
!" #$%$&$'"#()*+,+)-+".,(-++/0)1'"2+3,(03"4544

!"#$%"##&$'(#$)#*$'+$,"+-+'./0$'(#$!123'2'.+/$+4$5/6."+/-#/'277*89&'2./2:7#$!''.'91#&$2/1$;#(26.+"<$
!$=2&#$8'91*$5>2-./2'.+/$DESIGN FOR 
ADAPTATION

#$%$&$'"#()*+,+)-+"
.,(-++/0)1'"6+,0+'

!574548"2+3,(03

Cumulus Conference Proceedings Detroit 2022



!"#$%"##&$'(#$)#*$'+$,"+-+'./0$'(#$!123'2'.+/$+4$5/6."+/-#/'277*89&'2./2:7#$!''.'91#&$2/1$;#(26.+"<$
!$=2&#$8'91*$5>2-./2'.+/$

4" #$%$&$'"#()*+,+)-+".,(-++/0)1'"2+3,(03"4544

!"#$%&'()*'+,-./-/$)&'012131#'0)&("*"&4"'5*)4"",$&%#'
!"/*)$/'6766

8,$/)*
9%:";<=+3>"#(&&+1+"*(,"#,+<30?+"63$/0+'

9-:)1/'-&,';*-.<$4'!"#$%&
#(&&+1+"*(,"#,+<30?+"63$/0+'

0)&4"./'()*'012131#'0)&("*"&4"'
.,(-++/0)1'"6+,0+'"@<'"/+?+&(A+/"0)"45!B"C:"D<)0".$&EE<F

012131#'0)&("*"&4"
2+'01)"*(,"9/<A3<30()"G('3+/"C:"#(&&+1+"*(,"#,+<30?+"63$/0+'>"
2+3,(03>"H0-G01<)>"I69"()"J(?+%C+,"4KL>"4544F
@@@F-$%$&$'/+3,(034544F(,1

51=3$#<",'=:'012131#
#$%$&$'M"NG+"O&(C<&"9''(-0<30()"(*"9,3"<)/"2+'01)"P/$-<30()"<)/"Q+'+<,-GF
@@@F-$%$&$'<''(-0<30()F(,1

0).:*$%</"©676>
#(&&+1+"*(,"#,+<30?+"63$/0+'>"#$%$&$'"9''(-0<30()F
9&&"-()3+)3",+%<0)'"3G+"A,(A+,3:"(*"<$3G(,'>"+/03(,'"<)/"0)'303$3+'F

R6SJ"TUTKBK4!BK5UT5!KU"V.2WX
#$%$&$'"#()*+,+)-+".,(-++/0)1'
6+,0+'>"JYT>"R66J"4LT5K5LZ[

012131#'0)&("*"&4"'5*)4"",$&%#'?"*$"#

51=3$4-/$)&#'$&'012131#'0)&("*"&4"'5*)4"",$&%#'?"*$"#
5!7!U" \(&/0)1>"QP2]"
547!U" S+)1<&$,$>";+33+,'"3("3G+"W$3$,+"
587!B" .<,0'>"N("1+3"3G+,+M"/+'01)0)1"3(1+3G+,
5L7!B" ^$_0>"20`$'+/"N,<)'030()"a"2+'01)"]AA(,3$)030+'
5b7!T" Q(?<)0+%0>"9,($)/"3G+"#<%A*0,+"c"Q+'0&0+)-+"<)/"R)3+&&01+)-+
5Z7!T" S(1(3d>"NG+"2+'01)"9*3+,"
5U74!" Q(%+>"2+'01)"#$&3$,+V'X"e(&$%+"f!>"e(&$%+"f4
5B748" O$<:<g$0&>"9,3'"0%<10)0)1"-(%%$)030+'"3("-(%+
5T748" 2+3,(03>"2+'01)"*(,"9/<A3<30()
!5748" 9)3@+,A>"#())+-30?03:"<)/"#,+<30?03:"0)"N0%+'"(*"#()*&0-3



