5,)1+&6"7$!5,()!()#!
%'-2*($>-,3*//,-/&6A6!!!

Q)#!P'+Q*-$>-,3*//,-/&6A!,+!+&-1%#9!;:!
9&2*(,&2+!.1&'!M#22#()!"*$V#13+!+(-9#2(+6!
M#2!81*9-*(#9!'&1#!+(-9#2(+!()*2!*2:!&()#1!
.*%-$(:!'#';#1!,2!()#!9#0*1('#2(6!!_,+!.&1'#1!
+(-9#2(+!5&1V!*1&-29!()#!8$&;#!*29!+-00&1(!
()#!/#0*1('#2(!8#2#1&-+$:6!!"#!*1#!0$#*+#9!(&!
2*'#!81%73&U3,!*+!()#!P'+Q*-$>-,3*//,-6

:(7$(3"'"(&)89)4&F+"(&)C3&>@>&>"-

!

K34&02O;""%!5,()!M$#0+#1!a#%(-1#1!/16!S#..!Q*:$&1!
TP2,76!_*5*,,U!*29!'$MM1"&U:"4+")6!Q)#!M$#0+#1!
+#',2*1!+#1,#+!)#$0+!-+!#]0&+#!&-1!+(-9#2(+!(&!(&0!
1#+#*1%)!,2!*!7*1,#(:!&.!8#&$&8,%!9,+%,0$,2#+6!

!

d#2#1&-+!+-00&1(!.1&'!()#!FAA$&U$44!@3.1:/!)*+!
*$$&5#9!-+!(&!01&7,9#!*99,(,&2*$!+-00&1(!.&1!()#!
,29#0#29#2(!1#+#*1%)!#..&1(+!&.!&-1!-29#181*9-*(#+6!
@2!EDDf=!5#!01#+#2(#9!()#!,2*-8-1*$!M&00!*5*19+6!
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")                        Effects of Alumni Support 
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:(7$(3"'"(&)89)4&F+"(&)C3&>@>&>"-

@2!*99,(,&2!-+,28!*$-'2,!+-00&1(!(&!)#$0!+#29!&-1!+(-9#2(+!(&!%&2.#1#2%#+!*29!+%,#2(,.,%!5&1V+)&0+=!5#!*$+&!+#29!
*!(#*'!&.!-29#181*9-*(#+!#7#1:!:#*1!(&!@4R%RF%S0K46!6!6*2!,2(1*+(*(#!5##V#29!&.!%*'0,28=!%&$$#8,*(#!
%&'0#(,(,&2!T8#&9#!;&5$,28=!)*''#1!(&++U=!*29!.-2l!!?29!(),+!:#*1=!.&1!()#!.,1+(!(,'#!+,2%#!,(3+!,2%#0(,&2!,2!CIfH=!
()#!PQ!g&$!(#*'!5&2!()#!@4R%RF%S0K4$(,($#lll!!"#!V2&5!&-1!+(-9#2(+!*1#!()#!;#+(!,2!()#!+(*(#=!;-(!()#:!+##'!(&!
+0#29!()#,1!(,'#!#2O&:,28!()#!%&$$#8,*$,(:!1*()#1!()*2!8#((,28!+(1#++#9!*;&-(!()#!%&'0#(,(,&2w8&&9!.&1!()#'l!

))) )

Z[[\&R-F5F?58C_-&A"3.L&2$%+1+A1%G&$@&*$,%&=$":$@+&BA$4&)$;EL&G)37(3A"&."%A$)&R"$@@&R1::"3(7"3(&&
3%7L&@)$.&:"@A&A$&)1G,AL&OA"#"%&*3)"AL&U"::1&K3))":+$%L&0$)G3%&')3PA$%`O"3)+L&'"A,&OA$)"/L&3%7&R)"G&53):+$%H&&&

8$$I&3A&A,3A&@$).&3+&0$)G3%&A$++"+&A,"&-+A;1%Gf&&

?83V)?88')?"(8@$&>8(-)

!!!! !

