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

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

!"#$%&'#() *#+,&#%'(%+-"*+./0/12%3#4"% *#+,&#%'(%



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 2

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

!"#$%&'()*+,-)...)!/0.12)3.342

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

&*2*)'1%$23)*#&)/0'(')4"5)/%$0)2").*6')*#)

%#7"(.'&)85'$$9)

:"5);*#)('-4)"#)'1+'(2)"+%#%"#)*#&)*$6)20')

'1+'(2)2")+("<%&')0%$=0'()"/#)'$2%.*2')"7)*)

+(",*,%-%24)&%$2(%,52%"#9)

:"5);*#)*-$")('-4)"#)*)+"+5-*2%"#)"7)'1+'(2$)

*#&);"#$2(5;2)*<'(*8'&)+(",*,%-%24)

&%$2(%,52%"#$)7(".)20'%()85'$$'$9

❚�✁ ■✂✄✁☎✆☎✁✄❡✄✝✞✂ ✞♦ P☎✞✟❡✟✝✠✝✄✡

❆ ☛✉❜❥☞❝t✐✈✐☛t ✌r ❇❛②☞☛✐❛♥ ✐♥t☞r♣r☞t❛t✐✌♥ ✌❢

♣r✌❜❛❜✐❧✐t② ✭✍✱ ✷✎Ð✷✏✮ ✐☛ ✉☛☞✑ ✇❤☞♥ ✌♥☞ ♠❛❦☞☛

☛✉❜❥☞❝t✐✈☞ ♣r✌❜❛❜✐❧✐☛t✐❝ ❛☛☛☞☛☛♠☞♥t☛ ✌❢ t❤☞

♣r☞☛☞♥t ✌r ❢✉t✉r☞ ✈❛❧✉☞ ✌❢ ✉♥❝☞rt❛✐♥ q✉❛♥t✐t✐☞☛✱

t❤☞ ☛t❛t☞ ✌❢ t❤☞ ✇✌r❧✑✱ ✌r t❤☞ ♥❛t✉r☞ ✌❢ t❤☞ ♣r✌✲

❝☞☛☛☞☛ t❤❛t ❣✌✈☞r♥ t❤☞ ✇✌r❧✑✒ ✓♥ ☛✉❝❤ ☛✐t✉❛t✐✌♥☛✱

♣r✌❜❛❜✐❧✐t② ✐☛ ✈✐☞✇☞✑ ❛☛ ❛ ☛t❛t☞♠☞♥t ✌❢ ❛♥ ✐♥✑✐✲

✈✐✑✉❛❧Õ☛ ❜☞❧✐☞❢✱ ✐♥❢✌r♠☞✑ ❜② ❛❧❧ ❢✌r♠❛❧ ❛♥✑ ✐♥✲

❢✌r♠❛❧ ☞✈✐✑☞♥❝☞ t❤❛t ❤☞ ✌r ☛❤☞ ❤❛☛ ❛✈❛✐❧❛❜❧☞✒

❆❧t❤✌✉❣❤ ☛✉❜❥☞❝t✐✈☞✱ ☛✉❝❤ ❥✉✑❣♠☞♥t☛ ❝❛♥♥✌t

❜☞ ❛r❜✐tr❛r②✒ ✔❤☞② ♠✉☛t ❝✌♥❢✌r♠ t✌ t❤☞ ❧❛✇☛

✌❢ ♣r✌❜❛❜✐❧✐t②✒ ❋✉rt❤☞r✱ ✇❤☞♥ ❧❛r❣☞ q✉❛♥t✐t✐☞☛

✌❢ ☞✈✐✑☞♥❝☞ ❛r☞ ❛✈❛✐❧❛❜❧☞ ✌♥ ✐✑☞♥t✐❝❛❧ r☞♣☞❛t☞✑

☞✈☞♥t☛✱ ✌♥☞Õ☛ ☛✉❜❥☞❝t✐✈☞ ♣r✌❜❛❜✐❧✐t② ☛❤✌✉❧✑ ❝✌♥✲

✈☞r❣☞ t✌ t❤☞ ❝❧❛☛☛✐❝❛❧ ❢r☞q✉☞♥t✐☛t ✐♥t☞r♣r☞t❛t✐✌♥

✌❢ ♣r✌❜❛❜✐❧✐t②✒



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 4

>1+'(2)'-%;%2*2%"#)%$)*);".+-'1)+(";'&5('3)*#&)"#')$0"5-&)('$"(2)2")%2)"#-4)/0'#)*,$"-52'-4)

