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,-+!V&3%2+./!C+9&3),)+7!./(!5.3*+,7!Z&,-%3),1!bVC5Zc#!Z7!6%3!+8+31!3&'+!.(%2,+(!>1!,-+!

V&3%2+./!Y.3').0+/,4!,-+!)02')9.,)%/!%6!,-+!7-%3,!7+''!3+:&'.,)%/!8%,+(!)/!ITFI!-.(!,%!>+!

7,&()+(!>1!V&3%2+./!)/7,),&,)%/7#!"/!,-+!9.7+!%6!,-+!7-%3,!7+''!3+:&'.,)%/4!,-+!VC5Z!0.(+!

.!3+2%3,!>&,!),!7,.,+(!),!$.7!K,%%!+.3'1!,%!.9-)+8+!23%2+3!(.,.!.77+770+/,K!./(!9%/,)/&+(!

,%!23%2%7+!K.!3+^.77+770+/,!%6!,-+!3+:&'.,)%/!.,!.!'.,+3!7,.:+4!$),-!:3+.,+3!,)0+!79%2+#M!

L%,! +/%&:-! (.,.! $+3+! .8.)'.>'+! ,%! >+! 93),)9.'4! .7! 7,.,+(! >1! ,-+! VC5Z#! U-.,! )7! $-1! "!

(+9)(+(!,%!+`2'%3+!,-+!7&>j+9,#!

!

5%3+%8+34!,-)7!7&>j+9,!)7!8+31!.22+.')/:!,%!0+#!"/(++(4!"!-.8+!.'$.17!>++/!.,,3.9,+(!./(!

6.79)/.,+(! >1! /%/^9%00%/! 6)/./9).'! 23%(&9,4! 7&9-! .7! 7-%3,! 7+'')/:4! ./(! >1! V&3%2+./!

)/7,),&,)%/#! E%,)/:! 9%00%/! 3+:&'.,)%/7! 6%3! .''! 0+0>+37! 7%! ,-.,! '+:)7'.,)%/7! >+,$++/!

0+0>+37=!7,.,+7!9%/8+3:+!)7!%/+!%6!,-+!9%3+!%>j+9,)8+7!%6!,-+!V#_#!

!

Z77+0>')/:!,-+!,$%!.72)3.,)%/7!6%3!6)/./9+!./(!V#_#!>1!.77+77)/:!.! '.$!.(%2,+(!>1!,-+!

V&3%2+./!Y.3').0+/,!3+23+7+/,+(!6%3!0+!.!/)9+!9-.''+/:+#!

!

!

!

!

!



! H#!

=> 01,(57,45(.?(<1(&.
!

U-)7!'),+3.,&3+!3+8)+$!2&,7!,%:+,-+3!0./1!6)/./9).'!./(!,-+%3+,)9.'!9%/9+2,7!6%3!,-+!$+''!

&/(+37,./()/:!%6!,-+!7,&(1!3+'.,+(!,%!,-+!7-%3,!7+'')/:!3+:&'.,)%/!bCCDc!)/!V&3%2+#!U-+!

6%''%$)/:!9-.2,+3!$)''!6)37,!23+7+/,!.!>):!2)9,&3+!%6!,-+!7-%3,!7+''!.9,)8),14!,-)7!2.3,)9&'.3!

./(! 9&3)%&7! ,+9-/)X&+4! %6,+/! 7++/! .7! 2&3+! 72+9&'.,)8+! )/7,3&0+/,! >1! ,-+! %3()/.31!

0%3,.'#! U-+! 0%,)8.,)%/7! 6%3! .9,)/:! .7! 7-%3,! 7+''+3! $)''! .'7%! >+! (+>.,+(#! U-+/4! ,-+!

-)7,%3)9.'!>.9*:3%&/(!$)''!>+!(+8+'%2+(!./(!,-+!3+9+/,!3+:&'.,)%/!$)''!>+!+`2'.)/+(! )/!

(+,.)'74!)/!%3(+3!,%!-.8+!.!6&''!*/%$'+(:+!%6!$-.,!)7!,-+!V&3%2+./!7-%3,!7+''7!3+:&'.,)%/!

.>%&,! ./(! ),7! )02')9.,)%/! 6%3! 0.3*+,! 2.3,)9)2./,7#! \)/.''14! ,-+%3)+7! (+>.,+(! >1!

.9.(+0)9)./7! 3+'.,)/:! ,%! 7-%3,! 7+''! >+/+6),7! ./(! )/9%/8+/)+/,! $)''! >+! 23+7+/,+(#! U-+!

,-+%3)+7! 3+'.,)/:! ,%! 0.3*+,! )02.9,! $)''! 0.)/'1! >+! .3,)9&'.,+(! .3%&/(! ,-3++! 0.3*+,!

9-.3.9,+3)7,)97]! ,-+! 0.3*+,=7! ')X&)(),14! ,-+! 0.3*+,=7! 8%'.,)'),1! %6! 3+,&3/7! ./(! 0.3*+,=7!

23);+! 6%30.,)%/! 23%9+77#! U-%7+! 0.3*+,7! 9-.3.9,+3)7,)97! $)''! >+! ,-+! %/+7! %/! $-)9-!

2%,+/,).'!)02.9,!%6!,-+!CCD!$)''!>+!+8.'&.,+(#!

!

=>=> @A7,.1-.-A%5,.-(''1$*B.

!

Z7!.! 6)37,!.223%.9-!,%$.3(!7-%3,!7+'')/:4! '+,=7!>3)+6'1!+`2'.)/! ,-+!7,.*+74!9-.3.9,+3)7,)97!

./(!0%,)8.,)%/7!%6!,-+!7-%3,!7+''!.9,)8),1!)/!%&3!0%(+3/!:'%>.');+(!$%3'(#!

!

=>=>=> C'%87'.%<(5<1(&.

!

"/!,-+!6)/./9+!$%3'(4!7-%3,!7+'')/:!3+6+37!,%!,-+!.9,)%/!%6!7+'')/:!./1!6)/./9).'!)/7,3&0+/,!

>+)/:!>%33%$+(!%3!/%,!%$/+(!>1!,-+!7+''+3!,-+!(.1!,-+!)/7,3&0+/,!)7!/+:%,).,+(#!R&,!,-+!

7+''+3! 23%0)7+7! ,%! >+! .>'+! ,%! -%'(! ,-+! 7+9&3),1! ,-+! (.1! %6! ,-+! (+')8+31#! U-+! 7%'(!

)/7,3&0+/,! )7! :+/+3.''1! .! 7+9&3),1! >&,! %/+! 9./! .'7%! 7-%3,! 7+''! 9%00%(),)+7! ./(!

9&33+/9)+7#!R+-)/(! 7&9-! 6)/./9).'! .33./:+0+/,4! ,-+! 7+''+3! +`2+9,7! ,-.,! ,-+!23)9+!%6! ,-+!

7+9&3),1!$)''!6.''#!"6!,-+!23)9+!%6!,-+!7+9&3),1!:%+7!(%$/!.6,+3!,-+!7-%3,!7+''4!,-+!7+''+3!9./!

3+^>&1!,-+!7.0+!7+9&3),1!./(!9'%7+!%&,!,-+!,3./7.9,)%/!0.*)/:!.!9.2),.'!:.)/#!U-+!9.2),.'!

:.)/!%6!7&9-!6)/./9).'!.9,%3!)74!(+!6.9,%4!')0),+(!,%!,-+!8.'&+!%6!,-+!7+9&3),1#!R&,!7)/9+!,-+!



! O#!

7+9&3),1=7! 23)9+! 9./! 3+.9-! ./! )/6)/),+! 8.'&+4! ,-+! 7+9&3),1=7! 7+''+3! ,-+%3+,)9.''1! +`2%7+7!

-)07+'6! ,%! ./! &/')0),+(! '%774! $-)'+! )/8+7,%3! >&1)/:! .! 7+9&3),1! 9./! %/'1! 6.9+! .! '%77!

.0%&/,)/:!,%!),7! )/),).'! )/8+7,0+/,#! "/!23.9,)9+4!,-+!K/%30.'M!7-%3,!7+''+3! )7!3+X&)3+(!,%!

)/7&3+!-)7!2%7),)%/!>1!:)8)/:!.!9%&/,+32.3,1!,%!9%8+3!2%,+/,).'!'%77+7#!"6!,-+!)/7,3&0+/,=7!

23)9+!3)7+7!.>%8+!,-3+7-%'(4!,-+!)/.>)'),1!,%!9%8+3!'%77+7!$)''!9.&7+!,-+!')X&)(.,)%/!%6!,-+!

2%7),)%/!>1! ),7! 9%&/,+32.3,1! %3! >3%*+3#! C+8+3.'! %2,)%/7! +`)7,! ,%! 9%8+3! .! 7-%3,! 2%7),)%/!

7&9-!.7!%2,)%/7!./(!3+8+37+!3+2%4!>&,!,-+!0%7,!9%00%/!$.1!,%!9%8+3!-)7!2%7),)%/!)7!,%!

>%33%$! ,-+! 7+9&3),)+7! 63%0! .! ,-)3(! 2.3,1#! "/(++(4! ,-+! %,-+3! ,+9-/)X&+7! -.8+! .!

7):/)6)9.,)8+!)02.9,!%/!,-+!,3+.7&31!%6!,-+!6)/./9).'!.9,%3#!"/!,-+!6)/./9).'!,+30)/%'%:14!),!

)7!7.)(!,-.,!.!7-%3,!7+''+3!)7!)/4!.!KC-%3,M!2%7),)%/4!)/!9%/,3.7,!$),-!,-+!>&1+3!$-%!-.7!.!

K<%/:M!2%7),)%/#!

!

=>=>D> E122(5($"(.8(,&(($.FG%5+7'H.I.FG7#()H.-A%5,.-(''1$*.

!

e/!%/+!7)(+4!.7!),!)7!7,.,+(!>+6%3+4!.!K/%30.'M!7-%3,!7+''+3!)7!,.*)/:!%/!.!/+:.,)8+!2%7),)%/!

)/!.!7+9&3),14!>1!>%33%$)/:!%/+!63%0!.!,-)3(^2.3,14!>+)/:!.!>3%*+3!%3!>./*#!Z6,+3!,-+!3+^

>&1!%6!,-+!7+9&3),14!,-+!)/8+7,%3!:)8+7!,-+!7+9&3),1!>.9*!,%!,-+!,-)3(!2.3,1!./(!0.*+7!.!

:.)/d'%77!)6!,-+!23)9+!%6!,-+!7+9&3),1!(+93+.7+(d)/93+.7+(#!

e/!,-+!%,-+3!7)(+4!.!K/.*+(M!7-%3,!7+''!%99&37!$-+/!,-+!7+''+3!(%!/%,!>%33%$!./1!7+9&3),1!

>+6%3+! 7+'')/:! ),#! C-%3,! 7&22'14! '%$! ')X&)(),14! '.9*7! %6! '+/(+37! ./(!23%9+(&3+=7! 9%7,! .3+!

0&',)2'+!3+.7%/7!6%3!.(%2,)/:!.!7%^9.''+(!K/.*+(M!2%7),)%/#!

!

g-+/! ,-+! 7+''+3! )7! /%,! .>'+! ,%!0++,! ),7! +/:.:+0+/,! )/! (+')8+3)/:! ,-+! 7+9&3),14! ./(! /%!

9%8+37! .3+!2%77)>'+4! ,-+! ,3.(+! )7! %8+34! %3! K6.)'7M]! )/! ,-+! 6)/./9).'!(+6)/),)%/! ,-+! ,3.(+! )7!

9%/7)(+3+(!,%!-.8+!K6.)'+(^,%^(+')8+3M#!!",!)7!)02%3,./,!,%!/%,+!-+3+!,-.,!6.)'^,%^(+')8+3!.3+!

/%,!23%2+3!,%!/.*+(!7-%3,!7+'')/:!.9,)8),1#!"/(++(4!7%0+!0.3*+,!2.3,)9)2./,7!:%)/:!'%/:!

%/!,-+!0.3*+,!9%&'(!.'7%!6.9+!7&9-!6.)'+(^,%^(+')8+3!7),&.,)%/!)6!,-+!7+''+3!)7!/%,!.>'+!,%!

0++,! ,-+!+/:.:+0+/,!/+),-+3#!\.)'+(^,%^(+')8+3!/%,)6)9.,)%/7!.3+!3+:&'.3'1!0.(+!2&>')9!

63%0! ,-+! CVB! )/! ,-+! _#C#! h.8)/:! ,-+! $-%'+! 6.)'+(^,%^(+')8+3! (.,.=7! )7! /%,! 2+3,)/+/,!

>+9.&7+!%6!,-+!>).7!9%0)/:!63%0!%,-+3!,-./!/.*+(!7-%3,!7+''!.9,)8),1#!U-.,!)7!$-1!6.)'+(^!

,%^(+')8+3!.9,)8),1!)7!()66)9&',!,%!+7,)0.,+#!J)66+3+/,!%2,)%/7!9./!>+!.(%2,+(!$-+/!6.9)/:!

6.)'+(^,%^(+')8+3]! ,-+! ,3.(+!3+0.)/7!%2+/!%3! ,-+!>&1+3!0.1!>+!93+(),+(! ,-+!7-.3+! 63%0!

,-+!JUBB#!"/!,-)7!9.7+4!,-+!93+(),!6.9)'),1!)7!8.')(!,)''!,-+!7-%3,!7+''+3!>%33%$7!,-+!7+9&3),1!



! Q#!

%3!9'%7+7!%&,!,-+!2%7),)%/#!Z7!),!$)''!>+!(+,.)'+(!)/!.!'.,+3!7+9,)%/4!/.*+(^7-%3,^7+'')/:!)7!

/%$!>.//+(!.7!63%0!F7,!L%8+0>+3!ITFI!)/!,-+!V&3%2+./!;%/+#!

!

=>=>J> ;%,1<7,1%$-.

