
! "!

 

 

NORGES TEKNISK-NATURVITENSKAPELIGE UNIVERSITET 

INSTITUTT FOR DATATEKNIKK OG INFORMASJONSVITENSKAP 

 

Faglig kontakt under eksamen: 

Dag Svanæs, Tlf: 73 59 18 42 

 

 

 

 

LØSNINGSFORSLAG (LF) 
!

TDT4180 MMI  
!

Fredag 10. juni 2011 

Tid: kl. 1500-1900 

 

 

Bokmål 

 

Sensuren faller 1. juli 2011 
 

 

 

 

 

 

Hjelpemiddelkode: D Ingen trykte eller håndskrevne hjelpemidler tillatt. 
Bestemt enkel kalkulator tillatt. 

 



! #!

!""#$%&'()'*+&,-&-,.//0&-.#,'12345!

"#$%&'(!%()'&!'&!'(!*+#**'!,#-!'(!)'-!./!',!(',,0.*'&,!1'&(0.('*2#--!*34!*+.-!-.$'*!

*34!'(!5./.!.22-',6!!

!

78-$&%22'(!93&!*2#--',!'&!0.&(!9&.!:!8&6!;2#--',!*+.-!$1<&'!)',!4%-#$!8!+1<&'!,3$!#!
*'-/-.$')'!0.('&6!='(!)'-'(!./!*2#--',!*34!'&!./0#-)',!#!9#$%&'(!3/'&!*+.-!0&%+'*!./!

*2#--'&('!,#-!!8!-.$'!*#('!'$('!0.('&6!=',!'&!0.&'!)'(('!)'-'(!./!*2#--',!/#!*+.-!>3-)'!

28!4')!>'&6!

?#-!/'(*,&'!*'&!/#!@!#+3('&!93&!93&*+1'--#$'!0.(''-'4'(,'&6!='!+.(!2-.**'&'*!%,!28!'(!

ABCAD!4.,&#*'6!E&%+'&'(!/'-$'&!>/#-+',!#+3(!*34!*+.-!/F&'!.+,#/,!,'$(''-'4'(,!/')!
8!,&G++'!28!0.(''-'4'(,',6!H!9#$%&'(!3/'&!'&!93&!'+*'42'-!&',,!>3&#*3(,.-,!

0.(''-'4'(,!/.-$,6!I8&!.+,#/,!0.(''-'4'(,!'&!/.-$,J!*8!+.(!0&%+'&'(!2-.**'&'!)',,'!
%,!28!BCB!%,*(#,,',!#!4#),'(!/')!8!,&G++'!28!)'(!&%,'(!*34!/.-$,!0.(''-'4'(,!*+.-!

,'$('*!#6!E&%+'&'(!K,'$('&K!4')!)',,'!0.(''-'4'(,!#((,#-!',!.((',!0.(''-'4'(,!

/'-$'*6!!!!

?#-!><G&'!+.(!0&%+'&'(!*'!>'-'!0.('(!LABCAD!&%,'&M6!E&%+'&'(!+.(!#++'!K,'$('K!

)#&'+,'!#!)'(('J!4'(!/6>6.6!2#-+(.22'('!%()'&!+.(!>.(N>%(!*+#9,'!%,*(#,,6!O(.22'('!
9-G,,'&!%,*(#,,',!B!&%,'&!./!$.($'(J!/'(*,&'J!><G&'J!322!'--'&!(')6!I8&!%,*(#,,',!

9-G,,'*J!*8!,'$('*!3$*8!&#+,#$!%,*(#,,!%,!#!BCB!4.,&#*'(J!3$!)',!'&!)',,'!%,*(#,,',!
0&%+'&'(!K,'$('&K!#6!!

!

.6 H!'+*'42'-',!3/'&!*8!'&!)',!$13&,!'(!)'-!/.-$!#!93&>3-)!,#-!

)#.-3$93&4N#(,'&.+*13(*,'+(#++6!E'*+&#/!>/#-+'!/.-$!*34!'&!$13&,J!3$!
)#*+%,'&!>/#-+'!93&)'-'&!3$!%-'42'&!)%!*'&!/')!)',,'!/.-$',6!

06 E'*+&#/!,&'!.()&'!)#.-3$93&4'&N#(,'&.+*13(*,'+(#++'&!*34!+%(('!>.!/F&,!
0&%+,!#!)',,'!,#-9'--'6!P1'&('!(3'(!*34!'&!82'(0.&,!%'$(')'6!?'$(!'(!*+#**'!

./!0&%+'&$&'(*'*(#,,',J!3$!)#*+%,'&!93&)'-'&!3$!%-'42'&!/')!>/'&!./!)#**'!#!
93&>3-)!,#-!0&%+'&$&%22'(6!

!



! $!

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

/+.,

%&'!&(!)*+,'!-!./,,&!011!&2!3&2/!*)!4502&(6!7&(!3*2!8'&,2&(8!3&7!)*+,'!45029!:!
'4++&,,!;-!&(!7&'!)*+,'!&2!+<;242,!3&7!&'!)427=;;=';24''!;03!5*2!>+/''&;!)9?9*9!

14+'*;'&(!1-!;5@&(3&29!

A0(7&+&(!4!>0(?0+7!'4+!3-+,(=11&B!

• %&''&!&(!&2!&25&+!+<;242,6!7&(!*++&!)*+,!&(!,@0('!;/2+4,9!C+';-!8D20E+&7,&!42!

'?&!E0(+786!342;'!3=+4,!8D20E+&7,&!42!'?&!?&*789!!

• %&''&!&(!0,;-!4!>0(?0+7!'4+!*'!14+52*11&2&!>0(!-!>+/''&!)427=&'!&(!,@0('!

;/2+4,&!1-!;5@&(3&29!%&!5=22&!?*!)F('!,@0('!74(&5'&!52/''&'!'4+!14+&2&!1-!

'*;'*'=(&'6!3&2!7*!3-''&!5*2;5@&!20&2!>0('&++&!.*(2*!*'!7&!;5=++&!.(=5&!
14+'*;'&2&9!

G+&31&(B!

• H4+!.*(2!1-!I!-(!>0(;'-!&'!)427=;=';24''J!D*2;5@&9!%&'!3-!205!'&;'&;9!

• %&'!3*2,+&(!3=+4,?&'&(!>0(!-!*2,(&9!%&'!&(!@0!&'!342=;9!

• K(!7&'!42'=4'4)'6!&++&(!3-!7&'!+F(&;J!H*2;5&+4,!-!;49!!

!

/0.,

1*23)$+2%4,/5,6)+&,7,6)(-,

!

L&7!7(*,!M!7(01!;-!5*2!.(=5&(&2!7(*!4502&(!='!1-!8.*2&289!!

A0(7&+&(B!!

• %&'!5*2!011+&)&;!;03!3&(!42'=4'4)'6!0,!3&(!30(;03'9!

G+&31&(B!!

• %&'!3-!5*2;5@&!+F(&;9!%&'!&(!455&!=3477&+.*('!42'=4'4)'!*'!4502&(!5*2!7(*;9!



! N!

• %&'!'*(!+4''!+&2,&(!'47!7&(;03!3*2!;5*+!8'&,2&8!3*2,&!+45&!4502&(9!L&7!7&2!

011(422&+4,&!+<;242,&2!;-!,455!7&'!>0('!2-(!3*2!><(;'!?*77&!)*+,'!&2!
8'&,2&>*(,&89!

!

O,;-!>+/''42,!*)!=';24'';)427=!5*2!,@<(&;!74(&5'&!3&7!3=;6!;03!4++=;'(&('!=27&(B!

!

!

A0(7&+&2!3&7!7&''&!&(!*'!3*2!>-(!3&(!;5@&(31+*;;6!3&2;!=+&31&2!4,@&2!&(!*'!7&'!

3-!5=22&;!&++&(!)4'&;9!

L*2!5=22&!4!'4++&,,!?*!'*;'*'=(14+&2&!;03!?=('4,'*;'&(6!20&!;03!&(!&2!>0(7&+!>0(!