#';'$$*(49)

?"(8*#);"#;-5&'$)20*2)

@!!!"#$"%&'"()"$)%*$#+,"$-".#)/")0*)1$")2#3#$&$#-+"&4"&"2-/53-4$6"2-/5)77-1$"&2$)1+&$#.)"$-"

3-+893$#+,"4)1#-94"1)4)&13:"&+8"&+&2'4#46"#$"#4"+)#$:)1!";&$:)16")0*)1$")2#3#$&$#-+"4:-928"

(9#28"-+"&+8"94)"$:)"()4$"&.&#2&(2)"1)4)&13:"&+8"&+&2'4#4"&+8"()"9+8)1$&<)+"-+2'"/:)+6"

,#.)+"$:-4)6"$:)"4$&$)"-7"<+-/2)8,)"/#22"1)%&#+"#+4977#3#)+$"$-"49**-1$"$#%)2'"#+7-1%)8"

&44)44%)+$"&+8"8)3#4#-+"%&<#+,!A



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 5

*&$56&7)7685)#9):$#;7<=8)6')<>:<$5)<76?65&56#'

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

❋�✁✂ ✶✂ ❚✄❡ r❛☎✆❡ ♦✝ ☎♥✞❡r✟✠❛✡ ♣r♦☛❛☛✟✡✟☞✟❡✌ ☞✄❛☞ r❡✍

✌♣♦☎❞❡☎☞✌ ❛☞☞❛✠✄❡❞ ☞♦ q♥❛✡✟☞❛☞✟✈❡ ♣r♦☛❛☛✟✡✟☞② ✇♦r❞✌ ✟☎ ☞✄❡

❛☛✌❡☎✠❡ ♦✝ ❛☎② ✌♣❡✠✟✝✟✠ ✠♦☎☞❡①☞ ❛r❡ ✌✄♦✇☎✳ ◆♦☞❡ ☞✄❡ ✈❡r②

✇✟❞❡ r❛☎✆❡✌ ♦✝ ♣r♦☛❛☛✟✡✟☞② ☞✄❛☞ ✇❡r❡ ❛✌✌♦✠✟❛☞❡❞ ✇✟☞✄ ✌♦✞❡

♦✝ ☞✄❡✌❡ ✇♦r❞✌✳ ✎✟✆♥r❡ r❡❞r❛✇☎ ✝r♦✞ ❲❛✡✡✌☞❡☎ ❡☞ ❛✡✳ ✭✸✵✮✳





!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 7

4"#5%3*.0.+,#6,7&.(0.)(#2*'#8.2(

!!!"#$%&"'(%)%&*%+",-*$".&"%)*-/.*-0&"*.)12"-3"'%0'4%")*.(*",-*$"."3-()*"5.46%"7-!%!2".&".&8$0(9".&+"*$%&".+:6)*"6'".&+"+0,&"3(0/"

*$.*"5.46%2"*$%;"*;'-8.44;"+0"&0*".+:6)*")633-8-%&*4;!""!!!"

!"#$%&%$%'(#)*(#%&+,-(&.(#"+#)*%/#*(-0%/)%.#1*(&#(,%.%)%&2#30"454%,%)6#7%/)0%4-)%"&/8#%)#%/#/)5&7507#30".(7-0(#&")#)"#4(2%&#1%)* 9-(/)%"&/#

)*5)#5/:#54"-)#;4(/)<#"0#$"/)#30"454,(#=5,-(/#4-)#05)*(0#)"#+%0/)#5/:#54"-)#(>)0($(/?#;@*5)#%/#)*(#*%2*(/)#A,"1(/)B#=5,-(#6"- .5&#

%$52%&(#+"0#."(++%.%(&)#CD<#"0#;E,(5/(#2%=(#$(#5#=5,-(#+"0#."(++%.%(&)#C#+"0#1*%.*#6"-#)*%&:#)*(0(#%/#"&,6#"&(#.*5&.(#%&#FGG#)*5)#5.)-5,#