!

U-+!$)'')/:/+77!%6!.!6)/./9).'!.9,%3!,%!:%!%/!.!7-%3,!2%7),)%/!)/!.!7+9&3),1!9./!>+!j&7,)6)+(!

>1!0&',)2'+!%>j+9,)8+7#!R3+/,!+,!.'#!bFWWTc!)(+/,)6)+(!,-3++!0.)/!0%,)8.,)%/7]!KZ3>),3.:+!

./(!h+(:)/:4!U.`!0%,)8.,)%/7!./(!72+9&'.,)%/M#!!

!

\%''%$)/:! ,-+)3! 7,&()+74! ,-+! 0.j%3! +`2'./.,)%/! %6! &7)/:! 7-%3,! 7+''! )7! 6%3! .3>),3.:+! N!

-+(:)/:!2&32%7+#!h+(:+!\&/(7!%66+3!8.3)%&7!)/8+7,0+/,!7,3.,+:)+7!,-.,!-.8+!)/!9%00%/!

,%! 3+'1! +`9'&7)8+'1! %/! 7-%3,! 7+''! 9%0>)/.,)%/7#! U-3++! ()66+3+/,! 9%00%/! .3>),3.:+!

7,3.,+:)+7!.3+!&7)/:!7-%3,!7+''!23%9+(&3+7]!

!

^ B%/8+3,)>'+!.3>),3.:+]! ./! )/8+7,0+/,! 7,3.,+:1! )/8%'8)/:!./!.3>),3.:+!>+,$++/!

9%/8+3,)>'+!>%/(7!./(!7,%9*!7+9&3),)+7#!Z!6&/(!>&17!.!9%/8+3,)>'+!>%/(!$),-!./!

%2,)%/!23)9+!,-.,!7++07!,%!>+!&/(+3^8.'&+(!./(!7+''7!7-%3,!.,!,-+!7.0+!,)0+!,-+!

7,%9*! 7+9&3),1! ,%!0.*+! ./! .3>),3.:+!0.3:)/#! C)/9+! 9%/8+3,)>'+! >%/(7! .3+! /%,!

.'$.17! 23)9+(! +66)9)+/,'1! b0.3*+,! )'')X&)(),14! 2719-%'%:14! 8%'.,)'),1c4!

.3>),3.:+&37!+`2'%),!,-%7+!'),,'+!)/+66)9)+/9)+7!,%!0.*+!2%7),)8+!0.3:)/7#!

!

^ VX&),1!0.3*+,^/+&,3.'! .3>),3.:+]! ,-)7! 7,3.,+:1! 3+7&',7! )/! %22%7),+! +8%'&,)%/=7!

+`2+9,.,)%/!%6!,$%!9%02./)+7!$),-)/!,-+!7.0+!7+9,%3!%3!.!9%02./1!9%02.3+(!

,%!),7!:'%>.'!7+9,%3#!",!'+.(7!./!)/8+7,%3!,%!,.*+!>%,-!.!'%/:!2%7),)%/!)/!.!7+9&3),1!

./(!.!7-%3,!2%7),)%/!)/!./%,-+3!%/+#!

!

^ 5+3:+3! .3>),3.:+]! "/! .! 9.7+! %6! .! ,.*+%8+3! >)(! %6! .! 9%02./1! %8+3! ./%,-+34! .!

9'.77)9! .3>),3.:+! 9%/7)7,7! ,%! >&1! ,-+! 7+9&3),1! >+)/:! >%&:-,! ./(! 7+''! 7-%3,! ,-+!

7+9&3),1!%6!,-+!2%,+/,).'!>&1+34!./(!,.*+!%/!.!0.3:)/#!

"/!:+/+3.'4! ,-+7+!7,3.,+:)+7!.0%&/,!,%!,.*+!%/!'%/:!2%7),)%/7!%/!+`2+9,+(!&/(+38.'&+(!

7+9&3),)+7!./(!7-%3,!2%7),)%/!)/!7+9&3),)+7!+`2+9,+(!,%!:%!(%$/$.3(#!!

!



! [#!

V8+/!,-%&:-!23+8)%&7!7,3.,+:)+7!.3+!2.3,!%6! ,-+!(.1^,%^(.1!$%3*!%6!-+(:+! 6&/(74!7-%3,!

7+''! 6)/./9).'! 7+9&3),)+7! .3+!/%,! +.7)'1! .8.)'.>'+! ,%! ,-+!2&>')9! )/! :+/+3.'#! "/(++(4! >./*7!

./(! >3%*+3.:+! 6)307! (%! /%,! %66+3! 7-%3,! 7+''! 2%77)>)'),)+7! ,%! 9%00%/! 9')+/,7#! U-)7! )7!

0.)/'1!(&+! ,%! ,-+!-):-^3)7*! 7-%3,! 7+''+37! 6.9+!>1!+/,+3)/:! )/! 7&9-! 6)/./9).'! .9,)8),1#!R1!

(+6)/),)%/4!'%77+7!%/!7-%3,!7+''!.3+!&/')0),+(#!U-.,!)7!$-1!7&66)9)+/,!6)/./9).'!:&.3./,)+7!

.3+!/++(+(#!

!

Z7!7,.,+(!>1!R3+/,!+,!.'#!bFWWTc!K7-%3,!7+'')/:!0.1!>+!0%,)8.,+(!>1!,.`!)/9+/,)8+7M#!"/!,-+!

_/),+(! C,.,+7! 6%3! +`.02'+4! )/()8)(&.'! )/8+7,%37! $)'')/:! ,%! 72+9&'.,+! (%$/$.3(! %/! .!

7+9&3),1! -+'(! )/! ,-+)3! 2%3,6%')%! 0.1! X&.')61! ,-+! 7.'+! .7! .! 7-%3,! 7+''! )6! ),! 6&'6)''7! ,-+!

6%''%$)/:!,-3++!9%/(),)%/7]!!

! ^!KL%,!0.*+!./1!%,-+3!9%8+3!%/!'%/:!2%7),)%/M!

! ^!K<)X&)(.,+!),7!7-%3,!2%7),)%/!)/!,-+!'.7,!PT!(.17!%6!,-+!1+.3M!

! ^!Kk++2!,-+!'%/:!2%7),)%/!6%3!.,!'+.7,!QT!(.17!>+1%/(M#!

"6!,-+!9%/(),)%/7!.3+!6&'6)''+(4!,-+!7+''+3!$)''!,-+/!>+!,.`+(!%/!,-+!:.)/!(+3)8+(4!/%,!63%0!

,-+!()66+3+/9+!>+,$++/!,-+!23%(&9,!%6!,-+!7.'+!./(!,-+!.8+3.:+!23)9+!%6!,-+!'%/:!2%7),)%/4!

>&,!%/!,-+!3+(+02,)%/!%6!-)7!7-%3,!2%7),)%/#!U-)7!$.7!*/%$/!.7!.!7-%3,)/:!K.:.)/7,!,-+!

>%`M! ./(! .''%$+(! ,%! (+6+3! ,.`! %/! :.)/7#! ! R3+/,! +,! .'! bFWWTc! )/()9.,+(! K(+'.1)/:! ,-+!

3+9%:/),)%/! %6! .! :.)/! )7! )/,+3+7,)/:! 6%3! )/8+7,%37!$)'')/:! ,%! >+! ,.`+(! .! '%$+3! 3.,+! %/! .!

'.,+3!2+3)%(M#!U-)7!7,3.,+:1!)7!/%,!'%/:+3!.,,3.9,)8+!7)/9+!,-+!U.`2.1+3!Z9,!bFWW[c!)/!,-+!

_/),+(!C,.,+7!%6!Z0+3)9.#!

!

\)/.''14! 7-%3,!7+'')/:!9./!>+!&7+(! 6%3!72+9&'.,)8+!+/(7#!C2+9&'.,)8+!0.3*+,!2.3,)9)2./,7!

%/'1! &7+! ,-+! 7-%3,! 7+''! ,%! K>+,M! %/! .! 6&,&3+! (%$/$.3(! ,3+/(! %6! .! 72+9)6)9! 6)/./9).'!

7+9&3),1#!U-+!23%2%3,)%/!%6! 7-%3,! 7+''+3! .9,)8+! 6%3! 72+9&'.,)8+!0%,)8.,)%/! )7!()66)9&',! ,%!

+8.'&.,+4! 0+./$-)'+! ,-%7+! 6)/./9).'! 2.3,)9)2./,7! -.8+! -&:+! )02.9,! %/! 0.3*+,#! \3%0!

)02.9,7!()79&77+(!>1!.9.(+0)9)./74!B-+/!./(!C)/:.'!bITTPc!-.8+!3+2%3,+(4!K72+9&'.,)8+!

7-%3,!7+''+37!2.3,)9)2.,+!)/!.!7):/)6)9./,!0.//+3!)/!,-+!$++*+/(!+66+9,!)/!,-+!0.3*+,#M!"/!

7-%3,4!,-+!$++*+/(!+66+9,!)7!./!%>7+38.,)%/!0.(+!%/!0.3*+,4!$-+3+!,-+!7,%9*7!23)9+7!3)7+!

%/!\3)(.17! ./(! 6.''! %/!5%/(.17#! \%''%$)/:!B-+/! ./(! C)/:.'! bITTPc4! K,-+! )/9.2.9),1! ,%!

,3.(+!%/!$++*+/(7!,+/(7!,-+!7-%3,!7+''+37!,%!9'%7+!,-+)3!2%7),)%/!%/!\3)(.17=!./(!3+^%2+/!

,-+0! ,-+! 6%''%$)/:! 5%/(.1#M! C%! ,-+7+! 7-%3,! 7+''+37=! >+-.8)%37! ,+/(! ,%! 7,3+77! ./(!

.99+/,&.,+!,-+!$++*+/(!+66+9,#!



! S#!

=>D> 6A(.5(*4'7,1%$.7$).1,-.A1-,%51"7'.87"#*5%4$).

!

lU-+3+! )7! /%! .9.(+0)9! +8)(+/9+! ,-.,! 7-%3,! 7+''+37! >1! ,-+07+'8+7! >3%&:-,! .! 9%02./1!

(%$/!$),-%&,! %,-+3! &/(+3'1)/:! 3+.7%/74l! 7.)(! Y.&'! Z7X&),-4! .! 23%6+77%3! %6! 6)/./9+! .,!

5"Um7! C'%./! C9-%%'!$-%! 72+9).');+(! )/! ,-+! 7,&(1! %6! 7-%3,! 7+'')/:#! J+72),+! .66)30.,)%/7!

7&9-! .7! ,-+! %/+! 0.(+! >1! 53#! Z7X&),-! 9%0)/:! 63%0! .3%&/(! ,-+! $%3'(=7! 7,&()+74!

:%8+3/0+/,7! ./(! 3+:&'.,%37! -.8+! .'$.17! ,3)+(! ,%! >./! %3! 3+(&9+! 7-%3,! 7+''! .9,)8),1! )/!

2+3)%(!%6!0.3*+,!93.7-+7#!<+,=7!3+8)+$!0.)/!3+:&'.,)%/7!.(%2,+(!>1!'.$0.*+37!7)/9+!.!

6+$! 9+/,&3)+7! 6)37,4! ./(! 0%3+! 23+9)7+'1! 7)/9+! '.7,! 93.7-! %6! ,-+! aa",-! 9+/,&31#! Y%7,^

7&>23)0+! 93)7)7! 0+.7&3+7! $)''! ,-+/! >+! +`2%7+(4! 6%''%$+(! >1! ,-+! V&3%2+./! CCD#! U-)7!

-)7,%3)9.'! >.9*:3%&/(=7! %>j+9,)8+! )7! ,%! 7++! :%8+3/0+/,7=! 2%7),)%/! 9%/9+3/)/:! 7-%3,!

7+'')/:!.9,)8),1!6.9)/:!0.j%3!93)7)7#!

!

=>D>=> K(2%5(.,A(."51-1-.

!

C-%3,! 7+'')/:! -.7! .'0%7,! +8+31$-+3+! .! /+:.,)8+! )0.:+#! "/(++(4! ),! )7! .77%9).,+(! $),-!

72+9&'.,)%/!)/!,-+!9%''+9,)8+!9%/79)%&7/+77#!Z7!D+&,+37!/%,+(!bITTSc4!K7-%3,!7+''+37!-.8+!

>++/!,-+!8)''.)/7!6%3!HTT!1+.37M#!Z&,-%3),)+7!-.8+!>.//+(!,-+!7-%3,!7+''!.6,+3!0./1!93)7)7!

%3!7-.3+!23)9+!(3%2#!",!7,.3,+(!)/!FQTW!$-+/!0+39-./,!0.(+!,-+!6)37,!7-%3,!7+''!+8+3!)/!

,-+!J&,9-!V.7,!"/().!B%02./1#!U-+!7,%31!-.22+/+(!.:.)/!)/!FWIW4!FWS[!./(!FWW[!)/!,-+!

_#C#!5%3+!3+9+/,'14!.6,+3!,-+!ITTS!93)7)74!.&,-%3),)+7!63%0!.''!.3%&/(!,-+!$%3'(!.(%2,+(!.!

7,3)9,+3!3+:&'.,)%/!,%!7+,!&2!7%0+!63.0+!,%!,-+!7-%3,!2%7),)%/7#!!

!

=>D>D> L1$"(.,A(.DMMN."51-1-.

!

J+72),+!7,&()+7!-):-'):-,)/:!,-+!6.9,!,-.,!7-%3,!7+''!(%+7!/%,!$%37+/!7,%9*!0.3*+,7!$-+/!

,-+1!.3+!(3%22)/:!./(!7,&()+7!-+'(!>1!B-.3%+/3%%*!./(!J.%&*!bITTOc!/%,)61)/:!K,-+3+!

)7!/%!+8)(+/9+!,-.,!7-%3,^7.'+!3+7,3)9,)%/7!.66+9,!+),-+3!,-+!'+8+'!%6!7*+$/+77!%6!3+,&3/7!

