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60&@(;# 5%/# $6D/#63)$.#$# *$//#IFF/(;)3#I-+#I$# $%&'(# )(# *!+L-# 6(;# *!+M-.#'/#

56G/# 6;86(56B/# &C# 5%/# /3F&(/(5)67N7&B60)5%D)9# D6FF)(B# A/5'//(# 6#

?@65/0()&(.##.#6(;#6#0&565)&(#8/95&0.#%#*O06$$)6.#2""M-P#

#

# r = ! !u # *!+L-#

# q = er
   and   r = ln q( ) # *!+M-#

#

E%@$.#'/#;/0)8/#5%/#@F;65/#/?@65)&(#C&0#5%/#?@65/0()&(.#B)8/(#5%/#6(B@760#

8/7&9)5=#8/95&0.#! .#6(;#6#5)D/#)(5/0867.#&' .#9&($);/0)(B#5%/#;)CC/0/(5)67#0&565)&(#

6$#C&77&'$P#

#

# dq = e! dt
# *!+"-#

#

Q)D)7607=# 5&# R06C5# *STT!-.# 5%/# F0&9/$$# (&)$/.# ( .# )$# /3F0/$$/;# )(# 5/0D$# &C#

;/B0//$#&C#C0//;&D#&C#5%/#$565/#8/95&0.#0/B60;7/$$#5%/#695@67#;)D/($)&(#&C#5%/#
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!"#

#

$%&%'# (')%*+# ,-./# 01'# %*# %2'# 31&%'+45*4# +'6+'$'4%&%5*478# 921$/# %2'# 4*5$'#

(')%*+#5$#-:;05<'4$5*4&=>#

#

#
w = w

p
w
v
w
! ," ,#

w
$!

"#
$
%&
T

# ,.8-"7#

#

?2'+'# ! 6#+'6+'$'4%$#%2'#4*5$'# #*4#%2'#%+&4$=&%5*4#(')%*+@# ! (#+'6+'$'4%$#%2'#

4*5$'#*4#%2'#=54'&+#('=*)5%A#(')%*+@#! ! ," ,##+'6+'$'4%$#%2'#4*5$'#*4#%2'#+*%&%5*4#

'B6+'$$'0#CA#%2+''#)*<6*4'4%$#,4*5$'#*4#+*%&%5*4$#&+*140#%2'#%2+''#&B5$#B/#

A/#D7@#&40#! $  #+'6+'$'4%$#%2'#4*5$'#*4#%2'#&4E1=&+#('=*)5%A8#F*4$'31'4%=A/#%2'#

4*5$'#(')%*+# )&44*%#C'# $5<6=A# &00'0# %*# %2'# $%&%'# (')%*+@# %2'# +*%&%5*4#4*5$'#

(')%*+/# ! ! ," ,#/#2&$#%*#C'#)*4('+%'0#54#%2'#)*++'$6*4054E#4*5$'#31&%'+45*4#" ?/#

&))*+054E#%*#,.8G7/#&40#<1=%56=5'0#CA#%2'#31&%'+45*4#+'6+'$'4%54E#%2'#)1++'4%#

+*%&%5*48#

92'#)*(&+5&4)'#<&%+5B#*H# %2'#6+*)'$$#4*5$'/## /# 5$#0'H54'0#&$#0'$)+5C'0#CA#

I5*+'%%5#,-JJK78#L))*+054E#%*#%2'#05<'4$5*4#*H#%2'#4*5$'#(')%*+/#! /## #5$#&#-:;

CA;-:# <&%+5B8# 92'# $%&%'# %+&4$5%5*4# H14)%5*4# ,.8--7/# ?25)2# 0'$)+5C'$# %2'#

'(*=1%5*4# *H# %2'# $%&%'# H+*<# %5<'#!# %*# %5<'#!"#/# 5$# 4*4;=54'&+# $54)'# %2'# H*1+#

)*<6*4'4%$# *H# %2'# 31&%'+45*4# 4''0# %*# C'# 160&%'0# $%&+%54E# H+*<# %2'# %2+''#

&4E1=&+#('=*)5%5'$>#

#

#

f xk,  wk,  dt( ) = xk+1 =

pk +vk !dt +wk
p

vk +wk
v

qk !qk
w !dq

!k +wk
!

"

#

$
$
$
$
$
$

%

&

'
'
'
'
'
'

# ,.8--7#

#

?2'+'#0%#5$#%2'#%5<'#$%'6#*H#%2'#H5=%'+8#

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

92'#*1%61%#H14)%5*4/#2/#+'=&%'$#%2'#)1++'4%#'$%5<&%'#*H#%2'#$%&%'#(')%*+/# öxk #

?5%2# %2'#<'&$1+'0# (&+5&C='$/# zk = g xk,  ! k( ) /# 54# 6+'$'4)'# *H# ?25%'# M&1$$5&4#

4*5$'/# !
k
/#?2*$'#)*(&+5&4)'#<&%+5B/#2 /#0'6'40$#*4#<'&$1+'<'4%#&))1+&)A>#
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#

#

#

! ~ N 0,R( ),    R =

R
m1

0 0 0

0 R
m2

0 0

0 0 ... 0

0 0 0 R
mN

!

"

#
#
#
#
#

$

%

&
&
&
&
&

# $%&"'(#

#

)*+,+#-./#+01,+22+2#3*+#.+425,+.+63#567+,34/638#9:#3*+#/;3*#$/<"=>(#913/74?#

.4,@+,A#

#

#

Rmi =

ax
2 0 0

0 ay
2 0

0 0 az
2

!