&(>*(2&!.(=5&(&P!20&!IQ-(42,&2&!@0!>0('!.+4(!!9!

,

1*23)$+2%4,85,9(-:-,;3$<,

,



! R!

L&7!7&22&!+<;242,&2!;-!>-(!.(=5&(&2!011!&2!101=1!3&2/!)&7!-!'(/55&!

?</(&52*11&2!0)&(!&2!(='&!;03!;5*+!'&,2&;9!S(=5&(&2!)&+,&(!;-!>(*!&2!+4;'&!3&7!
'&5;'+4,&!.&;5(4)&+;&(!*)!4502&(9!

A0(7&+B!

• %&'!>(4,@<(&;!;5@&(31+*;;9!:55&!+&2,&(!.&?0)!>0(!4502&(!1-!;5@&(3&29!

G+&31&(B!

• T&,!;/2&;!455&!7&''&!&(!&2!,07!+<;242,!>0(!IQ-(42,&(9!%&!3-!+F(&!-!.(=5&!

?</(&52*116!0,!7&!3-!+&;&!'&5;'9!!

• A0(;'-(!7&!)&2;'(&U?</(&U<)(&U2&7(&J!V&11&9!

• %&''&!&(!3&(!&2!+<;242,!>0(!)05;2&9!

,

1*23)$+2%4,=5,6%+*(&0(>#,

!

!

L&7!7&22&!+<;242,&2!;-!>-(!.(=5&(&2!011!&2!74*+0,.05;!)&7!-!'(/55&!
3=;&52*11&2!0)&(!&2!(='&!;03!;5*+!'&,2&;9!S(=5&(&2!)&+,&(!;-!>(*!&2!+4;'&!3&7!

4502&(9!

A0(7&+B!

• %&'!>(4,@<(&;!;5@&(31+*;;9!:55&!+&2,&(!.&?0)!>0(!4502&(!1-!;5@&(3&29!

G+&31&(B!

• T&,!;/2&;!455&!7&''&!&(!&2!,07!+<;242,!>0(!IQ-(42,&(96!5*2;5@&!455&!&,&2'+4,!

>0(!20&29!!

• %&'!'*(!3/&!'476!0,!74*+0,.05;&2!;5@=+&(!7&'!3*2!*++&(&7&!?*(!+*,&'9!



! I!

C)!7&!'(&!*+'&(2*'4)&2&!;-!&(!7&'!.*(&!7(*,M7(01!;03!@&,!'(0(!5*2;5@&!5*2!.+4!+45&!

.(=5&()&22+4,!;03!>0(;+*,&'!4!011,*)&'&5;'&29!!

!

?+)+>23)&:%@3,'(),#3$#()A,/+,B,/05,

14,+$@)3,*"#$%$&3),#(;,3),&C3$$(;&D22,%,'+&32,>+$,$34$3#5,,

E,F3>#2%$-:2,#(;,%,G$%H,;3@,3&32,%$-:2#-)D>A,'(),3>#3;-3*,IJFKLM,
NAOAPKQFI,'(),D,23&$3,32,43)2%>+*2,%>($,%,):23,NO,-D,32,#C+>>0)322.,

E,F4:$&3$,@%+*(&A,#(;,%,32,%$#2+**+#C($#-)(&)+;.,632,4%**3,@+,0*%,3$,)3>>3,
@%+*(&0(>#3),#(;,#-:)23,'(),3>#3;-3*,IP3*&,;D*):23IA,IP3*&,%>($IAAA.,

15,K$,&(@,&C3$$(;&+$&,#(;,%,!RA,;3@,23&$%$&3),(&,+)&:;3$2+#C($,%,'()S(*@,
2%*,;D*&):--3$.,F%$&,#(;,+2,%>>3,+**3,TUD)%$&3),>+$,*3#3,3),4%>2%&.,

N5,K$,&(@,&C3$$(;&+$&,#(;,%,!RA,;3@,23&$%$&3),(&,+)&:;3$2+#C($.,V%$@)3,
'(>:#,-D,;D*&):--3$A,(&,>+$#>C3,*%22,;%$@)3,+)&:;3$2+#C($.,

W5,632,3),23&$32,(--,*%#232,(--,;%$#2,2)3,+*23)$+2%43)A,(&,@32,3),;%$#2,3$,&(@,
(&,3$,@D)*%&,2%$&,43@,S43),+4,@3.,X>>3,$"@43$@%&4%#,23$>2,-D,;D*&):--3.,

65,RY))3,%**:#2)+#C($3)A,(&,@D)*%&,+)&:;3$2+#C($.,

K5,K$@+,;%$@)3..,

R5,X>>3,$(3Z,

!

!



! W!

!""#$%&'6)'7&-.#,8&/90.::'12345'

=%!>.&!98,,!#!322$./'!8!)'*#$('!3$!%,/#+-'!)'(!)'-'(!./!*2#--',!#!322$./'!Q!*34!'&!

0'*+&'/',!3/'&6!=',!-'$$'*!322!,#-!'(!0&%+'&(F&!%,/#+-#($*2&3*'**6!

78-$&%22'(!93&!*2#--',!'&!*34!('/(,!0.&(!9&.!:!8&!3$!3223/'&6!=%!>.&!98,,!'(!./,.-'!

4')!'(!0.&('*+3-'!.,!)%!+.(!98!-3/!,#-!8!+344'!28!0'*<+!#!'(!Q6!+-.**'!$&%22'!4')!
9#&'!'-'/'&!#!'(!)300'-,,#4'!'(!$.($!#!%+'(!#!,&'!',,'&9<-$'()'!%+'&6!!

=%!>.&!.-,*8!,#-$1'($'-#$!R!&'2&'*'(,.(,'&!93&!48-$&%22'(!,3!,#4'&!,&'!$.($'&J!4')!
'(!%+'*!4'--34&346!=',!'&!,3!%+'&!,#-!9<&*,'!$.($!)%!*+.-!4<,'!'-'/'('6!S(!%+'!',,'&!

*#*,'!0'*<+!28!*+3-'(!*+.-!)%!>.!+-.&,!',!)'*#$(!*34!+.(!2&3$&.44'&'*!./!(3'(!

.()&'!'((!)'$!*'-/6!

• 78-',!'&!8!$1<&'!0'*,!4%-#$!(G,,'!./!)'(!,#)'(!)%!>.&!98,,!,#-)'-,6!
T-.(-'$$!>/#-+'!0&%+'&(F&'!.+,#/#,','&!)%!/#-!$1<&'!>/'&!./!)'!,&'!

$.($'('!)%!'&!28!0'*<+!28!*+3-'(J!3$!#!,#)'(!9<&J!4'--34!3$!',,'&!

0'*<+'('6!=#*+%,'&!)'!/.-$'('!)%!>.&!$13&,!#!93&>3-)!,#-!.()&'!/.-$!)%!
+%(('!>.!$13&,6!=%!+.(!.(,.!.,!)%!+.(!,.!4')!)'$!'(!'--'&!9-'&'!

4').&0'#)'&'!9&.!)#(!.&0'#)*2-.**!*34!0'>'&*+'&!0&%+'&(F&!%,/#+-#($6!

=%!>.&!3$*8!0%)*1',,!,#-!8!+1<2'!#((!)#/'&*'!4.,'&#.-'&!3$N'--'&!
).,.%,*,G&6!

!

!"#$%$&#'()#*+&,(--&.,8.,

%&'!&(!*+';-!;/)!1&(407&(!;03!7&'!;5*+!1+*2+&,,&;!>0(B!

"9 X0!=5&(!>(*!2-!'4+!><(;'&!3<'&!3&7!.(=5&(2&9!

#9 A<(;'&!3<'&!

$9 L&++03!><(;'&!0,!*27(&!3<'&!

N9 C27(&!3<'&!

R9 L&++03!*27(&!0,!'(&7@&!3<'&!

I9 X(&7@&!3<'&!

W9 K''&(!'(&7@&!3<'&6!><(!0)&(+&)&(42,!*)!7&;4,29!



! Y!

!