%3! ,-+! 23%>.>)'),1! %6!0.3*+,! 93.7-#Mi! .7! 63%0! ITTS4!0./1! 9%&/,3)+7! (+9)(+(! ,%! 7+,! &2!

7-%3,!,)0+!63.0+!,%!')0),!%3!>./!,-+!7-%3,!7+''!%/!7%0+!%3!.''!6)/./9).'!7+9&3),)+7#!"/(++(4!

0./1!:%8+3/0+/,7!$+3+!$%33)+(!>1!,-+! 6.9,! ,-.,!7-%3,!7+'')/:!9%&'(!$%37+/!,-+!7,%9*!



! W#!

23)9+! (3%24! $%&'(! ,-3+.,+/! ,-+! 6)/./9).'! )/7,),&,)%/=7! 8).>)'),1! ./(! +/-./9+! ,-+)3!

+`2%7&3+!,%!717,+0.,)9!3)7*#!!

!

J+72),+!7%0+!)/()8)(&.'!.9,)%/7!,.*+/!>1!:%8+3/0+/,74!,-+!V&3%2+./!_/)%/!()(/=,!-.8+!

./1! 2%7),)%/! %8+3! 7-%3,! 7+'')/:! 23)%3! ITFI#! 5%3+%8+34! 9%&/,3)+7=! 3+:&'.,)%/7! ()66+3+(!

63%0! +.9-! %,-+3#! J&3)/:! ,-+! C+2,+0>+3! ITTS! 93)7)74! 0.j%3! V&3%2+./! :%8+3/0+/,7!

(+9)(+(!,%!>./!%3!3+(&9+!7-%3,!7+''!.9,)8),1!,%!7,%2!2&,,)/:!(%$/$.3(!23+77&3+!%/!,-+!

0.3*+,!./(!2.3,)9&'.3'1!%/!>./*7#!"/!,-+!_#k4!6%3!+`.02'+4!,-+!\CZ!')0),+(!7-%3,!7+''7!%/!

IW!0.j%3!6)/./9).'!7,%9*74!3+:&'.,)%/!8.')(!6%3!.!2+3)%(!%6!.!6+$!0%/,-7!%/'1#!U-+!ITFF!

7%^9.''+(!C%8+3+):/! 93)7)7!2&,7!23+77&3+!%/!:%8+3/0+/,7! ,%!>./! 7-%3,! 7+''! .9,)8),1! ./(!

+72+9).''1!%/!6)/./9).'!7+9,%37=!7,%9*7#!U-.,!)7!$-14!K9%&/,3)+7!7&9-!.7!\3./9+4!",.'14!C2.)/!

./(!R+':)&0!(+9)(+(!,%!3+:&'.,+!7-%3,!7+''!6%3!.!2+3)%(!%6!6)6,++/!(.17!%/!6)/./9).'!7,%9*7!

)/! ITFFMF#! U%! 2&,! ./! +/(! ,%! 2.3,).'! 3+:&'.,)%/7! ./(! ()66+3+/9+! >+,$++/! V&3%2+./!

9%&/,3)+74!,-+!V&3%2+./!_/)%/!(+9)(+(!,%!8%,+!./!.0+/(0+/,!)/!5.39-!ITFI!,%!7+,!&2!.!

V&3%2+./!7-%3,!7+'')/:!63.0+4!.22')9.>'+!.7!63%0!,-+!6)37,!L%8+0>+3!ITFI#!!

!

B%/,3.3)'1!,%!,-+!V&3%2+./!_/)%/4!,-+!_#C!CVB!.(%2,+(!.!3&'+!9%/9+3/)/:!,-+!7-%3,!7.'+!

3+7,3)9,)%/7! >.9*! )/! \+>3&.31! ITFTI#! "/(++(4! 6%''%$)/:! ,-+! CVB! ./(! ,-+! D&'+! ITF! %6!

D+:&'.,)%/! Che4! K,-+! B%00)77)%/! .(%2,+(! .! 7,%9*! 23)9+! 3+7,3)9,)%/! */%$/! .7! ,-+!

Z',+3/.,)8+!_2,)9*!D&'+M#!U-+!.)0!%6! ,-)7! 3&'+7! 3+7)(+7! )/! ,-+! 6.9,!%6!>.//)/:!7-%3,! 7+''!

.9,)8),1!%/!.!72+9)6)9!7,%9*!)6!,-)7!'.7,!%/+!-.7!7&66+3+(!%6!.!0%3+!,-./!FTn!23)9+!(+93+.7+!

)/!.!2+3)%(!%6!%/+!(.1#! !Z7!7,.,+(!>1!,-+!CVB!Z:+/914!),!$%&'(!K7,%2!2&,,)/:!(%$/$.3(!

23+77&3+!%/!,-)7!72+9)6)9!7,%9*#M!

!

=>D>J> 6A(.O45%P(7$.LA%5,.L(''.?(*4'7,1%$.

!

U-+!V&3%2+./!Y.3').0+/,!(+9)(+(! ,%!8%,+!.! 3&'+! 9%/9+3/)/:! KC-%3,!C+'')/:!./(!9+3,.)/!

.72+9,7! %6! ,-+! 93+(),! (+6.&',! 7$.27M! b9.''+(! '.,+3! K,-+!D+:&'.,)%/M! %3! KCCDMc#! U-)7! 3&'+!

$.7! 8%,+(! )/! 5.39-! ITFI! ./(! 9.0+! )/,%! 6%39+! %/! F7,! L%8+0>+3! %6! ,-+! 7.0+! 1+.3#!

\%''%$)/:!,-+!VC5Z!bITFPc4!,-+!.)0!%6!,-+!/+$!D+:&'.,)%/!,-.,!9.0+!)/,%!6%39+!)/!ITFI!

$.7!,%!.9-)+8+!,-+!6%''%$)/:!0.3*+,7=!72+9)6)9),)+7]!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
F!-,,2]dd$$$#+&3.9,)8#9%0d+&3%^6)/./9+d+&^9%&/,3)+7^9&3>^7-%3,^7+'')/:^/+$7^OTQWST!
I!-,,2]dd$$$#7+9#:%8d./7$+37d7-%3,3+7,3)9,#-,0!



! FT#!

!

! ^! K"/93+.7+! ,-+! ,3./72.3+/91! %6! 7-%3,! 2%7),)%/7! -+'(! >1! )/8+7,%37! )/! 9+3,.)/! V_!

7+9&3),)+7M#! \%''%$)/:! ,-+! D+:&'.,)%/4! ,-+! 7-%3,! 7+''+37! 0&7,! 3+2%3,! ./(! ()79'%7+! /+,!

7-%3,! 2%7),)%/! ,%! 3+'+8./,! 6)/./9).'! .&,-%3),)+7#! U-+! /+,! 7-%3,! 2%7),)%/! )7! $3),,+/! )/!

2+39+/,.:+! %6! ,-+! ,%,.'! 7-.3+7! 9.2),.');.,)%/! )77&+(! >1! ,-+! 9%02./1#! U-+! /+,! 7-%3,!

2%7),)%/!.7!.!2+39+/,.:+!%6!)77&+(!7-.3+!9.2),.'!%6!,-+!9%02./1!)7!9.'9&'.,+(!>1!()8)()/:!

,-+! /+,! 7-%3,! 2%7),)%/! )/! +X&)8.'+/,! 7-.3+7! >1! ,-+! ,%,.'! )77&+(! 7-.3+! 9.2),.'#! R1! ,-+!

D+:&'.,)%/]! K/+,! 7-%3,! 2%7),)%/! %8+3! T4In! 0&7,! >+! )/()9.,+(! ,%! '%9.'! 6)/./9).'!

.&,-%3),)+74!0%3+%8+3! ,-)7! /+,! 7-%3,! 2%7),)%/! /++(7! ,%! >+! 2&>')9! %8+3! T4OnM#! Z//+`! F!

23%8)(+7!./!)''&7,3.,)%/!%6!.!R+':)&0!/%,)6)9.,)%/!(%9&0+/,!,-.,!/++(7!,%!>+!6)''+(!)/!>1!

)/8+7,%37! &/(+3! /%,)6)9.,)%/! 9%/7,3.)/#!5+./$-)'+4! 7%0+! +`+02,)%/7! .3+! .99+77)>'+! ,%!

7%0+! 0.3*+,! 0.*+37! ./(! (+.'+37#! Z//+`! Q! (+,.)'7! ,-+! +'):)>'+! 0.3*+,! 2.3,)9)2./,7!

-.8)/:!,-+!2%77)>)'),1!%6!/%,!()79'%7)/:!7%0+!/+,!7-%3,!2%7),)%/!)/!R+':)&0#!"/!.((),)%/!,%!

,-.,4!7%0+!+`9+2,)%/7!+`)7,!6%3!7%0+!7-.3+7!.93%77!V&3%2+4!7%!,-.,!/%,!.''!7-.3+7!0&7,!>+!

()79'%7+(!,%!3+'+8./,!LBZ#!V8+/!)6!WHWF!7-.3+7!.3+!+`+02,+(!7%!6.3!.93%77!,-+!V&3%2+./!

_/)%/4!/%!+`+02,)%/!)7!.99%3(+(!,%!./1!R+':)./!7-.3+F#!

!

! ^!KD+(&9+!7+,,'+0+/,!3)7*7!./(!%,-+3!3)7*7!')/*+(!$),-!&/(+39%8+3!%3!/.*+(!7-%3,!

7+'')/:#M!U-)7!%>j+9,)8+!)7!.9-)+8+(!,-3%&:-!,-+!)02'+0+/,.,)%/!%6!.!'.$!6%39)/:!0.3*+,!

2.3,)9)2./,7!,%!-.8+!'%9.,+(!%3!>%33%$+(!,-+!6)/./9).'!7+9&3),1!>+6%3+!7-%3,!7+'')/:#!U-)7!

)/()9.,+74!KL.*+(!7-%3,!7+'')/:!-.7!/%$!>+!>.//+(!.7!63%0!L%8+0>+3!ITFIM#!

!

! ^!K"/7&3+!,-.,!5+0>+37!./(!VC5Z!.3+!2+36+9,'1!9%%3()/.,+(!)/!6.9)/:!+`9+2,)%/.'!

+9%/%0)9!7),&.,)%/4!./(!:)8+!,-+0!2%$+3!,%! ')0),!717,+0)9!3)7*7! )/!7&9-!7),&.,)%/7#M! "/!

9.7+!%6!+0+3:+/91!3+:&'.,)%/!)/!'%9.'!:%8+3/0+/,4!),!)7!,-+!VC5Z=7!3%'+!,%!9%%3()/.,+!,-+!

3+:&'.,)%/! ./(! 9%%3()/.,+! ),! .,! ,-+! V&3%2+./! '+8+'#!5%3+%8+34! ),! )7! ,-+! VC5Z=7! 3%'+! ,%!

./.'1;+!.9,)%/7!,.*+/!>1!'%9.'!L.,)%/.'!B%02+,+/,!Z&,-%3),)+7!./(!+8+/,&.''1!()79&77!),7!

)02'+0+/,.,)%/!,%!%,-+3!9%&/,3)+7!.93%77! ,-+!V&3%2+./!_/)%/#!C%!,-.,! '%9.'!:&)(+')/+7!

(+9)(+(!>1! '%9.'!:%8+3/0+/,7!$)''!9%/8+3:+!,%!.!9%00%/!V&3%2+./! '+:)7'.,)%/#!\.9)/:!

6.7,!6)/./9).'! 6'%$7!.93%77!9%&/,3)+7!./(!>%3(+37!63%0!6)/./9).'! )/7,),&,)%/7!,%!./%,-+34!

,-+! 3+:&'.,)%/!$)''! ,31! ,%! 23%2%7+! 9%00%/! 3&'+7! ,%! .''! V&3%2+./!0+0>+37! 7%! ,-.,! /%!

()793)0)/.,)%/!$%&'(!3)7+!63%0!%/+!9%&/,31!,%!./%,-+3#!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
F!Z7!63%0!Q,-!%6!5.14!7,.,+(!)/!,-+!VC5Z!D+2%3,#!



! FF#!

!

U%!9%/8)/9+!)/8+7,%37!./(!0.3*+,!2.3,)9)2./,7!,%!)02'+0+/,!,-+!3&'+7!9%/(&9,+(!>1!,-+!

V&3%2+./!2.3').0+/,4!7%0+!.(0)/)7,3.,)8+!7./9,)%/7!7-%&'(!>+!.22')9.>'+!,%!./1%/+!/%,!

6&'6)'')/:! ,-+! '.$#! "/! R+':)&04! ,-+! Z3,)9'+! IS! -.7! .0+/(+(! ,-+! '.$! 9%/9+3/)/:! ,-+!

7&2+38)7)%/!%6!,-+!6)/./9).'!7+9,%3!)/!?&'1!PT!ITFP4!7%!,-.,!,-+!/+$!3+:&'.,)%/!,.*+7!,-+!

/+$!V&3%2+./! ()3+9,)8+7! )/,%! .99%&/,#! U-+! \C5Z! bITFPc! 7,.,+74! KL%/^9%02'1)/:!$),-!

,-+!'.$!9%/9+3/)/:!,-+!7-%3,!7+''!3+:&'.,)%/!$)''!)/(&9+!.!2+/.',1!3./:)/:!>+,$++/!IOT!

./(!OT4TTT!2+3!(.1M#!5%3+%8+34!./!.(0)/)7,3.,)8+!6)/+!K7-%&'(!/%,!>+!'+77!,-./!IOTT!./(!

/%,!0%3+! ,-./!I4OTT4TTT#M! "/! 9.7+! ,-+! %66+/(+3!-.7!0.(+! .! 6)/./9).'! :.)/! ,-3%&:-! ,-+!

