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!"#$%! &'("! ()*! +,-.! +/0! 12/! 34*! (4*! 25%67899! (3*!
:77$;"<8! !"! !"! #!$%&%'$()! #!$%&%*'()! !"! !"! !"! !"! !"!

:%87$95=>9! !"! #+',,$)-()! !"! #+',,.,-()! !"! #+',,-')()! /01$1.1-()! !"! !"!

:>6$?@7$A877"! !"! !"! !"! #+$&%)&-()! "2..,'-$()! #3.,')$&()! "2''$%&,()! "2...$,.()! !"!

:>9-A$<7"-,<>9! !"! !"! !"! 0#*%,*-.()! !"! #!$&&$&%()! !"! !"! !"!

+A,<-$-8A=89! !"! 43.)$*&.()! "0)*')..()! /5.$-*&1()! !"! 0#*1%$.*()! 0#*1%-.'()! 0#,1%,'-()! 0#*1$'%'()!

B$A=5?"! #3$)'%,-()! 06*%$*,)()! #+),1*')()! #+*.'&.-()! 0#*.&&%&()! 0#&1,-'%()! 0#*.&)',()! "2.--$''()! !"!

B>C$=,9! !"! !"! "2&.$*%,()! !"! !"! !"! !"! !"! "01)..)-()!

D"75?->9! /0%1))%%()! !"! !"! #+*--))$()! #3*%).&$()! #3.,'..*()! "2''$%$)()! #3.%%,)-()! !"!

D8-8A$?8<@"7>9! !"! !781)$)).()! !781)$)).()! !"! !"! #4)%$')'()! !"! !"! !781)$)).()!

D$;$-8A=89! !"! !"! /5.$-')-()! #!%)$-,)()! !"! #!%)$-.*()! 0#*1%-.*()! !"! 0#*1$'%*()!

E7";$-@A5<9F@"=57-$%5! !"! "0-*%%$'()! !"! 5'-$)$()! !"! !"! !"! "0-*%,.*()! !"!

E7";$-@A5<9F@"A<$<@,77"8! !"! "0-*%%%&()! !"! 5'-$)&()! !"! !"! !"! !"! !"!

1"95$67$99>=! !"! !"! !"! #+*-)$*,()! #3-&.)$'()! #3.,')*&()! 95-.11'1()! #3.%%,&$()! !"!

15$9-8%$6"9-8A! !"! "01%%'-'()! !"! 95$'%*&1()! !"! 95$'%,-1()! /0)'1,.%()! !"! 95$'%$%*()!

G"?A$-8A=89! !"! #+1$1..)()! #+$1))*$()! #0'.--&.()! !"! #3'$,').()! 0#*1%--&()! !"! #+1$1..)()!
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/%?$-@A5<9F=$AA595! !"! "0-*%%%1()! !"! 5'-$-.()! !"! !"! !"! "0-*%,.'()! !"!
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=>?@>A =>BCBDA 6@E>@F@DGHGBI@AGHJKDA 9@D@GBLAFMFG@NAA 4@OE@>AF@JA 4@OE@>AGHFPA QBFG@>AC>KREA "DL@FG>HOALH>@A

D,=8$<-8A"F )ASQ)TAQ.UA 0K>NBLHAVRFLHA WHEOK?BEOKB?MASQ)TAQ-UA V@NHO@ASQ-UA X>KK?LH>@ASQ-Y$UA QKOBGH>MAZHFEFASQ&Y,UA NHG@>DHOASQ.TAQ%TAQ,UA
D,=8$<-8A"F .ASQ)TAQ.UA [@FEROHAC@>NHDBLHA WHEOK?BEOKB?MASQ)TAQ%UA V@NHO@ASQ%UA X>KK?LH>@ASQ&Y%UA QKOBGH>MAZHFEFASQ&Y,UA NHG@>DHOASQ.TAQ%TAQ,UA
D,=8$<-8A"F -ASQ)TAQ.UA \BKFG@DKCHFG@>A

VOHIKOBD@HGHA
WHEOK?BEOKB?MASQ)TAQ*UA V@NHO@ASQ*TAQ'UA X>KK?LH>@ASQ&TAQ$TAQ'UA QKOBGH>MAZHFEFASQ&Y,UA NHG@>DHOASQ.TAQ%TAQ,UA

D,=8$<-8A"F &ASQ)TAQ.UA <@OBEKDHAFRXDBGB?HA WHEOK?BEOKB?MASQ)TAQ'UA V@NHO@ASQ'UA X>KK?LH>@ASQ&TAQ$TAQ'UA QKOBGH>MAX@@FASQ&TAQ$TAQ'UA NHG@>DHOASQ.TAQ'UA
D,=8$<-8A"F $ASQ)TAQ.UA "OOK?HE@AERDLGHGHA WHEOK?BEOKB?MASQ)TAQ'UA V@NHO@ASQ'UA X>KK?LH>@ASQ&TAQ$TAQ'UA QKOBGH>MAX@@FASQ&TAQ$TAQ'UA NHG@>DHOASQ.TAQ'UA
D,=8$<-8A"F %ASQ)TAQ.UA \HFBKCOKFFRNA>KZW@>BA WHEOK?BEOKB?MASQ)TAQ'UA V@NHO@ASQ'UA X>KK?LH>@ASQ&TAQ$TAQ'UA QKOBGH>MAX@@FASQ&TAQ$TAQ'UA NHG@>DHOASQ.TAQ'UA
D,=8$<-8A"F ,ASQ)TAQ.UA 4HOBLGRFANH>CBDHGRFA WHEOK?BEOKB?MASQ)TAQ'UA V@NHO@ASQ'UA X>KK?LH>@ASQ&TAQ$TAQ'UA QKOBGH>MAX@@FASQ&TAQ$TAQ'UA NHG@>DHOASQ.TAQ'UA
D,=8$<-8A"F *ASQ)TAQ.UA "RCKLWOK>@OOHAFG>BHGHA WHEOK?BEOKB?MASQ)TAQ'UA V@NHO@ASQ'UA X>KK?LH>@ASQ&TAQ$TAQ'UA QKOBGH>MAX@@FASQ&TAQ$TAQ'UA NHG@>DHOASQ'TAQ)1UA
J$;8%-5"F )A 4@G@>KL@EWHORFA

COHX@>]A
?BEOK?BEOKB?MASQ'TAQ)1UA XKGWASQ'UA X>KK?LH>@ASQ'TAQ)1UA ;HGWM@>CB?H@ASQ)1TAQ))UA XBEH>@DGHOASQ)1TAQ))UA

J$;8%-5"F .A 0RPKNMFA?HNH>@DFBF]A ?BEOK?BEOKB?MASQ'TAQ)1UA XKGWASQ'UA X>KK?LH>@ASQ'TAQ)1UAA ;HGWM@>CB?H@ASQ)1TAQ))UA XBEH>@DGHOASQ))TAQ).UA
!@,9"%$<-8A"F )A ^OH?KGW>BEFAWHNBOGKDBA WHEOK?BEOKB?MASQ).TAQ)-UA XKGWASQ).TAQ)-UA ?@V@DF@ASQ)-TAQ)&UA !"A !"A
+$78$<-8A"F )A "RFG>KEOHGMERFA

BDLKNE@>GRFAA
?BEOK?BEOKB?MASQ)&Y)%UA V@NHO@ASQ)$TA

Q)%UA
X>KK?LH>@ASQ)$TAQ)%UA _OHGMEK?BDH@ASQ)%UA NHG@>DHOASQ)%TAQ),UA

+$78$<-8A"F .A +MO@XK>BDRFAFHJ@FDBB]A WHEOK?BEOKB?MASQ),UA V@NHO@ASQ),UA X>KK?LH>@ASQ),TAQ)*UA +MO@XK>BDBASQ)%TAQ)*UA NHG@>DHOASQ)%TAQ)'UA
N8?"<$;"F )ASQ)'TA

Q.1UA
QMDHOEW@RFALWHL@B]A ?BEOK?BEOKB?MASQ.1UA XKGWASQ.1UA ?@V@DF@ASQ)'TAQ.1UA !"A !"A

N8?"<$;"F .ASQ)'TA
Q.1UA

QMDHOEW@RFA>@CHOBF]A ?BEOK?BEOKB?MASQ.1UA XKGWASQ.1UA ?@V@DF@ASQ.1TAQ.)UA !"A !"A

:A"%8"8F )A "D@OKFBNRFA@JBNBRFA ?BEOK?BEOKB?MASQ.)UA V@NHO@ASQ.)UA X>KK?LH>@ASQ.)TAQ..UA FRXFKLBHOA!"#$%&'()&ASQ)%TA
Q..UA