%&'!>422&;!3*2,&!3-'&(!-!,@<(&!7&''&!1-9!K2!+<;242,!&(!-!'*!=',*2,;1=25'!4!:ZOQ

;'*27*(7&2!>0(!.(=5&(;&2'(&('!=')45+42,!["$N\W!U!]#N"Q#"\^9!%&2!;4&(!*'!3*2!
><(;'!;5*+!1+*2+&,,&9!!%&(&''&(!;5*+!3*2!>0(;'-!.(=5&(&2!0,!.(=5;5025'&5;'&26!

;1&;4>4;&(&!5(*)6!+*,&!1(0'0'/1&(!0,!&)*+=&(&9!Z-!;5*+!3*2!4'&(&(&9!

A<(;'&!=5&!;03!3*2!2-!&(!4!;5*+!.(=5&;!'4+!-!1+*2+&,,&!1(0;&;;&29!%&(&''&(!3-!

3*2!1+*2+&,,&!><(;'&!.&;<5&'!1-!;50+&29!!

T&,!>0(;'-(!011,*)&2!;+45!*'!7&'!&(!,4''!*'!7&'!;5*+!+*,&;!&'!;14++!>0(!-!5=22&!+*,&!

&,2&!@&(2.*2&(!0,!+&5&!3&7!7&!.*2&2&!3*2!?*(!+*,&'9!%&'!&(!455&!;*,'!20&!03!
?)*!?&2;45'&2!&,&2'+4,!&(6!0,!@&,!(&,2&(!7&(>0(!3&7!*'!7&'!?&+&!(&''!0,!;+&''!&(!&'!

;14++!>0(!-!?*!7&'!*('4,9!%&'!5*2!*++45&)&+!)F(&!+=('!-!.(=5&!+4''!'47!1-!-!>0(;'-!

.(=5&(2&!0,!7&(&;!.(=5;;*33&2?&2,9!!

L/&!*)!011,*)&2!)4+!7*!)F(&!-!+*,&!&'!,07'!.(=5&(,(&2;&;24''9!%9)9;!*'!3/&!*)!

*5'4)4'&'&2&!;5*+!;4(5=+&(&!(=27'!1(0'0'/1Q./,,42,!0,!&)*+=&(42,9!

R")#23,;"235,

:!7&'!><(;'&!3<'&'!;-!)4+!@&,!*++45&)&+!.&,/22&!3&7!-!>422&!='!?)0(!3/&!7*'*!;03!

=2,&2&!.&?&(;5&(9!%&'!)4+!@&,!>422&!='!)&7!-!'*!3&7!&2!_`6!&2!30.4+6!&2!4_*7!0,!&2!
aS0b!0,!;&!?)*!=2,&2&!>-(!'4+!4!&2!7&+!;14++9!!

T&,!)4+!7&(&''&(!;&''&!7&!>4(&!.*(2*!4!&2!;4(5&+!0,!;1<((&!7&!+4''!03!?)0(!3/&!7&!
;14++&(6!?)*!7&!;14++&(6!?)*!7&!;14++&(!1-![_`6!aS0b6!30.4+66^6!?)0(!7&!;14++&(6!03!7&!

;14++&(!;*33&2!3&7!*27(&!.*(26!0,!03!?)*!>0(&+7(&2&!3&2&(!03!;14++42,&2!

7&(&;9!

%&(&''&(!)4+!@&,!?*(!,@0('!5+*(!'0!1*14(1(0'0'/1!;03!@&,!)4+!'&;'&!1-!&+&)&2&6!&2!
;03!4!011,*)&'&5;'&26!0,!&2!3&7!7(*,M7(019!T&,!)4++&!?*!3&7!'(&!3&7?@&+1&(&!



! ]!

;+45!*'!@&,!5=22&!5@<(&!'0!'&;'&(!4!1*(*++&+'9!X&;'&!3&7!1*(!*)!&+&)&(9!K'!,=''&1*(6!

0,!&'!@&2'&1*(!>0(!-!>-!.&,,&!5@<22!;42&!1&(;1&5'4)!3&79!!

T&,!)4++&!'&;'&!.&,,&!1*14(1(0'0'/1&2&9!S&,/22&!)&+74,!-1&2!3&7!-!>0('&++&!?)*!

7&2!;5=++&!.(=5&;!'4+6!0,!;-!;1<((&!7&!?)*!7&!'(0(!7&!3-!,@<(&!>0(!-!>-!7&'!'4+9!

%&'!?&+&!)4++&!@&,!?*!'*''!011!1-!)47&09!

!

V3**(;,;"23,/,(&,85,

L&++03!3<'&2&!;-!)4++&!@&,!?*!+*,&'!&2!10E&(1042'!1(0'0'/16!.*;&('!1-!7&'!7&!
>0('*+'&!0;;9!%&2!;5*+!5=22&!>*5&!&2!7&+!*)!42'&(*5;@02&2&6!3&2!)F(&!,*2;5&!

5031+&''!3?9'9!+*/0='9!T&,!)4++&!;-!;*3'474,!?*!.&,/2'!1-!&2!A+*;?!&++&(!Zc:Vd!

1(0'0'/1!3&7!3&(!42'&(*5'4)4'&'!;03!;5=++&!.(=5&;!4!7&'!;4;'&!3<'&'9!

T&,!)4++&!0,;-!?*!;*33&2>*''&'!7&'!@&,!+F('&!03!;14++)*2&(!0,!
'&520+0,45031'*2;&!>0(!-!'*!3&7!)47&(&!4!1(0;@&5'&'9!%&'!5=22&!5*2;5@&!)F(&!

=',*2,;1=25'!>0(!&'!1*(!1&(;02*;!0,!20&2!;e&2*(4&(!;03!;5*+!><+,&!3&7!7&;4,2&'!

'4+!1(0,(*33&(2&9!!

!

1$@)3,;"23,

V-!)4+!@&,!+*!=2,&2&!'&;'&!='!10E&(1042'!1(0'0'/1&26!0,!@&,!)4++&!&''&(1-!?*!.(=5'!
&2!1(0@&5'0(!'4+!-!>-!011!;5@&(3.4+7&'!1-!+&((&'9!Z-!)4++&!@&,!?*!5@<('!&2!;+*,;!

>05=;,(=11&!7&(!)4!,455!4,@&2203!*++&!7&+&2&!*)!;5@&(3.4+7&'9!%&''&!5*2!205!>0('!
.+4!+4''!5@&7&+4,!>0(!=2,&2&6!;-!7&'!&(!)45'4,!-!?*!20&!*22&'!-!,@<(&!42243&++039!

Z14++42,6!*'!7&!5*2!'&,2&!'0,.*2&(!1-!1*14(9!%&''&!3-!)4!'&25&!='!3&(!4!7&'*+@!&''&(!

><(;'&!3<'&9!

!

V3**(;,;"23,8,(&,=,

V-!.+4(!7&'!?&5'4;5!3&7!-!011;=33&(&!?)*!)4!?*(!+F('6!0,!>-!7&'!422!4!&2!A+*;?!

&++&(!Zc:Vd!1(0'0'/19!L/&!1(0,(*33&(42,!0,!;5@&(37&;4,2!7&22&!=5&29!

!

F)3@C3,;"23,

V-!?*(!)4!3&7!&2!5@<(&27&!1(0'0'/1!;03!)4!'(0(!&(!.(*9!%&2!3-!=2,&2&!>-!1(<)&!

;&,!1-9!d@&(2&!1-!'0!_`&(!4!1*(*++&++9!%&!3-!>-!+*,&!.*2&(!;&+)6!0,!)4!3-!><+,&!2</&!
3&7!1-!?)*!7&!>-(!'4+!0,!?)*!7&!?*(!1(0.+&3&(!3&79!H45'4,!*'!7&!>-(!3&7!;&,!

=';5(4>'&(!1-!1*14(!*)!.*2&2&!7&!?*(!+*,&'9!%&'!;5*+!><(&!'4+!20&9!!

X*!,07!'47!'4+!-!*);+=''&9!A-!=2,&2&!'4+!-!5033&2'&(&!1-!03!7&''&!&(!&25&+'9!O3!