&&&&&OA(7"%A+&0$)G3%&')3PA$%`O"3)+L&0":1++3&K3G"L&3%7&& &&&&&&&&&&&&&&&&C&G(AA"7&)$2I&)$$.L&,1G,:1G,A1%G&A,"&:$%G`A").&
OA"4,3%1"&?12$::&G"AA1%G&7$;%&3%7&71)A/&1%&A,"&)$2I&)$$.& &&&7"2:1%"&$@&A,1+&2)1A123:&7"43)A."%A3:&@321:1A/&

A*9$:=!&7#1!()#!:#*1+!&-1!1&%V!1&&'!)*9!.*$$#2!,2(&!9#%$,2#6!!@2!EDDFWEDDf=!$*18#$:!.-29#9!;:!*$-'2,!9&2*(,&2+=!
5#!;#8*2!*!%&'0$#(#!&7#1)*-$!&.!()#!.*%,$,(:6!!Q)#!01&%#++!+(*1(#9!5,()!&-1!+(-9#2(+!%&'0$#(#$:!8-((,28!()#!1&&'6!
?**)))=!(&!5*(%)!+(-9#2(+!5,()!+$#98#)*''#1+l!!"#!()#2!5&1V#9!&2!,2.1*+(1-%(-1#!1#0*,1c2#5!#$#%(1,%,(:=!
0$-';,28=!+#*$,28!()#!.$&&1=!*29!,2+(*$$,28!2#5!%*;,2#(1:6!!"#!()#2!5&1V#9!(&!1#0*,1!*!.#5!&.!()#!$*18#1!(-;!+*5+!
*29!0-1%)*+#9!+#7#1*$!2#5!1&%V!+*5+=!2#5!1&%V!%),00#1+=!*29!*!2#5!):91*-$,%!1&%V!%1-+)#16!!Q)#!2#5!*29!
,'01&7#9!.*%,$,(:!5,$$!;#!&..,%,*$$:!&0#2#9!,2!*!9#0*1('#2(*$!9#9,%*(,&2!%#1#'&2:!,2!.*$$=!EDDf6!!
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Goals for Donor Support #* 
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Q6)H$#>&$=)H$'#$>A()$(+)!"#$%&'"(&)!"@"=8#'"(&)<%>8%>&>"-)

@2!1#%&82,(,&2!&.!()#!,'0&1(*2%#!&.!*$-'2,!9&2*(,&2+!(&!()#!)#*$()!&.!*!P2,7#1+,(:=!()#!P2,7#1+,(:!&.!Q#22#++##!
1#%#2($:!$*-2%)#9!*!2#5!Z*0,(*$!Z*'0*,82!Y!+##!)((0epp9#7#$&0'#2(6(#22#++##6#9-p6!!?+!0*1(!&.!(),+!P2,7#1+,(:!
$#7#$!%*'0*,82=!#*%)!9#0*1('#2(!)*+!*$+&!1#W#7*$-*(#9!01,&1,(,#+!.&1!*$-'2,!+-00&1(6!!"#!*1#!7#1:!01&-9!&.!()#!
+-00&1(!()*(!&-1!?$-'2,!)*7#!8,7#2!(&!()#!/#0*1('#2(!&.!>*1()!b!L$*2#(*1:!A%,#2%#+!&7#1!()#!:#*1+!*29=!,2!()#+#!
(,'#+!&.!9#%1#*+#9!+(*(#!*001&01,*(,&2+=!5#!*1#!,2%1#*+,28$:!81*(#.-$!.&1!:&-1!%&2(,2-#9!+-00&1(6!!

"#!*1#!*$+&!7#1:!)*00:!(&!*22&-2%#!&-1!*$-'2,!(1*9,(,&2*$$:!)*7#!;##2!7#1:!+-00&1(,7#!&.!+(-9#2(!+%)&$*1+),0+!
*29!.,#$9!%*'0!+%)&$*1+),0+=!*29!&-1!.-29,28!.&1!()#+#!&00&1(-2,(,#+!,+!,2!*!8&&9!0&+,(,&2!*(!01#+#2(6!",()!1#%#2(!
*29!%&2(,2-,28!;-98#(*1:!%-(+=!)&5#7#1=!5#!*1#!%-11#2($:!+##,28!5#*V2#++#+!,2!&()#1!*1#*+!&.!.-29,286!