NHG@>DHOASQ)%TAQ..Y
Q.&UA

09$<-8A"F )ASQ.-Y.$UA <HL>KG@>N@FA
FRXWMHOBDRFA

?BEOK?BEOKB?MASQ.$UA XKGWASQ.$TAQ.%UA X>KK?LH>@ASQ.&TAQ.,UA *+,-.%/#+/'01#2SQ.*TAQ.'UA XBEH>@DGHOASQ.-TAQ.&TA
Q.*UA

09$<-8A"F .ASQ.-Y.$UA <HFGKG@>N@FA
?H>ZBDB@DFBFA

?BEOK?BEOKB?MASQ.$UA XKGWASQ.$TAQ.%UA X>KK?LH>@ASQ.&TAQ.,UA *+,-.%/#+/'01#2SQ.*TAQ.'UA XBEH>@DGHOASQ.-TAQ.&TA
Q.*UA

09$<-8A"F -ASQ.-Y.$UA 7>MEGKG@>N@FA
F@LRD?RFA

?BEOK?BEOKB?MASQ.$UA XKGWASQ.$TAQ.%UA ?@V@DF@ASQ.&TAQ.,UA *+,-.%/#+/'01#2SQ.*TAQ.'UA XBEH>@DGHOASQ.-TAQ.&TA
Q.*UA

09$<-8A"F &ASQ.-Y.$UA _>K>WBDKG@>N@FA
FBNEO@JA

?BEOK?BEOKB?MASQ.$UA XKGWASQ.$TAQ.%UA ?@V@DF@ASQ.&TAQ.,UA *+,-.%/#+/'01#2SQ.*TAQ.'UA XBEH>@DGHOASQ.-TAQ.&TA
Q.*UA

09$<-8A"F $ASQ.-Y.$UA 6@GBLROBG@>N@FAVOHIBE@FA ?BEOK?BEOKB?MASQ.$UA XKGWASQ.$TAQ.%UA X>KK?LH>@ASQ.&TAQ.,UA *+,-.%/#+/'01#2SQ.*TAQ.'UA XBEH>@DGHOASQ.-TAQ.&TA
Q.*UA

09$<-8A"F %ASQ.-Y.$UA `KKG@>NKEFBFA
D@IH?@DFBFA

?BEOK?BEOKB?MASQ.$UA XKGWASQ.$TAQ.%UA ?@V@DF@ASQ.&TAQ.,UA *+,-.%/#+/'01#2SQ.*TAQ.'UA XBEH>@DGHOASQ.-TAQ.&TA
Q.*UA

09$<-8A"F ,ASQ.-Y.$UA 4K?KG@>N@FA
NKFFHNXBLRFA

?BEOK?BEOKB?MASQ.$UA XKGWASQ.$TAQ.%UA X>KK?LH>@ASQ.&TAQ.,UA *+,-.%/#+/'01#2SQ.*TAQ.'UA XBEH>@DGHOASQ)-TAQ.*TA
Q-1UA
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/A;8AF '"=57,F 9<8?589F +$7$%,F98#FA"-5$F 2$AC8AF98#FA"-5$%F G"78F@87<5%6FO(PF
;8'8%98QF3PF
"77$<"A8%-"7F?"A8RF

:77$<"A8%-"7F?"A8F
O(P<A$S595$%5%6QF3P866F
?"A8QFTPF-A"%9<$A-RF

B>A-@8AF?$==8%-9F

:A"%8"8F aW@>B?BB?H@A "D@OKFBNRFA@JBNBRFA 1(1*Y1()$ASQ-)UA YA DKD@ASQ-)UA E>@F@DGAb)cASQ.$TAQ-)UA A
+$78$<-8A"F 7R>LROBKDB?H@A !)&.+%-$1.,-)&2'"/%(-#+.)&22 1($ASQ)$TAQ)%UA 1AbV@NHO@AKDOMcASQ)$UA DKD@ASQ)$UA E>@F@DGAb)T.cASQ)$TAQ),UA A
+$78$<-8A"F 7R>LROBKDB?H@A 3,$#4%+'")&2&15#&"''A 1(1$Y1().ASQ),UA YA DKD@ASQ),TAQ-.UA E>@F@DGAb)T.cA NHO@FAKLLHFBKDHOOMA

HOOKC>KKNTAXRGAGWBFABFA
LKDFB?@>@?ALKR>GFWBEA
X@WHIBKR>A

N8?"<$;"F "OEW@B?H@A QMDHOEW@RFALWHL@BA 1($ASQ.1TAQ-.UA YA )ASQ.1UA HXF@DGASQ.1TAQ-.UA A
N8?"<$;"F "OEW@B?H@A QMDHOEW@RFA>@CHOBFA 1($ASQ.1TAQ-.UA YA )ASQ.1UA HXF@DGASQ.1TAQ-)UA A
D,=8$<-8A"F YA "OOA@RFKLBHOAFE@LB@FA IH>BHXO@A 1AbV@NHO@AKDOMcA DKD@AbF@@A

LKNN@DGcA
BDAHOOAFE@LB@FAFGR?B@?A
SQ)TQ.TQ-UA

=DOMAHAFBDCO@AFE@LB@FAFWKZFA
NHO@ALKKE@>HGBI@A
X@WHIBKR>dAGW@AHDGA
*1+0'%/%"0,$12ZW@>@ANHO@FA
Z@>@AKXF@>I@?AGKALH>>MA
OH>IHA

09$<-8A"F 4K?KG@>NBGB?H@A !"1/1".6%.#+(#&2
16"7#+'1")&2

A NHO@AXBHF@?AbFKO?B@>FeZK>P@>FcASQ--UA M@FA E>@F@DGASQ.&TAQ.,UA A

09$<-8A"F 4K?KG@>NBGB?H@A 4K?KG@>N@FANKFFHNXBLRFA A NHO@AXBHF@?AbFKO?B@>FcASQ--UA M@FA E>@F@DGASQ.&TAQ.,UA A
09$<-8A"F ^HOKG@>NBGB?H@2 *+,-.%.#+(#&20%(#&.'/)&2 1($A 1($AbFKO?B@>FcA )A HXF@DGASQ.&TAQ.,UA A
09$<-8A"F ^HOKG@>NBGB?H@A *+,-.%.#+(#&2&#/)"0)&2 1($A 1(.AbFKO?B@>FcA )A HXF@DGASQ.&TAQ.,UA A
09$<-8A"F ^HOKG@>NBGB?H@A 8"/'&'.#+(#&2&/691+:'2 YA 1($$Ab1(%)cASQ--UA )A HXF@DGASQ.&TAQ.,UA A
09$<-8A"F ^HOKG@>NBGB?H@A ;#%.#+(#&2/%""#5)&2 V@NAXBHF@?A V@NAXBHF@?AbFKO?B@>FcASQ--UA )A HXF@DGASQ.&TAQ.,UA A
09$<-8A"F 6WBDKG@>NBGB?H@A 7KEGKG@>N@FAOHLG@RF2 A V@NAXBHF@?AbFKO?B@>FcASQ--UA )A HXF@DGASQ.&TAQ.,UA A
09$<-8A"F 6WBDKG@>NBGB?H@A <+%+6'"%.#+(#&2&'(-$#52 1($ASQ.$TAQ-&UA 1($AbFKO?B@>cASQ-&TAQ-$UA )e.A HXF@DGASQ.&TAQ.,UA A
09$<-8A"F 6WBDKG@>NBGB?H@2 =#.'/)$'.#+(#&2>$1?'-#&2 fA1($ASQ-$TAQ-%UA fA1($ASQ-$TAQ-%UA )e.A E>@F@DGASQ.&TAQ.,UA A
09$<-8A"F 6WBDKG@>NBGB?H@2 =#.'/)$'.#+(#&2@1"(%"#"&'&2 A fA1(&ASQ.$TAQ-%UA )e.A E>@F@DGASQ.&TAQ.,UA A
09$<-8A"F 6WBDKG@>NBGB?H@2 =#.'/)$'.#+(#&2&-#+1.)&2 A 1($ASQ-%UA )e.A E>@F@DGASQ.&TAQ.,UA A
09$<-8A"F 6WBDKG@>NBGB?H@2 =#.'/)$'.#+(#&2?'+7'"'/)&2 A V@NHO@AKDOMASQ-%UA )e.A E>@F@DGASQ.&TAQ.,UA A
09$<-8A"F 6WBDKG@>NBGB?H@A A/6#0%+6'"%.#+(#&2