"

#
#
#
#

$

%

&
&
&
&

# $%&"%(#

#

)*+,+#40B#48#46C#4D#4,+#3*+#E+6C9,F2#2343+C#4775,47/+2#96#3*+#3*,++#40/2&#!# /2#

2+3# 42# C/4G964?# .43,/0# 2/67+# .4,@+,# .+425,+.+632# 4,+# 7962/C+,+C#

/6C+1+6C+63# :,9.# +47*# 93*+,H# :5,3*+,.9,+B# 3*+# 25I;.43,/7+2# !"## 4,+# 4?29#

C/4G964?#42#3*+#+,,9,#/6#C+3+,./6/6G#+47*#.4,@+,#799,C/643+#$+&G&#0(B#C5+#39#

3*+#93*+,#3)9#$+&G&#8#46C#D(B#/2#7962/C+,+C#39#I+#6+G?/G/I?+&#

J6#3*+#1,9192+C#.9C+?B#3*+#.+425,+C#E4,/4I?+2#4,+#3*+#%K#192/3/96#9:#+47*#

.4,@+,# :/0+C# 39# 3*+# 34,G+3# ,/G/C# I9C8B# 3*52# 3*+# 953153# E+739,#)/??# I+# 4# %L;

C/.+62/964?#E+739,B#)*+,+#L#/2#3*+#65.I+,#9:#.4,@+,2&#

M*+# 796:/G5,43/96# 9:# 3*+#.4,@+,2# 46C# 3*+/,# 192/3/96B#)/3*# ,+21+73# 39# 3*+#

,/G/C#I9C8#,+:+,+67+#:,4.+B# /2# :/0+C#46C#@69)6B# ODRF_target
pmi
B#46C#/2#239,+C#/6#

3*+#.43,/0#N#/6#*9.9G+6952#799,C/643+2#$/6#742+#9:#3*,++#.4,@+,2(A#

#

#
M =

ODRF_target pm1
ODRF_target pm2

ODRF_target pm3

1 1 1

!

"
#
#

$

%
&
&
# $%&"!(#

#

M*+#+23/.43+C#4I29?53+#192/3/96#$)/3*#,+21+73#39#3*+#?974?/D43/96#2823+.(#

9:#+47*#.4,@+,#/2A#

#
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#

#
özk = h öxk,vk( ) =

Rot öqk( ) öpk

0 1

!

"

#
#

$

%

&
&
'M +vk = OTS öTODRF_target 'M +vk # $%&'()#

#

*+,-, #Rot q̂
k( )#./# 0+,# -1020.13# 420-.5# 2//16.20,7# 01# 0+,# 8920,-3.13#öqk :# 237#

OTS
T̂
ODRF_target #./# 0+,# !5!# 0-23/;1-420.13# 420-.5# 1;# 0+,# -.<.7# =17># 2//16.20,7#

*.0+# 0+,# 69--,30# ,/0.420,# 1;# 0+,# /020,&# ?+,# ;.@0,-# -,69-/.A,@># 61--,60/# 0+,#

69--,30#/020,#,/0.420,#=2/,7#13#0+,#7.;;,-,36,#=,0*,,3#0+,#,5B,60,7#B1/.0.13#

1;# 0+,# 42-C,-/:#özk :# 237# 0+,# 26092@# 4,2/9-,7# 7202:#z
k
:# *+.6+# ./# 614413@>#

-,;,--,7#01#2/#0+,#.331A20.13#A,601-#1;#0+,#;.@0,-&#

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

D3#62/,/#*+,-,#0+,-,#./#31#7202#;1-#13,#1-#41-,#1B0.62@#42-C,-/#2A2.@2=@,#

$,&<&# .3# 62/,# 1;# @.3,E1;E/.<+0# 166@9/.13):# 0+,# B-1B1/,7# F,3/1-# G9/.13# $FG)#

2@<1-.0+4# 9/,/# 7202# ;-14# 0+,# HI?F# 01# /9BB@># 0+,# 4.//.3<# 1B0.62@# 7202&#

J,/9@0/# *,-,# 614B2-,7# *.0+# 0+,# 2@<1-.0+4# 7,/6- .=,7# .3# 2# B-,A.19/# *1-C#

$K2662-,@@2#,0#2@&:#"L'"2):#*+.6+#-,@.,/#13@>#13#0+,#/>/0,4#417,@#237#13#0+,#

2A2.@2=@,#4,2/9-,4,30/&#M,#*.@@#-,;,-#01#0+,#@200,-#2/#0+,#N1#F,3/1-#G9/.13#

2@<1-.0+4#$NFG)&#

H26+# 1B0.62@# 42-C,-# B1/.0.13# .3# 0+,# O?F# 611-7.320,# />/0,4# 623# =,#

,/0.420,7#;-14#23#HI?F#4,2/9-,4,30:#2/#/+1*3#.3#G.<&#%&! &#P/#23#,524B@,:#.;#

42-C,-# 4'# $2/# .3#G.<&#%&! )# ./# 310# A./.=@,:# .0/# B1/.0.13# 623# =,# -,0-.,A,7# 2/#

;1@@1*/Q#

#

# OTSpm1 =
OTSTODRF_EMTS !Y

"1
!
EMTSTEMDRF_target !X !

ODRF_target pm1# $%&'R)#

#

#
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#

213*()*4(5(678+(9&#-0'&9&,%-(#'&(0-&:(1,(;#-&-(./(9#'<&'(.;;=0-1.,(%.(&-%19#%&(%"&($.-1%1.,(./(

%"&(91--1,3(9#'<&'(1,(%"&(>8+('&/&'&,;&(-?-%&9*(2.'(-19$=1;1%?@(.,=?(>AB2C%#'3&%$91(

(

1-(-".D,*(8"&(

.%"&'(;..':1,#%&(-?-%&9-( 1,( %"&( /130'&(#'&( %"&( /.==.D1,3E(B2>8+@(>8+( 1,%&',#=( '&/&'&,;&( /'#9&F(

B2678+@(678+( 1,%&',#=('&/&'&,;&( /'#9&F(>AB2C678+@(AB2(#--.;1#%&:(%.(.$%1;#=(9#'<&'-(.,(%"&(

67( /1&=:( 3&,&'#%.'F( >AB2C%#'3&%@( AB2( #--.;1#%&:( D1%"( .$%1;#=( 9#'<&'-( .,( %"&( %#'3&%( .GH&;%F(

67AB2C%#'3&%@(AB2(#--.;1#%&:(%.(#(-&,-1,3(;.1=(.,(%"&(%#'3&%(.GH&;%*(

$%#&'(#)*(+(%&(,#+(&-).#&'(#/)&0123#42*5(*+6#)/+0&0/%#,(*07(,#8*/4#9:;<#

4(2+-*(4(%&# 0+# +-=>(1&# &/# 1230=*2&0/%# 0%211-*21?.# 2%,# 0%# &'(# )*(+(%1(# /8#