=5,-(#."-,7#4(#,502(0#A/$5,,(0BH<#

I5=%&2#"4)5%&(7#5&#(/)%$5)(#"+#5&#-33(0#A,"1(0B#4"-&78#%)#%/#)*(&#/)5&7507#305.)%.(#)"#5/:#)*(#(>3(0)#)"#%$52%&(#)*5)#)*(#-&.(0)5%&)6#

54"-)#)*(#."(++%.%(&)J/#=5,-(#*5/#4((&#0(/",=(7#5&7#)*(#5.)-5,#=5,-(#*5/#)-0&(7#"-)#)"#4(#FGK#"0#FLK#,502(0#A/$5,,(0B#)*5&#)*(#4"-&7#

)*(6#"++(0(7H#@(#)*(&#5/:#)*(#(>3(0)8#;M5&#6"-#"++(0#5&#(>3,5&5)%"&#"+#*"1#)*5)#$%2*)#4(#3"//%4,(D<#

N"$()%$(/#(>3(0)/#.5&#"++(0#5#3(0+(.),6#3,5-/%4,(#3*6/%.5,#(>3,5&5)%"&8#5)#1*%.*#3"%&)#1(#5/:#)*($#)"#0(=%/(#)*(%0#4"-&7H#O+)(0#

"4)5%&%&2#(/)%$5)(/#"+#-33(0#5&7#,"1(0#4"-&7/#"&#)*(#=5,-(#"+#5#."(++%.%(&)#"+#%&)(0(/)8#1(#)*(&#2"#"&#)"#(,%.%)#%&)(0$(7%5)( =5,-(/#

5.0"//#)*(#30"454%,%)6#7%/)0%4-)%"&#P;@*5)#%/#)*(#30"454%,%)6#)*5)#)*(#=5,-(#"+#C#%/#20(5)(0#A,(//B#)*5&#QD<RH#



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 8

9"#:8.;7.0%7(#%+,&)%*/.',*),

HHH#S&(#0(5/"&#+"0#57"3)%&2#)*%/#05)*(0#(,54"05)(#30".(7-0(#%/#)*5)#)*(0(#%/#/)0"&2#(=%7(&.(#)*5)#$"/)#/-.*#T-72$(&)/#50(#"=(0."&+%7(&)H#

❋�✁✂ ✹✂ P✄❜☎✆✝✞✟✠ ✟✝❡✆✡☛❡✟✝ ♦☞ ❡✞✟ ✝s✟✟✠ ♦☞ ☎✆❧✞❡❤❚✞✟ ☎✆❧✞❡ ❧❣☛✌ ❜♦✍✟✝ ❡✞☛❡ ✝❡☛❣❡ ✆✐ ✶✎✏✑ ☛❣✟ ❡✞✟ ❣✟r♦✡✡✟✐✠✟✠ ✈☛☎✄✟✝

☞❣♦✡ ❡✞✟ s☛❣❡✆r☎✟ s✞✌✝✆r✝ ❧❣♦✄s ❡✞☛❡ s❣✟✝✄✡☛❜☎✌ ✆✐r☎✄✠✟ ☛✐ ✟☞☞♦❣❡ ❡♦ r♦✐✝✆✠✟❣ ✄✐r✟❣❡☛✆✐❡✌ ☛❣✆✝✆✐❧ ☞❣♦✡ ✝✌✝❡✟✡☛❡✆r ✟❣❣♦❣

✭✒✑✓❤ ◆♦❡✟ ❡✞☛❡ ☞♦❣ ♦✈✟❣ ❡t♦ ✠✟r☛✠✟✝ ❡✞✟ ❣✟s♦❣❡✟✠ r♦✐☞✆✠✟✐r✟ ✆✐❡✟❣✈☛☎✝ ♦✐ ❡✞✟✝✟ ❣✟r♦✡✡✟✐✠✟✠ ✈☛☎✄✟✝ ✠✆✠ ✐♦❡ ✆✐r☎✄✠✟

❡✞✟ s❣✟✝✟✐❡ ❜✟✝❡✲✡✟☛✝✄❣✟✠ ✈☛☎✄✟❤ ❍✟✐❣✆♦✐ ☛✐✠ ✔✆✝r✞✞♦☞☞ ✭✒✑✓✕ ☞❣♦✡ t✞✆r✞ ❡✞✆✝ ☞✆❧✄❣✟ ✆✝ r♦✡❜✆✐✟✠ ☛✐✠ ❣✟✠❣☛t✐✕ ❣✟s♦❣❡