K&1!,2+(*2%#=!5#!2#7#1!V2&5!.1&'!'&2()!(&!'&2()!*29!:#*1!(&!:#*1=!5)*(!%1,+,+!'*:!*1,+#!,2!A(*(#!.-29,28=!&1!
5)*(!-2,X-#!&00&1(-2,(:!(&!;#((#1!()#!9#0*1('#2(!',8)(!01#+#2(!,(+#$.6!!Q)#!*;,$,(:!(&!%&0#!5,()!+-101,+#+=!
5)#()#1!8&&9!&1!;*9=!*99+!+(*;,$,(:!(&!()#!*%*9#',%!01&81*'=!*99+!7*$-#!(&!()#!+(-9#2(+3!#]0#1,#2%#=!*29!*99+!
.$#],;,$,(:!5)#2!()#!9#0*1('#2(!'-+(!#7&$7#!,2!1#+0&2+#!(&!%)*28#+!,2!()#!.,#$96!!Q(%"-&%>3&"+):(+85'"(&-!
*$$&5!-+!(&!+-00&1(!+-%)!*%(,7,(,#+!*+!9#0*1('#2(*$!.,#$9!(1,0+=!+(-9#2(!(1*7#$!.&1!1#+#*1%)!*29!01#+#2(*(,&2!&.!
1#+#*1%)!1#+-$(+=!1#%1-,('#2(!&.!2#5!81*9-*(#!+(-9#2(+=!*%(,7,(,#+!(&!01&'&(#!,2(#1*%(,&2!5,()!*$-'2,6!
P21#+(1,%(#9!#29&5'#2(!.-29+!*$+&!+-00&1(!&..,%#!*29!$*;&1*(&1:!1#2&7*(,&2+!.&1!2#5!.*%-$(:=!*29!+&'#!&.!&-1!
%1,(,%*$!9#0*1('#2(*$!&-(1#*%)!*%(,7,(,#+=!+-%)!*+!>*1()!A%,#2%#!/*:6!>*1()!A%,#2%#!/*:!%&2(,2-#+!(&!;#!&2#!&.!()#!
'&+(!#..#%(,7#!&-(1#*%)!*%(,7,(,#+!)&+(#9!;:!PQ=!*29!,2!0*+(!:#*1+=!5#!)*7#!1#%#,7#9!+,82,.,%*2(!+-00&1(!.1&'!()#!
Z&$$#8#!&.!?1(+!b!A%,#2%#+6!P2.&1(-2*(#$:=!5,()!9,',2,+),28!+(*(#!.-29,28=!Z&$$#8#!+-00&1(!.&1!>*1()!A%,#2%#!/*:!
5,$$!;#!9,+%&2(,2-#9!*.(#1!(),+!:#*16!"#!+,2%#1#$:!)&0#!()*(!:&-!%*2!)#$0!-+!,2!*++-1,28!(),+!*%(,7,(:3+!.-(-1#l!!!

<()#1!9#7#$&0'#2(!01,&1,(,#+!,2%$-9#!.$08%$&8%1)E#"%$&>8(-)4F##8%&!*29!YF>=+>(A)?"(8@$&>8()4F##8%&6!!<-1!
1#+#*1%)!$*;&1*(&1,#+!%&2(*,2!#X-,0'#2(!5,()!+-;+(*2(,*$!&0#1*(,&2!*29!'*,2(#2*2%#!%&+(+6!"#!5&-$9!$,V#!(&!
i2*'#j!$*;&1*(&1,#+!.&1!9&2&1+!5)&!%&2(1,;-(#!(&!()#,1!&0#1*(,&2+!%&+(+6!A-00&1(!%&-$9!%&'#!,2!()#!.&1'!&.!
9,1#%(!8,.(+!&1!#29&5'#2(+6!a*;&1*(&1,#+!()*(!2##9!+-%)!+-00&1(!,2%$-9#!;&()!1#+#*1%)!.*%,$,(,#+!T#$#%(1&2!
',%1&01&;#!$*;=!'*++!+0#%(1&'#(#1!$*;=![W1*:!$*;U!*29!(#*%),28!$*;&1*(&1,#+!-+#9!#]%$-+,7#$:!;:!+(-9#2(+!
T',%1&+%&0#!$*;=!%&'0-(#1!$*;U6!"#!*$+&!2##9!(&!%&2+,9#1!&-1!/#0*1('#2(!,(+#$.6!!<-1!;-,$9,28!5*+!%&2+(1-%(#9!,2!
CIEI!*29!)*+!2#7#1!;##2!.-$$:!1#2&7*(#96!!"#!)*7#!*!'&9#12=!+-%%#++.-$=!7,;1*2(!9#0*1('#2(!)&-+#9!,2!*2!
*2%,#2(!*29!+-;+(*29*19!;-,$9,286!!?!+(*(#W&.W()#W*1(!;-,$9,28!5,$$!)#$0!-+!*((1*%(!()#!;#+(!81*9-*(#!+(-9#2(+!*29!
.*%-$(:!5)&!)*7#!2&(!)*9!(,'#!(&!*001#%,*(#!&-1!;-,$9,283+!'&9#+(!%)*1'+6!