!"#$%"##&$'(#$)#*$'+$,"+-+'./0$'(#$!123'2'.+/$+4$5/6."+/-#/'277*89&'2./2:7#$!''.'91#&$2/1$;#(26.+"<$
!$=2&#$8'91*$5>2-./2'.+/$

8" #$%$&$'"#()*+,+)-+".,(-++/0)1'"2+3,(03"4544

#$%$&$'"#()*+,+)-+"
.,(-++/0)1'"6+,0+'

#$%$&$'M"NG+"O&(C<&"9''(-0<30()
(*"9,3"<)/"2+'01)"P/$-<30()"<)/"Q+'+<,-G

2+3,(03"4544



!"#$%"##&$'(#$)#*$'+$,"+-+'./0$'(#$!123'2'.+/$+4$5/6."+/-#/'277*89&'2./2:7#$!''.'91#&$2/1$;#(26.+"<$
!$=2&#$8'91*$5>2-./2'.+/$

L" #$%$&$'"#()*+,+)-+".,(-++/0)1'"2+3,(03"4544

!"#$%&'(%)%*&+'#,((
!"# $%&#'%&&(#)*&#+&,#)-#
# .%-/-)012#)*&#$345)4)0-1#
# -6#7180%-1/&1)499,##
# :;()4014<9&#$))0);3&(#
# 413#=&*480-%>#

?!# @&(021A#:)-%,)&99012#413##
# B;%#7180%-1/&1)C#D%0)0E49##
# F1(02*)(#6%-/#41#7/50%0E49##
# :);3,#G0)*#:)-%,)&99&%(!

H?# @020)49#I&4%1012#7J5&%0&1E&(#
# 6-%#D%&4)012#:-9;)0-1(#6-%##
# $345)4)0-1

KL# 793&%9,#M(&%(N#:4)0(64E)0-1#
# 6%-/#:*412*40#M1060&3##
# 7OP-8&%141E&#-1#Q-<09&#
# '&%/0149(C#'*&#7R&E)#-6##
# )*&#@&(021#F1)&%64E&

LS# P;03&901&(#6-%#FD'#)-##
# .%-/-)&#F1E9;(0-1A#7T;0),##
# 413#:-E049#U;()0E&#01#)*&##
# =%4V09041#W&49)*E4%&##
# 7E-(,()&/

SX# :;()4014<9&#:/4%)#.%-3;E)##
# @&(021#@&E0(0-1OQ4Y012#413#
# 7849;4)0-1#:,()&/#

"ZK# #'%401012#4#[&G#P&1&%4)0-1#
-6#=0-3&(021&%(#6-%#4#
=&))&%#:-E0&),

"!Z# #M(012#:'7$Q#)-#.-G&%##
7T;490),#413#@&/-E%4E,#
01#\4EE014)0-1#@&E0(0-1##
Q4Y012#01#)*&#]4E&#-6##
D90/4)&#$54%)*&03

!"#$%&'(!#&#-'.'
"X^# #$#D--Y<--Y#6-%#.941&)4%,#

W&49)*C#:0);4)&3#413##
@0()%0<;)&3#I&4%1012##
)-#$33%&((#[-1O'%08049##
F((;&(#'*%-;2*#@&(021##
6-%#D-99&E)08&#$E)0-1

"H"# #$#[-8&9#$55%-4E*#)-#7()0/4)&#
@0&)4%,#D4%<-1#]--)5%01)#M(012#
$55&4%41E&O=4(&3#$149,(0(#
-6#Q&49(

"KH# #$#:*06)#)-#I06&OD&1)&%&3##
:,()&/(#'*01Y012C#'&4E*012#
Q-3;9&(#)-#@&(021##
_&2&1&%4)08&#];);%&(

"^H# #$345)08&#@&(021#73;E4)0-1#
:)%4)&20&(#6-%#7T;0)4<9&#$EE&((

CONTENTS
^# D-16&%&1E&#D*40%#`&9E-/&
"Z# D;/;9;(#.%&(03&1)N(#Q&((42&
""# #D-99&2&#6-%#D%&4)08&#:);30&(#

$((-E04)0-1#-6#F13&5&13&1)#D-99&2&(#-6#$%)#413#@&(021
"!# DD:#:);3&1)#7J*0<0)0-1#aD-1(E0-;(#$345)0-1b
"X# +&,1-)&#:5&4Y&%(
"H# '%4EY#D*40%(
"K# F1)&%14)0-149#_&80&G&%#=-4%3
"^# ]-%&G-%3#-6#)*&#D;/;9;(#@&)%-0)#!Z!!#.%-E&&3012(