❡✞☛❡ ❡✞✟ ✝☛✡✟ ♦✈✟❣r♦✐☞✆✠✟✐r✟ ✆✝ ♦❜✝✟❣✈✟✠ ✆✐ ❡✞✟ ❣✟r♦✡✡✟✐✠✟✠ ✈☛☎✄✟✝ ♦☞ ☛ ✐✄✡❜✟❣ ♦☞ ♦❡✞✟❣ s✞✌✝✆r☛☎ r♦✐✝❡☛✐❡✝❤



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 9

<"#=>?,&0#)2@.8&20.%*

❋�✁✂ ✺✂ ■✄✄☎✆✝✞✟✝✠✡☛ ✡❢ ✝t✡ ❡☞✝✞❡✌❡✆ ✠☛ ❡☞✍❡✞✝ ❝✟✄✠✎✞✟✝✠✡☛✏ ✭❆✮ ✑✆✆❡✆✆✌❡☛✝ ✡❢ ✍✞✡✎✟✎✠✄✠✝r ✡❢ ✍☛❡☎✌✡☛✠✟ ✭✎✟✆❡✒ ✡☛

✡✎✆❡✞✓❡✒ ✆r✌✍✝✡✌✆✮ ✠☛ ✶✱✔✕✶ ❢✠✞✆✝✲✝✠✌❡ ✍✟✝✠❡☛✝✆ ✎r ☛✠☛❡ ✍♣r✆✠❝✠✟☛✆ ❝✡✌✍✟✞❡✒ t✠✝♣ ✞✟✒✠✡✖✞✟✍♣✠❝✟✄✄r ✟✆✆✠✖☛❡✒ ❝✟✆❡✆ ✡❢

✍☛❡☎✌✡☛✠✟ ✟✆ ✞❡✍✡✞✝❡✒ ✎r ❈♣✞✠✆✝❡☛✆❡☛✲♥✗✟✄✟☛✆✘✠ ✟☛✒ ❇☎✆♣r♣❡✟✒ ✭✙✙✮✏ ✭✚✮ ❖☛❝❡✲✒✟✠✄r ❯♥ ❲❡✟✝♣❡✞ ♥❡✞✓✠❝❡ ✍✞❡❝✠✍✠✝✟✝✠✡☛

❢✡✞❡❝✟✆✝✆ ❢✡✞ ✽✼ ✆✝✟✝✠✡☛✆ ✟✞❡ ❝✡✌✍✟✞❡✒ t✠✝♣ ✟❝✝☎✟✄ ✡❝❝☎✞✞❡☛❝❡ ✡❢ ✍✞❡❝✠✍✠✝✟✝✠✡☛ ✭✑✍✞✠✄ ✶✛✼✼ ✝✡ ▼✟✞❝♣ ✶✛✼✛✮ ✟✆ ✞❡✍✡✞✝❡✒

✎r ❈♣✟✞✎✟ ✟☛✒ ❑✄❡✠☛ ✭✙✕✮✏ ❚♣❡ ✆✌✟✄✄ ☛☎✌✎❡✞✆ ✟✒❛✟❝❡☛✝ ✝✡ ❡✟❝♣ ✍✡✠☛✝ ✞❡✍✡✞✝ ✝♣❡ ☛☎✌✎❡✞ ✡❢ ❢✡✞❡❝✟✆✝✆✏



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 :