7&'!&(!30(;03'!&'ef!!g*!3&7!20&2!,*)&(!;03!'*55!>0(!;'(&)&'9!O,;-!'4+!ZAOQ
1&(;02*+&'9!!

!



! "\!

K223),2)3@C3,;"23,

%&'!&(!2-!.*(&!&2!=5&!'4+!7&;4,27&+&2!*)!1(0;@&5'&'!&(!0)&(9!O11;=33&(!>=22&2&!

>(*!;4;'&!3<'&'9!h*,!&2!&25&+!(*110('!3&7!;5@&(3.4+7&(!0,!>0(5+*(&27&!'&5;'9!

h&,,&!)&7!5@<(&27&!A+*;?!&++&(!Zc:Vd!1(0'0'/19!g)4;!'476!0,;-!+*,&!'0!1&(;02*;!
[&2!,=''!0,!&2!@&2'&^6!0,!1+*;;&(!7&!422!&'!&''!&++&(!'0!?)&(7*,;;e&2*(4&(!7&(!7&!

+*,&(!'0,.*2&(9!!

_(<)&(!-!>-!'4+!&'!0)&(+&)&(42,;3<'&!1-!&2!'43&!&++&(!'0!3&7!1(0,(*33&(&(2&!7&(!

7&'!.+4(!3=+4,?&'!>0(!7&306!,@&2203,*2,!*)!;5@&(3.4+7&(6!1&(;02*;!0,!;e&2*(4&(9!
%&'!&(!)45'4,!-!>0(347+&!'4+!1(0,(*33&(2&!*'!7&'!&27&+4,!(&;=+'*'&'!&(!.*;&('!1-!

,(=274,!74*+0,!3&7!.(=5&(2&6!0,!*'!7&!455&!;5*+!&27(&!1-!'42,!='&2!&2!)&+74,!,07!

'&524;5!,(=229!!

!

?+)+>23)&:%@3,'(),#3$#()A,(--&.,85,

15,K$,@32+*C3)2,-*+$,#(;,@3$,(43),#(;,2+),:2&+$&#-:$>2,%,%23)+2%43,
-)(#3##3),;3@,0):>3)#3$2)3)2,@3#%&$.,P%>2%&,+2,@32,+$03'+*3#,3$,
>(;0%$+#C($,+4,;32(@3)A,(&,+2,@3,3),2%*-+##32,-)(#C3>232,(&,;D*&):--3$.,
?($>)323,(&,03&):$$3@3,'()#*+&,2%*,+>2%4%2323),;3@,0):>3)3,(&,+>2%4%2323),
;3**(;,;"23$3.,

N5,!%22,;%$@)3,03&):$$3@3,(&,>($>)323,'()#*+&.,VD,S+,;3@,$(3,(;,%23)+2%43,
-)(#3##3).,VD,'()S(*@3,#3&,2%*,[+#32.,

W5,P%#3),+2,@32,>)343),%23)+2%43,-)(#3##3).,X>>3,S3*2,2%*-+##32,[+#32A,;3$,
+**%>343*,3$,-*+$,#(;,>+$,'"*&3#.,

65,?:$,#2%>>()@;3##%&,(&,&+$#>3,+0#2)+>2,(;,;32(@3$3.,X>>3,)3*+23)2,2%*,
[+#32.,

K5,K$@+,;%$@)3..,

R5,X>>3,$(3Z,

,

!

!

!

!

!



! ""!

!""#$%&'2)';9,-/+<:-=9,'1>345'

.6 U/.!4'('&!/#!4')!'(!73)'-VW#'XVY3(,&3--'&!L7WYM!.&+#,'+,%&J!3$!

>/3&).(!'&!7WY!&'.-#*'&,!#!5./.N;ZHIP[!

06 ;2#--',!#!322$./'!Q!*+.-!&'.-#*'&'*!#!5./.N;ZHIP!/6>6.6!'(!7WYV

.&+#,'+,%&6!E'*+&#/!43)'--'(N43)'--'('!)%!/#-!-.$'6!U/.!'&!)'!2&#/.,'!
/.&#.0-'('J!3$!>/.!'&!$',N*',!4',3)'('[!

\6 E'*+&#/!>/3&).(!)%!/#-!&'.-#*'&'!0&%+'&$&'(*'(#,,',!/6>6.!;ZHIP!
'-'4'(,'&6!H!/')-'$$',!9#(('*!'(!3/'&*#+,!3/'&!'(!)'-!&'-'/.(,'!;ZHIP!

'-'4'(,'&6!!

)6 ?'$(!322!+-.**')#.$&.44',!93&!)'!+-.**'('!)%!/#-!-.$'6!!

'6 ].$!*'+/'(*)#.$&.44'&!93&!9<-$'()'!,&'!*#,%.*13('&^!

• E&%+'&'(!,&G++'&!28!><G&'+(.22'(!28!*+1'&4'(J!*-#+!.,!/.-$,!%,*(#,,!
9-G,,'*!B!&%,'&!,#-!><G&'6!

• E&%+'&'(!/'-$'&!',!(G,,!.+,#/,!0.(''-'4'(,V#+3(J!93&!'+*'42'-!
/'&,#+.-,!0.(''-'4'(,J!/')!8!,&G++'!28!)',,'6!

• E&%+'&'(!2-.**'&'&!/.-$,'!0.(''-'4'(,!#!'(!./!&%,'('!#!BCB!4.,&#*'(!
/')!8!,&G++'!#!)'(('!&%,'(6!_22).,'&#($!*+.-!).!.%,34.,#*+!*+1'!#!

ABCAD!4.,&#*'(6!

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

$*9!

L07&+QH4&EQ`02'(0++&(![LH`^!&(!&2!;0>'E*(&!*(54'&5'=(!;03!3=+4,,@<(!-!;54++&!
7*'*+*,&'!>(*!1(&;&2'*;@02;+*,&'!4!&2!*11+45*;@029!:!T*)*UZE42,!&(!H4&E!0,!

`02'(0++&(!0>'&!;/77!;*33&2!4!>&(74,&!dG:!503102&2'&(!;03!>0(!&5;&31&+!

TS=''029!%*'&2&U'4+;'*27&2&!+&,,&;!4!307&++Q0.@&5'&(9!%4;;&!50.+&;!'4+!H4&EQ
`02'(0++&(9!!V-(!&2!)&(74!&27(&;!4!&'!H4&E!;-!&(!7&'!)4&E&';!*2;)*(!-!0117*'&(&!

307&++&29!K27(42,&(!4!307&++&2!1(01*,&(&;!;-!'4+!*++&!H4&E;!;03!?*(!7&22&!
307&++&2!;03!;42!307&++9!_-!7&22&!3-'&2!)4+!'4+;'*27&2!'4+!*++&!H4&E;!'4+!&2?)&(!

'47!)F(&!0117*'&('!>0(74!7*'*&2&!5=2!+4,,&(!&''!;'&76!2&3+4,!4!307&++&29!

?+)+>23)&:%@3,'(),#3$#()A,(--&.,=+5,

15,K$,03#4+)3*#3,#(;,S+),;3@,#3&,+**3,3*3;3$23$3,(43).,

N5,M(3$,#;D,;+$&*3)A,;3$,'D),')+;,S(43@4%)>3;D23$.,

W5,RD),')+;,S(43@4%)>3;D23$.,,

65,P3*@%&,>()2.,

K5,M3#23$,%$&3$2%$&,

R5,F(;2.,
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$.9!

T&,!5*++&(!307&++&2!i`jL07&+!!![i`!>0(!i*4+!`02;'(=e'0(^9!

T&,!)4+!?&(!+*,(&!&2!#\b#R!3*'(4;&!*)!4502&(9!:502&2&!5*2!'/14;5!)F(&!&2!'*++507&!
1(9!;'596!>0(!&5;&31&+!"QY6!0,!2=++!>0(!.+*25'!>&+'9!!

%&!1(4)*'&!7*'*&2&!&(!*+';-!&2!#\b#R!3*'(4;&!*)!42'&,&(9!

A0(!-!*5;&;;&(&!74;;&!)4+!@&,!?*!&2!;&'!0,!&2!,&'!3&'07&B!