$1(1"'1")&2 2
A V@NHO@AXBHF@?A

bFKO?B@>FeEF@R?KZK>P@>FcASQ--UA
)e.A E>@F@DGASQ.&TAQ.,UA A

09$<-8A"F a@>NBGB?H@A !('.#+(#&2#?)"/'>#+2 A RDXBHF@?AbFKO?B@>FcASQ--UA )e.A E>@F@DGASQ.&TAQ.,UA A
09$<-8A"F a@>NBGB?H@A *%"&.+'/.%.#+(#&2

/,-6#+71&.#+A
A NHO@AXBHF@?AbFKO?B@>FeZK>P@>FcASQ-,UA )e.A E>@F@DGASQ.&TAQ.,UA A

09$<-8A"F a@>NBGB?H@A *%+"'.#+(#&291$@#+'2 A NHO@AXBHF@?AbFKO?B@>FeZK>P@>FcASQ--UA )e.A E>@F@DGASQ.&TAQ.,UA A
09$<-8A"F a@>NBGB?H@A <HL>KG@>NBGBDH@A A V@NAXBHF@?AbFKO?B@>FcASQ--UA )e.A E>@F@DGASQ.&TAQ.,UA A
09$<-8A"F a@>NBGB?H@A <HFGKG@>N@FA?H>ZBDB@DFBFA fA1($ASQ.$TAQ-&TAQ-*UA A )e.A E>@F@DGASQ.&TAQ.,UA A
09$<-8A"F a@>NBGB?H@A B'/+%/#+%.#+(#&2

>)&/%.'4'1$'&2
A V@NAXBHF@?AbFKO?B@>FcASQ--UA )e.A E>@F@DGASQ.&TAQ.,UA A

09$<-8A"F a@>NBGB?H@A ;1&).'.#+(#&21+4%+)(2 A NHO@AXBHF@?AbFKO?B@>FcASQ--UA )e.A E>@F@DGASQ.&TAQ.,UA A
09$<-8A"F a@>NBGB?H@A =6,"/6%.#+(#&2-#+1+(1.)&2 A NHO@AXBHF@?AbZK>P@>FcAeAV@NAXBHF@?A

bFKO?B@>FcASQ--UA
)e.A E>@F@DGAb)T.T-cA A

09$<-8A"F a@>NBGB?H@A A-61#+%.#+(#&2 A NHO@AXBHF@?AbFKO?B@>FcASQ--UA )e.A E>@F@DGAb)T.T-cA A



!

&-61#+%.6%+152
09$<-8A"F a@>NBGB?H@A C#+(#&26%&-#&2 A V@NAXBHF@?AbFKO?B@>FcASQ--UA )e.A E>@F@DGAb)T.T-cA A
09$<-8A"F a@>NBGB?H@A C+'"#+?'.#+(#&2&--D2 A V@NAXBHF@?AbZK>P@>FcAeANHO@AXBHF@?A

bFKO?B@>FcASQ--UA
M@FA E>@F@DGAb)T.T-cA A

09$<-8A"F a@>NKEFB?H@TA &-D2 A RDXBHF@?AbFKO?B@>FcASQ--UA A A A
J$;8%-5"F ;HGWM@>CB?H@A E)@%(,&201(1+#"&'&2 1($'ASQ-'TAQ&1UTA1(..Y

1(.'ASQ-'TAQ&)UA
YA )e.ASQ-1TAQ&)UA E>@F@DGAb-cA A

J$;8%-5"F ;HGWM@>CB?H@A F#.#+%/#-61$)&27$14#+A FOBCWGANHO@AXBHFASQ&.UA YA )e.ASQ&1TAQ&.UA E>@F@DGAb)T-cA A
!@,9"%$<-8A"F _WOH@KGW>BEB?H@A G$10%.6+'-&261('$.%"'2 1('&Ab?BFE@>F@>FcASQ-1UA 1(&$AbFKO?B@>FcASQ-1TAQ&-UA )ASQ)$TAQ)%TAQ&-UA HXF@DGA A
!@,9"%$<-8A"F _WOH@KGW>BEB?H@A H"/%.6+'-&2614+)&2 1(&'Ab?BFE@>F@>FcASQ-1UA 1(*'AbFKO?B@>FcASQ-1TAQ&-UA )ASQ-1TAQ&-UA HXF@DGA 4BCWAgAFKO?B@>A

>@E>K?RLGBKDTAXBHF@?A
FKO?B@>AQ6A?R@AGKA\<7A

!@,9"%$<-8A"F _WOH@KGW>BEB?H@A H"/%.6+'-&2(%++'&'2 1(%'Ab?BFE@>F@>FcASQ-1UA 1(%'AbFKO?B@>FcASQ-1UA A A 4BCWAgAFKO?B@>A
>@E>K?RLGBKDTAXBHF@?A
FKO?B@>AQ6A?R@AGKA\<7A

!@,9"%$<-8A"F _WOH@KGW>BEB?H@A H"/%.6+'-&2.#--#+'2 1(*'Ab?BFE@>F@>FcASQ-1UA 1(*'AbFKO?B@>FcASQ-1TAQ&-UA )ASQ-1TAQ&-UA HXF@DGA 4BCWAgAFKO?B@>A
>@E>K?RLGBKDTAXBHF@?A
FKO?B@>AQ6A?R@AGKA\<7A

!@,9"%$<-8A"F _WOH@KGW>BEB?H@A H"/%.6+'-&291.#+6%)&#'2 1(&'Ab?BFE@>F@>FcASQ-1UA 1(**AbFKO?B@>FcASQ-1TAQ&-UA )ASQ-1TAQ&-UA HXF@DGA 4BCWAgAFKO?B@>A
>@E>K?RLGBKDTAXBHF@?A
FKO?B@>AQ6A?R@AGKA\<7A

!

!



!

!

"#$%&!'()!*&%#+&,!+-!./012&!("!31%%!,144#25!+#$%&!6-47#2#+/8&!#9#%5,/,:!";&!/9+&26&7+,!
,;-<,!+;&!&,+/4#+&!.-2!=/7%-/=!+#>#!</+;!;&%7&2,!+;#+!72&.-24!$2--=6#2&!#9=!#!#96&,+2#%!

$/7#2&9+#%!6#2&!,5,+&4:!?%%!-+;&2!./>&=!&..&6+,!#2&!=/,7%#5&=!#!,!+;&!=/..&2&96&!.2-4!+;&!

/9+&26&7+:!@&!#%,-!&,+/4#+&=!+;&!7;5%-0&9&+/6!,/09#%!A+;&!$/9#25!&B1/8#%&9+!+-!C#0&%D,!

%#4=#EF!<;/6;!<#,!G:HH!AIJKLM)!G:GGNOG:(PE:!

 

! #$%&'()$(!

*'+,!

-./!0('1)2)3)&4!

),&'(5+3!

677'8&)5'!

%+*93'%!

9:0:0!

;<=6>!6;;60?@! ! ! ! !

<,&'(8'9&!A2($$18+('"2)9+(',&+3!

B1)93$)14C!

OL:QN! OHG:RP!O!OH:GR! HNGH! G:GG(SS!

2($$18+('"*+&'(,+3! K:LH! !N:G(!O!HG:N! HGGG! G:GGHSS!

>'7',%'! !!OQ:LG! OHH:NH!O!Q:LR! HGGG! G:QRN!!!!

D+93$1)93$)14! N:TQ! OQ:(H!O!K:PP! HQKN! G:(HT!

EFG>H:!6;;60?@! ! ! ! !

9D43$I',4! H:NK! !G:GH!O!Q:RP!! HGGG! !

 

  



!

"#$%&!'L)!*&%#+&,!+-!./012&!("!31%%!,144#25!+#$%&!6-47#2#+/8&!#9#%5,/,!.-2!+;&!2&,+2/6+&=!

4-=&%!+;#+!&>6%1=&,!+;-,&!+#>#!6-9,/=&2&=!U6--7&2#+/8&!$2&&=&2,V!$5!I2&,7/!#9=!W#9&0#!

X'((F!'(LY!A/9=/6#+&=!</+;!#9!#,+&2/,Z,!/9!+#$%&!'NE:!";&!/9+&26&7+,!,;-<,!+;&!&,+/4#+&!.-2!

=/7%-/=!+#>#!</+;!;&%7&2,!+;#+!72&.-24!$2--=6#2&!#9=!#!#96&,+2#%!$/7#2&9+#%!6#2&!,5,+&4:!

?%%!-+;&2!./>&=!&..&6+,!#2&!=/,7%#5&=!#!,!+;&!=/..&2&96&!.2-4!+;&!/9+&26&7+:!@&!#%,-!&,+/4#+&=!