A"#B2*3,#%/#%?.*.%*(#.*#06,#().,*0./.)#)%117*.0-#

❋�✁✂ ✽✂ ❊①✄☎✆✝ ☎❡✞✟✞✝✠✝✞✡☛ ✟✠☛ ❜☎ ☎☞☞☎✟✝✞✌☎ ✞☛ ❞✞✍✄❡✠✎✞☛✏

✝t☎ ✆✠☛✏☎ ✡☞ ✡✄✞☛✞✡☛✍ ✝t✠✝ ☎①✞✍✝ ✇✞✝t✞☛ ✠ ✍✟✞☎☛✝✞☞✞✟ ✟✡❝✑

❝♠☛✞✝✎✳ ❚t✞✍ ✄❡✡✝ ❞✞✍✄❡✠✎✍ ✟❡☎✠✆❡✎ ✝t☎ ✝✇✡ ✌☎✆✎ ❞✞☞☞☎✆☎☛✝

✍✟t✡✡❡✍ ✡☞ ✝t✡♠✏t✝ ✝t✠✝ ☎①✞✍✝☎❞ ✆✡♠✏t❡✎ ✠ ❞☎✟✠❞☎ ✠✏✡

✇✞✝t✞☛ ✝t☎ ✟✡❝❝♠☛✞✝✎ ✡☞ ✡✟☎✠☛✡✏✆✠✄t☎✆✍ ✠❜✡♠✝ ✝t☎

✄✆✡❜✠❜✞❡✞✝✎ Ò✝t✠✝ ✠ ✟✡❡❡✠✄✍☎ ✡☞ ✝t☎ ❆✒✓✔ ✇✞❡❡ ✡✟✟♠✆ ✡✆ ✇✞❡❡

❜☎ ✞✆✆☎✌☎✆✍✞❜❡✎ ✝✆✞✏✏☎✆☎❞ ✠✍ ✠ ☞♠☛✟✝✞✡☛ ✡☞ ✝t☎ ✏❡✡❜✠❡ ❝☎✠☛

✝☎❝✄☎✆✠✝♠✆☎ ✞☛✟✆☎✠✍☎ ✆☎✠❡✞r☎❞ ✞☛ ✝t☎ ✎☎✠✆ ✷✕✖✖✳Ó ❊✠✟t

✟♠✆✌☎ ✍t✡✇✍ ✝t☎ ✍♠❜s☎✟✝✞✌☎ s♠❞✏❝☎☛✝✍ ✡☞ ✡☛☎ ✡☞ ✕✷

☎①✄☎✆✝✍✳ ✗✡♠✆ ☎①✄☎✆✝✍ ✭✷✘ ✸✘ ✹✘ ✠☛❞ ✼ ✞☛ ✆☎❞✙ ☞✡✆☎✍✠✇

✠ t✞✏t ✄✆✡❜✠❜✞❡✞✝✎ ✡☞ ✟✡❡❡✠✄✍☎✘ ✇t✞❡☎ ✍☎✌☎☛ ☎①✄☎✆✝✍ ✭✞☛ ✆☎❞✙

☞✡✆☎✍✠✇ ❡✞✝✝❡☎✘ ✞☞ ✠☛✎✘ ❡✞❧☎❡✞t✡✡❞ ✡☞ ✟✡❡❡✠✄✍☎✳ ✔✡❡❡✠✄✍☎ ✇✠✍

❞☎☞✞☛☎❞ ✠✍ ✠ ✆☎❞♠✟✝✞✡☛ ✞☛ ❆✒✓✔ ✍✝✆☎☛✏✝t ❜✎ ❝✡✆☎ ✝t✠☛

✾✖✚ ✆☎❡✠✝✞✌☎ ✝✡ ✄✆☎✍☎☛✝ ❞✠✎✳ ✗✞✏♠✆☎ ✆☎❞✆✠✇☛ ☞✆✡❝ ❩✞✟❧☞☎❡❞

☎✝ ✠❡✳ ✭✕✛✙✳

!"#$%&'&&"()*+(,-&#./,0,1+*)&$2./(3/+,+4&%,/-3)*(,1+&5

!"#$$%&



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 ;3

>1+'(2)'-%;%2*2%"#)*#&)20'):5;;*)?"5#2*%#)#5;-'*()/*$2')&'+"$%2"(4

BC--'4)*#&)C--'43)@D"")E"2)2")D"5;0)F D0')G(",-'.)"7)E%80HI'<'-)J5;-'*()K*$2'3)!LG3)MNOMP

❋�✁✂✄☎ ✶✆✝✞ ▲✟✠✡✄☛☞ ❲☎✌✌✍ ❝�✎✏☎✄ ❝☛✎☎✝ P✡☛✠☛✁✄✟☞✡ ❜✑ ●✄☎✁ ❱✟✌☎✎✠�✎☎✝



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 ;;