• )047!;&':e02[42'!b6!42'!/6!42'!4e02:%^!

• 42'!,&':e02[42'!b6!42'!/^!

C++&!307&++&(!3-!5=22&!+&,,&!'4+!+/''&(&!>0(!&27(42,;?&27&+;&(9!T&,!)&+,&(!
-!.(=5&!;*33&!2*)2!1-!7&22&!3&'07&2!;03!4!_(01&('/`?*2,&h4;'&2&(9!

L07&++&2!3-!7*!*+';-!?*!&2!1(4)*'!)*(4*.+&!>0(!-!?0+7&!1-!;42!
_(01&('/`?*2,&h4;'&2&(9!L&'07&2!>0(!-!+&,,&!'4+!+/''&(!.+4(!7*B!

• 1=.+4e!)047!*77_(01&('/`?*2,&h4;'&2&([_(01&('/`?*2,&h4;'&2&(!

+4;'&2&(^!

%&'!.&'/(!*)!H4&E;!;03!)4+!+/''&!3-!431+&3&2'&(&!42'&(>*e&'!

_(01&('/`?*2,&h4;'&2&(6!*+';-!3&'07&2!1(01&('/`?*2,&9!

D*++!'4+!;&':e02!><(&(!'4+!*'!&27(42,;?&27&+;&(!;&27&;!'4+!*++&!+/''&(&!;03!&(!+*,'!'4+!

)9?9*9!*77_(01&('/`?*2,&h4;'&2&(9!

!

:!'4++&,,!;-!'(&2,;!7&'!&2!307&++3&5*24;3&!>0(!-!?-27'&(&!>+/''42,!*)!

=';24'';)427=9!V-(!=';24'';)427=&'!>+/''&;!4!)427=&'!'4+!?</(&!;-!3-!'42,!

0117*'&(&;!4!)427=&'!4!347'&29!%&''&!5*2!&2'&2!,@<(&;!;03!&2!&,&2!307&++6!&++&(!
;03!&2!42'&,(&('!7&+!*)!307&++&2!i`jL07&+9!T&,!)&+,&(!?&(!>0(!&25&+?&';!;5/+7!

;4;'&!+<;242,9!

!

i`jL07&+!3-!7*!?*!1(4)*'&!7*'*!>0(!-!?0+7&!1-!&'!0(4,09!C+';-!<)(&!)&2;'(&!?@<(2&!

*)!=';24'';)427=&'9!%&''&!&(!&2!b!0,!&2!/6!>0(!&5;&31&+!0(4,0a!0,!0(4,0k9!

%&'!3-!;-!+*,&;!;&'!0,!,&'!3&'07&(!>0(!74;;&B!

• )047!;&'O(4,0a[42'!b^!

• )047!;&'O(4,0k[42'!/^!

• 42'!,&'O(4,0a[^!

• 42'!,&'O(4,0k[^!

;&'O(4,0a!0,!;&'O(4,0k!3-!;-!1-!;*33&!3-'&!;03!;&':e02!><(&!'4+!
&27(42,;?&27&+;&(9!!



! "$!

?+)+>23)&:%@3,'(),#3$#()A,(--&.,=05,

15,K$,03#4+)3*#3,#(;,S+),;3@,#3&,+**3,3*3;3$23$3,-D,32,+)>%23>2:)$%4D.,
\+),;3@,;(@3**,0D@3,'(),%>($3$3,(&,'(),:2#$%22#4%$@:32.,

N5,?:$,;(@3**,'(),%>($3$3.,

W5,M(3$,#4+>S323).,

65,P3*@%&,>()2.,

K5,M3#23$,%$&3$2%$&,

R5,F(;2.,

!

$e9!

!

T&,!)4++&!?*!'(&!;'0(&!T_*2&+!4!7&''&!)427=&'B!

• i`j:e02H4&E!;03!422&?0+7&(!7&!Y!4502&2&!-!)&+,&!>(*9!

• i`jZ3*++H4&E!>0(!RbR!3*'(4;&29!

• i`jh*(,&H4&E!>0(!#\b#R!3*'(4;&2!0,!7&!>4(&!52*11&2&9!

!

:!i`j:e02H4&E!)4++&!@&,!?*!Y!TX0,,+&S=''02!;03!)*(!50.+&'!;*33&2!;03!&2!
S=''02d(0=1!>0(!-!,4!7&!8(*740.=''028!011><(;&+![5=2!&2!)*+,'!*)!,*2,&2^9!

:!i`jZ3*++H4&E!5=22&!@&,!0,;-!?*!.(=5'!TX0,,+&S=''026!&++&(!7&2!&25+&(&!
)*(4*2'&2!TS=''02!;03!455&!?*(!'0,,+&!011><(;&+9!T&,!)4++&!;5*1&!#R!;+45&6!;03!)*(!

+*,'!'4+!T_*2&+!i`jZ3*++H4&E9!

:!i`jh*(,&H4&E!5*2!@&,!.(=5&!#\b#R!TX0,,+&S=''02!;03!&(!74;*.+&76!&++&(!Th*.&+9!

:!'4++&,,!N!52*11&(!;03!TS=''029!%&'!>+/''.*(&!)427=&'!5*2!0(72&;!)9?9*9!(*33&(9!
T&,!,-(!455&!;-!3/&!4!7&'*+@!?&(9!



! "N!

S-7&!i`jZ3*++H4&E!0,!i`jh*(,&H4&E!?*(!&2!i`jL07&+!;03!307&++9!%&'!,@<(!*'!

&27(42,&(!>0(1+*2'&(!;&,!3&++03!7&9!!

V-(!&2!52*11!4!i`jZ3*++H4&E!5+455&;!;-!;1<(!7&2!i`j:e02H4&E!03!?)*!;03!&(!

*5'4)'!8'&,2&450289!%&2!;&''&(!;-!'4+;)*(&27&!)&(74!4!i`jL07&+!)9?9*9!
;&':e02[b6/6)&(74^9!%&'!><(&(!;-!'4+!50((&5'!011'&,242,!.-7&!4!i`jZ3*++H4&E!0,!

i`jh*(,&H4&E9!!

V-(!.(=5&(&2!'/55&(!1-!&2!*!14+'*;'&2&!4!i`jh*(,&H4&E!;-!;&27&;!7&'!

&27(42,;3&+742,&(!'4+!i`jL07&+!3&7!2/!0(4,0a!0,!0(4,0k9!%&'!><(&(!;-!'4+!
&27(42,;?&27&+;&(!.-7&!4!i`jZ3*++H4&E!0,!4!i`jh*(,&H4&E![2/''!=';24''!'&,2&;!

='!4!i`jZ3*++H4&E!0,!=';24''3*(5&(42,&2!>+/''&;!4!i`jh*(,&H4&E^9!

!

?+)+>23)&:%@3,'(),#3$#()A,(--&.,=[5,

15,K$,03#4+)3*#3,#(;,S+),;3@,#3&,+**3,3*3;3$23$3,-D,32,+)>%23>2:)$%4D.,

N5,\+),&C()2,4+*&,+4,]^XMLU>(;-($3$23),'(),+**3,#>C3);3*3;3$23).,
R()>*+)3),S(43@4%)>3;D23$.,

W5,\+),&C()2,4+*&,+4,]^XMLU>(;-($3$23),'(),+**3,#>C3);3*3;3$23).,
?()2'+2232,-D,4%)>3;D23.,

65,P3*@%&,>()2.,

K5,M3#23$,%$&3$2%$&,

R5,F(;2.,



! "R!

$79!

D+*;;&?4&(*(54&'!,@&2;1&4+&(!7&'!;03!&(!.&;5(&)&'!4!$eB!

!

!

H4!;&(!*'!.-7&!i`jh*(,&H4&E!0,!i`jZ3*++H4&E!?*(!&2!(&>&(&2*2;&!'4+!&2!

i`jL07&+9!i`jZ3*++H4&E!)&'!03!;42!i`j:e02H4&E!>0(!-!5=22&!;1<((&!03!)*+,'!