+;&!7;5%-0&9&+/6!,/09#%!A+;&!$/9#25!&B1/8#%&9+!+-!C#0&%D,!%#4=#EF!<;/6;!<#,!G:H(!AIJKLM)!

G:GGQOG:TPE:!

 
! #$%&'()$(!

*'+,!

-./!0('1)2)3)&4!

),&'(5+3!

677'8&)5'!

%+*93'%!

9:0:0!

;<=6>!6;;60?@! ! ! ! !

<,&'(8'9&!A2($$18+('"2)9+(',&+3!

B1)93$)14C!

O(:KP! OHG:(G![!OG:G(T! HG(K! G:GQNS!

2($$18+('"*+&'(,+3! K:N(! !N:RR![!HT:HQ! HGGG! \G:GGHSS!

>'7',%'! !!OQ:(H! OHH:H(![!(:QT! HGGG! G:(QG!!

D+93$1)93$)14! N:NH! O(:HH![!K:G(! HGGG! G:LG(!

EFG>H:!6;;60?@! ! ! ! !

9D43$I',4! N:HL! !G:GHH![!R:PK!! HGGG! !

 

! !



!

"#$%&!'T)!*&%#+&,!+-!./012&!N"!I-9,#901/9/+/&,!-.!.#4/%5!4&4$&2,!19=&2!=/7%-/=5!#9=!

;#7%-=/7%-/=5F!#,,14/90!-1+$2&&=/90:!
!

F8&$(! 0$,%+,IJ),)&4!

! '&%.!! ]#10;+&2!! '-9!! '/,+&2!! ^2-+;&2!!

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

!!!3&4#%&! H_N! H_(! H_(! H_(! H_(!

!!!`#%&! H_N! H_(! H_(! H_(! H_(!

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

!!!3&4#%&! H_N! H_(! H_N! Q_R! H_(!

!!!`#%&! H! H_N! G! H_(! H_N!

!

 

  



!

@J993'*',&+3!6K9'()*',&+3!#($8'1J('%L!
!

F%%)I,*',&!$7!D'39'(!%'K!(+&)$!+,1!D'39'(!&+%M!

!
)+$#+,(-+.(,*/"%(
J9!0&9&2#%F!<&!6-9,/=&2!+;&!;&%7&2!,&>!2#+/-!.&4#%&!-9%5!/.!4-2&!+;#9!KGM!-.!;&%7&2,!#2&!

.&4#%&!A,&>!2#+/-!-.!G:HE!-2!/.!4#%&,!;#8&!9&8&2!$&&9!-$,&28&=!7&2.-24/90!6--7&2#+/8&!

$&;#8/-12,:!J9!,-4&!,7&6/&,F!+;&2&!#2&!-9%5!6-%-95O%&8&%!&,+/4#+&,!-.!+;&!,&>!2#+/-F!/9!<;/6;!

6#,&!<&!1,&!+;&,&!&,+/4#+&,:!J9!,-4&!+#>#F!$-+;!<-2Z&2!#9=!2&72-=16+/8&,!,&>!2#+/-,!#2&!

;/0;%5!,Z&<&=F!/9!<;/6;!6#,&!<&!#,,/09!.&4#%&O$/#,&=!;&%7/90!-9%5!<;&9!+;&!,&>!2#+/-!-.!

+;&!;&%7&2,!/,!4-2&!.&4#%&O$/#,&=!+;#9!+;#+!-.!+;&!2&72-=16+/8&,:!";&!-9%5!&>6&7+/-9!+-!

+;&,&!21%&,!#2&!.-2!=&+&24/9/90!+;&!#,,/094&9+,!.-2!+;&!+;2/7,!#9=!+;&!+&24/+&,:!'-%=/&2!,&>!

2#+/-!/9!$-+;!02-17,!#77&#2,!+-!$&!8#2/#$%&F!5&+!/9!$-+;!6#,&,!+;/,!8#2/#+/-9!;#,!#77&#2&=!

#.+&2!+;&!-2/0/9!-.!&1,-6/#%/+5:!J9!+;2/7,!4#%&!,-%=/&2!#2&!72&,&9+!/9!#%%!,7&6/&,!,+1=/&=!$1+!

+;&!,&>!2#+/-!-.!,-%=/&2,!/,!$/#,&=!A/9!6-47#2/,-9!+-!+;&!2&72-=16+/8&,E!/9!#!.&<!-.!+;&!4-2&!

=&2/8&=!,7&6/&,F!+;/,!$/#,!/,!#$,&9+!;-<&8&2!/9!+;&!4-,+!#96&,+2#%!&1,-6/#%!+#>#!#9=!6#9!$&!

19=&2,+--=!/9!+&24,!-.!<-2Z&2!2&72-=16+/-9!#9=!%-6#%!4#+&!6-47&+/+/-9!X'HQF!'QGF!'QQF!

'(TY:!a/Z&</,&!#%+;-10;!,&8&2#%!+&24/+&,!;#8&!#!$/#,&=!,-%=/&2!6#,+&!+;/,!#0#/9!#77&#2,!+-!

$&!#!=&2/8&=!,+#+&!X'QQF!'(NF!'(TY!9-+!72&,&9+!&/+;&2!#+!+;&!-2/0/9!-.!&1,-6/#%/+5!-2!#+!+;&!

-2/0/9,!-.!#!+21&!<-2Z&2!6#,+&:!";&2&.-2&!.-2!$-+;!+;2/7,!#9=!+;&!72/4/+/8&!#9=!#=8#96&=!

+&24/+&,!<&!;#8&!#,,/09&=!+;&!;&%7&2!,&>!2#+/-!#,!19$/#,&=:!

!

)+$#+,(/*-0(
b&%7&2,!/9!&1,-6/#%!,-6/&+/&,!-.+&9!&90#0&!/9!$-+;!$2--=6#2&!#9=!=&.&9,&:!b-<&8&2!+;&!

/47-2+#96&!-.!+;&,&!+<-!+57&,!-.!$&;#8/-12,!#+!+;&!-2/0/9!-.!&1,-6/#%/+5!=/..&2!A2&.&22&=!+-!

#,!.-2+2&,,!=&.&9,&!8,:!%/.&!/9,12#96&F!I2&,7/F!c1&%%&2E:!3-2!&>#47%&!,-%=/&2,!#77&#2&=!#+!+;&!

-2/0/9!-.!&1,-6/#%/+5!/9!+;2/7,!#9=!+&24/+&,F!#9=!72/4/+/8&!+&24/+&,!#9=!+;2/7,!=-!9-+!=/,7#5!

#%%-7#2&9+#%!$2--=6#2&F!<;/%&!#%%!&1,-6/#%!b54&9-7+&2#!72-8/=&!,-4&!.-24!-.!#%%-7#2&9+#%!

6#2&:!@&!&>7&6+!#%%-7#2&9+#%!6#2&!+-!$&!,&>O%/9Z&=!/.!+;&2&!/,!#!72&O&>/,+/90!$/#,!+-<#2=!

4#+&29#%!6#2&F!<;/%&!<&!=-!9-+!&>7&6+!,16;!$/#,!.-2!=&.&9,/8&!+#,Z,:!@&!;#8&!+;&2&.-2&!

=/8/=&=!+;&!&1,-6/#%!+#>#!/9!+;-,&!+;#+!HE!1+2+,!72-8/=&!$2--=6#2&!#9=!+;-,&!+;#+!NE!&%!
72-8/=&!,-4&!.-24!-.!$2--=6#2&!A&8-%8/90!&/+;&2!.2-4!4#+&29#%!-2!7#+&29#%!6#2&E:!!@&!

2&6-09/d&!+;2&&!=/..&2&9+!$&;#8/-2,!#,!#%%-7#2&9+#%!6#2&)!AHE!=/2&6+!72-8/,/-9/90!-.!+;&!

5-190e!ANE!6#2&!.-2!+;&!&00,e!#9=!AQE!+2#9,7-2+!-.!&00,!#9=!5-190:!@&!/9=/6#+&!+;&!72&,&96&!

-.!+;&,&!$&;#8/-12,!/9!+#$%&!'Q!

! !



!