#()3+)3'

b" #$%$&$'"#()*+,+)-+".,(-++/0)1'"2+3,(03"4544

"SK# #$345)08&#_&(;/&(#01#
@0(%;5)&3#];);%&(

!"?# #D90/4)0E#$345)4<090),#01#)*&#
]-%/#-6##.09&#@G&99012(#01##
)*&#.494E&(#-6#)*&#`&()&%1##
W41#@,14(),

!!L# #D-OD%&4)012#\0(;49#@049-2(##
6-%#D%0(&(#413#7/&%2&1E0&(C#
D90/4)&#:E&14%0-(#4(##
B55-%);10)0&(

!?!# #D-994<-%4)012#)-#=;093#_&(090&1)#
D-//;10)0&(C#D%&4)012#4##
Q-3&9#6-%#:;()4014<9&##
D-//;10),#:54)049#_&1&G49

!H!## #D-99&E)08&#F1)&%&()#Q4)%0JC##
D41#@&(021#=&#:;()4014<9&#
`0)*01#D450)490(/>#

!K?## #@&601012#7E-9-20E49#D0)0V&1(*05C#
D4(&O:);30&(A#.%-c&E)(#d##
.&%(5&E)08&(#$149,(&3#
'*%-;2*#4#@&(021OI&3#I&1(A#
.-(0)0-1012#a.%&6&%4<9&##
];);%&e(fb

!^S## #@&(021#$E)080(/C#$%&#`&##
@-012#71-;2*>#

!S^## #@&(021#]0E)0-1#413#)*&##
7E-O:-E049#F/42014%,#

X"H## #@&(021012#$EE-;1)4<9&C##
D-/5%&*&1(0<9&#413##
7J59414)-%,#@020)49#:,()&/(#

XX!## #@&(021012#6-%#4#I084<9&##
D90/4)&C#$345)4)0-1#413##
)*&#`013-G#-6#B55-%);10),#

XH!## #@&(021012#6%-/#)*&#D-%&C#
]4E090)4)012#D-%&#'*01Y012#6-%#
:;()4014<9&#@&8&9-5/&1)#01#
@&(021#73;E4)0-1#

XL!# #@-#@&/-E%4E0&(#$R-%3>##
@&(021#4(#7J5&%0&1)049#D*412&

X^H## #a@-G1#)-#74%)*bC#]%-/##
$1)*%-5-E&1)%0E#)-##
@&O$1)*%-5-E&1)%0E##
@&(021#.4%4302/#

?ZZ## #F6#F)N(#=%-Y&1A#@-1N)#U;()#]0J#F)C##
7J59-%012#_&540%#4(#@&(021#
'*%-;2*#4#'G-O`&&Y##
@&(021#D*4%%&))&##

?"!## #F/5%-8012#D-//;10),O=4(&3#
$345)4)0-1#)-#D90/4)&##
D*412&#'*%-;2*#.4%)0E054)-%,#
P4/060E4)0-1#@&(021#

?X^## #F1#4#[&G#D-1)&J)A#`&#$%&#$99#
$55%&1)0E&(C#W-G#@049-2;&#
=&)G&&1#)*&#'*%&&#:)4)&(#-6#
D%46)#73;E4)0-1#F(#4#D4)49,()#
6-%#$345)4)0-1#

?HZ## #I06&OD&1)&%&3#@&(021#413##
F1)&%(&E)0-1490),C#D0)0V&1##
:E0&1E&#413#@4)4#\0(;490V4)0-1#
4(#71)%,#.-01)(##

?K^## #Q4)&%049#+01C#]4(*0-1012##
4#D&99;9-(&O=4(&3#]-4/##
]9-4)4)0-1#@&80E&#01##
D90/4)&#=%&4Y3-G1#

?^!## #.%&54%012#)-#_&540%C#M(012#
D-O@&(021#413#:5&E;94)08&#
@&(021#Q&)*-3(#)-#7J59-%&#)*&#
];);%&#-6#F-'#_02*)O)-O_&540%#G0)*#
D0)0V&1(#413#D-//;10)0&(