'&,2&45029!C++&!'(&!)4&E;!?*(!;-!;42&!52*11&(!0,!+*.&+;9!

i`jL07&+!?*(!&'!_(01&('/`?*2,&Z=110('!0.@&5'9!%&'!&(!;*''!1-!&2!;'41+&'!+42@&!
'4+.*5&!'4+!i`jh*(,&H4&E!0,!i`jZ3*++H4&E!>0(!-!42745&(&!*'!74;;&!.+4(!(&>&(&('!'4+!

2-(!i`jL07&+!&(!.+4''!5*+'!3&7!*77_(01&('/`?*2,&h4;'&2&(!>0(!74;;&!'09!

!

?+)+>23)&:%@3,'(),#3$#()A,(--&.,=@5,

15,K$,03#4+)3*#3,#(;,S+),;3@,#3&,+**3,3*3;3$23$3,-D,32,+)>%23>2:)$%4D.,

N5,P%#3),>(0*%$&,2%*,;(@3**A,;3$,>+$#>C3,%>>3,#D,(;'+223$@3,3**3)#.,

W5,K),%,#+;#4+),;3@,(--&+43,=[.,

65,P3*@%&,>()2.,

K5,M3#23$,%$&3$2%$&,

R5,F(;2.,

!

!
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1?5'@+<:&+&,'/+A::&+'"B'CDA+&:,$""&,'"B'-:=&+8&,E'-F.:'$/'%$F#/'</-,.//'
GFA//&-'H'+</&+'/.F'CDA+&)'

!

!

g</(&14+!52*11&2!&(!;*''!011!3&7!;42!i`jh*(,&H4&E!;03!;42!*e'402?*27+&(9!%&2!

;&27&(!7*!.&;5@&7!'4+!;42!307&++!03!-!>+/''&!0(4,0!R!?*55!30'!?</(&9!L07&++&2!
;&27&(!7*!&27(42,;?&27&+;&!'4+!;4''!1e;Q0.@&5'9!%&'!;&27&(!&27(42,3&+742,&(!'4+!

i`jh*(,&H4&E!0,!i`jZ3*++H4&E9!

%4;;&!)4+!;-!4,@&2!,@<(&!0117*'&(42,&(!)&7!-!;1<((&!i`jL07&++!03!2/''!0(4,0!0,!

422?0+7!*)!(45'4,&!&+&3&2'&(!4!3*'(4;&29!

QQQ!

1??5'@+<:&+&,'%&F#&+'&/',A//'$:/.%/'I$,&&F&8&,/J.:9,E'G9+'&:-&8"&F'%&+/.:$F/'
I$,&&F&8&,/E'%&0'B'/+A::&'"B'0&//&)'

!

:502&'!?*(!;42!*e'402g*27+&(!4!;4''!i`j:e02H4&E9!%&'!&2&;'&!7&22&!,@<(!&(!-!?=;5&!

1-!?)4+5&'!4502!;03!&(!)*+,'!45029!H&7!-!5*++&!;&,!;&+,!8;&'%(*E42,:e0289!

QQQQQQ!



! "W!

1???5'@+<:&+&,'"F$--&+&+'%$F#/&'I$,&&F&8&,/'.'&,'$%'+</&,&'.'HKH'8$/+.-&,'%&0'
B'/+A::&'.'0&,,&'+</&,)'!""0$/&+.,#'-:$F'0$'$</98$/.-:'-:=&'.'6HK63'
8$/+.-&,)'

!

d*2,&2!&(!;03!><+,&(B!

K2!TS=''02Q52*11!4!i`jZ3*++H4&E!.+4(!'(/55&'9!%&'!><(&(!'4+!*'!7&22&!>-(!&2!

3&+742,!&''&(;03!7&2!&(!;*''!011!;03!+/''&(!1-!*++&!52*11&(9!!

i`jZ3*++H4&E!;1<(!;-!i`j:e02H4&E!03!?)*!;03!&(!)*+,'!'&,2&>*(,&9!!

i`jZ3*++H4&E!)&'!?)4+5&2!52*11!4!;4''!)427=!;03!&(!'(/55&'![>9&5;9!$6#^6!3&2!>0(!-!

)4'&!?)4+5&'!.*2&+&3&2'!4!307&++&2!;03!;5*+!&27(&;!;-!3-!7&'!)4'&!?)4+5&'!=';24''!

7&'!(&1(&;&2'&(&(9!%&'!;1<(!7&(>0(!307&++&2!03!?)*!;03!&(!0(4,0!>0(!=';24''&'9!
%&'!5*2!>0(!&5;&31&+!>-![N6N^!;03!;)*(9!

i`jZ3*++H4&E!;&''&(!;-!7&'!(45'4,&!.*2&&+&3&2'&'!4!307&++&2!)&7!-!+&,,&!'4+!
[0(4,0a60(4,0k^6!>0(!&5;&31&+![$lN6#lN^6!4!500(742*'&'9!!

V-(!i`jL07&+!0.@&5'&'!?*(!>-''!&'!;&':e02Q5*++!;-!;&27&(!7&'!.&;5@&7!03!&27(42,!

'4+!;4''!1e;Q0.@&5'9!!



! "Y!

_e;Q0.@5&'&'!;&27&(!;-!&27(42,;?&27&+;&(!'4+!7&!'0!+/''&27&!)427=&2&!*)!5+*;;&!

i`jZ3*++H4&E!!0,!i`jh*(,&H:&E9!

g&(!&(!7&'!)4;'!?)*!;03!;5@&(!2-(!i`jZ3*++H4&E!>-(!&2!&27(42,;?&27&+;&9!%&2!3-!

7*!;1<((&!307&++&2!03!0(4,0!>0(!=';24''&'!>0(!-!5=22&!.&(&,2&!(45'4,!+05*+'!
&+&3&2'9!!

%&2!'(&55&(!>(*![0(,40a60(4,0k^!0,!;&''&(!4502&'!4!7&2!;*33&!TS=''02!;03!.+&!

'(/55&'9!

X4+;)*(&27&!&27(42,&?&27&+;&!'4+!i`jh*(,&H4&E!><(&(!'4+!*'!(45'4,!Th*.&+!7&(!>-(!

&27(&'!;4''!45029!

!!

!

?+)+>23)&:%@3,'(),#3$#()A,(--&.,=35,

15,K$,03#4+)3*#3,#(;,4%#3),(--@+23)%$&#;3>+$%#;3,#(;,%,!R.,RD),(&#D,;3@,
#3&,'*<22%$&,+4,()%&(.,

N5,V3>+$%#;3),#(;,(--@+23)3),%>($3$3.,

W5,K$,@3*,;+$&*3)A,;3$,S(43)2)3>>3$3,%,VPW,3),)3+*%#3)2.,

65,P3*@%&,>()2.,

K5,M3#23$,%$&3$2%$&,

R5,F(;2.,



! "]!

\%$25,K2,_9+$3*,3**3),3$,#:0>*+##3,+4,_9+$3*,>+$,&(@2,4Y)3,:#<$*%&,`S+,
#+;;3,'+)&3,(&,)+;;3'+)&3,#(;,0+>&):$$3$a,(&,0):>3#,2%*,D,#+;*3,'*3)3,
]b%$&U>(;-($3$23).!!

1--3$@%>#5,,Q3*34+$23,>*+##3)A,%$23)'+[3,(&,2%*S")3$@3,;32(@3),

%&'!><+,&27&!&(!5+411&'!0,!+43'!>(*!7&2!0>>4;4&++&!705=3&2'*;@02&2!1-!
@*)*9;=29e039!

!

[*+##,9)(-3)2<WS+$&3]:--()2,,

?>#*!#*!.!%,#-#,G!\-.**!,>.,!\.(!0'!%*')!0G!301'\,*!,>.,!*%223&,!03%()!
2&32'&,#'*6!`3%!\.(!%*'!.(!#(*,.(\'!39!,>#*!\-.**!.*!.!/.&#.0-'!#(!G3%&!301'\,!

.()!)'-'$.,'!/.&#3%*!X3&+!,3!#,6!

L&'?07;B!