E!0$1'!+,1!9()$(!J%'1!7$(!&D'!+,+34%)%!),!&D'!:0:0I3**!9+8M+I'!X'((Y!

 library(MCMCglmm)               
 
 eus<-read.table(" /Users/lauraross/ eusoc_analysis_dataframe.txt",header=T)                            
 tree1300.eus <- read.tree(" /Users/lauraross/ eusocial_1300.trees")                            
 
 INtree.eus<- inverseA(tree1300.eus[[1]], nodes="TIPS")               
 
 gelmanprior<-list(B=list(mu=c(0,0,0,0),V=gelman.prior(~ecology+genetic.sys, data=eus, 
scale=1+1+pi^2/3)), R=list(V=1,fix=1),G=list(G1=list(V=diag(1)*0.1, nu=1)))               
 
 mphylMCMC.start<-MCMCglmm(helper.sex~ecology+genetic.sys, random=~animal, data=eus, 
ginverse=list(animal=INtree.eus$Ainv), family="categorical", prior=gelmanprior, 
pl=TRUE,slice=TRUE, nitt=1000, thin=1, burnin=0)               
 
 mphylMCMC<-mphylMCMC.start               
 
 for(i in 1:1300){               
 
 INtree.eus<- inverseA(tree1300.eus[[i]],nodes="TIPS")               
 
 start<-list(Liab=mphylMCMC$Liab[1,], R=1, G=list(G1=mphylMCMC$VCV[1,1]))               
 
 mphylMCMC<-MCMCglmm(helper.sex~ecology+genetic.sys, random=~animal, data=eus, 
family="categorical", prior=gelmanprior, 
ginverse=list(animal=INtree.eus$Ainv),  pl=TRUE,slice=TRUE, nitt=1000, thin=1, 
burnin=999, start=start, verbose=FALSE)               
 
 if(i>300){               
 mphylMCMC.start$VCV[i-300,]<-mphylMCMC$VCV[1,]               
 mphylMCMC.start$Sol[i-300,]<-mphylMCMC$Sol[1,]               
 mphylMCMC.start$Liab[i-300,]<-mphylMCMC$Liab[1,]               
 }               
 
 print(i)               
 }               
 
summary(mphylMCMC.start) 
hist(mphylMCMC.start$Liab) 
hist(mphylMCMC.start$VCV[,1]/(rowSums(mphylMCMC.start$VCV)+pi^2/3)) 
mean(mphylMCMC.start$VCV[,1]/(rowSums(mphylMCMC.start$VCV)+pi^2/3)) 
HPDinterval(mphylMCMC.start$VCV[,1]/(rowSums(mphylMCMC.start$VCV)+pi^2/3)) 
 
write.table(predict(mphylMCMC.start, interval = "confidence"),"/Users/lauraross/ 
eusoc_analysis_predictions.csv",sep = ",") 
!

F,+34%)%!,$&'%L!@&!4#20/9#%/d&=!-8&2!+;&!7-,+&2/-2!=/,+2/$1+/-9!-.!+2&&,!$5!,#47%/90!#!+2&&!.2-4!
+;&!7-,+&2/-2!#+!/+&2#+/-9!+F!2199/90!+;&!`I`I!6-47#2#+/8&!#9#%5,/,!.-2!HGGG!/+&2#+/-9,!#9=!,#8/90!



!

+;&!%#,+!`I`I!,#47%&:!";&!8#%1&,!-.!+;&!%#+&9+!8#2/#$%&,!#9=!8#2/#96&!6-47-9&9+,!<&2&!7#,,&=!#,!

,+#2+/90!8#%1&,!+-!+;&!#9#%5,/,!#+!/+&2#+/-9!+fH!.-2!<;/6;!#!9&<!+2&&!.2-4!+;&!7-,+&2/-2!,#47%&!<#,!

+#Z&9:!";&!72-6&,,!<#,!2&7&#+&=!.-2!HQGG!/+&2#+/-9,!A/:&:!+gHQGGE!=/,7-,/90!+;&!./2,+!QGG!/+&2#+/-9,!

#,!$129/9:!J.!+;&!7-,+&2/-2!=/,+2/$1+/-9!-.!+;&!+2&&!+-7-%-05!/,!8#2/#$%&!+;&9!/+!/,!9-+!6%&#2!;-<!+;&!

%#+&9+!8#2/#$%&,!#+!#96&,+2#%!9-=&,!.2-4!+2&&!+!,;-1%=!4#7!-9+-!+;&!%#+&9+!8#2/#$%&,!#+!#96&,+2#%!

9-=&,!.2-4!+2&&!+fH!<;&9!=&./9/90!+;&!,+#2+/90!8#%1&:!!

!

h/8&9!+;#+!+;&!/9+2-=16+/-9!-.!%#+&9+!8#2/#$%&,!#+!#96&,+2#%!9-=&,!<#,!#!6-471+#+/-9#%!+2/6Z!/9!-2=&2!

+-!&>7%-/+!#%0-2/+;4,!.-2!,-%8/90!,7#2,& %/9&#2!,5,+&4,!2#+;&2!+;#9!#!9&6&,,/+5!.-2!8#%/=!/9.&2&96&F!
<&!2#9!4-=&%,!/9!<;/6;!+;&!7#2#4&+&2!,7#6&!<#,!9-+!#104&9+&=!</+;!+;&!#96&,+2#%!,+#+&,!#9=!+;&!

-9%5!%#+&9+!8#2/#$%&,!<&2&!#,,-6/#+&=!</+;!&>+#9+!+#>#!<;/6;!6-1%=!$&!=&./9&=!6-9,/,+&9+%5!$&+<&&9!

+2&&,:!!3-2!%#20&!7;5%-0&9/&,!+;/,!4#5!72-8&!+-!$&!+--!,%-<F!/9!<;/6;!6#,&!HGGG!/9=&7&9=&9+!`I`I!

#9#%5,&,!A-9&!.-2!&#6;!+2&&E!6-1%=!$&!7&2.-24&=F!#%+;-10;!+;&!914$&2!-.!/+&2#+/-9,!7&2!+2&&!<-1%=!

72-$#$%5!;#8&!+-!$&!/962&#,&=!</+;!#!,1/+#$%&!$129/9!7&2/-=!+-!&9,12&!+;#+!+;&!7-,+&2/-2!

=/,+2/$1+/-9!-.!+;&!6-47#2#+/8&!#9#%5,/,!7#2#4&+&2,!/,!#=&B1#+&%5!,#47%&=:!
!
! !



!

?D'$(4L!ND4!1$'%,O&!&D'!I','&)8%!$7!%'K!1'&'(*),+&)$,!*+&&'(P!

!

J96%1,/8&!./+9&,,!/,!0#/9&=!$5!,&9=/90!6-7/&,!-.!-9&D,!0&9&,!/9+-!.1+12&!0&9&2#+/-9,:!b&96&F!

#9!#6+-2!8#%1&,!#!2&6/7/&9+!#66-2=/90!+-!;-<!<&%%!+;&!2&6/7/&9+!+2#9,4/+,!6-7/&,!-.!+;&!

#6+-2D,!0&9&,!+-!.1+12&!0&9&2#+/-9,!X'(PY:!";/,!/,!+;&!72-=16+!-.!+<-!B1#9+/+/&,)!+;&/2!

6-9,#901/9/+5!A#EF!/:&:!+;&!&>+&9+!+-!<;/6;!+;&!#6+-2!#9=!2&6/7/&9+!,;#2&!0&9&,!/9!6-44-9e!
#9=!+;&!2&6/7/&9+D,!2&72-=16+/8&!8#%1&!A2EF!/:&:!+;&!&>+&9+!+-!<;/6;!+;&5!+2#9,4/+!+;&/2!-<9!
0&9&,!+-!.1+12&!0&9&2#+/-9,!X'(ROLGY:!";&!6-9,#901/9/+/&,!.-2!=/7%-/=!#9=!;#7%-=/7%-/=!

.#4/%5!4&4$&2,!#2&!,144#2/d&=!/9!"#$%&!'T:!";&!2&72-=16+/8&!8#%1&,!#2&!2! = H_AHO3E!.-2!

.&4#%&,!#9=!2" = H_3!.-2!4#%&,!19=&2!=/7%-/=5F!#9=!2! = N_AHO3E!.-2!.&4#%&,!#9=!2" = H_3!

.-2!4#%&,!19=&2!;#7%-=/7%-/=5F!<;&2&!3!/,!+;&!7-71%#+/-9!,&>!2#+/-!A72-7-2+/-9!4#%&E:!!
!

";1,F!/9!#!=/7%-/=!7-71%#+/-9F!#!.&4#%&!<;-!2#/,&,!4!&>+2#!,/$%/90,!#+!#!6-,+!-.!5!+-!;&2!-<9!
2&72-=16+/-9!/962&#,&,!;&2!/96%1,/8&!./+9&,,!$5!#9!#4-19+!4!!!A3!!!#^2-i! !!2" f!AHO3E!!!#'/,i! 