4(&23#/*#(3(1&*01233?#)/@(*(,#/=>(1&+.#4(2+-*(4(%&#(**/*+#0%#3/1230A0%B#&'(#

1/03# 12%# /11-*# ,-(# &/# 42B%(&01# 80(3,# ,0+&/*&0/%C# D+# 2# 1/%+(E-(%1(.# 2%# (**/*#

&*2%+8/*42&0/%#42&*0F.#! .#*(32&(+#&'(#(+&042&(,#)/+(#&/#&'(#21&-23#)/+(#/8#&'(#

&2*B(&C##

;'(#(**/*#42&*0F#!" G+((#H0BC#" CI J.#0+#1/4)-&(,#2&#(21'#21E-0+0&0/%#+&()#2+#

8/33/@+K#

#

#
E =

OTS
TODRF_EMTS !Y " 1 ! EMTSTEMDRF_target !X( )

" 1
! OTST̂ODRF_target # G"CLMJ#

#

@'(*(# OTS öTODRF_target #0+#&'(#)/+(#/8#&'(#&2*B(&#2+#(+&042&(,#=?#&'(#NOHC#
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"

"

213*() *4(5(61-%.'%1.,(7.''&7%1.,(1-(#7"1&8&9(:;(7.<$0%1,3(<#%'1=(>(#%(&#7"(/1?%&'(-%&$(#,9(0-1,3(1%(
%.(1<$'.8&(%"&(>@A+5:#-&9(&-%1<#%&(./(<1--1,3(<#'B&'-*(A"&(.%"&'(7..'91,#%&(-;-%&<-(1,(%"&(
/130'&(#'&(%"&( /.??.C1,3D(E2FA+G(FA+(1,%&',#?( '&/&'&,7&( /'#<&H(E2>@A+G(>@A+(1,%&',#?( '&/&'&,7&(
/'#<&H(F6E2I>@A+G(6E2(#--.71#%&9(%.(.$%17#?(<#'B&'-(.,(%"&(>@(/1&?9(3&,&'#%.'H(F6E2I%#'3&%G(
6E2( #--.71#%&9( C1%"( .$%17#?( <#'B&'-( .,( %"&( %#'3&%( .:J&7%H( >@6E2I%#'3&%G( 6E2( #--.71#%&9( %.( #(
-&,-1,3(7.1?(.,(%"&(%#'3&%(.:J&7%*(

#$%"%&&'&"()*&+,"+-"*$%."/-%0"+."*$%"-%.-'&"1/-+'.")23'&+*$("4$%."'.%"'&"

('&%" '5*+6)2" ()&7%&-" )&%" (+--+.3" *'" 1/&*$%&" 6'&&%6*" *$%" 89#:;<)-%0"

5&%0+6*+'."'1"()&7%&"5'-+*+'.="#$/-"%>/)*+'."?@=ABC"<%6'(%-D"

"

" OTSpm1 =
OTSTODRF_EMTS !Y" 1 ! EMTSTEMDRF_target ! X ! E ! ODRF_target pm1 " ?@=AEC"

"

#$%"6'F)&+).6%"()*&+,"'1"*$%"(%)-/&%(%.*".'+-%G"!G"+-"*/.%0")66'&0+.3"*'"

*$%")F)+2)<2%"(%)-/&%(%.*-="H-"2'.3")-")22"()&7%&-")&%"'5*+6)22I"*&)67%0G"*$%"

-*)*%0" )66/&)6I" '1" *$%" J#:" +-" /-%0" *'" 0%1+.%" *$%" 6'F)&+).6%" ()*&+," !G" )-"

-$'4."+."?@=AKC").0"?@=A@C="L$%."'.%"'&"('&%"'5*+6)2"()&7%&-M"5'-+*+'.")&%"

'<*)+.%0" *$&'/3$" %2%6*&'()3.%*+6" (%)-/&%(%.*-G" *$%" 6'&&%-5'.0+.3"

%2%(%.*-" '1" !" )&%" -%*" *'" )" $+3$%&" F)2/%G" 3+F%." <I" *$%" F)&+).6%" '1" *$%"

6)2+<&)*+'."&%-+0/)2"*&).-2)*+'."%&&'&="

N+3="@=B"-/(()&+O%-"*$%"()+."-*%5-"'1"*$%"*4'")23'&+*$(-G"P:N").0":N="

"
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#

213*() *4(5(67.89(:1#3'#;(./(%"&(%<.(#73.'1%";-*(="&(>#7;#,($'&:18%1., 50$:#%&(8?87&(1-($&'/.';&:(
1,( @.%"( #73.'1%";-A( <"18"( "#B&( :1//&'&,%( @&"#B1.'-( 1,( 8#-&( ./( .$%18#7( ;#'9&'( ;&#-0'&;&,%(
0,#B#17#@171%?*( C-( -".<,( .,( %"&( 7&/%( -1:&A( %"&( D+2( #73.'1%";( '&$7#8&-( %"&( :1//&'&,8&( @&%<&&,(
$'&:18%&:(#,:(#8%0#7(.$%18#7(;&#-0'&;&,%-(<1%"(#(B&8%.'(./(E&'.-*(="&(+2(#73.'1%";(F'13"%(-1:&GA(
.,(%"&(.%"&'("#,:A(#7<#?-($'.B1:&-(#(,., 5E&'.(;&#-0'&;&,%(B&8%.'(E 9H(1,(8#-&-(./(71,&5./ 5-13"%(
.8870-1.,A(.$%18#7(;#'9&'($.-1%1.,-(#'&(1,:1'&8%7?(:&'1B&:(@?(&7&8%'.;#3,&%18(;&#-0'&;&,%* (