1=.+4e!)047!*77_(01&('/`?*2,&h4;'&2&([_(01&('/`?*2,&h4;'&2&(!
+4;'&2&(^!

a))!.!T&32'&,GY>.($']#*,'('&!,3!,>'!-#*,'('&!-#*,6!?>'!-#*,'('&!#*!
&'$#*,'&')!93&!.--!2&32'&,#'*6!!

T.&.4','&*^!

-#*,'('&!V!?>'!T&32'&,GY>.($']#*,'('&!,3!0'!.))')!

1=.+4e!)047!(&30)&_(01&('/`?*2,&h4;'&2&([_(01&('/`?*2,&h4;'&2&(!

+4;'&2&(^!

b'43/'!.!T&32'&,GY>.($']#*,'('&!9&34!,>'!-#*,'('&!-#*,6!

!!!! ! T.&.4','&*^!

!!!!!!!!! ! -#*,'('&!V!?>'!T&32'&,GY>.($']#*,'('&!,3!0'!&'43/')!

1=.+4e!)047!>4(&_(01&('/`?*2,&[Z'(42,!1(01&('/V*3&6!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!O.@&e'!0+7H*+=&6!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!O.@&e'!2&EH*+=&^!

b'23&,!.!03%()!2&32'&,G!%2).,'!,3!.(G!&'$#*,'&')!-#*,'('&*6!I3!'/'(,!
#*!9#&')!#9!3-)!.()!('X!.&'!'c%.-!.()!(3(V(%--6!!

T.&.4','&*^!

2&32'&,GI.4'!V!?>'!(.4'!39!,>'!2&32'&,G!,>.,!X.*!\>.($')6!

3-)W.-%'!V!?>'!3-)!/.-%'!39!,>'!2&32'&,G6!

('XW.-%'!V!?>'!('X!/.-%'!39!,>'!2&32'&,G6!



! #\!

,

,

%$23)'+[3,9)(-3)2<WS+$&3!%#23$3),,

a!dT&32'&,GY>.($'d!'/'(,!$',*!9#&')!X>'('/'&!.(!301'\,!\>.($'*!.!d03%()d!
2&32'&,G6!`3%!\.(!&'$#*,'&!.!T&32'&,GY>.($']#*,'('&!X#,>!.!*3%&\'!301'\,!

*3!.*!,3!0'!(3,#9#')!39!.(G!03%()!2&32'&,G!%2).,'*6!

L&'?07;B!

1=.+4e!)047!1(01&('/`?*2,&[_(01&('/`?*2,&K)&2'!&)'^!

?>#*!4',>3)!$',*!\.--')!X>'(!.!03%()!2&32'&,G!#*!\>.($')6!!

T.&.4','&*^!

'/,!V!a!T&32'&,GY>.($'S/'(,!301'\,!)'*\&#0#($!,>'!'/'(,!

*3%&\'!.()!,>'!2&32'&,G!,>.,!>.*!\>.($')6!

!

[*+##,9)(-3)2<WS+$&3K43$2,,

a!dT&32'&,GY>.($'d!'/'(,!$',*!)'-#/'&')!X>'('/'&!.(!301'\,!\>.($'*!.!
d03%()d!3&!d\3(*,&.#(')d!2&32'&,G6!a!T&32'&,GY>.($'S/'(,!301'\,!#*!*'(,!.*!

.(!.&$%4'(,!,3!,>'!T&32'&,GY>.($']#*,'('&!4',>3)6!I3&4.--G!
T&32'&,GY>.($'S/'(,*!.&'!.\\342.(#')!0G!,>'!(.4'!.()!,>'!3-)!.()!('X!

/.-%'!39!,>'!\>.($')!2&32'&,G6!I%--!/.-%'*!4.G!0'!2&3/#)')!93&!,>'!3-)!.()!

,>'!('X!/.-%'*!#9!,>'#&!,&%'!/.-%'*!.&'!(3,!+(3X(6!a(!'/'(,!*3%&\'!4.G!*'()!
.!(%--!301'\,!.*!,>'!(.4'!,3!#()#\.,'!,>.,!.(!.&0#,&.&G!*',!39!#9!#,*!2&32'&,#'*!

>./'!\>.($')6!H(!,>#*!\.*'!,>'!3-)!.()!('X!/.-%'*!*>3%-)!.-*3!0'!(%--6!!

L&'?07;B!

1=.+4e!Z'(42,!,&'_(01&('/V*3&[^!

P',*!,>'!2&3$&.44.,#\!(.4'!39!,>'!2&32'&,G!,>.,!X.*!\>.($')6!!

b',%&(*^!

?>'!(.4'!39!,>'!2&32'&,G!,>.,!X.*!\>.($')6!7.G!0'!(%--6!!

1=.+4e!O.@&e'!,&'V&EH*+=&[^!

P',*!,>'!('X!/.-%'!93&!,>'!2&32'&,GJ!'C2&'**')!.*!.(!_01'\,6!!

b',%&(*^!

?>'!('X!/.-%'!93&!,>'!2&32'&,G6!7.G!0'!(%--!

!

!



! #"!

1=.+4e!O.@&e'!,&'O+7H*+=&[^!

P',*!,>'!3-)!/.-%'!93&!,>'!2&32'&,GJ!'C2&'**')!.*!.(!_01'\,6!!

b',%&(*^!

?>'!3-)!/.-%'!93&!,>'!2&32'&,G6!7.G!0'!(%--6!

!

[*+##,_9+$3*,,

5T.('-!#*!.!$'('&#\!-#$>,X'#$>,!\3(,.#('&6!!

!

L&'?07;B!

1=.+4e!)047!*77L0=;&h4;'&2&([L0=;&h4;'&2&(!+^!

a))*!,>'!*2'\#9#')!43%*'!-#*,'('&!,3!&'\'#/'!43%*'!'/'(,*!9&34!,>#*!
\3423('(,6!!

T.&.4','&*^!

-!V!,>'!43%*'!-#*,'('&!

'

%$23)'+[3,V(:#3!%#23$3)!

?>'!-#*,'('&!#(,'&9.\'!93&!&'\'#/#($!d#(,'&'*,#($d!43%*'!'/'(,*!L2&'**J!

&'-'.*'J!\-#\+J!'(,'&J!.()!'C#,M!3(!.!\3423('(,6!

?>'!\-.**!,>.,!#*!#(,'&'*,')!#(!2&3\'**#($!.!43%*'!'/'(,!#42-'4'(,*!,>#*!

#(,'&9.\M6!!

?>'!-#*,'('&!301'\,!\&'.,')!9&34!,>.,!\-.**!#*!,>'(!&'$#*,'&')!X#,>!.!

\3423('(,!%*#($!,>'!\3423('(,e*!.))73%*']#*,'('&!4',>3)6!a!43%*'!
'/'(,!#*!$'('&.,')!X>'(!,>'!43%*'!#*!2&'**')J!&'-'.*')!\-#\+')!L2&'**')!.()!

&'-'.*')M6!Z>'(!.!43%*'!'/'(,!3\\%&*J!,>'!&'-'/.(,!4',>3)!#(!,>'!-#*,'('&!
301'\,!#*!#(/3+')J!.()!,>'!73%*'S/'(,!#*!2.**')!,3!#,6!

!

L&'?07;B!

1=.+4e!)047!30=;&`+4e5&7[L0=;&K)&2'!&^!

H(/3+')!X>'(!,>'!43%*'!0%,,3(!>.*!0''(!\-#\+')!L2&'**')!.()!
&'-'.*')M!3(!.!\3423('(,6!

!

!



! ##!

[*+##,V(:#3K43$2,,

a(!'/'(,!X>#\>!#()#\.,'*!,>.,!.!43%*'!.\,#3(!3\\%&&')!#(!.!\3423('(,6!

L&'?07;B!

1=.+4e!O.@&e'!,&'Z0=(e&[^!

!?>'!301'\,!3(!X>#\>!,>'!S/'(,!#(#,#.--G!3\\%&&')6!

!!!!! b',%&(*^!