HZ!## #.%-5-(49#6-%#4#`-%93<;093012#
D;%%0E;9;/

H!"## #_430E49#F1)&%3&5&13&1E&#-1#4##
[&02*<-%*--3#:E49&C#_40(012#
$G4%&1&((#$/-12#D*093%&1#
$<-;)#W;/41#413#Q-%&O#
)*41OW;/41#71)4129&/&1)(#



Z" #$%$&$'"#()*+,+)-+".,(-++/0)1'"2+3,(03"4544

#()3+)3'

HX^## #_&3&6010)0-1#-6#]4(*0-1C#
F1)&%5%&)4)0-1#413#:;()4014<9&#
_&E-1()%;E)0-1#-6#]4(*0-1#
@&(021#01#)*&#Q&)48&%(&

HH?## #:*06)012#.&%(5&E)08&(C#$##
:5&E;94)08&#B1)-2%45*0E##
$55%-4E*#

HKH## #:,//&)%0E#];);%&(C#.-()*;/41#
@&(021#413#F)(#:*-%)E-/012(

HLK## #'&4E*012#6-%#Q-%&O'*41OW;/41#
.&%(5&E)08&(#01#'&E*1-9-2,##
@&(021#g#'-G4%3(#4##
.&342-20E49#]%4/&G-%Y##

HSZ## #'*&#.%-/&)*&;(#'&%/0149C#
`-%93012#P4/&(#6-%#)*&#
$3-5)0-1#-6#:;()4014<9&#
@4)460E4)0-1#413#
D,<&%(&E;%0),#5%4E)0E&(

KZL## #'--9(#6-%#$345)4)0-1#01#@&(021#
73;E4)0-1C#_&(&4%E*#$E)0-1(#
01#)*&#D-18&%2&1E&(#=&)G&&1#
_&(5-1(0<9&#F11-84)0-1#413#
+1-G9&32&#@&(021#.%-E&((&(

K!!## #'-G4%3(#:;()4014<9&#F1)&%1&)#
-6#'*012(C#B<c&E)#@&(021##
:)%4)&20&(#6-%#713O-6OI06&#

K?Z## #'G-#F1()0);)0-1(A#'*%&&#'%&&(A#
'G&98&#Q4Y&%(C#D;%%0E;9;/#
D-O@&(021#6-%#:;()4014<090),A#
D90/4)&#U;()0E&#413#$6%0E41#
$/&%0E41#Q4)&%049#D;9);%&#

KHL## #ß-0*0(4ݔO4)4C#$#Q4)&%049#
.%-5-(49#6-%#)*&#'&E*1-9-20E49#
@&/-E%4)0V4)0-1#-6#Q0E%-<049#
];&9#D&99(#01#)*&#D-9-/<041#
D-1)&J)#

KLH## !"#$%&'()#$#[&02*<-%*--3O#
D&1)&%&3#@&(021#Q&)*-3-9-2,

KLL## !"#$%&'()#$99&,#$E)084)0-1A#M%<41##
$E;5;1E);%&#413#D90/4)&##
_&(090&1E&#01#@&)%-0)

K^Z## !"#$%&'()!@&(021N(#D-9-1049#
Q,)*(C#_&O7180(0-1012#)*&##
@&(021&%N(#_-9&#01#$345)4)0-1#

K^!## "#$%&'()!_0(012

!"#$%&'('!/010&'$
K^H## #$#D-/54%4)08&#:);3,#-6##

:;()4014<9&#@&(021#73;E4)0-1#
Q-3&(#01#)*&#D*01&(&#D-1)&J)