7-%3,!7+''!%2+3.,)%/4!,-+!0.`)0&0!6)/+!-+!9./!+/9%&/,+3!)7!6)`+(!.,!,-+!(%&>'+!%6!),7!:.)/#!

!

\)/.''1! ),=7! ,-+! V&3%2+./! _/)%/=7! 3%'+! ,%! )/7&3+! 70%%,-! 6&/9,)%/)/:! %6! ,-+! )/,+3/.'!

0.3*+,! ./(! )023%8+! ,-+! 9%/(),)%/7! %6! ),7! 6&/9,)%/)/:4! +72+9).''1! )/! ,+307! %6! 6)/./9).'!

0.3*+,74!./(!,%!+/7&3+!.!-):-!'+8+'!%6!23%,+9,)%/!6%3!9%/7&0+37!./(!)/8+7,%37#!

!

U%!2&,!./!+/(!,%!,-+!2.7,!()72+37)%/!7),&.,)%/!)/!$-)9-!7%0+!5+0>+3!C,.,+7!-.(!,.*+/!

()8+3:+/,!0+.7&3+7!./(! ,%! ')0),! ,-+!2%77)>)'),1! 6%3! 9%02+,+/,!.&,-%3),)+7! ,%! ,.*+! 7&9-!

0+.7&3+74! ),!$.7! +77+/,).'! ,%!-.30%/);+! ,-+!0+./7! ,%! 6):-,! .:.)/7,! ,-+! 3)7*7! ,-.,!0.1!

)/9'&(+!7-%3,!7+'')/:!./(!9%/,3.9,7!,3.(+!%/!93+(),!3)7*#!L+8+3,-+'+774!,-+!3+X&)3+0+/,7!

,%!>+!0+,!7-%&'(!/%,!.',+3! ,-+!7-%3,!7+'')/:!>+/+6),74! )/! ,+307!%6!0.3*+,!+66)9)+/91!./(!

X&.'),1!)6!./1#!

!



! FI#!

=>J> 6A(%51(-.%2.1+P7",.%2.-A%5,.-(''1$*.5(*4'7,1%$.%$.,A(.21$7$"17'.+75#(,.

!

l"!(%/m,!,-)/*!),!b7-%3,^7+'')/:c!)7!0.')9)%&7#!",m7!2+%2'+!.9,)/:!)/!,-+)3!7+'6!)/,+3+7,!$-)9-!

)7! $-.,! g.''! C,3++,! (%+74l! 7.)(! 5.3,)/! C*'.34! ./! .,,%3/+1! 3+23+7+/,)/:! -+(:+! 6&/(74!

$-)9-! ,12)9.''1!+/:.:+! )/!7-%3,!7+'')/:#!U-)7!9-.2,+3!$)''! ,31! ,%!(+,.)'!2%,+/,).'!0.3*+,!

9%/7+X&+/9+!(&+!,%!7-%3,!7+''!3+:&'.,)%/#!Z6,+3!,-)7!9-.2,+34!$+!$)''!>+!.>'+!,%!+0),!./!

%2)/)%/!9%/9+3/)/:!CCD!./(!7++!)6!,-)7!6)/./9).'!23%(&9,!)7!/%/^0.')9)%&74!.7!7,.,+(!>1!5#!

C*'.3#!

!

=>J>=> 01Q41)1,9.,A(%51(-.

!

5.3*+,! ')X&)(),1! 3+23+7+/,7! ,-+! .>)'),1! ,%!>&1!%3! 7+''! 7+9&3),)+7!%/! ,-+!0.3*+,!$),-%&,!

.66+9,)/:! ),7!23)9+#!\%''%$)/:!D+&,+37! bITFTc4!.! ')X&)(!0.3*+,! )7!.!2'.9+!$-+3+!%/+!9./!

0.*+! .! ,3./7.9,)%/! $),-! 8+31! '%$! ,3./7.9,)%/! 9%7,7#! "/! %22%7),+4! .! 0.3*+,! $),-! -):-!

,3./7.9,)%/!9%7,! )7!7.)(!,%!>+! )'')X&)(#!U-+! ')X&)(),1! )7!(+6)/+(!>1!,-+!R./X&+!(+!\3./9+!

bITTQc!.7!K.!>&/('+!%6!23%2+3,)+7!3.,-+3!,-./!.!%/+^()0+/7)%/.'!9-.3.9,+3)7,)9!%6!.77+,!

./(!0.3*+,7!$-+3+!,-+1!.3+!,3.(+(M#!5%3+%8+34!')X&)(),1!)7!.!3+'.,)8+!9%/9+2,4!./!.9,)8+!

>+)/:!.''!,-+!0%3+!')X&)(!),!)7!+`9-./:+(!+.7)'1!.:.)/7,!K')X&)(),1!>1!+`9+''+/9+M4!$-)9-!)7!
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.6,+3!,-+!3+7,3)9,)%/!)02%7+(!%/!7-%3,!0.3*+,!2.3,)9)2./,7#!

!

"/! %22%7),)%/! ,%! ,-%7+! 7,&()+7! +/()/:! &2!$),-! .''! ,-+! 7.0+! 9%/9'&7)%/! ,-.,! 7-%3,! 7+''!

9%/7,3.)/7!.66+9,)/:!/+:.,)8+'1! ,-+!8%'.,)'),1!%6! ,-+!0.3*+,4!R%-'4!D+-+3!./(!g)6')/:!(%!

/%,!(3+$!&2!,-+!7.0+!9%/9'&7)%/7!,-./!,-+)3!9%''+.:&+7!>&,!7,)''!:)8+!0),):.,+(!%2)/)%/!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
F!-,,27]dd$$$#-*+`#9%0#-*d+/:d0.3*+,d7+9p,3.()/6%d3+:7-%3,7+''#-,0!



! F[#!

%8+3!2%77)>'+!9%/7,3.)/7!)02%7+(!%/!&/9%/8+/,)%/.'!0.3*+,!2.3,)9)2./,7#!U-+1!)/()9.,+!

,-+!6%''%$)/:!,-3++!%>7+38.,)%/7]!!

!

! ^! \)37,! ,-+1! .3:&+! ,-.,! ,-+! K8%'.,)'),1! 3+:)0+7=! 7$),9-+7! .3)7+7! 3.,-+3! 63%0! ,-+!

6)/./9).'!93)7)7!./(!,3+0+/(%&7!2+3)%(!,-./!63%0!,-+!7-%3,!7+''!')0),.,)%/!)/!),7+'6M#!U-)7!

)/()9.,+7!,-.,!2%,+/,).'!>).7!)/!9%/(&9,)/:!./.'17)7!%99&33+(4!./(!72+9)6)9.''1!)/!2+3)%(!%6!

-):-!0.3*+,!,&30%)'4!$-+3+!23)9+!8%'.,)'),1!(%!/%,!>+-.8+!)/!.!/%30.'!$.1#!!

!

! ^! C+9%/('14! ,-+1! %/'1! 7++! K8+31! $+.*! +8)(+/9+! ,-.,! 9%/7,3.)/7! )02%7+(! >1!

:%8+3/0+/,7!,%!2.3,)9&'.3!0.3*+,!2.3,)9)2./,!-.8+!.!()0)/)7-)/:!+66+9,M#!!

!

! ^!\)/.''14!,-+!.&,-%37!7&::+7,!,-.,!K7-%3,!7+'')/:!9%/7,3.)/7!./(!3+:&'.,)%/7!(%!/%,!

-.8+! .! 7,.>)');)/:! +66+9,! %/! ,-+!0.3*+,M#! U-)7! '.7,! )/()9.,)%/! 7.17! ,-.,! ,-+! 3+.7%/!$-1!

:%8+3/0+/,7!$./,! ,%! 9%/,3%'! 7-%3,! 7+'')/:! 7-%&'(! /%,! >+! >.7+(! %/! ,-+!$)'')/:/+77! ,%!

3+(&9+! 8%'.,)'),1! %6! 3+,&3/7#! "/! %,-+3! $%3(74! CCD! -.8+! %/'1! 2%%3! )/9)(+/9+7! %/! ,-+!

%>7+38+(!8%'.,)'),1!%/!,-+!0.3*+,74!%3!.,!'+.7,!(%!/%,!7,.>)');+!),#!

!

R+7)(+7!,-+!)(+.!,-.,!7-%3,!7+''!)02.9,7!2%7),)8+'1!0.3*+,!8%'.,)'),14!%/+!9%&'(!.'7%!,-)/*!

,-.,! >+,,)/:! K.:.)/7,M! .! 2.3,)9&'.3! 7,%9*! 7-%&'(! 2.3,)9)2.,+! )/4! )/6'&+/9+! ./(! +/-./9+!

0.3*+,! 93.7-+7#! R&,! 3+'.,)/:! ,%! 93.7-! 9%/7)(+3.,)%/4! B-.3%+/3%%*! ./(! J.%&*! bITTOc!

2+37)7,! (+8+'%2)/:4! K.''%$)/:! 6%3! 7-%3,! 7+'')/:! (%+7! /%,! -.8+! ./1! 9%33+'.,)%/!$),-! ,-+!

23%>.>)'),1!%6!0.3*+,!>&37,M#!

!

e/!),7!,)0+^79%2+!')0),+(!3+2%3,4!,-+!VC5Z!bITFPc!9%/9'&(+74!K,-+3+!$.7!.!()0)/)7-)/:!

8%'.,)'),1! %6! 3+,&3/7! %/! V&3%2+./! 7,%9*7! >1! .223%`)0.,)/:! T4FIn! .6,+3! ,-+! F7,! %6!

L%8+0>+3!ITFIM4!(.,+!,-.,!,-+!CCD!9.0+!)/,%!+66+9,! )/!,-+!V&3%2+./!;%/+#!U-)7!0+./7!

,-.,! >1! ')0),)/:! 7-%3,! 7+'')/:4! ,-+! 8%'.,)'),1! %6! 3+,&3/7! $.7! 3+(&9+(4! $-)9-! )7!

9%/,3.()9,)/:! ,-+! 23+8)%&7! 7,&()+7! -+'(! >1! .9.(+0)9)./7! .3%&/(! ,-+! $%3'(#! U-)7!

)/,+3+7,)/:!K9%&/,+39&33+/,M!3+7&',!$)''!>+!3+^+`.0)/+(!)/!,-+!6)/()/:!2.3,!%6!,-)7!$%3*4!

.7!),!)7!,-+!9%3+!.)0!%6!,-)7!7,&(1# 
 



! FS#!

=>J>J> S51"(.2%5+7,1%$.,A(%51(-.

!

Z7! (+793)>+(! )/! ,-+)3! >%%*4! ><",+1% ?*&3'+/% ,.% ;#+,-.@% A$'% B".7*0'.+*)/% -5% C,<",7,+18%

?*&3'+% !+&"#+"&'% D% A&*7,.(4! C9-$.3,;! +,! .'#! bITTHc! (+6)/+! Y3)9+! J)79%8+31! .7! K,-+!

23%9+77!%6!(+,+30)/)/:!,-+!23)9+!%6!./!.77+,!)/!,-+!0.3*+,2'.9+!,-3%&:-!,-+!)/,+3.9,)%/7!

%6!>&1+37!./(!7+''+37#M!U-+!23)9+!%6!.!7,%9*!3+6'+9,7!,-+3+6%3+!.!8.'&+!6%&/(!>1!0.,9-)/:!

,-+!7&22'1!./(!(+0./(!%6!()66+3+/,!0.3*+,7!2.3,)9)2./,7#!R1!9%/7,3.)/)/:! )/8+7,%37! ,%!

7+''! 7-%3,! 7+9&3),)+74!0.3*+,! 3+:&'.,%37! 3+(&9+! 8%'&/,.31! ,-+!/&0>+3! %6! 7+''+37! %/! ,-+!

0.3*+,7#!R.9*!)/!FW[[4!5)''+3!7,&()+(!,-+!)02')9.,)%/!%6!7-%3,!7+'')/:!9%/7,3.)/7!%/!,-+!

7,%9*!23)9)/:! 6%30.,)%/#!h+!.3:&+(! ,-.,! K,-+!23)9+!%6! .! 7+9&3),1! 7&>j+9,+(! ,%! 7-%3,! 7+''!

9%/7,3.)/7! $+3+! /%,! ,.*)/:! .''! )/8+7,%37=! %2)/)%/! )/,%! .99%&/,#M! "/(++(4! K>1! %/'1!

)/,+:3.,)/:!,-+!%2,)0)7,)9!)/8+7,%37!)/,%!.!7,%9*!23)9+4!,-)7!'.7,!%/+!9%&'(!>+!%8+38.'&+(i!

.7!7-%3,!7+'')/:!3+7,3)9,)%/!23+8+/,7!7%0+!2+77)0)7,7!63%0!7-%3,)/:!.!7,%9*!,-+1!>+')+8+!

,%!>+!%8+38.'&+(M#!"/!,-+!7.0+!()3+9,)%/!%6!5)''+3=7!7,&()+74!B.-/4!k%,!./(!q./:!bITFTc!

.3:&+4! KC-%3,! 7+'')/:! 7'%$7! >&>>'+! 6%30.,)%/! %/! 3)7)/:! 7,%9*7M#! U-+1! 7,&(1! ,-+! 7-.3+!

23)9+7! %6! B-)/+7+! 9%02./)+7! ')7,+(! )/! >%,-! C-./:-.)! ./(!h%/:!k%/:! 7,%9*! +`9-./:+74!

./(!9%/9'&(+(!7,%9*7! ,+/(! ,%!>+!-):-+3! )/!C-./:-.)4!$-+3+!7-%3,!7+'')/:! )7!23%-)>),+(4!

,-./!)/!h%/:!k%/:4!$-+3+!),!)7!2+30),,+(#!U%!7,3+77!%/!,-+!6.9,!,-.,!7-%3,!7+''!9%/7,3.)/7!

0.1!-.8+!.!23)9+! 6%30.,)%/! )02.9,4! ),! )7!&7+6&'! ,%!/%,+! ,-.,! 6%''%$)/:! ,$%!2.7,!7,&()+7!