!!2!E![!5!!!A3!!!#'-9i! !!2" f!AHO3E!!!#]#1i! !!2!EF!<;/6;!/,!7-,/+/8&!/.!5_4!\!j:!3-2!#!4#%&F!+;&!
6#%61%#+/-9!/,(4!!!A3!!!#^2-i" !!2" f!AHO3E!!!#'/,i" !!2!E![!5!!!A3!!!#'-9i" !!2" f!AHO3E!!!#]#1i" !!
2!EF!<;/6;!/,!#%,-!7-,/+/8&!/.!5_4!\!j:!J9!#!;#7%-=/7%-/=!7-71%#+/-9F!+;&!6#%61%#+/-9!.-2!#!
.&4#%&!/,!4!!!A3!!!#^2-i! !!2" f!AHO3E!!!#'/,i! !!2!E![!5!!!A3!!!#'-9i! !!2" f!AHO3E!!!#]#1i! !!2!EF!
5/&%=/90!&>#6+%5!+;&!,#4&!6-9=/+/-9!5_4!\!j:!?9=!.-2!#!4#%&!+;&!6#%61%#+/-9!/,!4!!!A3!!!#^2-i" 

!!2" f!AHO3E!!!#'/,i" !!2!E![!5!!!A3!!!#'-9i" !!2" f!AHO3E!!!#]#1i" !!2!EF!<;/6;!#%,-!5/&%=,!+;&!
6-9=/+/-9!5_4!\!j:!Hence, the genetics of sex determination neither predisposes haplodiploid 
versus diploids to eusociality nor predisposes females versus males to altruistic helping in 
haplodiploid societies X'HF!'LHOLLY.!
!

";&!#$-8&!#2014&9+!;#,!$&&9!.2#4&=!/9!+&24,!-.!6-9,#901/9/+5!#9=!2&72-=16+/8&!8#%1&:!

b-<&8&2F!+;&!6-96&7+!-.!%/.&O.-2O%/.&!2&%#+&=9&,,F!<;/6;!6-4$/9&,!+;&,&!B1#9+/+/&,!/9+-!#!

,/90%&!4&#,12&!-.!8#%1&F!/,!4-2&!6-44-9%5!&96-19+&2&=!/9!+;&!,-6/#%!/9,&6+!%/+&2#+12&:!a/.&O

.-2O%/.&!2&%#+&=9&,,&,!#2&!2&6-8&2&=!$5!41%+/7%5/90!+;&!6-9,#901/9/+5!-.!#6+-2!#9=!2&6/7/&9+!

$5!+;&!2&6/7/&9+D,!2&72-=16+/8&!8#%1&F!#9=!=/8/=/90!$5!+;&!72-=16+!-.!+;&!#6+-2D,!

6-9,#901/9/+5!+-!,&%.!#9=!+;&!#6+-2D,!-<9!2&72-=16+/8&!8#%1&:!3-2!&>#47%&F!+;/,!2&6-8&2,!+;&!

.#4/%/#2!k!2&%#+&=9&,,!$&+<&&9!;#7%-=/7%-/=!,/,+&2,)!6'/,i!!g!A#'/,i! ! v!)/A#'&%i! ! v!) = #. 
Assuming an even sex ratio, the other consanguinities are: 6^2-i!!g!lF!6]#1i!!g!jF!6'-9i!!g!jF!
6'/,i"!g!jF!6^2-i"!g!jF!6]#1i"!g!HF!6'-9i"!g!G!19=&2!;#7%-=/7%-/=5e!#9=!6'/,i!!g!6^2-i!!g!6]#1i!!g!
6'-9i!!g!6'/,i"!g!6^2-i"!g!6]#1i"!g!6'-9i"!g!j!19=&2!=/7%-/=5:!";&!6-9,&B1&9+!&B1#%!8#%1#+/-9!
-.!,/$%/90,!#9=!-..,72/90!19=&2!$-+;!0&9&+/6!4-=&,!/,!/%%1,+2#+&=!/9!3/012&!'QF!#9=!+;&!#$-8&!

#2014&9+!.2#4&=!/9!+&24,!-.!6-9,#901/9/+5!#9=!2&72-=16+/8&!8#%1&!2&8&#%,!+;#+!+;/,!2&,1%+!

6-9+/91&,!+-!;-%=!&8&9!<;&9!,&>!2#+/-,!#2&!$/#,&=:!!!!!!!!!!

!

!

!

!

!

!

!

!

!



!

@J993'*',&+3!E'7'(',8'%L!
!

'H:! "2/8&2,F!*:!a:F!#9=!b#2&F!b:!AHKPTE:!b#7%-/=7%-/=5!#9=!+;&!&8-%1+/-9!-.!+;&!,-6/#%!

/9,&6+,:!'6/&96&!787F!N(K[NTQ:!

'N:! b10;&,F!@:!m:!b:F!m%=2-5=F!^:!C:F!^&&Z4#9F!`:F!#9=!*#+9/&Z,F!3:!a:!@:!ANGGRE:!?96&,+2#%!

`-9-0#45!';-<,!n/9!'&%&6+/-9!J,!n&5!+-!+;&!o8-%1+/-9!-.!o1,-6/#%/+5:!'6/&96&!9:;F!
HNHQ[HNHT:!

'Q:! bp%%=-$%&2F!^:F!#9=!@/%,-9F!o:!m:!AHKKGE:!";&!#9+,!AI#4$2/=0&F!`#,,#6;1,&++,)!

^&%Z9#7!C2&,,E:!

'(:! "-+;F!?:!a:F!q#2#%#F!n:F!r&<4#9F!":!I:F!`/01&dF!3:!o:F!b1+6;/,-9F!':!n:F!@/%%-10;$5F!]:!?:F!

'/4-9,F!s:!3:F!o0;-%4F!`:F!b19+F!s:!b:F!b1=,-9F!`:!o:F!&+!#%:!ANGGPE:!@#,7!h&9&!

o>72&,,/-9!'177-2+,!#9!o8-%1+/-9#25!a/9Z!^&+<&&9!`#+&29#%!^&;#8/-2!#9=!

o1,-6/#%/+5:!'6/&96&!97<F!((H[(((:!

'L:! ?4=#4F!h:!q:F!I,-9=&,F!?:F!3-9=2ZF!`:!n:F!#9=!C#0&F!*:!o:!ANGGTE:!I-47%&>!,-6/#%!

$&;#8/-12!=&2/8&=!.2-4!4#+&29#%!2&72-=16+/8&!+2#/+,:!r#+12&!=98F!PT[PR:!

'T:! s&#99&F!*:!a:!AHKRGE:!o8-%1+/-9!-.!,-6/#%!$&;#8/-2!/9!+;&!q&,7/=#&:!?991:!*&8:!

o9+-4-%:!:>F!QPH[QKT:!

'P:! *&&8&F!b:!n:!AHKKQE:!b#7%-=/7%-/=5F!o1,-6/#%/+5!#9=!?$,&96&!-.!`#%&!C#2&9+#%!#9=!

?%%-7#2&9+#%!I#2&!/9!b54&9-7+&2#)!?!t9/.5/90!h&9&+/6!b57-+;&,/,!]/,+/96+!.2-4!n/9!

'&%&6+/-9!";&-25:!C;/%-,!"!*-5!'-6!^!9=:F!QQL[QLN:!

'R:! '+2#,,4#99F!s:!o:F!b10;&,F!I:!*:F!"12/!!"##$%&'(%&')!*+,%&-(&.(%&"/0&123!!34%&5(&-(&67889:(&
h&9&+/6!2&%#+&=9&,,!#9=!/96/7/&9+!&1,-6/#%/+5!/9!,+&9-0#,+2/9&!<#,7,:!?9/4#%!

^&;#8/-12!=<F!RHQ[RNH:!

'K:! `/6;&9&2F!I:!]:!AHKP(E:!";&!,-6/#%!$&;#8/-2!-.!+;&!$&&,)!#!6-47#2#+/8&!,+1=5!

AI#4$2/=0&F!`#,,#6;1,&++,)!^&%Z9#7!C2&,,E:!

'HG:! ^&99&++F!r:!I:F!#9=!3#1%Z&,F!I:!h:!ANGGGE:!?.2/6#9!`-%&O*#+,!AI#4$2/=0&!t9/8&2,/+5!

C2&,,E:!

'HH:! ^12=#F!b:!AHKKKE:!'59=2-4&!-.!&1,-6/#%/+5!/9!?.2/6#9!,1$+&22#9&#9!4-%&O2#+,!