K,2*$$:=!-21#+(1,%(#9!.-29+!()*(!+-00&1(!.*%-$(:!1#+#*1%)=!,2!()#!.&1'!&.!L$3F=&1)?"-"$%37)L"==85-7>#-=!81#*($:!
,2%1#*+#!;&()!.*%-$(:!*29!+(-9#2(!01&9-%(,7,(:6!!Q)#+#!.-29+!*1#!%&''&2$:!-+#9!*+!'&2#:!.&1!2#5!81*2(!
01&0&+*$+=!%*2!;#!-+#9!(&!+-00&1(!(1*7#$!.&1!.,#$9!5&1V=!(&!-(,$,J#!*2*$:(,%*$!#X-,0'#2(!*(!&()#1!-2,7#1+,(,#+=!&1!(&!
01#+#2(!()#!1#+-$(+!&.!()#,1!1#+#*1%)!*(!%&2.#1#2%#+6!!Q)#+#!.#$$&5+),0+!*1#!2*'#9!.&1!()#!9&2&1+=!*29!9&!2&(!
+-00$#'#2(!.*%-$(:!+*$*1,#+=!*$()&-8)!()#:!%*2!;#!-+#9!.&1!()#!+*$*1,#+!&.!0&+(9&%+=!(#%)2,%,*2+=!&1!+(-9#2(+!5)&!
*++,+(!()#!.*%-$(:!,2!1#+#*1%)!01&O#%(+6!!Q)#:!*1#!*!81#*(!5*:!(&!)#$0!>LA!1#(*,2!&-1!;#+(!.*%-$(:!*29!(&!+-00&1(!
()#,1!1#+#*1%)!#..&1(+6!
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C=F'(>)C+@>-8%1)Y8$%+)ZMNNOTMNN^\)

`6!A(#7#2!?;+)#1!T;+*;+)#1v;#$$+&-()62#(U!
a*11:!`#2+&2!T81##2;*%VYhFFHEv:*)&&6%&'U!

"#+$#:!"6!/,#)$!T5#+$#:6569,#)$v#]]&2'&;,$6%&'U!
/*7,9!M6!_:$;#1(!T9):$;#1(v*$$(#$$62#(U!

>95*19!S6!N*+&-V*!T#95*196O6'*+&-V#v2*+*68&7U!
M1,+)2*2!A1,2,7*+*2!TM1,+)2*26A1,2,7*+*2v;)0;,$,(&26%&'U!

N,%)*#$!":*((!TN,%)*#$x":*((v;1&526#9-U!

>+*'/*$),(:'):$'(B$<*<O*-/$,3$,;-$0+;<(6$02?6/,-B$J,'-2$16:&$T;*/:6,(/$,-$62*'/$3,-$2*?*+,A<*(:$'):6?6:6*/M$$

!"#$%&'"(&)89):$%&7);)<=$("&$%1)43>"(3"-))

/#0*1('#2(!&.!>*1()!b!L$*2#(*1:!A%,#2%#+!
P2,7#1+,(:!&.!Q#22#++##!
M2&]7,$$#=!Q4!hFII^WCHCD!
)((0epp5#;6#0+6-(V6#9-!

L)e!f^BWIFHWEh^^!
K]e!f^BWIFHWEh^f!
>WN*,$e!#0+v-(V6#9-!