3&/!>1!R%+-0+3! +,! .'#! bITTSc! ./(!Z7X&),-! +,! .'#! bITTOc! K7-%3,! 7+''+37! .3+! -):-! 7*)''+(!

)/6%30+(! ,3.(+37M#! U-+3+6%3+4! ,-+)3! 23+7+/9+! %/! ,-+! 0.3*+,! 3+23+7+/,7! .! 23+9)%&7!

)/6%30.,)%/!7%&39+!6%3!23)9+!()79%8+31!23%9+77#!U-+!7%&39+!%6!)/6%30.,)%/!.(8./,.:+!)7!

()66)9&',!,%!./.'1;+!>&,!V/:+'>+3:!+,!.'#!bITFFc!9%/7)(+3!K2&>')9!/+$7!%/'1!.7!.!8.'&.>'+!

,3.()/:!7%&39+M!6%3!,-%7+!7*)''+(!0.3*+,7!2.3,)9)2./,7#!

!

"/!,-+!%>7+38.,)%/!./(!9%/9'&7)%/7!,-+!VC5Z!(3+$!&2!+.3'1!ITFP4! ,-+!23);+! 6%30.,)%/!

23%9+77! -.7! >++/! K7):/)6)9./,'1! 0%()6)+(! ./(! (+,+3)%3.,+(! .6,+3! ,-+! CDD! 9.0+! )/,%!

+66+9,#M! "/(++(4! ,-+!V&3%2+./!7,%9*7!23);+!()79%8+31!23%9+77!K-.7!>++/!3+(&9+(!>1!Pn!

0%3+!,-./!6%3!Z0+3)9./!7,%9*7M#!!
!



! FW#!

=>T> /%$"'4-1%$.

!

U%! 9%/9'&(+! ,-+! '),+3.,&3+! 3+8)+$4! '+,=7! 7&0! &2! ,-+! :+/+3.'! )(+.7! $%3'($)(+!

.9.(+0)9)./7!-.8+!%8+3!7-%3,!7+'')/:#!J+72),+! ,-+!/+:.,)8+!8)+$!%/+!9%&'(!-.8+! 6.9)/:!

7-%3,! 7+''! )/7,3&0+/,4! /&0+3%&7! 6)/./9).'! ./.'17,! ./(! %>7+38+37! -.8+! (+>.,+(! ./(!

(+0%/7,3.,+(4!6%3!,-+!0.j%3),14!,-+!'+:),)0.91!%6!,-)7!6)/./9).'!)/7,3&0+/,#!"/(++(4!7-%3,!

7+'')/:! )7! 6.3!0%3+! ,-./! 72+9&'.,)/:!%/! .! 6&,&3+!(%$/$.3(! ,3+/(!%6! .! 7,%9*4! ),! 2'.17! .!

93&9).'!3%'+!)/!,-+!7,%9*!0.3*+,#!

!

5.j%3!0%(+3/!6)/./9).'!.&,-%37!$+!()79&77+(!7%!6.3!)/()9.,+]!!

! ^!Z!9'+.3!2%7),)8+!9%33+'.,)%/!>+,$++/!0.3*+,!')X&)(),1!./(!7-%3,!7+'')/:4!.7!7-%3,!

7+''!2.3,)9)2.,+7!)/!.!0.j%3!3%'+!)/!,-+!3+7+.39-!%6!.!2+36+9,'1!')X&)(!0.3*+,i!*/%$)/:!,-.,!

,-)7!9-.3.9,+3)7,)9!)7!.!9%3+!X&.'),1!%6!.!6)/./9).'!0.3*+,#!!

!

! ^! "/! .((),)%/! ,%! ,-.,4! 7-%3,! 7+'')/:! .9,)8),1! -.7! ./! )02.9,! %/! ,-+! 8%'.,)'),1! %6!

3+,&3/7#! ",7! )02')9.,)%/! )7! 9'+.3! 6%3! ,-+!0.j%3!2.3,!%6! ,-+!.&,-%37i! ,-+1! )/()9.,+!.!9'+.3!

/+:.,)8+!)02.9,!%6!3+9+/,!3+:&'.,)%/!%6!7-%3,!7+'')/:!%/!,-+!0.3*+,!8%'.,)'),1#!5%3+%8+34!

7%0+! .3:&+! ,-.,! 3+9+/,! 3+:&'.,)%/7! (%! /%,! -.8+! ./1! +66+9,! %/! ,-+! 7,.>)');.,)%/! %6! ,-+!

8%'.,)'),1#!!

!

! ^!\)/.''14!7-%3,!7+''!2'.17!.!93&9).'!3%'+!)/!,-+!23)9+!6%30.,)%/!23%9+77#!U-)7!0.3*+,!

9-.3.9,+3)7,)9! )7! /%,! .7! )/,&),)8+! .7! ,-+! ,$%! 23+8)%&7! %/+7! >&,! )7! 0+./$-)'+! 8+31!

)02%3,./,!)/!:%%(!6&/9,)%/)/:!6)/./9).'!0.3*+,#!e/+!0%3+!,)0+4!.&,-%37!0.)/'1!.:3++!%/!

,-+!6.9,!,-.,!7-%3,!7+''!9%/7,3.)/7!-.7!/+:.,)8+!+66+9,!%/!Y3)9+!J)79%8+31#!

!

g+!-.8+! 7++/! ,-.,!V&3%2+./!:%8+3/0+/,7=! 3+.9,)%/7! ,%! ,-+! 3+9+/,!0.3*+,! 93.7-!$+3+!

/%,! 8+31!$+''! 9%%3()/.,+(! ./(! 7%0+! 6+$! 3+:&'.,)%/7! +0+3:+(#!5+./$-)'+! 3+:&'.,)%/7!

$+3+!/%,!8+31!3+7,3)9,)8+4!.7!9%/7,3.)/7!$+3+!%/'1!7+,,'+(! 6%3!.! 6+$!7,%9*7!%/'1#!\.9)/:!

,-.,!7),&.,)%/4!,-+!V&3%2+./!Y.3').0+/,!(+9)(+(!,%!8%,+!.!7-%3,!7+''!3+:&'.,)%/!.22')9.>'+!

)/!.''!V&3%2+./!9%&/,3)+74! 7%! ,-.,! )/8+7,%37!.93%77! ,-+! 9%/,)/+/,!$%&'(!-.8+! ,%! 6%''%$!

,-+!7.0+!'+:.'!63.0+4!$-)9-!)7!,-+!:%.'!%6!,-+!V&3%2+./!_/)%/#!U-+!:%.'!%6!,-+!3+:&'.,)%/!

)/! ,-+! V&3%2+./! _/)%/! )7! /%,! ,%! ,%,.''1! >'%9*! %3! >./! .''! 7-%3,! 7+''! ,3./7.9,)%/74! ),! )7!



! IT#!

7+,,'+(! ,%! 2&,! .! 63.0+! %/! ,-)7! 6)/./9).'! )/7,3&0+/,#! 5+./$-)'+4! >1! 3+7,3.)/)/:! /.*+(!

7-%3,!7+'')/:!./(!2&7-! )/8+7,%37!,%!(+9'.3+!,-+)3!7-%3,!2%7),)%/!63%0!.!9+3,.)/!.0%&/,4!

,-+!V&3%2+./!Y.3').0+/,!-.7!3+7,3.)/+(!,-+!7-%3,!7+''!.9,)8),1!)/!,-+!6)/./9).'!0.3*+,#!!

!

\%''%$)/:! 23+8)%&7! 7,&()+7! %/! 7-%3,! 7+'')/:! 3+7,3)9,)%/74! ,-+7+! %/+7! -.8+! )02.9,7! )/!

%22%7),+! ,%! ,-+! :%.'7! %6! ,-+! V_=7! 3+:&'.,)%/74! 7%! ),! 9%&'(! >+! )02%3,./,! ,%! 7,&(1! ,-+!

0.3*+,!)02')9.,)%/!%6!,-)7!3+9+/,!3+:&'.,)%/4!8%,+(!>1!,-+!V&3%2+./!Y.3').0+/,!,-+!F7,!%6!

L%8+0>+3!ITFI#!U-)7!)7!%/!$-.,!$+!$)''!$%3*!%/!6%3!,-+!3+7,!%6!,-+!2.2+3#!



! IF#!

D> U47$,1,7,1<(.!$7'9-1-.
!

U-)7!7+9,)%/!+`2'.)/7!,-+!0+,-%(%'%:1!&7+(!)/!%3(+3!,%!)(+/,)61!2%,+/,).'!0.3*+,!+66+9,!

%6! 3+9+/,! 7-%3,! 7+''! 3+:&'.,)%/! )/!V&3%2+#!U-+!.)0!%6! ,-+! 7,&(1! )7! ,%!+8.'&.,+!2%,+/,).'!

')X&)(),14! 3+,&3/! 8%'.,)'),1! ./(! 23)9+! 6%30.,)%/! 23%9+77! )02.9,! (&+! ,%! ,-+! CCD#! \)37,4!

0+.7&3+7! %6! 0.3*+,! ')X&)(),14! 8%'.,)'),1! ./(! 23)9+! ()79%8+31! $)''! >+! +/&/9).,+(! ./(!

(+793)>+(#!C+9%/('14!,-+!0.)/!0+,-%(%'%:14!K,-+!()66+3+/9+^)/^()66+3+/9+M!0+,-%(4!&7+(!

)/! ,-+! 9%/,+`,! %6! ,-+! ./.'17)7!$)''! .'7%! >+! (+6)/+(#! U-)3('14! ,-+!$.1! ,-+!0+.7&3+7! .3+!

)/,+:3.,+(! )/,%! ,-+! ()66+3+/9+^)/^()66+3+/9+! .223%.9-!$)''! >+! ()79&77+(#! U$%! ()66+3+/,!

.223%.9-+7!$)''!>+!&7+(4! )/!%3(+3! ,%!-.8+!.!>+,,+3! )(+.!%6!2%,+/,).'!CCD!+66+9,7!%/! ,-+!

V&3%2+./!0.3*+,#!"/(++(4!.!K:3.2-)9.'!.223%.9-M!$)''!9%02'+,+!.!K3+:3+77)%/!.223%.9-M#!

\)/.''14! ,-+!(.,.!&7+(! 6%3! ,-+!7,&(1!$)''!.'7%!>+!(+793)>+(! )/!%3(+3! ,%! 6&''1!&/(+37,./(!

$-+3+!/&0>+37!&7+(!)/!/+`,!K\)/()/:7M!7+9,)%/!.3+!9%0)/:!63%0#!

.

D>=> ;(7-45(-.%2.+75#(,.'1Q41)1,9V.<%'7,1'1,9.7$).P51"(.)1-"%<(59.

!

U-)7!9-.2,+3!23+7+/,7! ,-+!()66+3+/,!0+.7&3+7! ,.*+/! 6%3! ,-+!7,&(1!%6!0.3*+,=7! ')X&)(),14!

8%'.,)'),1!./(!23)9+! 6%30.,)%/!23%9+77#!V.9-!0+.7&3+!$)''!>+!(+793)>+(!0.,-+0.,)9.''1!

./(!'),+3.''1#!!

!

D>=>=> 01Q41)1,9.+(7-45(.

!

U%!./.'1;+!,-+!')X&)(),1!)02.9,!%6!,-+!CCD!)/!,-+!V&3%2+./!_/)%/4!),!)7!)/,+3+7,)/:!,%!7++!

,-+! )02.9,! %6! ,-)7! '.7,! %/+! %/! ,-3++! ()66+3+/,!0+.7&3+7#! "/(++(4! .7! 7,.,+(! 23+8)%&7'14!

0.3*+,! ')X&)(),1! )7!(+6)/+(!>1!0&',)2'+!9-.3.9,+3)7,)97!./(!9./!>+!7++/!&/(+3!()66+3+/,!

72+9,3&07#! ! U-+! ')X&)(),1! ./.'17)7! 6%''%$)/:! )/! ,-)7! 7,&(1! )7! &7)/:! ,-3++! :'%>.''1!

3+9%:/);+(!0+.7&3+7]!,-+!>)(^.7*!723+.(!./(!,-+!,3./7.9,)%/=7!8%'&0+!3+72+9,)8+'1!&7+(!

.7!23%`1!6%3!,-+!>3+.(,-!./(!,-+!(+2,-!%6!,-+!6)/./9).'!0.3*+,#!R%,-!,-+!>3+.(,-!./(!,-+!

(+2,-!%6!,-+!0.3*+,!3+23+7+/,!0.j%3!0.3*+,=7!9-.3.9,+3)7,)97#!5%3+%8+34!,-+1!.3+!+.7)'1!

.8.)'.>'+! .7! ,-+1! .3+! 2&>')9! (.,.=7! ./(! .'7%! +.71! ,%! 9.'9&'.,+! ./(! )/,+323+,#! Z! ,-)3(!



! II#!

0+.7&3+!)7!9%02'+0+/,.31!$),-!,-+!,$%!6)37,4!./(!)7!7++/!.7!./!K)'')X&)(),1!0+.7&3+M!>1!

.9.(+0)9)./7]!,-+!Z0)-&(!3.,)%#!U-%7+!,-3++!b)'^c')X&)(),1!0+.7&3+7!./(!,-+)3!&7+6&'/+77!

)/!,-+!9%/,+`,!%6!,-)7!7,&(1!.3+!+`2'.)/+(!-+3+.6,+3#!

!

R1! 23+8)%&7! .9.(+0)9! ./(! +02)3)9.'! 7,&()+74! ),! )7! +`2+9,+(! ,-.,! ,-+! V&3%2+./! 7,%9*!

0.3*+,! 7-%&'(! >+! '+77! ')X&)(! .6,+3! ,-+! 6)37,! %6!L%8+0>+3! ITFI4! (.,+! .,!$-)9-! ,-+! CCD!