!"#$%&'$()*+,-$).#,*(/,0%1)121+,

$# %&'()*+# ,*-)(# ./012# 3(4(5(6# (45# $7)&)(# ./012# 3(4(5(6# +8+9:;+# <:):#

7+:5#=&)#>?@#(45#AB?@#):+C:-9*D:'8E#$#+*F#0&G+#AB#+:4+&)#<(+#(99(-H:5#9&#(#

9H):: I;()J:)+#&C9*-('#C&*49:)2#(+#+H&<4#*4#G*KE#LEME#

?H:#-:49)('*N:5#;&57':#=&)#5(9(#(-O7*+*9*&4#(45#9*;:I+9(;C*4K2#5:+-)*P:5#

*4#3H(C9:)#Q2#<(+#7+:5#(+#(#+:)D:)#*4#(#5*+9)*P79:5#()-H*9:-97):#&D:)#9H:#?$>I

3&)P(#C)&9&-&'E#

?H:#-('*P)(9*&4#;(9)*-:+#I #(45#J2#(+#*4#.LE!62#<:):#:+9*;(9:5#P8#):-&)5*4K#

LR#+9(9*-#C&+:+#<*9H#P&9H#>?@#(45#AB?@E#?H:#):+*57('#9)(4+'(9*&4#:))&)#<(+#

:D('7(9:5# 7+*4K# 9H:# 4&);# &=# 9H:# 9)(4+'(9*&4# D:-9&)# &=# 9H:# 9)(4+=&);(9*&4#

;(9)*F2#!(-&;C79:5# (+# *4# .LESM6T# <H:):(+# 9H:# ):+*57('# )&9(9*&4# :))&)# <(+#

-&;C79:5#(+#9H:#4&);#&=#9H:#A7':)#(4K':+#:F9)(-9:5#=)&;#9H:#)&9(9*&4#C()9#&=#

!E# B:5*(4# ):+*57('# -('*P)(9*&4# :))&)+# (45# 9H:# *49:)IO7()9*':# )(4K:# <:):#

-&;C79:5E#

$=9:)# 9H:# -('*P)(9*&4# C)&-:57):2# 9<&# :FC:)*;:49+# <:):# -())*:5# &79E#

AFC:)*;:49#US#<(+#(*;:5#(9#-&;C()*4K#9H:#@G#(45#/@G#('K&)*9H;#*4#-(+:+#&=#

'*4: I&=I+*KH9# &--'7+*&4# &=# (CC)&F*;(9:'8# &4:# (45# 9<&# +:-&45+# .V# (45# SV#

+(;C':+62#<H*-H#():#-&;C()(P':#<*9H#(#C&++*P':#'*4:I&=I+*KH9#&--'7+*&4#57:#9&#

(#+7)K:&4#(--*5:49(''8#H*5*4K#9H:#;()J:)+#57)*4K#9H:#+7)K:)8E#AFC:)*;:49#UQ#
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#

$%&#%'()*#%+#),%-.%+'/0#+1)#2)3453(%/6)#54#+1)#78#%-053'+1(#'/#+1)#23)&)/6)#

54#(%0/)+'6#4')-*#*'&+53+'5/&9#

#

213*()*4(5(678'19($.1,%&'(:.;#:1<&9(87(=&#,-(./(%"'&&('&%'.'&/:&;%1>&(.$%1;#:(=#'?&'-@(;1';:&9(1,(

'&9@( #,9( ./( #( -&,-1,3( ;.1:@( =#'?&9( 1,( %"&( 3'&&,( ;1';:&*( A"&( 97,#=1;( '&/&'&,;&( /'#=&( BCD2E(

#--.;1#%&9( F1%"( %"&( %"'&&( .$%1;#:( =#'?&'-( 1-( 9&,.%&9( F1%"( GCD2H%#'3&%@( F"1:&( %"&( CD2(

#--.;1#%&9(F1%"(%"&(&:&;%'.=#3,&%1;(-&,-1,3(;.1:(1-(9&,.%&9(F1%"(IJCD2H%#'3&%*(

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

:/#53*)3# +5#65(2%3)#+1)#78#%/*#;78#%-053'+1(#2)3453(%/6)&<#%#&)+#54#=>#

+3%?)6+53')&#$%&#.&)*9#@1)#25'/+)3#$%&#(5,)*# 43))1%/*# 453#=>#&)65/*&#%/*#

+1)#(5+'5/#$%&#&%(2-)*#$'+1#A5+1#+3%6B'/0#&C&+)(&#%+#D>#EF9#@1)#45--5$'/0#
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"
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"
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"

#

$
$
$

%

&

'
'
'

R
z
!( ) =

cos! !sin! 0
sin! cos! 0

0 0 1

"

#

$
$
$

%

&

'
'
'



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

!" #
#

!"#" $%&'()*+,*-.
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I,#),)7.J2#9-*%#5.067&3#,(01&+/8#*%)*#)+&#*%&#/(0#.:#)#+&)7#6)+*#),4#),#
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# # C)<"D#
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# # C)<MD#
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# # C)<ND#
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#
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$%&#/&*#.:#!"#$%&!'$()"#*"+8#-<&<#'()*&+,-.,/#9-*%#(,-*#,.+08#5),#1&#(/&4#*.#
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"
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2
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q

q
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^E($)Z+,9.+,8$cC#E(6"%)+,-.+,7C")T+,V.+,P#3%)"+,P.+,-1%0(+,Q.+,R6)$&+,N.+,a($%1+,g.+,
9%$4')*6+,:.+,!("F+,/.,<,R0)("F+,/.,?@@M+,A^!57/h,dC%04%$&,\%&6,iC(0%*F,Q#(4',
b%*6,2J)$,5#C"[),5#U*b(")A+,.,