A^#+;5&20/=#&F!*-=&9+/#EF!/+,!=/#09-,/,!#9=!#&+/-%-05!Ar&<!W-2Z!I/+5)!'72/90&2E:!

'HN:! I2&,7/F!^:!s:!AHKKNE:!o1,-6/#%/+5!/9!?1,+2#%/#9!0#%%!+;2/7,:!r#+12&!9>8F!PN([PNT:!

'HQ:! n2#9dF!^:!]:F!'6;<#2dF!`:!C:F!`-19=F!a:!?:F!#9=!I2&,7/F!^:!s:!ANGGHE:!'-6/#%!$/-%-05!#9=!

,&>!2#+/-,!-.!+;&!&1,-6/#%!0#%%O/9=16/90!+;2/7,!n%#=-+;2/7,!;#4/%+-9/:!o6-%!o9+-4-%!:=F!
(QN[((N:!

'H(:! '4/+;F!':F!^&#++/&F!?:F!n&9+F!]:F!#9=!'+-<F!?:!ANGGKE:!C%-/=5!-.!+;&!&1,-6/#%!$&&+%&!



!

?@-/,%#$*/'#@-("15%A#+,/@-!A'6;&=%EAI-%&-7+&2#F!I1261%/-9/=#&E!#9=!/47%/6#+/-9,!.-2!
+;&!&8-%1+/-9!-.!&1,-6/#%/+5:!J9,&6+&,!'-6/#1>!>BF!NRL[NRR:!

'HL:! n&9+F!]:!':F!#9=!'/47,-9F!s:!?:!AHKKNE:!o1,-6/#%/+5!/9!+;&!$&&+%&!?@-/,%#$*/'#@-(
"15%A#+,/@-!AI-%&-7+&2#)!I1261%/-9/=#&E:!r#+12</,,&9,6;#.+&9!C8F!RT[RP:!

'HT:! I;-&F!s:!I:F!#9=!I2&,7/F!^:!s:!AHKKPE:!";&!o8-%1+/-9!-.!'-6/#%!^&;#8/-12!/9!J9,&6+,!#9=!

?2#6;9/=,!AI#4$2/=0&)!I#4$2/=0&!t9/8&2,/+5!C2&,,E:!

'HP:! ^/&=&24#99F!C:!b:!@:F!#9=!"#$-2,Z5F!`:!ANGHHE:!a#28#%!;&%7&2,!#9=!#0&!7-%5&+;/,4!/9!

#4$2-,/#!$&&+%&,:!C2-6&&=/90,!-.!+;&!r#+/-9#%!?6#=&45!-.!'6/&96&,!7;<F!HPGT([
HPGTK:!

'HR:! r-24#2ZF!^:!^:F!s-2=#%F!^:F!#9=!3#22&%%F!^:!AHKKKE:!m2/0/9!-.!#!;#7%-=/7%-/=!$&&+%&!

%/9&#0&:!C!*-5!'-6!a-9=!^!^/-!:BBF!NNLQ[NNLK:!

'HK:! ]1..5F!s:!o:F!`-22/,-9F!I:!a:F!#9=!*u!-,F!*:!r:!ANGGGE:!`1%+/7%&!-2/0/9,!-.!&1,-6/#%/+5!

#4-90!,7-90&O=<&%%/90!,;2/47,!A'59#%7;&1,E:!o8-%1+/-9!>=F!LGQ[LHT:!

'NG:! ]1..5F!s:!o:!AHKKTE:!o1,-6/#%/+5!/9!#!6-2#%O2&&.!,;2/47:!r#+12&!9<7F!LHN[LH(:!

'NH:! *57,+2#F!?:!a:!AHKKQE:!C2&5!,/d&F!,-6/#%!6-47&+/+/-9F!#9=!+;&!=&8&%-74&9+!-.!

2&72-=16+/8&!=/8/,/-9!-.!%#$-2!/9!,-6/#%!,7/=&2!02-17,:!?4!r#+!7=:F!RTR[RRG:!

'NN:! '#41ZF!n:!`:F!a&]1&F!o:!o:F!#9=!?8/%&,F!a:!ANGHHE:!'/,+&2!6%#=&!6-47#2/,-9,!2&8&#%!

2&=16&=!4#+&29#%!6#2&!$&;#8/-2!/9!,-6/#%!6-$<&$!,7/=&2,:!^&;#8!o6-%!:9F!QL[(Q:!

'NQ:! a&0&9=2&F!3:F!@;/+/90F!`:!3:F!^-2=&2&#1F!I:F!I#96&%%-F!o:!`:F!o8#9,F!":!?:F!#9=!

h2#9=6-%#,F!C:!ANGGRE:!";&!7;5%-0&95!-.!+&24/+&,!A]/6+5-7+&2#)!J,-7+&2#E!$#,&=!-9!

4/+-6;-9=2/#%!#9=!916%&#2!4#2Z&2,)!/47%/6#+/-9,!.-2!+;&!&8-%1+/-9!-.!+;&!<-2Z&2!#9=!

7,&1=&20#+&!6#,+&,F!#9=!.-2#0/90!$&;#8/-2,:!`-%&61%#2!C;5%-0&9&+/6,!#9=!o8-%1+/-9!

=<F!THL[TNP:!

'N(:! J9<#2=F!]:!s:F!q-0%&2F!?:!C:F!#9=!o00%&+-9F!C:!ANGGPE:!?!6-472&;&9,/8&!7;5%-0&9&+/6!

#9#%5,/,!-.!+&24/+&,!AJ,-7+&2#E!/%%14/9#+&,!Z&5!#,7&6+,!-.!+;&/2!&8-%1+/-9#25!$/-%-05:!

`-%&61%#2!C;5%-0&9&+/6,!#9=!o8-%1+/-9!==F!KLQ[KTP:!

'NL:! ";-29&F!^:!a:!AHKKPE:!o8-%1+/-9!-.!&1,-6/#%/+5!/9!+&24/+&,:!?991!*&8!o6-%!'5,+!:<F!NP[
L(:!

'NT:! n-2$F!s:F!^1,6;4#99F!`:F!'6;#.$&20F!':F!a/&$/0F!s:F!#9=!^#09&2&,F!?:!h:!ANGHNE:!^2--=!

6#2&!#9=!,-6/#%!&8-%1+/-9!/9!+&24/+&,:!C!*!'-6!^!:C8F!NTTN[NTPH:!

'NP:! n-2$F!s:F!^1,6;4#99F!`:F!'6;#.$&20F!':F!a/&$/0F!s:F!#9=!^#09v2&,F!?:Oh:!ANGHNE:!^2--=!

6#2&!#9=!,-6/#%!&8-%1+/-9!/9!+&24/+&,:!C!*!'-6!^!:C8F!NTTN[NTPH:!

'NR:! *-,&90#1,F!*:!^:F!#9=!"2#9/&%%-F!s:!3:!?:!AHKKHE:!^/7#2&9+#%!6#2&!/9!/96/7/&9+!6-%-9/&,!-.!

+;&!=#47<--=!+&24/+&!D%%/+,A%#-"-(*1E@-/"5%$$"-!b#0&9!AJ,-7+&2#)!"&24-7,/=#&E:!s!



!

J9,&6+!^&;#8!=F!TQQ[T(P:!

'NK:! J9<#2=F!]:F!^&66#%-9/F!h:F!#9=!o00%&+-9F!C:!ANGGPE:!]&#+;!-.!#9!-2=&2)!#!6-472&;&9,/8&!

4-%&61%#2!7;5%-0&9&+/6!,+1=5!6-9./24,!+;#+!+&24/+&,!#2&!&1,-6/#%!6-6Z2-#6;&,:!

^/-%-05!a&++&2,!9F!QQH[QQL:!

'QG:! I;#74#9F!":!@:!ANGGNE:!";&!&8-%1+/-9!-.!,-%=/&2!2&72-=16+/-9!/9!,-6/#%!+;2/7,:!^&;#8!

o6-%!79F!LHK[LNL:!

'QH:! q-%%2#+;F!3:!AHKRTE:!o1,-6/#%/+5!#9=!&>+2#-2=/9#25!,&>!2#+/-,!/9!+;&!,7/=&2!?9&%-,/41,!

&>/4/1,!A?2#9&#&)!";&2/=//=#&E:!^&;#8!o6-%!'-6/-$/-%!7<F!NRQ[NRP:!

'QN:! "w+;F!o:F!#9=!^#1&2F!*:!":!h-9-7-2&!,&>/90!+&6;9/B1&!#%%-<,!=&+&24/9#+/-9!-.!,&>!