9.0+! )/,%! 6%39+#! U-)7! 9%/9'&7)%/! $%&'(! >+! )/! ')/+! $),-! 23+8)%&7! 7,&()+7! )64! .6,+3! ,-+!

FdFFdITFI4! ,-+! >)(^.7*! 723+.(7! 7):/)6)9./,'1! )/93+.7+74! ,-+! ,3.()/:! 8%'&0+! (+93+.7+7!

./(!,-+!Z0)-&(=7!3.,)%!)/93+.7+7#!!

!

<+,=7!/%$!-.8+!.! '%%*!.,!,-+!23%2+3,)+7!%6!,-%7+!,-3++!0+.7&3+7!./(!,-+!$.1!,-+1!$)''!

-+'2!&7!,%!7,&(1!,-+!0.3*+,=7!')X&)(),1!()66+3+/9+!>+6%3+!./(!.6,+3!,-+!CCD!.22')9.,)%/#!

!

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

!

Z7! 7,.,+(! >+6%3+4! ,-+! >)(^.7*! 723+.(! %6! .! 6)/./9).'! 7,%9*! )7! (+6)/+(! >1! ,-+! ()66+3+/9+!

>+,$++/! ,-+! '%$+7,! 23)9+! .! 7,%9*! -%'(+3! )7! $)'')/:! ,%! 7+''! -)7! 7+9&3),1! b.7*c! ./(! ,-+!

-):-+7,!23)9+!.!0.3*+,!2.3,)9)2./,!)7!3+.(1!,%!2.1!6%3!,-+!7)0)'.3!7+9&3),1!b>)(c#!!

!

<+,!3+/.0+!KR)(Z7*C23+.(,M4!,-+!.>7%'&,+!723+.(4!Z,!,-+!Z7*!Y3)9+!./(!R,!,-+!R)(!Y3)9+!)/!

,)0+!,#!U-+!(+6)/),)%/!%6!,-+!R)(^Z7*!C23+.(!$%&'(!>+!,-+!6%''%$)/:]!

!
! ! !

! ! !

U-)7!.>7%'&,+!>)(!.7*!723+.(!.7!')X&)(),1!0+.7&3+!)7!,-+!+.7)+7,!,%!)/,+323+,#!U-+!-):-+3!

,-+!723+.(74!,-+!'.3:+3!,-+!:.27!>+,$++/!.7*!./(!>)(!23)9+74!./(!,-+!'%$+3!,-+!')X&)(),1!

%6!,-+!6)/./9).'!7+9&3),1#!

!

h%$+8+34!,-)7!7)02'+!.>7%'&,+!723+.(!0+.7&3+!)7!/%,!,-+!0%7,!3+'+8./,!0+.7&3+!)/!,-+!

63.0+!%6!%&3!')X&)(),1!./.'17)7#!

D+7-.2)/:!,-+!.>7%'&,+!>)(^.7*!723+.(!'+.(7!,%$.3(!./%,-+3!:'%>.''1!3+9%:/);+(!)/(+`!

&7+(!,%!+`.0)/+!./(!0%(+'!,-+!')X&)(),1!)/!,-+!0.3*+,]!,-+!Y+39+/,.:+!R)(^Z7*!C23+.(#!

! 

BidAskSpreadt = At " Bt



! IP#!

"/!,-+!9%/,)/&.,)%/!%6!%&3!23+8)%&7!6%30&'.4!'+,7!3+/.0+!Z,!,-+!Z7*4!R,!,-+!R)(!./(!Y^C,!

,-+!Y+39+/,.:+!R)(^Z7*!C23+.(!)/!,)0+!,#!

!

! !

! 

P "St =
At "Bt

At + Bt( ) / 2
!

! ! ! ! !

U-)7!723+.(!+`23+77+(!)/!2+39+/,.:+!)7!%/+!%6!,-+!')X&)(),1!0+.7&3+7!&7+(!>1!,-+!VC5Z!

)/! %3(+3! ,%! 9.2,&3+! ,-+! ()66+3+/9+! )/! 0.3*+,=7! ')X&)(),1! >+6%3+! ./(! .6,+3! ,-+! F7,! %6!

L%8+0>+3! ITFI#! R&,! ,-+! 2+39+/,.:+!R)(^Z7*! C23+.(! 3+23+7+/,7!0%3+! ,-./! .! ')X&)(),1!

0+.7&3+#! "/(++(4! .9.(+0)9)./7! 7&9-! .7!G.>3)+'7%/4!5.3;%! ./(!o.:.:').! .3:&+! ,-.,! ,-+!

2+39+/,.:+!723+.(!3+23+7+/,7!0%3+!K.!,3./7.9,)%/!9%7,!3.,-+3!,-./!.!')X&)(),1!)/(+`!)/!.!

2&3+!7+/7+M#!

!

!"#"#"!" 01234.'15'6-/7)/89%17)'

!

U-+!8%'&0+!%6!,3./7.9,)%/7!%99&33+(!%/!.!(.)'1!>.7)7!)7!&7+(!.7!.!23%`1!6%3!7,&(1)/:!,-+!

()66+3+/9+! )/!0.3*+,=7! (+2,-! %6! V&3%2+./!0.3*+,! >+6%3+! ./(! .6,+3! ,-+! CCD! 9.0+! )/,%!

6%39+#!g+! &7+! ,-+! (.)'1! 7-.3+! 8%'&0+! %6! ,3./7.9,)%/7! ,.*+/! .7! .! /.,&3.'! '%:.3),-04! )/!

%3(+3!,%!-.30%/);+!79.'+7#!

!
! ! !
!

g),-! KE%'&0+),K! 0+.7&3+! .7! (.)'1! 8%'&0+! %6! 7,%9*! )! %/! (.1! ,4! +X&.')/:! ,-+! /.,&3.'!

'%:.3),-0!%6!(.)'1!8%'&0+!%6!7,%9*!)!%/!(.1!,#!

!"#"#":" (4%;3&'</9%1'

%

U-+! Z0)-&(=7! D.,)%! )7! ./! )'')X&)(),1!0+.7&3+! 7,&()+(! ./(! +'.>%3.,+(! >1! Z0)-&(#! U-+!

3.,)%!)7!(+6)/+(!.7!r!,-+!7,%9*!.>7%'&,+!3+,&3/!,%!),7!(.)'1!(%''.3!8%'&0+4!.8+3.:+(!%8+3!

7%0+!2+3)%(#!s!!

!

! !

! 

Amihudit =
1
Dit

Rit

VolDitt=1

Dit

" !

! 

Volumeti = ln(DailyVolumeti)



! IH#!

g),-!J),!,-+!/&0>+3!%6!(.17!$),-!3.,)%!.8.)'.>'+!%6!7,%9*!"!%/!(.1!,4!D),!,-+!(.)'1!3+,&3/!

./(!E%'J),!.7!,-+!(%''.3!,3.()/:!8%'&0+!%6!7,%9*!)!%/!(.1!,#!

!

U-+!3.,)%!)7!)/,+323+,+(!>1!Z0)-&(!bITTIc!.7!K,-+!(.)'1!7,%9*!23)9+=7!3+.9,)%/!,%!.!(%''.3!

%6! ,3.()/:!8%'&0+l#!R&,! 6%3! 9.'9&'.,)%/7! 6.9)'),)+74! ./! )'')X&)(),1! bK"'')X&)(),1Mc!23%`1! 6%3!

,-+!Z0)-&(!3.,)%!)7!&7+(!)/!,-+!9%/,+`,!%6!,-)7!./.'17)7]!

!

! !

! 

Illiquidityit =
Rit

PitVolumeit
!

!

!

g),-4!%/!.!(.)'1!>.7)74!K!D),!M!,-+!.>7%'&,+!7,%9*!3+,&3/!%6!7,%9*!)!%/!(.1!,4!KY),M!,-+!7,%9*!)!

9'%7+(!%/!,!23)9+!./(!KE%'&0+),M!,-+!E%'&0+!%6!,3./7.9,)%/7!%/!,!6%3!,-+!7,%9*!)#!!

!

D>=>D> R%'7,1'1,9.+(7-45(.

!

5.,-+0.,)9.''14! ,-+! -)7,%3)9.'! 8%'.,)'),1! %6! 3+,&3/7! )7! 9.'9&'.,+(! .7! ,-+! .//&.');+(!

7,./(.3(! (+8).,)%/! %6! 3+,&3/74! $-)9-! )7! 3+23+7+/,+(! >1! ,-+! 710>%'! t#! <),+3.''14! ,-+!

7,./(.3(!(+8).,)%/!)7!6%&/(!>1!9%02&,)/:!K+$'%/<"*&'%&--+%-5%+$'%*4'&*('%-5%+$'%/<"*&'7%

7'4,*+,-./%-5%+$'%4*)"'/%5&-0%+$',&%*4'&*('%4*)"'MF#!

!

U-+!0.,-+0.,)9.'!+`23+77)%/!6%3!,-+!7,./(.3(!(+8).,)%/!"!)7!,-+!6%''%$)/:]!

!

! ! !

!

g),-! !$-+3+!a!)7!.!3./(%0!8.3).>'+!$),-!.!0+./!+X&.'7!,%!µ#!!

!

!U-+!6)37,!7,+2!,%!>+!2+36%30+(!)7!,-+!9%02&,)/:!%6!,-+!7,./(.3(!(+8).,)%/!%6!7,%9*7!$),-!

(.)'1!3+,&3/7!,-.,!-.8+!>++/!9%02&,+(!6%3!,-+! ')X&)(),1!./.'17)7#!U-%7+!3+,&3/7!$)''!>+!

&7+6&'! )/! ,-)7! /+$! 3+7+.39-#! R&,! 9%02&,)/:! ,-+! 7,./(.3(! (+8).,)%/! &7)/:! (.)'1! 3+,&3/!

(.,.!:)8+7!&7! ,-+!(.)'1!7,./(.3(!(+8).,)%/!%6!.!2.3,)9&'.3!7,%9*#!h%$+8+3! ,-+!%>j+9,)8+!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
F!-,,27]dd+/#$)*)2+().#%3:df,),'+uC,./(.3(p(+8).,)%/!



! IO#!

-+3+!)7!,%!9%02&,+!,-+!.//&.');+(!8%'.,)'),1#!Z!7'):-,!3+.33./:+0+/,!/++(7!,%!>+!0.(+]!

E+$'% /+*.7*&7% 7'4,*+,-.% .''7/% +-% 6'%0")+,9),'7% 61% *.! *.."*),/*+,-.% 5*#+-&4!2$,#$% ,/% +$'%

/<"*&'% &--+%-5%$-2%'4'&%0*.1%-5% 1-"&%9'&,-7/%*&'% ,.%*% 1'*&:=F%Z7! ,-+3+!.3+!IQI! ,3.()/:!

(.17!)/!.!9.'+/(.3!1+.3!./(!,-.,!,-+!7,./(.3(!(+8).,)%/7!.3+!9%02&,+(!%/!.!(.)'1!>.7)74!

,-+! 6.9,%3! %6! .//&.');.,)%/! )/! ,-)7! 9.7+! )7! #IQI#! U-+! .//&.');+(! 8%'.,)'),1! )7! ,-+/!

9%02&,+(!.7!,-+!6%''%$)/:]!

!

! ! !

.

g),-!"),!,-+!7,./(.3(!(+8).,)%/!%6!7,%9*!)!%/!(.1!,#!

!

D>=>J> S51"(.2%5+7,1%$.+(7-45(.

!

U%! 7,&(1! 2%77)>'+! 0.3*+,! 3+.9,)%/! ,%! CCD! ./(! ),7! )/6+3+/9+! ,%! ,-+! 23);+! 6%30.,)%/!

0+.7&3+4! R%+-0+3! ./(! g&! &,)');+! ,-+! 23);+! '.:d(+'.1! ,%! )/,+:3.,+! )/6%30.,)%/! .7! .!

23%`1!,%!+8.'&.,+!,-+!3.2)(),1!%6!,-+!23);+!()79%8+31!23%9+77#!U-+1!6%&/(!%&,!bITFPc!,-.,!

K23)9+7!.3+!0%3+!.99&3.,+!$-+/!7-%3,!7+''+37!.3+!0%3+!.9,)8+#M!"/(++(4!,-+)3!9%/9'&7)%/!

$.7!>.7+(!%/!,-+!6.9,!,-.,!,-+!-):-+3!$.7!,-+!7-%3,)/:!6'%$i!,-+!>+,,+3!$.7!,-+!+66)9)+/91!

%6!23);+!)/6%30.,)%/#!U-+!VC5Z!bITFPc4!7&00.3)+7!,-+!R%+-0+3!./(!g&!)(+.!.74!K+`,+/,!

,%!$-)9-!23+8)%&7!0.3*+,!)/6%30.,)%/!.99%&/,7!6%3!,-+!6%30.,)%/!%6!23);+M#!U%!+8.'&.,+!

./(!0+.7&3+!,-+!23)9+!(+'.1!%6!.!7,%9*4!R%+-0+3!./(!g&!.7!$+''!.7!,-+!VC5Z!)(+/,)61!

,-+!6%''%$)/:!23%9+(&3+!,%!>+!.22')+(]!

!

U-+!)(+.!)7!,%!9%02.3+!,$%!0%(+'7!,%!7++!)6!2.7,!0.3*+,!3+,&3/7!-+'2!,%!>+,,+3!+`2'.)/!

9&33+/,!0.3*+,!3+,&3/7#!

!

U-+! 6)37,! 7,+2! )7! ,%! 3+:3+77! ,-+! 7,%9*7=!$++*'1! 3+,&3/!$),-! )/()9+7=! 9&33+/,! 3+,&3/! ./(!

3+,&3/7!%6!,-+!23+8)%&7!H!$++*7#!Z!6)37,!0.,-+0.,)9.'!+`23+77)%/!.22')+7]!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
F!-,,2]dd.(.0-:3)0+7#9%0d>'%:d-%$^(%^1%&^9.'9&'.,+^8%'.,)'),1^)/^+`9+'d!