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 ;2

HHH#U&#FVWG8#)*(#+%0/)#(/)%$5)(/#"+#=",.5&%.#5.)%=%)6#5)#)*(#0(3"/%)"06#/%)(#3-)#)*(#5&&-5,#30"454%,%)6#5)#

54"-)#F#%&#FGG#$%,,%"&H#!*%/#15/#0%2*)#5)#)*(#X-.,(50#Y(2-,5)"06#M"$$%//%"&J/#.-)"++#3"%&)#+"0#%&.,-/%"&#

%&#)*(#!NEO8#4-)#&")#4(,"1#%)H#Z6#/"$(#5.."-&)/8#F#%&#FGG#$%,,%"&#%/#5,/"#0"-2*,6#)*(#/5$(#3"//%4%,%)6#5/#

)*(#-,)%$5)(#,"1[30"454%,%)68#*%2*[."&/(9-(&.(#(=(&)#\ 2,"45,#$5//#(>)%&.)%"&#+0"$#)*(#%$35.)#"+#5&#

5/)(0"%7#"0#."$()H

U&#)*(#$%7#FVVG/8#]S^#."&=(&(7#5#35&(,#"+#)(&#(>3(0)/8#$"/),6#=",.5&","2%/)/8#)"#."&7-.)#5#+"0$5,%'(7#

;5/:[)*([(>3(0)/<#5330"5.*#)"#(/)%$5)%&2#)*(#30"454%,%)6#"+#=",.5&%/$#5&7#%)/#-&.(0)5%&)6H#!*(#$()*"78#

.5,,(7#(>3(0)#(,%.%)5)%"&8#40%&2/#)"2()*(0#5#35&(,#"+#(>3(0)/#5&7#$5)*($5)%.5,,6#."$4%&(/#)*(%0#

%&7%=%7-5,#(/)%$5)(/H#

!*(#2"5,#%/#)"#"4)5%&#5#30"454%,%)6#7%/)0%4-)%"&#5&7#05&2(#"+#-&.(0)5%&)6#0(30(/(&)5)%=(#"+#)*(#,502(0#

/.%(&)%+%.#."$$-&%)6H#S+#."-0/(8#)*(#(&7#0(/-,)#%/#5++(.)(7#46#1*"#/(0=(/#"&#)*(#35&(,8#5&7#)*(#3"",#"+#

9-5,%+%(7#350)%.%35&)/#%/#&")#=(06#,502(H#

_/%&2#5#+"0$5,#&"$%&5)%"&#30".(//8#)(&#35&(,#$($4(0/#1(0(#/(,(.)(7#+0"$#5#20"-3#"+#`G#/.%(&)%/)/H#

^>3(0)%/(#$5))(0(78#4-)#(9-5,,6#%$3"0)5&)#1(0(#/)0"&2#."$$-&%.5)%"&#5&7#%&)(03(0/"&5,#/:%,,/8#5/#1(,,#