LZZ## #_&94)0-149#@&(021#6-%##
:;()4014<090),#01#Mh:h#:;<;%<(

L"H## #=4%%0&%(#413#D454<090)0&(#6-%#
7/<&33012#4#:)%4)&20E#@&(021#
6-%#:;()4014<090),#$55%-4E*##
01#B%2410(4)0-1

LX?## #@&(021#6-%#D0%E;94%#=;(01&((#
Q-3&9(C#$#D-1E&5);49##
]%4/&G-%Y

L?S## #@&(021#6-%#D-1(&%84)0-1#e@?DfC#
$#'--9Y0)#)*4)#714<9&(##
:;()4014<9&A#D-994<-%4)08&###
413#@0()%0<;)&3#F11-84)0-1

LKH## #@&(021#6-%#:,/<0-E&1&h#W,<%03#
Q4)&%049(#413#:,/<0-)0E##
B<c&E)(#g#F1O=&)G&&1#)*&#
P%-G1#413#Q43&#

LLS## #@&(021012#:,()&/0E#D*412&##
6-%#M%<41#7E-(,()&/(C#$#
]%4/&G-%Y#6-%#$((&((012##
:-E049#F11-84)0-1

LSK## #7J59-%012#4#[&G#Q-3&9#-6#
P%&&1#_&)409012C#D-//&%E049##
=%413(#.4%)1&%#G0)*#
Q;9)0O:)4Y&*-93&%(#)-#=;093#4#
:;()4014<9&#_&)409#7E-(,()&/



U" #$%$&$'"#()*+,+)-+".,(-++/0)1'"2+3,(03"4544

#()3+)3'

^ZH## #Q455012#+1-G9&32&A#:Y099(#413#
D454<090)0&(#-6#:)4Y&*-93&%(#01#
B5&1#@&(021OI&3#@0()%0<;)&3#
.%-3;E)0-1#:&))012(

^!"## #Q-3&9012#P9-<49#$E)0-1#6-%#
:;()4014<9&#@&8&9-5/&1)#G0)*#
73;E4)0-149#.4%)0E054)0-1

^XK## #_0(012#`4)&%(C#@&(021()-%/012#
$345)08&#@&(021(#6-%#D-4()49#
D-//;10)0&(#01#!ZXZA#!ZHZ##
413#!"ZZ

^HZ## #_;3&%49#Q4)&%049#.%-c&E)

^KZ## #"#$%&'()!71E-;%42012#$345)4)0-1##
-6#_&;(4<9&#.4EY42012#6-%#
]QDP#.%-3;E)(#)*%-;2*##
7OD-//&%E&#@&908&%,

^K!## #"#$%&'()!]-()&%012#D0%E;94%#
Q4)&%049(#G0)*01#)*&#@&(021#
.%4E)0E&C#Q4)&%049(#413##
.%-3;E)#I0<%4%,#:,()&/



BZ4" #$%$&$'"#()*+,+)-+".,(-++/0)1'"2+3,(03"4544

W('3+,0)1"-0,-$&<,"%<3+,0<&'"@03G0)"3G+"/+'01)"A,<-30-+M"%<3+,0<&'"<)/"A,(/$-3"&0C,<,:"':'3+%

FOSTERING CIRCULAR MATERIALS WITHIN THE 
DESIGN PRACTICE: MATERIALS AND PRODUCT 
LIBRARY SYSTEM
Q(h#$9&((04#_-/410A#.%-6h#\49&1)014#_-21-90A#.%-6h#Q4%01&994#I&80
!"#$%&'($'")*$)+$#,("