632(:A/&BZ[[\E&

d1#8!`*V#1! S&2#+W`,;##!?++&%,*(#!L1&.#++&1!T8#&0):+,%+U! 8;*V#1v-(V6#9-!
Q&'!`1&*9)#*9! L1&.#++&1!T0*$#&;,&$&8:U=!/,1#%(&1!&.!Pd!?9',++,&2+! (5;1&*9)#*9v-(V6#9-!
/#7&2!`-11! ?++,+(*2(!L1&.#++&1!T0$*2#(*1:!8#&$&8:U! 9;-11v-(V6#9-!
/&2!`:#1$:! L1&.#++&1!>'#1,(-+!T#28,2##1,28!8#&$&8:U! 9;:#1$:v-(V6#9-!
N,V#!Z$*1V! ?++&%,*(#!L1&.#++&1!T8#&'&10)&$&8:U! %$*1V8'&10)v-(V6#9-!
`,$$!/#*2#!! a#%(-1#1!T,'0*%(!01&%#++#+U! 59#*2#v-(V6#9-!
`,$$!/-22#! L1&.#++&1!T+(1-%(-1*$!8#&$&8:U=!?++&%,*(#!/#*2! 59-22#v-(V6#9-!
Z)1,+!K#9&! Z*19#2!?++&%,*(#!L1&.#++&1!T+#9,'#2(*1:!8#&$&8:U! %.#9&v-(V6#9-!
/*7,9!K,2V#$+(#,2! S&2#+!?++,+(*2(!01&.#++&1!T;,&8#&%)#',+(1:U! 9.,2V#$+v-(V6#9-!
`&;!_*(%)#1! /,+(,28-,+)#9!A%,#2(,+(!*29!L1&.#++&1!T+(1-%(-1*$!8#&$&8:U! ;&;'*0v-(V6#9-!
N,%*)!S#++-0! ?++,+(*2(!L1&.#++&1!T+(1-%(-1*$!8#&$&8:U! 'O#++-0v-(V6#9-!
a,29*!M*)! "*$V#1!?++&%,*(#!L1&.#++&1!T+#9,'#2(*1:!8#&%)#',+(1:U! $%V*)v-(V6#9-!
Q#9!a*;&(V*! L1&.#++&1!T'#(*'&10),%!0#(1&$&8:U! ($*;&(V*v-(V6#9-!
a*11:!N%M*:! S&2#+!L1&.#++&1!T):91&8#&$&8:U! $'%V*:v-(V6#9-!
N,V#!N%M,22#:! L1&.#++&1!T0*$#&;,&$&8:U=!/,1#%(&1!&.!>27,1&2'#2(*$!A(-9,#+! ''%V,22#v-(V6#9-!
_*0!N%A5##2! /,+(,28-,+)#9!L1&.#++&1!T0$*2#(*1:!8#&$&8:U! '%+5##2v-(V6#9-!
M-$*!N,+1*! L1&.#++&1!>'#1,(-+!T#%&2&',%!8#&$&8:U! V',+1*v-(V6#9-!
S#..!N&#1+%)! ?++&%,*(#!L1&.#++&1!T0$*2#(*1:!8#&$&8:U! O'&#1+%)v-(V6#9-!
>9!L#1.#%(! ?++&%,*(#!L1&.#++&1!T):91&8#&$&8:U! #0#1.#%(v-(V6#9-!
a*11:!Q*:$&1!! /,+(,28-,+)#9!L1&.#++&1!T0#(1&$&8:!*29!8#&%)#',+(1:U! $*(*:$&1v-(V6#9-!
Z&$,2!A-'1*$$! a#%(-1#1!T0*$#&;,&$&8:U! %+-'1*$$v-(V6#9-!
M#2!"*$V#1! L1&.#++&1!>'#1,(-+!T+#9,'#2(&$&8:U! V5*$V#1v-(V6#9-!
!
OA3@@&BZ[[\E&