^j(Z+,=.g.+,R6C$&+,5.^.+,/6(3E(3J(*%+,-./.+,/%3+,/.a.,<,/%3+,5.,?@@M+,A80)[*"%[(0,
")'%'*($[),%3(&%$&,#U,(,*%3)D1("F%$&,%$*)"U([),%$,'*"(*%U%)4,U0#b',C'%$&,($,
C$'[)$*)4,/(03($,U%0*)"A+,F"-&#$"7"48*D,+"4,"*-49*1",24%.%'()*1#0.,KS+,JJ.,
@IXX@K.,

P([#E'+,V.R.,<,9%1%$&'*#$+,V.-.,KSSH+,AV($(&%$&,0(*)$[F,%$,[#3J0)W,(C&3)$*)4,")(0%*F,
'F'*)3'A+,J$%,""9+4'&*%G*82"*KLLM*&(75%&+#7*%4*A48"$-,8+/"*NO*'$-52+,&-RV+,+,
JJ.,GS.,

P('')3%Dg("&($%+,Q.,<,`)['C0)'[C+,O.,?@@?+,A8W*)$4)4,/(03($,U%0*)"DE(')4,')$'#",
UC'%#$,U#",#J)"(*%#$(0,'J([),[#$*"#0,#U,(,"#E#*,("3A+,A4&8$#7"48-8+%4*-49*
F"-&#$"7"48)*ABBB*1$-4&-,8+%4&*%4)*1#0.,XK+,$#.,I+,JJ.,K?HSDK?M?.,

P)$')$+,:.Y.,KSSI+,C4*+48$%9#,8+%4*8%*:-("&+-4*4"80%$P&)*=R9,J")'',9#$4#$.,

P)**#+,9.+,9#$&6%+,5.,<,Y)$*C"%$%+,!.,KSSS+,AO)1)0#J3)$*,($4,)WJ)"%3)$*(0,1(0%4(*%#$,
#U,($,(4(J*%1),)W*)$4)4,/(03($,U%0*)",U#",*6),0#[(0%Z(*%#$,#U,3#E%0),



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

!" #
#

!"#"$%&' (!"#"$%&'()*+(,-$".)$%"*/(0111(23)*')&$%"*'("*/()"*+(,-'(."+(/'(00+(/,1 2
//1+ (

3"4.%$".'(5+'(56*$%'(7+'(89:;4<='(>+(?(89!$49*9$'(@+(/AAB'(&CD(E*$!<%"E.F(G"!(0!"%$<$9(
*":<*6H<$6".(6.(!<F6<$6".($49!<0IJ(K(:"=0<!6%".(L6$4(6=0*<.$9F(G6FE:6<*(
=<!;9!%&' (45+%&)6(789'%&'/()"*+(C-' (00+(/MAC+(

3"%;"L6:H'(N+(?(O<I*"!'(P+5+(/AA,'(&Q"=0E$9!%(6.(6=<R6.R(<.F(RE6F9F(
%E!R9!I&'(:".7-$%*;(%*(<&%5*&5(=(1*;%*553%*;/()"*+(C'(."+(-'(00+(S- 2T/+ (

3E*69!'(U+3+(/AA/'(&O49(%:<*9F(E.%:9.$9F($!<.%G"!=<$6".&' (,.53%&)*(:"*$3"6(
:"*>535*&5/(?@@?A(B3"&55+%*;'(">($85(?@@?V@@@'('(00+(M---+(

3E*69!'(U+3+(?(W4*=<..'(3+X+(/AAM'(&W.%:9.$9F(G6*$9!6.R(<.F(.".*6.9<!(
9%$6=<$6".&'(B3"&55+%*;'(">($85(0111/()"*+(1/'(."+(C'(00+(MA, 2M//+ (

X<9=0:49.'(Y+(?(D69$=<I9!'(X+(/AAC'(&D<$<(%I.:4!".6H<$6".(%$!<$9R69%(G"!(=E*$6 2
%9.%"!(GE%6".&' (B3"&55+%*;'(">($85(0111(:"*>535*&5("*(0*$566%;5*$(23)*'7"3$)$%"*(
<9'$5.'Q6$9%99!'(+(

X<6%'(7+'(76**9%:<=0%'(D+'(8Z$<6**9'(D+'(NE%9$$6'(8+(?(Q4<09*".'(K+(/AAS'(&K(=E*$62%9.%"!(
<:[E6%6$6".(<!:46$9:$E!9(<.F(!9<* 2$6=9(!9G9!9.:9(G"!(%9.%"!(<.F(GE%6".(=9$4"F %(
#9.:4=<!;6.R&' (0*$566%;5*$(C58%&65'(<9.7"'%-./(?@@D(0111V@@@'('(00+(M,B+(

X6!%:4'(U+(/AA-'(&K::E!<:I(<%%9%%=9.$("G($49(9*9:$!"=<R.9$6:($!<:;6.R(%I%$9=(
<E!"!<&' (E"3$853*(F%;%$)6(G8%$5(7)753/(+(

X*6=9;'(N+'(@:;9'(W+'(N\##9.'(8+'(>6$$9'(3+(?(7<..'(>+(/AA1'(&K (]<%%6)9!7<!;9! !8<%9F(
^0$6:<*(UI%$9=(G"!(Q"=0E$9! !K6F9F(UE!R9!I(6.(^$"!46."*<!I.R"*"RIJ(D9)9*"0=9.$(
<.F(_6!%$(Q*6.6:<*(@`09!69.:9%&'(285(H)39*;"'&"75/()"*+(,A1'(."+(1'(00+(,-A1 2
,-,-+ (

X"'(U+'(_!<%%".'(N+ (!"#$%&'()*+","-.*/.0"12"34550"6 Q*"%9F2N""0(]*<.<!( 7"$6".(Q".$! "*(
"G(<(U$99!<#*9(]!"#9(>6$4(<( 7]!"R!<==<#*9(89)9*a (8/9:'&*%";,"<.=)&*> ' (!"#"$%&'/(
0111(23)*')&$%"*'("*/('(."+(11'(00+(, 2,M+(