$<()%4E)
"#$!%&'#()! &*! +,&'-./0&1! 21'! .&1)-%+/0&1! )3&-('! 4#! 015#)/062/#'! 01! /3#! )3&,/! 21'!
%0'7/#,%!)01.#!/3#!.-,,#1/!,#)&-,.#)8!#9+(&0/2/0&1!0)!&5#,.&%016!/3#!+&))040(0/0#)!&*!&-,!
+(21#/:!;-)/20124(#!'#5#(&+%#1/!21'!.0,.-(2,!#.&1&%<!2,#!2))-%016!2!.,-.02(!,&(#=!21'!
)#5#,2(! )/,2/#60#)! *&,! /3#0,! 0%+(#%#1/2/0&1! 325#! 4##1! #%#,6016! 01! /3#! (2)/! <#2,):! >3#!!
01'050'-2(!.&1/,04-/0&1!&*!1#$!'#)061!)/,2/#60#)=!.0,.-(2,!%2/#,02()=!21'!'060/2(!/#.31&(&60#)!
*&,!#9+(&0/016!.0,.-(2,!#.&1&%<!+,2./0.#)!0)!$#((7#)/24(0)3#':!?&$#5#,=!)&%#!0))-#)!)/0((!
+,#5#1/!/3#!,#2(!0%+(#%#1/2/0&1!&*!/3&)#!)/,2/#60#):!@#)061#,)!2,#!1&/!*-((<!2$2,#!&*!3&$!
/&!#9+(&0/!/3#%!*&,!,#2(!2++(0.2/0&1)=!2(/3&-63!%2/#,02()!).0#1/0)/)!21'!+,&*#))0&12()!2,#!
01.,#2)016(<! *&.-)#'!&1! /3#!.32,2./#,0A2/0&1!&*! ,#.<.(#'!21'!40&742)#'!%2/#,02():!>30)!
$&,B!20%)!/&!)+,#2'!/3#!-)#!&*!.0,.-(2,!%2/#,02()!2%&16)/!'#)061!+,2./0/0&1#,)!4<!*&)/#,016!
/3#!/2.0/!B1&$(#'6#!&*! /3#)#!%2/#,02()!/3,&-63!1#$!#9+#,0#1/02(! /&&():!>30)! *0,)/!'#)061!
#9+#,0%#1/2/0&1!32)!4##1!+2,/!&*!C04#,DE)#=!2!,#)#2,.3!+,&F#./!&1!#9+(&0/016!1#$!.0,.-(2,!
%2/#,02()!*,&%!,#.<.(#'!6(2))!21'!.2,4&1!*04#,):!;/2,/016!*,&%!/3#!.&1.#+/!&*!2!G%2/#,02()!
(04,2,<=H!2!1#$!#9+#,0#1/02(!/&&(!32)!4##1!'#)061#'!/&!)/0%-(2/#!/3#!#9+(&0/2/0&1!&*!.0,.-(2,!
%2/#,02()!21'!,#2.3!2!$0'#,!1#/$&,B!/321B)!/&!2!+3<)0.2(!21'!50,/-2(!(#2,1016!#9+#,0#1.#:!
I!*0,)/!'#%&!&*!/3#!G%2/#,02()!21'!+,&'-./!(04,2,<!)<)/#%H!$2)!#93040/#'!2/!J0(21!@#)061!
K##B!LMLN=!21'!/3#!50,/-2(!+2,/!0)!50)04(#!2/!3//+)OPP*04#,#-)#(04,2,<:.&%P:!



BZ8" #$%$&$'"#()*+,+)-+".,(-++/0)1'"2+3,(03"4544

W('3+,0)1"-0,-$&<,"%<3+,0<&'"@03G0)"3G+"/+'01)"A,<-30-+M"%<3+,0<&'"<)/"A,(/$-3"&0C,<,:"':'3+%

>30)!2'2+/05#!)<)/#%!0)!1&/!&1(<!%#21/!/&!.&((#./!%2/#,02()!)2%+(#)!)01.#!0/!2()&!01.(-'#)!
1#$!+,&'-./)P2++(0.2/0&1)!21'!1&17/#9/-2(! .&1/#1/):!J&,#&5#,=! 0/! .21!4#!-)#'!'-,016!
/3#!$3&(#!'#)061!+,&.#))=!*2.0(0/2/016!/3#!/2.0/!B1&$(#'6#!/,21)*#,!4<!'0,#./!#9+#,0#1.016!
+3<)0.2(!21'!50,/-2(!.&1/#1/)=!0:#:=!*(2/!)2%+(#)=!+,&'-./!+2,/)=!+0./-,#)=!21'!/#.310.2(!'2/2:!
J2/#,02()!21'!+,&'-./!(04,2,<!)<)/#%)!,#+,#)#1/!2!+&/#1/02(!$2<!*&,!'#)061!+,2./0/0&1#,)!/&!
'0).&5#,!1#$!.0,.-(2,!%2/#,02()!21'!)+#.-(2/#!&1!+&))04(#!2++(0.2/0&1)!*&,!/3#0,!#9+(&0/27
/0&1!$0/301!,#2(!.&1/#9/):