N#$&9:!`1*2%)! A#2,&1!?9',2,+(1*(,7#!?++,+(*2(! ';1*2%)v-(V6#9-!
4*2%:!N#*9&5+! ?9',2,+(1*(,7#!?++,+(*2(! 9*'*'*v-(V6#9-!
Q#1#+*!L*11&(! ?9',2,+(1*(,7#!?++,+(*2(! ('*()#+v-(V6#9-!
N*1,#!`*$$#5! ?9',2,+(1*(,7#!?++,+(*2(! 1;*$$#5v-(V6#9-!
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'H&OA"#"%&W&O3)3,&CM+,")&
*"@@)"/&*H&CG""&
')(2"&C::"%&C,:")&
012,3":&5H&W&03)/&-H&C::1+$%&
D3),3.&0H&531%&W&*$&5H&C%7")A$%&
=12,3)7&<H&C)%+"A,&
*3."+&UH&W&O3::/&'H&C+,;$)A,&
=$M")A&5,3):"+&C+)""%L&*)H&
?3)/&-H&?"1:`'3I")&
')13%&CH&3%7&O#"A:3%3&'3::&
-7;3)7&8H&'3%+M32,&
*"%%1@")&02I"%Q1"&W&03AA&'3)G")&
<1::13.&8H&'3))$%L&ddd&
5,3):"+&OH&'3)A:"AAL&*)H&
=$M")A&*H&W&D3A)1213&-H&K3A2,&'3/")&
!"%%/&?H&W&*(71A,&8H&'"3)2"&
*"@@")+$%&OH&W&03:1++3&*H&'"2I%")&
5/)(+&!H&W&012,"::"&<H&'",+")"+,A&
*"@@")+$%&?"3:&'":";&
_")%$%&8H&'"::&
<1::13.&0H&W&!"M)3&8H&'":#1%&
R"$)G"&8&'"%"712AL&ddd& &&
03)#1%&-H&'"%%"AAL&ddd& &&
OA"4,"%&C).1+A"37&'"%%"AA& &&
83;)"%2"&d#"+&'"%+$%& &&
5,3):"+&DH&W&*$/2"&O)/G:"/&'"%Q1G")&
*3."+&0H&W&_1)G1%13&0H&'1M""& &
=$M")A&9H&':31)&W&D3.":3&O("&K3%2"&
-#":/%&':/A,"& &&
-H&=$G")&W&'"#")/&*H&'$,3%3%L&*)H&
<3:A")&O&'$)$;+I1& &&
_1)G1%13&'$;")+& &&
R$)7$%&KH&'$P& &&
R1:M")A&KH&'$/7& &&
5,)1+A1%"&W&C%7)";&')32")3+& &
')"%73%&=H&')"3.& &&
6H&5:3/A$%&')":3%7&*)H& &&
=$G")&!H&')";")&W&01)$$&!"+31&
5,3):"+&8H&')";+A")& &&
R3))"AA&W&O(+3%&&')1GG+& &
03AA,";&CH&W&C4)1:&')1AA& &
_12I1&*H&')(.M32I& &&
*$%3A,3%&=H&W&O/:#13&DH&')/3%& &
03)/&<H&W&')37:"/&CH&')/3%& &
*H&RH&W&8(2)"A13&')/3%A& &
R)"G$)/&CH&'(2I%")& &&
R"%"&-H&W&O(+3%&*3%"&'()7"%& &
<1::13.&8""&'()%+&W&51%7/&8H&8"#33+&
*32l(":1%"&5H&'()A$%& &&
!$%&<H&W&O("&'/"):/&
!$(G:3+&5H&W&C%7)"3&K3)71%&'/"):/&
!$%3:7&53:7;"::& &&
*$+"4,&RH&W&C%%"&-H&53::1+& &
!$(G:3+&UH&W&*"++123&<H&53):A$%&

<1::13.&'H&53A,"/& &&
03)1$%&-H&W&D3A&53(+"/& &
OA"#"&-H&5,1:7+& &&
RH&012,3":&W&*3%12"&DH&5:3)I& &
OA"4,"%&="P&W&*"3%&kH&5:3)I& &
5$)%":1(+&jH&W&83#")%"&'H&5$MM&
')"%A&CH&5$::1")& &&
=(++"::&FH&5$:+$%&W&03)/&=H&5(7Q1:&
5,3):"+&!H&W&d)"%"&5$%;3/&
03)A3&5H&W&*$"&CH&5$)M1%& &
*$+"4,&0H&5$))3:& &&
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