X"09$H'(5+(?(8<E9!'(b+(/AAC'(&O49($6=9 2$!6RR9!9F(<!:46$9:$E!9&'(B3"&55+%*;'(">($85(
0111/()"*+(1,'(."+(,'(00+(,,/ 2,/S+ (

X!<G$'(@+(/AAC'(&K([E<$9!.6". 2#<%9F(E.%:9.$9F(;<*=<.(G6*$9!(G"!("!69.$<$6".(
$!<:;6.R&' (B3"&55+%*;'(">($85(<%I$8(0*$53*)$%"*)6(:"*>535*&5(">(0*>"3.)$%"*(
J-'%"*'(00+(MT?-M+(

X!\:;9!'(3+'(cE'(U+'(b*"%%"0'(Y+'(d6%L<.<$4<.'(K+'(8"!R9!$'(3+'(U:4E*H'(5+(?(>""F'(8+3 +(
/AAT'(&@*9:$!"=<R.9$6:($!<:;6.R(G"!($49!=<*(<#*<$6".(<.F(#6"0%I(RE6F<.:9J(:*6.6:<*(
9)<*E<$6".("G(%0<$6<*(<::E!<:I&' (K"-3*)6(">(C)'&-6)3()*+(0*$53L5*$%"*)6(
!)+%"6";9/()"*+(,B'(."+(1'(00+(,,M, 2,,-A+ (

XE609!%'(3+8+(,1BA'(&U]KUeY2<.(9*9:$!"=<R.9$6:(!9*<$6)9(0 "%6$6".(<.F("!69.$<$6".(
$!<:;6.R(%I%$9=&' (0*'$3-.5*$)$%"*()*+(45)'-35.5*$/(0111(23)*')&$%"*'("*/()"*+(
/1'(."+(M'(00+(MS/ 2MSS+(

N<.R9'(O+'(@E*9.%$96.'(U+'(5\.9!#96.'(7+'(N<=9:;9!'(5+(?(U:4*<R'(]+7+(/AAM'(
&KER=9.$6.R(6.$!<"09!<$6)9(CD(E*$!<%"E.F(L6$4( 0!9"09!<$6)9(="F9*%(G"!(
.<)6R<$6".(6.(*6)9!(%E!R9!I&' (45+%&)6(0.);5(:".7-$%*;()*+(:".7-$53M,''%'$5+(
0*$53L5*$%"*! 40::,0(?@@N/('(00+(-CM2-M,+ (

N9;%9**'(N+(,1-,'(&O49(%$9!9"$<`6:(=9$4"F(<.F(!<F6"%E!R9!I("G($49(#!<6.&' (,&$)(
:8%3-3;%&)(<&)*+%*)L%&)/()"*+(,A/'(. "+(M'(00+(C,S 2C,1+(



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

!" #
#

!"#$%&'()*+,)*-.%/&0%&#)*1,2,)*344&$.5)*6,)*!.#78)*9,)*:.#7)*1,)*2;<5.#$)*1,)*
=#%7..0$)*>,*?*@.7&5(A%*2&4&%)*9,B,*CDDE)*FGA5'"4;$.5*"4.7&*HA%";#*"#*
A5'0.%;A#$ I J.%&$*#&A0;#.K"7.'";#L*"4/0;K"#7*;K&0K"&M*.#$*"#'&0/0&'.'";#*JN*
"#'&70.'"#7*/0 &;/&0.'"K&*GOP*M"'(*"#'0.;/&0.'"K&*EQ*A5'0.%;A#$F) *!"#$%&'()*+,',)
-%(.'(/0)K;5,*R)*#;,*C)*//,*ST I UT,*

!A;)*O,V,)*W"()*V,V,*?*6A)*-,!,*CDDC)*FGA5'"%&#%;0*HA%";#*.#$*"#'&70.'";#L*.//0;.X(&%)*
.//5"X.'";#%)*.#$*HA'A0&*0&%&.0X(*$"0&X'";#%F) *-'12"(2)3"%(1450)67770)K;5,*C)*#;,*C)*
//,*YDZ I YYT,*

G"0;'.)*Q,1,)*2.7&0)*>,Q,*?*P%("")*G,*CDYY)*F["%";# I :.%&$*@.K"7.'";#*"#*P4.7& I >A"$&$*
P#'&0K&#'";#%F)**11%45)8'9+':)";)<+"#',+=45)71.+1''(+1.0)K;5,*YE,*

G\##"X()*2,)*:;''A0")*Q,)*O.X]<;M%<N)*1,*?*^\0#)*2,*CDDT)*F6N%'&4* B0X("'&X'A0&*H;0*
^;0<H5;M*V;#'0;55&$*O;J;'"X*6A07&0NF) *>?')3"%(145)"1)61;"(#4&+"1)>'=?1"5"./)+1)
@'45&?=4('0))*//,*ES_, *

G;]&0)*`,)*!&0;N)*B,)*`.N.#)*W,)*90;XX.])*1,)*V(.0'"&0 !-.%'5&0)*a, *?*O"X(.0$)*+,*CDD_)*
FV;4/A'&0 !.%%"%'&$*.XX&%%*';*'(&*<"$#&NF)*>?')61&'(14&+"145)3"%(145)";)A',+=45)
8"B"&+=2)41,)!"#$%&'()*22+2&',)-%(.'(/0)K;5,*Y)*#;,*S)*//,*_R I UU,*

@.)*V,)*3J0.$;K"X)*Q,)*6X(&"'&0&0)*O,!,)*6'&"#$5)*>,*?*>;&'])*+,1,*CDDZ)*
F6N#X(0;#"].'";#*/&0H;04.#X&*;H*'(&*/0&X"%";#*'"4&*/0;';X;5F) *C('=+2+"1)!5"=D)
-/1=?("1+E4&+"1);"()A'42%('#'1&0)!"1&("5)41,)!"##%1+=4&+"10)FGGHI)6-C!-)
FGGHI)6777)61&'(14&+"145)-/#$"2+%#)"1Paaa)*)*//,*C_, *