! 

AnnualizedVolatilityit = "it 262



! IQ#!

! ! !

!

g),-! 3),! ,-+! 7,%9*=7! K)M! 3+,&3/7! %/! $++*! ,4! 9! .! 9%/7,./,4! D0,! ,-+! $++*! 3+,&3/! %6! ,-+!

9%33+72%/()/:!+X&),1!)/(+`!0!%/!$++*!,!./(!D04!,^/!,-+!)/(+`!3+,&3/!(+'.1+(!%6!/!$++*!b^

7c#!$!3+23+7+/,7!,-+!3+7)(&.'7!%6!,-+!3+:3+77)%/#!U-+!'.7,!+X&.,)%/!$)''!6&3,-+3!>+!9.''+(!.7!

,-+!&/3+7,3)9,+(!0%(+'#!

!

Z!7+9%/(!0.,-+0.,)9.'!+`23+77)%/!/++(7!,%!>+!+8.'&.,+(!>1!3+:3+77)/:!,-+!$++*'1!7,%9*!

3+,&3/7! $),-! ,-+! $++*'1! 3+,&3/! %6! ,-+! 9%33+72%/()/:! )/(+`! %/'1#! U-+! 3+:3+77)%/! )7!

(+793)>+(!.7!,-+!6%''%$)/:]!

!

! ! !

!

g),-! 3),! ,-+! 7,%9*=7! K)M! 3+,&3/7! %/! $++*! ,4! 9! .! 9%/7,./,4! D0,! ,-+! $++*! 3+,&3/! %6! ,-+!

9%33+72%/()/:!+X&),1! )/(+`!0!%/!$++*! ,#!$! 3+23+7+/,7! ,-+! 3+7)(&.'7!%6! ,-+! 3+:3+77)%/#!

U-+!'.7,!3+:3+77)%/!$)''!6&3,-+3!>+!9.''+(!,-+!3+7,3)9,+(!0%(+'#!

!

L%$! ,-.,! >%,-! ,-+! 3+7,3)9,+(! ./(! &/3+7,3)9,+(! 0%(+'7! -.8+! >++/! (+793)>+(! ./(!

+/&/9).,+(4!'+,=7!+`23+77!,-+!23)9+!(+'.1!0+.7&3+!.7!,-+!6%''%$)/:]!

!

! !

! 

Pr izeDelay =1 "
R2 RestrictedModel( )
R2 UnrestrictedModel( )

! !

! ! !

"/!7,.,)7,)974!DI!)7!,-+!9%+66)9)+/,!%6!(+,+30)/.,)%/!./(!3+8+.'7!-%$!$+''!,-+!(.,.=7!6),!,-+!

0%(+'#!U-+!9%+66)9)+/,!%6!(+,+30)/.,)%/!3./:+7!63%0!T!,%!F!./(!)7!(+6)/+(!>1!C,++'!./(!

U%33)+!bFWQTc!.7!K,-+!23%2%3,)%/!%6!,%,.'!8.3).,)%/!%6!%&,9%0+7!+`2'.)/+(!>1!,-+!0%(+'M#!

Y'+.7+! 3+6+3! ,%! .//+`! H! 6%3! 6&3,-+3! (+8+'%20+/,! ./(! +`2'./.,)%/7! %8+3! ,-+! $.1! ,-+!

9%+66)9)+/,!)7!9.'9&'.,+(#!!

!

"/!./!)(+.'!$%3'(!$-+3+!6)/./9).'!0.3*+,7!$%&'(!>+!2+36+9,'1!+66)9)+/,4!,-+!23)9+!(+'.1!.7!

(+793)>+(! >+6%3+! 7-%&'(! >+! +X&.'! ,%! ;+3%#! "/(++(4! ,-+3+! )7! /%! 3+.7%/! ,-.,! ,-+!

)/9%32%3.,)%/! %6! 3+,&3/7! 63%0! ,-+! 23+9+()/:! 6%&3!$++*7!$%&'(! >+,,+3! +`2'.)/! 9&33+/,!

! 

ri, t = c + "tRm, t + #t $ nRm, t $ n + %i, t
n=1

4

&

! 

ri, t = c + "tRm, t



! I[#!

3+,&3/7#!"/,&),)8+'14!,-+!CCD!.22')+(!)/!V&3%2+!$%&'(!3+(&9+!,-+!23)9+!6%30.,)%/!23%9+77!

./(!(+!6.9,%4!:+/+3.,+!-):-+3!23)9+7!(+'.17!.6,+3!,-+!6)37,!%6!L%8+0>+3!ITFI!3+:&'.,)%/#!

D>D> 6A(.E122(5($"(.1$.E122(5($"(.+(,A%)%'%*9.

!
"/!%3(+3!,%!0.*+!.!7,&(1!)/!')/+!$),-!,-+!%/+!0.(+!>1!,-+!VC5Z4!%/'1!,-3++!0%/,-7!.6,+3!

,-+! CCD! ./(! )/! %3(+3! ,%! 0.*+! 3):-,! 9%02.3)7%/7! >+,$++/! ,-+! ,$%! ,)0+7! '.27+4! ,-+!

0+,-%(%'%:1!&7+(!)/!,-)7!7,&(1!)7!X&),+!7)0)'.3!,%!,-+!%/+!%2+3.,+(!>1!,-+!7,&(1!(%/+!>1!

,-+!VC5Z#!U-+!0.)/!0+,-%(%'%:1!&7+(!,%!7,&(1!,-+!)02.9,!%6!,-+!CCD!%/!,-+!V&3%2+./!

0.3*+,!)7!.!()66+3+/9+!)/!()66+3+/9+!0+,-%(%'%:1!bJJc#!R+6%3+!3+8)+$)/:!,-+!JJ!.22')+(!

)/! ,-+! 9.7+! %6! ,-+! 3+:&'.,)%/! .(%2,+(! )/! ,-+!V_! )/!ITFI4! '+,=7! +`2'.)/! ./(!(+8+'%2! ,-+!

6%&/(.,)%/!%6!,-+!0+,-%(%'%:1#!

!

D>D>=> 6A(.;%)('.

!

U-+! J)66+3+/9+! )/! J)66+3+/9+! bKJJMc! 0+,-%(%'%:1! )7! .! 7,.,)7,)9.'! ,+9-/)X&+! &7+(! )/!

0&',)2'+! +9%/%0+,3)97! 7,&()+74! ./(! ,3)+7! ,%! )0),.,+! ./! +`2+3)0+/,.'! 3+7+.39-!>1!&7)/:!

%>7+38+(!(.,.#!!U-+!2%)/,!%6!,-+!JJ!,+9-/)X&+!)7!,%!+8.'&.,+!2%,+/,).'!)02.9,!%6!./!+8+/,!

%/!.!,3+.,0+/,!:3%&2!9%02.3+(!,%!.!9%/,3%'!:3%&24!>1!&7)/:!.!7+,!%6!(.,.=7!%6!.,!'+.7,!,$%!

,)0+! 2+3)%(7]! >+6%3+! ./(! .6,+3! ,-+! +8+/,#! U-+! JJ! )7! %6,+/! &7+(! >1! 23.9,),)%/+37=! ./(!

.9.(+0)9)./7!)/!%3(+37!,%!+8.'&.,+!2.3,)9&'.3!+8+/,!7&9-!.7!'.$=7!+/6%39+0+/,i!$-)9-!)7!

,-+!9.7+!%6!,-)7!7,&(1#!U-+!7,&(1!%8+3!7-%3,!7+'')/:!)/,+:3.,+7!0./1!,)0+!2+3)%(7!.7!(.)'1!

(.,.!-.8+!>++/!&7+(i!0+./$-)'+4!'+,=7!)''&7,3.,+!,-+!(+6)/),)%/!$),-!.!2)9,&3+!)/,+:3.,)/:!

%/'1!.!I^,)0+!2+3)%(]!

!



! IS#!

42+56)!FZ!8D)!N233)6)%#)\2%\N233)6)%#)!,)-D&*&(&+<!&%!9!-'&\H)62&*!:9.2./!

!
! !!!!!!C%&39+]!J.//)!D1,-8./!
!

U-+! 7)02'+! 2)9,&3+! .>%8+! 9./! >+! +`2'.)/+(! .7! ,-+! 6%''%$)/:]! ,-+! U3+.,0+/,! G3%&2! )7!

9%/7)(+3+(! ,%! >+! U! ./(! ,-+! B%/,3%'! G3%&2! ,%! >+! B#! U)0+! T! 9%33+72%/(7! ,%! ,-+! 2+3)%(!

>+6%3+!./1!:3%&2!3+9+)8+7!,-+!,3+.,0+/,4!(+6)/+(!>1!,-+!)/(+2+/(+/,!8.3).>'+7#!U)0+!F!

9%33+72%/(7!,%!,-+!7+9%/(!0+.7&3+4!.6,+3!,-+!U3+.,0+/,!G3%&2!-.7!>++/!+`2+3)+/9)/:!.!

,3+.,0+/,#!BT!./(!UT!3+23+7+/,!,-+!%&,9%0+!8.3).>'+7!.,!,)0+!T4!)/!%22%7),+!$),-!BF!./(!

UF4!3+23+7+/,)/:!,-+!(+2+/(+/,!8.3).>'+7!.6,+3!,-+!,3+.,0+/,!+66+9,!)02.9,)/:!U!%/'14!%/!

,)0+! F#! C%! ')/+7! B! ./(!U! 7-%$! ,-+! +8%'&,)%/! %6! ,-+! %&,9%0+! b,-+! (+2+/(+/,! 8.3).>'+c!

63%0!U)0+!T!,%!U)0+!F#!L%,+!,-.,!,-+!2%)/,!K\M!.,!,)0+!F!9%33+72%/(7!,%!,-+!%&,9%0+!%6!

,-+! U3+.,0+/,! G3%&2! $),-%&,! ,-+! %>7+38+(! ,3+.,0+/,! +66+9,]! ),! )7! ,-+! -12%,-+,)9.'!

U3+.,0+/,! G3%&2! %&,9%0+! $),-%&,! ,3+.,0+/,! b.! '.$! )/! %&3! 9.7+c#! U-+! ()66+3+/9+! )/!

()66+3+/9+! 7,.,)7,)9.'! ,+9-/)X&+! )7! .9,)/:! ')*+! .! (%&>'+! ()66+3+/9+! 0+,-%(%'%:1]!

9%02.3)/:!.!6)37,!()66+3+/9+!>+,$++/!UF!./(!BF!$),-!.!7+9%/(!()66+3+/9+4!>+,$++/!\!./(!

BF#! U%! 7&0! &24! ,-+! JJ! 0+,-%(%'%:1! 9.'9&'.,+7! ,-+! ()66+3+/9+! >+,$++/! ,-+! +66+9,)8+!

U3+.,0+/,!G3%&2!%&,9%0+!UF!./(!),7!-12%,-+,)9.'!%/+4!K\M#!

!

5.,-+0.,)9.''1! 72+.*)/:4! ,-+! 0%(+'! )7! (+6)/+(! .7! ,-+! 6%''%$)/:! 3+:3+77)%/! +7,)0.,+(!

&7)/:!,-+!e<C!0+,-%(F]!

!

! !

! 

yit = "t + #Dit + $it ! ! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
F!e<C!0+,-%(!.77&02,)%/7!.3+!(+,.)'+(!)/!.//+`!I#!

UT!

UF!

BT!

BF!

\!

T!
F!
I!
P!
H!
O!
Q!
[!
S!
W!

T! F!

]
5
-#
&,

)!

S)62&*!

J)66+3+/9+^"/^J)66+3+/9+!

U3+.,0+/,! B%/,3%'! \!



! IW#!

!

g),-!,-+!(+2+/(+/,!8.3).>'+!1)7,4!.7! ,-+!%&,9%0+!%6! )/,+3+7,!%6! ,-+!7,%9*!K)M! 6%3!.!:)8+/!

,)0+!K,M#!%!9%33+72%/(7!,%!)/,+39+2,!./(!J7,!)7!.!(&001!8.3).>'+]!)/!%/+!-./(!,-+!(&001!

8.3).>'+!,.*+7!,-+!8.'&+!%6!KTM!)6!,-+!8.3).>'+!)7!/%,!7&>j+9,!,%!,-+!,3+.,0+/,!./(!%/!,-+!

%,-+3! -./(! .! 8.'&+! %6! KFM#! U-+! +66+9,! %6! ,-+! ,3+.,0+/,! )7! )/()9.,+(! >1! K&M#! $),! .3+! ,-+!

3+7)(&.'7!6%3!:)8+/!)!./(!,!

!

U-+!JJ!0%(+'!-.7!0./1!2%7),)8+!2%)/,7]!),!)7!./!+.71!0+,-%(%'%:1!,%!2&,!)/!2'.9+!./(!),!

2+30),7! ,%! .8%)(! ./(! 3+(&9+! 7+'+9,)%/! >).7#! e/! ,-+! %,-+3! 7)(+4! ),! .'7%! )/9'&(+7! 7%0+!

/+:.,)8+!9-.3.9,+3)7,)97!7&9-!.7!7+3).'!9%33+'.,)%/#!C%0+!')0),.,)%/7!%6!,-+!0%(+'!$)''!>+!

()79&77+(!)/!,-+!6)/.'!2.3,!%6!,-+!7,&(1]!K')0),.,)%/7!%6!,-+!7,&(1M#!

D>D>D> !--4+P,1%$-.%2.,A(.+%)('.

!

"/!.((),)%/!,%!.''!,-+!e<C!.77&02,)%/7F4!.!K2.3.''+'!,3+/(!.77&02,)%/M!.22')+7!,%!,-+!JJ!

0%(+'#!Z77&0)/:!,-+!,3+.,0+/,!:3%&2!U!./(!,-+!9%/,3%'!:3%&2!B4!,-+%3+,)9.'!%&,9%0+7!