5/#+,(>%4%,%)6#5&7#%$350)%5,%)6H#

!*(#(>3(0)/#1(0(#5/:(7#)"#5.)#5/#"4T(.)%=(#(=5,-5)"0/#"+#)*(#=50%"-/#)*("0%(/H#!*(%0#T"4#15/#)"#,%/)(&#)"#

30"3"&(&)/#"+#7%++(0(&)#3"/%)%"&/#5&7#)*(&#1(%2*#(5.*#"+#)*(/(#)*("0%(/#%&#$5:%&2#)*(%0#(/)%$5)(/H



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 ;4

O+)(0#1"0:/*"3/#5&7#+%(,7#)0%3/#)"#40%&2#(=(06"&(#-3#)"#/3((78#30"+(//%"&5,#%&)(0=%(1(0/#/3(&)#)1"#756/#

1%)*#(5.*#35&(,#$($4(0#(>)05.)%&2#:(6#%&+"0$5)%"&H#^5.*#"+#)*(#)(&#(>3(0)/#%&7(3(&7(&),6#500%=(7#5)#

5&#5&&-5,#30"454%,%)6#7%/)0%4-)%"&#+"0#5#=",.5&%.#(=(&)#%&)(0/(.)%&2#)*(#0(3"/%)"06H#!*(#5=(052(#"+#)*(/(#

(/)%$5)(/#15/#54"-)#F#%&#`G#$%,,%"&8#,5)(0#0(=%/(7#)"#54"-)#F#%&#aG#$%,,%"&H#U&#)*(#/.*($(#"+#)*%&2/8#)*%/#

15/#&")#+50#+0"$#)*(#"0%2%&5,#F#%&#FGG#$%,,%"&#(/)%$5)(H

!*(#(>3(0)#(,%.%)5)%"&#7%7#&")#(&7#)*(#7(45)(H#!*(#0(/-,)/#1(0(#.*5,,(&2(7#&")#"&,6#46#)*(#N)5)(#"+#

X(=575#4-)#5,/"#46#/.%(&)%/)/#1"0:%&2#+"0#)*(#XYMH#O02-%&2#)*5)#."&/(0=5)%/$#15/#&((7(78#)*(#XYM#

-/(7#5&#(/)%$5)(#"+#F#(=(&)#%&#FG#$%,,%"&#%&#)*(%0#5//(//$(&)/H#

N)%,,#3"0)(&7%&2#5#050(#(=(&)8#)*(#*%2*(0#30"454%,%)6#46#XYM#/.%(&)%/)/#.5$(#54"-)8#%&#350)8#+0"$#)*(%0#

5//-$3)%"&#)*5)#+5-,)/#5&7#7((3#)(.)"&%.#/)0-.)-0(/#$56#30"=%7(#35)*156/#+"0#)*(#5/.(&)#"+#$52$5#

7%0(.),6#%&)"#Q-..5#b"-&)5%&H#!*(0(#15/#5,/"#7%/520(($(&)#54"-)#1*()*(0#)*(#)%$(#4()1((&#(0-3)%"&/#

15/#%&.0(5/%&2#"0#7(.0(5/%&2H#c",.5&%/$#%/#:&"1&#)"#4(#(3%/"7%.H#@*%,(#$"/)#2("/.%(&)%/)/#."&/%7(0#)*(#

=",.5&%/$#%&#)*(#Q-..5#b"-&)5%&#0(2%"&#)"#4(#15&%&28#5#+(1#502-(7#)*5)#1(#."-,7#4(#%&#)*(#$%77,(#"0#

(&7#"+#5#9-%(/.(&)#3(0%"7H#HHH



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 ;5

 

 

Economic Commission for Europe 

Conference of European Statisticians  

Work Session on Demographic Projections 

Belgrade, 25�27 November 2019 
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Methodology 

 

  Using expert elicitation to build long-term 
projection assumptions 

  Note by Statistics Canada* 

Summary  

Expert judgment is valuable when there is either a lack of good data, insufficient 

knowledge about underlying causal mechanisms, or apparent randomness in trends. 

Most statistical agencies consult with experts in some manner prior to formulating 

their assumptions about the future. The development of probabilistic projections in 

recent years has triggered an increasing interest in formal methods of expert 

elicitation. 

In 2013, Statistics Canada adopted a rather formal approach to expert elicitation by 

✁✂✄☎✆✝ ✞✟✠✞✡☛✂ ☛☞ ✠✡☞✌☎✍✞ ✞✂☛☎✎✁☛✞✂ ☞✏ ✑✎☞✂☛ ✒☎✄✞✒✓✔ ✌✁✒✕✞✂ ✏☞✡ ✁ ✂✞✡☎✞✂ ☞✏

demographic indicators, along with corresponding 80% prediction intervals. 

Motivated in large part by a will to improve the characterization of uncertainty, 

Statistics Canada has recently refined its consultation process, delving further into 

the science of Expert knowledge elicitation.   

In this paper, we describe the expert elicitation protocol used by Statistics Canada in 

2018 to inform the development of assumptions. This information may be useful for 

demographers looking to adopt a formal approach to eliciting expert judgements, and 

can be pertinent in the context of producing probabilistic projections, where it is 

necessary ✖ but often difficult ✖ to obtain plausible estimates of uncertainty for 

components of population growth. 

 
 

Working paper 1 

  Distr.: General 

07 November 2019 

 

 English only 



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2322 ;6

Figure 1 Period total fertility rate, Canada, 2043: Individual expert probability distributions 

(grey dashed curves) and aggregate mixture distribution (red curve) of the 17 fertility 

respondents of the 2018 Survey of Experts on Future Demographic Trends 

 

 Source: Statistics Canada, Demography Division. 
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p(θ|x) ∝ p(x|θ)p(θ) = ℓ(x|θ)p(θ)
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likelihood =
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∏
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... these calculational methodologies have also had an impact on 

theory. By freeing statisticians from dealing with complicated 

calculations, the statistical aspects of a problem can become the main 

focus. 

Casella & George, in their description of the Gibbs sampler. Am. Stat. 46 (1992) 167