@.H"%)*V,)*1&#%&#)*[,)*:&.A0&7.0$)*!,*?*B#$&0%;#)*`,*CDDU)*FG&'(;$*H;0*&%'"4.'"#7*
$N#.4"X*aG*'0.X<"#7*.XXA0.XN*;H*%A07"X.5*#.K"7.'" ;#*';;5%F) *A',+=45)6#4.+1.0))*//,*
UYSYD-I YU,*

@"b4&()*B,)*>;;$7&0)*@,)*2.M<&%)*Q,)*a$M.0$%)*`,*?*GX>A0<)*G,*CDD_)*FP4.7& I 7A"$&$*
#.K"7.'";#*"#*;0.5*.#$*4.c"55;H.X".5*%A07&0NF) *<(+&+2?)3"%(145)";)J(45)41,)
A4K+55";4=+45)-%(.'(/0)K;5,*SE)*#;,*S)*//,*CTS I EDC,*

3( A&)*6,)*-A4;#)*W,)*@.7.';)*6,)*-;(#;)*6,)*2.0.$.)*2,)*@.<.7.M.)*-,)*-"<AX(")*-,)*
G"<")*2,*?*3(#"%(")*9,*CDYD)*FaK.5A.'";#*;H*P#'0.;/&0.'"K&*:0."#*6("H'*=%"#7*.#*
=5'0.%;A#$ I !"#<&$*@.K"7.'";#*6N%'&4*H;0*:0."#*9A4;0*6A07&0NF) L'%("5".+4)
#',+="M=?+(%(.+=40)K;5,*_D)*#;,*S)*//,*CTY I EDD,*

`.0<)*6,)*B75N.4;K)*6,)*6X;'')*^,>,*?*a4&5".#;K)*6,*CDDU)*Fa5.%'"X"'N*"4.7"#7*A%"#7*
("7(*H0.4&*0.'&*A5'0.%;A#$*"4.7"#7F) *C("='',+1.2)";)&?')FGGN)6777)O5&(42"1+=2)
-/#$"2+%#)P+1)$(+1&Q,*

`&'&0%)*2,)*O.X]<;M%<N)*1,*?*^;&0#)*2,*CDD_)*FB //0;.X(*';*.#*.0X("'&X'A0&*H;0*.*
7&#&0"X*X;4/A'&0*"#'&70.'&$*%A07&0N*%N%'&4F)*61&'55+.'1&)8"B"&2)41,)-/2&'#20)
FGGRI)P68J-)FGGRQI)FGGR)6777S8-3)61&'(14&+"145)!"1;'('1=')"1Paaa)*)*//,*CS__, *

`A.#74.5")*`,)*B5'(;&H&0)*-,*?*6&#&K"0.'#&)*!,Q,*CDYD)*FG.'(&4.'"X.5 *4;$&5"#7*;H*
"#'&#%"'NI 4;$A5.'&$*J&#' I '"/*;/'"X.5*H"J&0*$"%/5.X&4&#'*%&#%;0%F)*612&(%#'1&4&+"1)
41,)A'42%('#'1&0)6777)>(4124=&+"12)"10)K;5,*_T)*#;,*C)*//,*CRE I CTY,*

`A.#74.5")*`,)*B5'(;&H&0)*-,)*6&#&K"0.'#&)*!,Q,)*GA0/(N)*Q,*?*Q.%7A/'.)*`,*CDDR)*
F6'.'& I ;HI '( &I .0'*"#*H;0X&*.#$*'.X'"5&*%&#%"#7*H;0*4"#"4.55N*"#K.%"K&*
%A07&0NF)*-'12"(2)3"%(1450)67770)K;5,*R)*#;,*S)*//,*EZY I ERY,*

O.;)*O,`,@,*YTTT)*FB#*;/'"4.5*&%'"4.'";#*.//0;.X(*';*K"%A.5*/&0X&/'";#*.#$*
5&.0#"#7F)*T+2+"1)('2'4(=?0)K;5,*ET)*#;,*YY)*//,*YTUE I YTRT,*



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

!" #
#

!"#$%&'()*+,-+.+/0"#1"2*+,-3-+4556*+78$)"'&9)#:"+;<$&' =<>"'&)"(+(":#9"+1<'+;)"'"<)&9)#9+
&$(+<>"$+;?'@"'A7* +!"#$#%"&'"(')&*+),-*'"(%*&.)*#-$%/-$0#$12):<2-+BC*+$<-+4=D*+>>-+
E5E=E5F-+

!"#$);"G&*+H-*+I'"?;9%"*+J-*+K')G&#"'*+L-+.+,#'M#$@"'*+N-+O66C*+7L<0&'(+,#@% =P#("2#)A+
L"2">'";"$9"+#$+Q>&9"+&$(+Q?'@"'A+!<R<)#9;7* +3$#/#*'#4)5#.#%6#$&"%$/)&*+)
7($"-&.)8*9($%*:#*"/2):<2-+4E*+$<-+4*+>>-+FF=5D-+

!"$*+,-*+!&$S*+H-*+T"'(";*+T-*+Q)&22S&G>*+3-+.+U&M&$M#(";*+I-+O64O*+7T?2)#;"$;<'+(&)&+
1?;#<$+#$+&$+#$)"@'&)"(+)'&9S#$@+;A;)"G+1<'+"$(<;9<>#9+;?'@"'A7* +;888)"$&*/&'"(%*/)
%*)(*,%$:&"(%*)"#'<*%.%01)(*)=(%:#+('(*#)4)&)6-=.('&"(%*)%,)"<#);888)8*0(*##$(*0)
(*)>#+('(*#)&*+)?(%.%01)!%'(#"12):<2-+4V*+$<-+4*+>>-+46V=444- +

!"$*+,-*+!&$S*+H-*+T"'(";*+T-*+Q)&22S&G>*+3-+.+U&M&$M#(";*+I-+O 644*+7H":"2<>G"$)+<1+&+
0#'"2";;+%AR'#(+$&:#@&)#<$+;A;)"G+1<'+2&>&'<;9<>#9+;?'@"'A7*+!"-+(#/)(*)<#&."<)
"#'<*%.%01)&*+)(*,%$:&"('/2):<2-+4VE*+>>-+CF5=CDB-+