_&6&%&1E&(
@#)+#0))#=!J:=!Q2-%#,)=!J:=!Q,&$1=!R:=!S32,1(#<=!C:=!C&,'=!;:!T:=!U2,%-(#$0.A=!I:=!V1&$(#)=!
;:=!J01)32((=!>:!?:!K:=!J&,/2,2=!W:=!X##'7>)&.32)=!C:!R:=!Y!X&$(#<=!T:!ZLMN[\:!E1(&.B016!52(-#!
*&,!2!.0,.-(2,!#.&1&%<!/3,&-63!]@!+,01/016O!I!,#)#2,.3!26#1'2:!>#.31&(&60.2(!C&,#.2)/016!
21'!;&.02(!S3216#=!NN^=![^_`a:!3//+)OPP'&0:&,6PNM:NMNbPF:/#.3*&,#:LMNb:Mc:MLN

R2,0)0=!;:=!X&61&(0=!d:=!;&11#5#('=!J:!ZLMN[\:!J2/#,02(!>01B#,016:!I1!01)+0,2/0&12(!2++,&2.3!
*&,!#9+#,0#1/02(!(#2,1016!21'!#150)0&1016!01!+,&'-./!'#)061!#'-.2/0&1:!>3#!@#)061!!
T&-,12(=!LMO)-+N=!;NNb[7;NN`a:!3//+)OPP'&0:&,6PNM:NM`MPNabMbcL^:LMN[:N]^]M^c

X#0B#=!@:=!d#,%#-(#1=!K:!T:!d:=!Y!K0/F#)=!;:!ZLMN`\:!>3#!.0,.-(2,!#.&1&%<O!"#$!&,!!
X#*-,40)3#'!2)!SD!]:Me!f!D9+(&,016!S&1/,&5#,)0#)!01!/3#!S&1.#+/-2(0A2/0&1!&*!/3#!
S0,.-(2,!D.&1&%<!/3,&-63!2!C&.-)!&1!?0)/&,<!21'!X#)&-,.#!d2(-#!X#/#1/0&1!g+/0&1):!
X#)&-,.#)=!S&1)#,52/0&1!21'!X#.<.(016=!N]^=!Lab_Lba:!3//+)OPP'&0:&,6PNM:NMNbP!
F:,#).&1,#.:LMN[:M`:ML[

X&%210=!I:=!X&61&(0=!d:=!Y!W#50=!J:!ZLMLN\:!@#)061=!J2/#,02()=!21'!D9/,-)0&17Q2)#'!
I''0/05#!J21-*2./-,016!01!S0,.-(2,!D.&1&%<!S&1/#9/)O!C,&%!K2)/#!/&!"#$!R,&'-./):!
;-)/201240(0/<=!N]ZN]\=![Lbc:!3//+)OPP'&0:&,6PNM:]]cMP)-N]N][Lbc

d##(2#,/=!W:=!@-!Q&0)=!D:=!J&&1)=!h:=!Y!V2,212=!D:!ZLMLM\:!D9+#,0#1/02(!.32,2./#,0A2/0&1!!
&*!%2/#,02()!01!+,&'-./!'#)061O!I!(0/#,2/-,#!,#50#$:!J2/#,02()!Y!@#)061=!NcM=!NM`^a]:!
3//+)OPP'&0:&,6PNM:NMNbPF:%2/'#):LMLM:NM`^a]

d0,/21#1=!J:=!J21)B01#1=!V:=!Y!D#,&(2=!;:!ZLMN[\:!S0,.-(2,!J2/#,02(!W04,2,<:!I1!h11&52/05#!
>&&(!/&!@#)061!S0,.-(2,!D.&1&%<:!>3#!@#)061!T&-,12(=!LMZ)-+N\=!;NbNN_;NbNc:!!
3//+)OPP'&0:&,6PNM:NM`MPNabMbcL^:LMN[:N]^Lb`^