!!!!!!!!?>'!301'\,!3(!X>#\>!,>'!S/'(,!#(#,#.--G!3\\%&&')6!

!

,
[*+##,_N:22($,
!

a(!#42-'4'(,.,#3(!39!.!2%*>!0%,,3(!!

L&'?07;B!

1=.+4e!TS=''02[:e02!4e02^!

Y&'.,'*!.!0%,,3(!X#,>!.(!#\3(6!!

T.&.4','&*^!

!!!!#\3(!V!,>'!#4.$'!,>.,!,>'!0%,,3(!*>3%-)!)#*2-.G!

!

1=.+4e!)047!*77Ce'402h4;'&2&([Ce'402h4;'&2&(!+^!!

a))*!,>'!*2'\#9#')!.\,#3(!-#*,'('&!,3!&'\'#/'!.\,#3(!'/'(,*!9&34!,>#*!
5E%,,3(6!

,
,
,
,
,
[*+##,_F(&&*3N:22($,
!

a(!#42-'4'(,.,#3(!39!.!,X3V*,.,'!0%,,3(!VV!.(!#,'4!,>.,!\.(!0'!*'-'\,')!3&!

)'*'-'\,')J!.()!X>#\>!)#*2-.G*!#,*!*,.,'!,3!,>'!%*'&6!f*')!X#,>!.!E%,,3(P&3%2!
301'\,!,3!\&'.,'!.!$&3%2!39!0%,,3(*!#(!X>#\>!3(-G!3('!0%,,3(!.,!.!,#4'!\.(!0'!

*'-'\,')6!LY&'.,'!.!E%,,3(P&3%2!301'\,!.()!%*'!#,*!.))!4',>3)!,3!#(\-%)'!

,>'!5?3$$-'E%,,3(!301'\,*!#(!,>'!$&3%26M!

!



! #$!

L&'?07;B!

1=.+4e!TX0,,+&S=''02[:e02!4e02^!

Y&'.,'*!.(!#(#,#.--G!%(*'-'\,')!,3$$-'!0%,,3(!X#,>!,>'!*2'\#9#')!#4.$'!0%,!(3!
,'C,6!

T.&.4','&*^!

!!!!#\3(!V!,>'!#4.$'!,>.,!,>'!0%,,3(!*>3%-)!)#*2-.G!

!

1=.+4e!)047!*77Ce'402h4;'&2&([Ce'402h4;'&2&(!+^!!

a))*!,>'!*2'\#9#')!.\,#3(!-#*,'('&!,3!&'\'#/'!.\,#3(!'/'(,*!9&34!,>#*!
5?3$$-'E%,,3(6!

!

1=.+4e!.00+&*2!4;Z&+&e'&7[^!

b',%&(*!,>'!*,.,'!39!,>'!0%,,3(6!?&%'!#9!,>'!,3$$-'!0%,,3(!#*!*'-'\,')J!

9.-*'!#9!#,e*!(3,6!

!!!!! ! b',%&(*^!

!!!!!!!!! ! ! ,&%'!#9!,>'!&.)#30%,,3(!#*!*'-'\,')J!3,>'&X#*'!9.-*'!

!

1=.+4e!)047!;&'Z&+&e'&7[.00+&*2!.^!

;',*!,>'!*,.,'!39!,>'!&.)#30%,,3(6!I3,'!,>.,!,>#*!4',>3)!)3'*!(3,!

,&#$$'&!.(!.\,#3(S/'(,6!!

!!!! ! !T.&.4','&*^!

!!!!!!!! ! ! !0!V!,&%'!#9!,>'!0%,,3(!#*!*'-'\,')J!3,>'&X#*'!9.-*'!

,

%$23)'+[3,1[2%($!%#23$3),

?>'!-#*,'('&!#(,'&9.\'!93&!&'\'#/#($!.\,#3(!'/'(,*6!?>'!\-.**!,>.,!#*!#(,'&'*,')!
#(!2&3\'**#($!.(!.\,#3(!'/'(,!#42-'4'(,*!,>#*!#(,'&9.\'J!.()!,>'!301'\,!

\&'.,')!X#,>!,>.,!\-.**!#*!&'$#*,'&')!X#,>!.!\3423('(,J!%*#($!,>'!

\3423('(,e*!.))a\,#3(]#*,'('&!4',>3)6!Z>'(!,>'!.\,#3(!'/'(,!3\\%&*J!,>.,!
301'\,e*!.\,#3(T'&93&4')!4',>3)!#*!#(/3+')6!

L&'?07;B!

1=.+4e!)047!*e'402_&(>0(3&7[Ce'402K)&2'!&^!!

!!!!!!!!!!H(/3+')!X>'(!.(!.\,#3(!3\\%&*6!



! #N!

!

W*+##,1[2%($K43$2,

a!*'4.(,#\!'/'(,!X>#\>!#()#\.,'*!,>.,!.!\3423('(,V)'9#(')!.\,#3(!3\\%&')6!

?>#*!>#$>V-'/'-!'/'(,!#*!$'('&.,')!0G!.!\3423('(,!L*%\>!.*!.!E%,,3(M!X>'(!

,>'!\3423('(,V*2'\#9#\!.\,#3(!3\\%&*!L*%\>!.*!0'#($!2&'**')M6!?>'!'/'(,!#*!
2.**')!,3!'/'&G!a\,#3(]#*,'('&!301'\,!,>.,!&'$#*,'&')!,3!&'\'#/'!*%\>!'/'(,*!

%*#($!,>'!\3423('(,e*!.))a\,#3(]#*,'('&!4',>3)6!

?>'!301'\,!,>.,!#42-'4'(,*!,>'!a\,#3(]#*,'('&!#(,'&9.\'!$',*!,>#*!

a\,#3(S/'(,!X>'(!,>'!'/'(,!3\\%&*6!?>'!-#*,'('&!#*!,>'&'93&'!*2.&')!,>'!
)',.#-*!39!2&3\'**#($!#()#/#)%.-!43%*'!43/'4'(,*!.()!43%*'!\-#\+*J!.()!

\.(!#(*,'.)!2&3\'**!.!d4'.(#($9%-d!L*'4.(,#\M!'/'(,!-#+'!d0%,,3(!2&'**')d6!

L&'?07;B!

1=.+4e!O.@&e'!,&'Z0=(e&[^!

!?>'!301'\,!3(!X>#\>!,>'!S/'(,!#(#,#.--G!3\\%&&')6!

!!!!! b',%&(*^!

!!!!!!!!?>'!301'\,!3(!X>#\>!,>'!S/'(,!#(#,#.--G!3\\%&&')6!

,

[*+##,N:22($L)(:-,

?>#*!\-.**!#*!%*')!,3!\&'.,'!.!4%-,#2-'V'C\-%*#3(!*\32'!93&!.!*',!39!0%,,3(*6!Y&'.,#($!
.!*',!39!0%,,3(*!X#,>!,>'!*.4'!E%,,3(P&3%2!301'\,!4'.(*!,>.,!,%&(#($!d3(d!3('!39!

,>3*'!0%,,3(*!,%&(*!399!.--!3,>'&!0%,,3(*!#(!,>'!$&3%26!a!E%,,3(P&3%2!\.(!0'!%*')!

X#,>!.(G!*',!39!301'\,*!,>.,!#(>'&#,!9&34!a0*,&.\,E%,,3(6!?G2#\.--G!.!0%,,3(!$&3%2!
\3(,.#(*!#(*,.(\'*!39!5b.)#3E%,,3(J!5b.)#3E%,,3(7'(%H,'4J!3&!5?3$$-'E%,,3(6!

H(#,#.--GJ!.--!0%,,3(*!#(!,>'!$&3%2!.&'!%(*'-'\,')6!

!

L&'?07;B!

1=.+4e!)047!*77[C.;'(*e'S=''02!.^!!!!L93&!'C.42-'!5b.)#3E%,,3(M!

!!!!! ! a))*!,>'!0%,,3(!,3!,>'!$&3%26!

!!!!! ! T.&.4','&*^!

!!!!!!!!! ! ! 0!V!,>'!0%,,3(!,3!0'!.))')!

!