!<R"');*+H-W-*+Q)'<%R"%$*+3-W-*+,&)9%*+3-P-*+T?''&A*+W-+.+U"))"$R"'@"'*+,-+45DV*+7X+
1'&G"2";;+;)"'"<)&Y #9+#$)"@'&)#<$+<1+9<G>?)"'#M"(+)<G<@'&>%#9+#G&@#$@+&$(+)%"+
<>"'&)#$@+G#9'<;9<>"7* +@%-$*&.)%,)*#-$%/-$0#$12):<2-+VB*+$<-+C*+>>-+BCB=BC5-+

!<")"$R"'@*+H-*+Q2A9S"*+I-3-+.+Z"2)#$S*+I-,-+O66F*+7XGR?2&)<'A+><;#)#<$+&$(+<'#"$)&)#<$+
)'&9S#$@+1?;#$@+G&@$")#9+&$(+#$"')#&2+;"$;#$@7*+?(%:#+('&.)8*0(*##$(*02);888)
5$&*/&'"(%*/)%*2):<2-+BC*+$<-+B*+>>-+DDE=D56-+

!<;;#*+X-*+L'":#;&$#*+X-+.+/&$<))<*+Z-+O66B*+7X+)"2"'<R<)#9+%&>)#9+;A;)"G+1<'+G#$#G&22A+
#$:&;#:"+;)"'"<)&9)#9+$"?'<;?'@"'A7* +5<#);*"#$*&"(%*&.)@%-$*&.)%,)>#+('&.)A%=%"('/)
&*+)B%:6-"#$)C//(/"#+)!-$0#$12):<2-+4*+$<-+O*+>>-+VC=FB-+

Q9%G#()*+L-+O646*+7!<R<)#9;[+\$:#'<$G"$)&2+X0&'"$";;+L%'<?@%+J<@$#)#:"+Q"$;<'+
P?;#<$7*+D$+#$2):<2-+B64*+>>-+O5D4-+

Q9%0&2(*+]-+.+Q"#R"')*+,-+O66C*+7!"@#;)'&)#<$+)&;S;+1<'+&+%AR'#(+)'&9S#$@+;A;)"G+1<'+
G"(#9&2+&?@G"$)"(+'"&2#)A7*+@%-$*&.)%,)E!BF2):<2-+4O*+>>-+C44=C4D-+

Q"A2"'*+L-T-*+^&#*+^-I-*+Q>'#$S2"*+H-8-*+W&'(*+W-N-+.+3#$$&%*+!-,-+O66D*+7H<";+
9<G>?)"' =&;;#;)"(+;?'@"'A+#G>'<:"+&99?'&9A+&$(+("9'"&;"+)%"+2"&'$#$@+9?':"+#$+
%#>+'";?'1&9#$@_+X+'&(#<@'&>%#9+&$&2A;#;7*+5<#)@%-$*&.)%,)?%*#)G)@%(*")
!-$0#$12):<2-+56*+$<-+Q?>>2"G"$)`E*+>>-+F4 =D6-+

Q#G>;<$*+X-^-*+T&*+]-*+J%"$*+\-J-Q-*+\22#;*+!-\-+.+Q)"0&')*+X-3-+O66F*+7J<G>?)&)#<$+
&$(+Z&2#(&)#<$+<1+8$)'&=<>"'&)#:"+J&G"'&+a$9"')&#$)A7* +8*0(*##$(*0)(*)>#+('(*#)
&*+)?(%.%01)!%'(#"12)HIIJK)8>?!)HIIJK)HL"<)C**-&.);*"#$*&"(%*&.)B%*,#$#*'#)%,)
"<#);8888\\\*+*+>>-+CF5- +

Q>#"@"2*+\-*+WA9#;*+,-*+T&'S;*+T-+.+^""*+X-+45CF*+7Q)"'"<)&9)#9+&>>&'&)?;+1<'+
<>"'&)#<$;7* +!'(#*'#2):<2-+46V*+>>-+CE5=CB6-+

Q)'&?;;*+N-*+^#G>"')*+\-*+Q)'& ?;;*+T-*+,<1"'*+T-*+H#))'#9%*+\-*+b<0&);9%#$*+Q-+.+^?)%*+L-+
O665*+7\:&2?&)#<$+<1+&+(&#2A+?;"(+$&:#@&)#<$+;A;)"G+1<'+P\QQc7*+M&$1*0%N)$<(*%N)
%"%.%0(#2):<2-+DD*+$<-+4O*+>>-+FFV=FD4-+

Q?@&$<*+b-+O66E*+7J<G>?)"'=&;;#;)"(+<')%<>"(#9+;?'@"'A7* +@%-$*&.)%,)%$"<%6&#+(')
/'(#*'#2):<2-+D*+$<-+E*+>>-+CCO=CCD-+

Q?$*+Q-^-+.+H"$@*+/-^-+O66C*+7T?2)#=;"$;<'+<>)#G&2+#$1<'G&)#<$+1?;#<$+U&2G&$+
1#2)"'7*+C-"%:&"('&2):<2-+C6*+$<-+V*+>>-+464F=46OE-+



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

!" #
#

!"#"$%"&'()*+),-./( )!"#$%&'($)$"*+,-&%"./.*"$0,12-3&/-4./$5-&/$',*#*5,12-&,)',/-6"&'-%&
)*7$20&5/,%&6-)"/$20&'-%&/.5,*)%&+.%-)6.48$#*9%*2%9*4",12-&-"&874*"8$#$+,12-&
'-&#(8*++-:&0"1123+ )

!"3()4+()5"36()7+()89##":"##$();+)<)=>1"$()*+?+)@A,,()B!%$"C$"#)0;D EF2G:"H$I#>)J$I>%E
2:H$&)J2%&>)K>312%B();*<*",6%:&=>>>&?/$)%$6",*)%&*):&L2#+)@/()32+),()::+) M. E/N+)
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