2#+/-,!#9=!;&%7&2!6-47-,/+/-9!/9!&1,-6/#%!,;2/47,:!`#2/9&!^/-%-05!7>7F!HRPL[HRRT:!

'QQ:! *-/,/9F!W:!ANGGHE:!I#,+&!,&>!2#+/-,F!,&>!%/9Z#0&F!#9=!2&72-=16+/8&!,+2#+&0/&,!/9!

+&24/+&,:!J9,&6+&,!'-6/#1>!=<F!NN([NQG:!

'Q(:! *-/,/9F!W:!`-27;-%-05F!=&8&%-74&9+!#9=!&8-%1+/-9#25!,/09/./6#96&!-.!+;&!<-2Z/90!

,+#0&,!/9!+;&!6#,+&!,5,+&4!-.!C2-2;/9-+&24&,!AJ9,&6+#F!J,-7+&2#E:!x:!`-27;:!1:!mZ-%:!

"/&2&!7;CF!QQK[Q(P:!

'QL:! ]&#9F!':!*:F!#9=!h-%=F!*:!o:!ANGG(E:!'&>!*#+/-,!#9=!]&8&%-74&9+!-.!+;&!*&72-=16+/8&!

'5,+&4!/9!I#,+&,!-.!*&+/61%/+&24&,!.%#8/7&,!An-%%#2E!AJ,-7+&2#)!*;/9-+&24/+/=#&E:!?99!

o9+-4-%!'-6!?4!8CF!H(P[HLN:!

'QT:! `#+,112#F!n:!ANGGTE:!?!9-8&%!;57-+;&,/,!.-2!+;&!-2/0/9!-.!+;&!,&>1#%!=/8/,/-9!-.!%#$-2!

/9!+&24/+&,)!<;/6;!,&>!,;-1%=!$&!,-%=/&2,y!o8-%!o6-%!:;F!LTL[LP(:!

'QP:! `-12#F!3:!`:!':F!q#,6-96&%%-,F!?:F!'/%8#F!r:!^:F!#9=!^#9=&/2#F!?:!h:!ANGHGE:!I#,+&!

=&8&%-74&9+!,5,+&4,!-.!+;&!r&-+2-7/6#%!+&24/+&!I-9,+2/6+-+&24&,!657;&20#,+&2!

AJ,-7+&2#F!"&24/+/=#&E:!J9,&6+&,!'-6/#1>!><F!HTK[HPL:!

'QR:! r#%&7#F!I:!?:F!`/%%&2F!a:!*:F!#9=!a&9dF!`:!3%/0;+!6;#2#6+&2/,+/6,!-.!`#,+-+&24&,!

=#2</9/&9,/,!AJ,-7+&2#F!`#,+-+&24/+/=#&E:!J9,&6+&,!'-6/#1>!=<F!H(([H(R:!

'QK:! s#6-$,F!]:!':F!^&99&++F!r:!I:F!s#28/,F!s:!t:!`:F!#9=!I2-<&F!":!`:!AHKKHE:!";&!6-%-95!

,+216+12&!#9=!=-4/9#96&!;/&2#26;5!-.!+;&!]#4#2#%#9=!4-%&O2#+F!I257+-45,!

=#4#2&9,/,A*-=&9+/#)!^#+;5&20/=#&EF!.2-4!r#4/$/#:!s!x--%-05!::=F!LLQ[LPT:!

'(G:! b#d&%%F!*:!@:!?:F!^&99&++F!r:!I:F!s#28/,F!s:!t:!`:F!#9=!h2/../9F!`:!ANGGGE:!?=1%+!=/,7&2,#%!/9!

+;&!6-O-7&2#+/8&%5!$2&&=/90!]#4#2#%#9=!4-%&O2#+!AI257+-45,!=#4#2&9,/,E)!#!6#,&!

,+1=5!.2-4!+;&!@#+&2$&20!2&0/-9!-.!r#4/$/#:!s!x--%-05!:>:F!HK[NL:!

'(H:! ^&99&++F!r:!I:F!#9=!s#28/,F!s:!t:!AHKRRE:!";&!,-6/#%!,+216+12&!#9=!2&72-=16+/8&!$/-%-05!

-.!6-%-9/&,!-.!+;&!4-%&O2#+F!I257+-45,!=#4#2&9,/,!A*-=&9+/#F!^#+;5&20/=#&E:!s-129#%!

-.!`#44#%-05F!NKQ[QGN:!



!

'(N:! ';&24#9F!C:!@:F!s&99/.&2!t:!`:E!s#28/,F!s:!t:!`:F!#9=!?%&>#9=&2F!*:!]:!AHKKHE:!";&!

^/-%-05!-.!+;&!r#Z&=!`-%&O*#+:!

'(Q:! I2&,7/F!^:!s:F!#9=!`-19=F!a:!?:!AHKKPE:!o6-%-05!#9=!&8-%1+/-9!-.!,-6/#%!$&;#8/-2!#4-90!

?1,+2#%/#9!0#%%!+;2/7,!#9=!+;&/2!#%%/&,:!";&!&8-%1+/-9!-.!,-6/#%!$&;#8/-2!/9!/9,&6+,!#9=!

#2#6;9/=,F!HTT[HRG:!

'((:! b#=./&%=F!s:!]:!ANGHGE:!`I`I!`&+;-=,!.-2!`1%+/O*&,7-9,&!h&9&2#%/d&=!a/9&#2!`/>&=!

`-=&%,)!";&!`I`I0%44!*!C#6Z#0&:!s-129#%!-.!'+#+/,+/6#%!'-.+<#2&!99F!H[NN:!

'(L:! I2&,7/F!^:!s:F!#9=!W#9&0#F!]:!AHKKLE:!";&!=&./9/+/-9!-.!&1,-6/#%/+5:!^&;#8!o6-%!BF!HGK[
HHL:!

'(T:! ?$&F!":F!^/09&,,F!]:!o:F!#9=!b/0#,;/F!`:!ANGGGE:!"&24/+&,)!&8-%1+/-9F!,-6/#%/+5F!

,54$/-,&,F!&6-%-05!Ar&<!W-2Z!I/+5)!'72/90&2E:!

'(P:! b#4/%+-9F!@:!AHKT(E:!";&!0&9&+/6#%!&8-%1+/-9!-.!,-6/#%!$&;#8/-12:!J:!s-129#%!-.!

";&-2&+/6#%!^/-%-05:!

'(R:! 3/,;&2F!*:!?:!AHKQGE:!";&!h&9&+/6#%!";&-25!-.!r#+12#%!'&%&6+/-9!Am>.-2=)!I%#2&9=-9!

C2&,,E:!

'(K:! ^1%4&2F!`:!AHKK(E:!";&-2&+/6#%!o8-%1+/-9#25!o6-%-05!A'19=&2%#9=F!`#,,#6;1,&++,)!

'/9#1&2E:!

'LG:! b#4/%+-9F!@:!]:!AHKPNE:!?%+21/,4!#9=!2&%#+&=!7;&9-4&9#F!4#/9%5!/9!,-6/#%!/9,&6+,:!

?991!*&8!o6-%!'5,+F!HKQ[NQN:!

'LH:! I;#2%&,<-2+;F!^:!AHKPRE:!'-4&!4-=&%,!-.!+;&!&8-%1+/-9!-.!#%+21/,+/6!$&;#8/-12!

$&+<&&9!,/$%/90,:!s-129#%!-.!";&-2&+/6#%!^/-%-05!C:F!NKP[QHK:!

'LN:! I;#29-8F!o:!a:!AHKPRE:!o8-%1+/-9!-.!&1,-6/#%!$&;#8/-2)!-..,72/90!6;-/6&!-2!7#2&9+#%!

7#2#,/+/,4y!s-129#%!-.!";&-2&+/6#%!^/-%-05!C>F!(LH[(TL:!

'LQ:! I2#/0F!*:!AHKRNE:!o8-%1+/-9!-.!4#%&!<-2Z&2,!/9!+;&!b54&9-7+&2#:!s-129#%!-.!

";&-2&+/6#%!^/-%-05!8=F!KL[HGL:!

'L(:! C#4/%-F!C:!AHKKHE:!o8-%1+/-9!-.!+;&!,+&2/%&!6#,+&:!s-129#%!-.!";&-2&+/6#%!^/-%-05!7=8F!
PL[KL:!

'LL:! ^-12Z&F!?:!3:!h:F!#9=!32#9Z,F!r:!*:!AHKKLE:!'-6/#%!o8-%1+/-9!/9!?9+,!AC2/96&+-9F!r&<!

s&2,&5)!C2/96&+-9!t9/8&2,/+5!C2&,,E:!

(