()66+3+/9+7! )/! ,)0+! T! bUT^BTc! ./(! ,)0+! F! bUF^BFc! /++(! ,%! >+! +X&.'4! $),-%&,! ./1!

,3+.,0+/,!.22')+(!,%!,-+!,3+.,0+/,!:3%&2#!!

!
42+56)!@Z!N233)6)%#)\0%\N233)6)%#)!+69HD2#9(!9..5,H-2&%!

!
! !!!!!!!!C%&39+]!5.,-)+&!Y.3)j7!
 

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
F!e<C!.77&02,)%/7!.3+!(+,.)'+(!$),-!,-+!e<C!0+,-%(!)/!Z//+`!I#!

UT!

UF!BT!

BF!

\!

T!

F!

I!

P!

H!

O!

Q!

[!

T! F!

]
5
-#
&,

)!

S)62&*!

J)66+3+/9+^"/^J)66+3+/9+!

U3+.,0+/,! B%/,3%'! \!



! PT#!

U-+! '%$! 2%)/,! %6! ,-+! JJ! 0+,-%(%'%:1! )7! .! 2%77)>'+! 8)%'.,)%/! %6! ,-+! 2.3.''+'! ,3+/(!

.77&02,)%/!(&+! ,%!2%77)>'+!%,-+3! ,-./! ,3+.,0+/,! ^! 9-./:+! )/!%/+!:3%&2!%/'14!$),-%&,!

.66+9,)/:! ,-+! %,-+3! :3%&2#! "/(++(4! ,-)7! 79+/.3)%! $%&'(! 7-)6,! ,-+! 2.3.''+'! %&,9%0+! ./(!

8)%'.,+!,-+!2.3.''+'!,3+/(!.77&02,)%/#!e/+!$.1!,%!3+(&9+!,-.,!*)/(!%6!79+/.3)%!$%&'(!>+!

,%! &7+! ,-+! 7.0+! )/()8)(&.'! (.,.=7! >+6%3+! ./(! .6,+3! ,-+! ,3+.,0+/,4! >&,! ,-)7! (%+7! /%,!

9%02'+,+'1!:&.3./,++!,-+!JJ!0%(+'#!Z/%,-+3!$.1!,%!3+(&9+!7&9-!23%>'+0!$%&'(!>+!,%!

&7+!9%/,3%'!8.3).>'+!$-+/!&7)/:!JJ!.22')+(!,-3%&:-!,-+!3+:3+77)%/!0+,-%(#!

!



! PF#!

D>J> C57PA1"7'.7$).?(*5(--1%$.7PP5%7"A.

!

U-+!6)37,!7,+2!,%!>+!.9-)+8+(!)/!,-+!)02'+0+/,.,)%/!%6!.!JJ!0%(+'!)7!,%!9-%%7+!,-+!,$%!

:3%&27]!%/+!%6!9%/,3%'!./(!./%,-+3!%6!,3+.,0+/,#!Z7!,-+!3+:&'.,)%/!.)07!,%!3+:&'.,+!,-+!

V&3%2+./!7,%9*!0.3*+,4!,-+!,3+.,0+/,!:3%&2!$)''!>+!9%02%7+(!%6!V&3%2+./!7,%9*7!%/'1#!

e/! ,-+!%,-+3!-./(4! ,-+!9%/,3%'!:3%&2!/++(7! ,%!>+!.! 6)/./9).'!0.3*+,!$),-!7)0)'.3! 9%3+!

9-.3.9,+3)7,)97#!U-+!0%7,!3+'+8./,!./(!,-+!%/+!,-.,!)7!,-+!9'%7+7,!%6!,-+!,3+.,0+/,!:3%&2!

)7! (+6)/+(! .7! ,-+! _C! 6)/./9).'! 0.3*+,! >1! ,-+! VC5Z#! ",! )7! )02%3,./,! ,%! /%,+! ,-.,! /%!

3+:&'.,)%/!%99&33+(!)/!,-+!_C!9%/9+3/)/:!7-%3,!7+''!3+:&'.,)%/!7)/9+!ITFT#F!"/!.((),)%/!,%!

,-.,4!$-.,!)7!)/,+3+7,)/:!)/!,-+!JJ!0+,-%(%'%:1!)7!,-+!6.9,!,-.,!),!9./!>+!.223%.9-+(!%/!

,$%! ()66+3+/,! $.17]! )/(++(4! .! :3.2-)9.'! .223%.9-! 9./! >+! 9%02'+,+(! >1! ./! +8+/,&.'!

3+:3+77)%/!%/+#!<+,=7!/%$!+`2'.)/!,-+!,$%!.223%.9-+7]!

!

D>J>=> C57PA1"7'.7PP5%7"A.

!

U%!&/(+37,./(!,-+!:3.2-)9.'!.223%.9-4!),!)7!+.71!,%!+`2'.)/!),!>1!.!7-%3,!)''&7,3.,)%/]!

!
42+56)!BZ!N233)6)%#)\0%\N233)6)%#)!,)-D&*&(&+<!9HH(2)*!2%!9!@!H)62&*!:9.2.M!,&*)(!5.)*!-&!

)?9(59-)!H&-)%-29(!)?)%-!)33)#-/!

!
! !!!!!!!!!!C%&39+]!VC5Z!bITFPc!
!
e/!,-+!23+8)%&7!9-.3,!,-+3+!)7!,-3++!%&,9%0+7!6%3!+.9-!:3%&24!%/!()66+3+/,!,)0+!2+3)%(]!

>+6%3+4!%/!./(!.6,+3!,-+!3+:&'.,)%/! )/,3%(&9,)%/#!U-+!()66+3+/9+^)/^()66+3+/9+!+7,)0.,+7!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
F!-,,2]dd$$$#7+9#:%8d./7$+37d7-%3,3+7,3)9,#-,0!

Z!

B!

\!

T!
I!
H!
Q!
S!
FT!
FI!
FH!
FQ!

R+6%3+! R./! Z6,+3!

]
5
-#
&,

)!

S)62&*!

J)66+3+/9+^"/^J)66+3+/9+!

V_! _C! \!



! PI#!

>+,$++/!,-+!,$%!:3%&27!%6!)/,+3+7,!9%33+72%/(!7)02'1!,%!,-+!()66+3+/9+!>+,$++/!Z!./(!

\#!!U-)7!3+7&',!)7!%/'1!,3&+!)6!$+!,.*+!,-+!-12%,-+7)7!,-.,!,-+!&/%>7+38+(!()66+3+/9+!b\^Bc!

3+0.)/7!9%/7,./,!%8+3!,)0+4!0+./)/:!,-.,!&/%>7+38+(!8.3).>'+7!)02.9,!,-+!,$%!:3%&27!

)/!.!7.0+!$.1#!

!

Z!23.9,)9.'!$.1!,%!+8.'&.,+!2%,+/,).'!+66+9,!)/!,-+!63.0+!%6!%&3!7,&(1!)7!,%!9%02&,+!,-+!

0+./7! %6! ,-+! 3+'+8./,! 23%`)+7! >+6%3+4! %/! ,-+! >./! (.,+4! ./(! .6,+3! ,-+! (.,+! %6! )/,+3+7,4!

$-)9-!)7!,-+!6)37,!%6!L%8+0>+3!ITFI#!U-+!3+7&',7!%6!,-)7!.223%.9-!$)''!>+!(+8+'%2+(!)/!

,-+!/+`,!7+9,)%/]!\)/()/:7#!Z7!7,.,+(!)/!,-+!.77&02,)%/7!%6!,-+!J)66+3+/9+^)/^J)66+3+/9+!

0%(+'4!,-+!2.3.''+'!%&,9%0+7!./(!7-)6,!%6!,-%7+!%/+7!.3+!,-+!23)/9)2.'!')0),.,)%/7!%6!,-+!

0%(+'#! "/(++(4! 3+.'! (.,.=7! %6! I! ()66+3+/,! :3%&27! %6! .9,)%/7! $)''! /+.3'1! /+8+3! 6%''%$!

2.3.''+'! %&,9%0+7#!5%3+%8+34! ,-+! 8.'&+! 3+23+7+/,+(! )/! ,-+!()66+3+/,! 9-.3,!$)''! %/'1! >+!

.8+3.:+! %6! .! 72+9)6)9! :3%&2! 0+.7&3+0+/,#! \%3! ,-%7+! 3+.7%/74! ,-)7! .223%.9-! )7! 8+31!

')0),+(! >&,! $)''! /%/+,-+'+77! :)8+! .! 6)37,! .223%.9-! ./(! :'%>.'! 8)+$! %6! +.9-! 2+3,)/+/,!

23%`1#!U-%7+!,-+0+7!$)''!>+!()79&77+(!)/!,-+!K6)/()/:7M!2.3,!%6!,-+!7,&(1#!

!

D>J>D> ?(*5(--1%$.7PP5%7"A.

!

U%! .8%)(! 23%>'+07! ')/*+(! $),-! &/%>7+38+(! ()66+3+/9+7! >+,$++/! :3%&274! 9%/,3%'!

8.3).>'+7! 7-%&'(! >+! )/9'&(+(! )/! ,-+! ()66+3+/9+! )/! ()66+3+/9+!0%(+'#! U%! )/,+:3.,+! 7&9-!

8.3).>'+74!.!3+:3+77)%/!0%(+'!)7!.22')9.>'+#!"/!,-)7!7,&(14!,-+!3+:3+77)%/!)7!)/72)3+(!63%0!

,-+!JJ!0+,-%(%'%:1! )/! %3(+3! ,%!0+.7&3+! 2%77)>'+!0.3*+,=7! ')X&)(),14! 3+,&3/! 8%'.,)'),1!

./(! 23);+! 6%30.,)%/! )02.9,! .6,+3! ,-+! 7-%3,! 7+''! 3+:&'.,)%/! (+9)(+(! >1! ,-+! V&3%2+./!

Y.3').0+/,!)/!L%8+0>+3!ITFI#!

!

U%! ./.'1;+! ,-+! CCD! $),-! ,-+! JJ! 0%(+'! .! /+$! 3+:3+77)%/! %6! )/,+3+7,! )7! (+6)/+(! .7!

6%''%$)/:!>1!,-+!VC5Z]!

!
! ! !

.

g),-!1),4!,-+!(+2+/(+/,!8.3).>'+!./(!%&,9%0+!%6!,-+!0+.7&3+!%6!)/,+3+7,!%/!,)0+!K,M!6%3!

,-+!7,%9*!K)M#!KBM!.!9%/7,./,4!(&00)+7!(+2+/(+/,!8.3).>'+!KG3%&2M4!KCCDM!./!KV66+9,M!./(!

! 

yit = c + "Group + #SSR + $Effect + %it



! PP#!

$! ,-+! 3+7)(&.'7! %6! ,-+! 3+:3+77)%/#! J&00)+7! 8.3).>'+7! ,.*+! 8.'&+7! %6! +),-+3! T! %3! F4!

(+2+/()/:!%6!,-+!7,%9*!./(!,-+!,)0+!,#!<+,=7!/%$!+`2'.)/!,-+!,-3++!J&001!8.3).>'+!./(!

,-+!8.'&+7!,-+1!$)''!.(%2,!(+2+/()/:!%6!,-+!7,%9*!./(!,-+!,)0+!79%2+]!

!

! ^!G3%&2!)/(+2+/(+/,!8.3).>'+!)/()9.,+7!,%!$-)9-!:3%&2!,-+!7,%9*!>+'%/:7#!",!$)''!

)/()9.,+!9%00%/!6+.,&3+7!6%3!>%,-!:3%&27#!\%3!.''!V&3%2+./!7,%9*74!,-+!2'.9+!$-+3+!,-+!

,3+.,0+/,!)7!.22')+(4!,-+!8.3).>'+!$)''!,.*+!.!8.'&+!%6!F#!\%3!.''!7-.3+7!>+'%/:)/:!,%!,-+!

_#C!0.3*+,4! ,-+!8.3).>'+!$)''! .(%2,!.!8.'&+!%6!T#!L%,+!-+3+! ,-.,!G3%&2!8.3).>'+! )7!%/'1!

7+,,'+(! ,%!(+6)/+! )/!$-)9-!:3%&2! ,-+!7,%9*!.3+!>+'%/:)/:! ,%#!U-+!(&001!8.3).>'+!(%+7!

/%,!(+2+/(!%6!./1!,)0+!79%2+#!

!

! ^!CCD!)/()9.,+7!,)0+!,+/(+/91!6%3!>%,-!,3+.,0+/,!./(!9%/,3%'!:3%&2#!U-+!CCD!$.7!

.(%2,+(!>1!,-+!V&3%2+./!Y.3').0+/,! )/!5.39-!ITFI!>&,!%/'1!.22')9.>'+!>1!,-+! 6)37,!%6!

L%8+0>+3!%6!,-+!7.0+!1+.3#!C%!>1!(+6)/),)%/4!,-+!(.,+!%6!)/,+3+7,!%6!%&3!7,&(1!)7!7+,,'+(!

.7!,-+!F7,!L%8+0>+3!ITFI#!U-+!)/(+2+/(+/,!(&001!8.3).>'+!%6!.''!7,%9*7=!(.,.=7!,.*+!.!

8.'&+! %6! F.6,+3! ,-+! F7,! %6! L%8+0>+3! ITFI4! ./(! .! 8.'&+! %6! T! >+6%3+! ,-+! CCD!

)02'+0+/,.,)%/!(.,+#!

!

! ^!V66+9,!(&001!8.3).>'+!)7!,-+!0%7,!3+'+8./,!8.3).>'+4!.7!),7!+7,)0.,+(!9%+66)9)+/,!

$)''!)/()9.,+!2%77)>'+!V&3%2+./!0.3*+,=7!3+.9,)%/!2%7,!F7,!L%8+0>+3!ITFI#!U-+!(&001!

8.3).>'+!$)''! ,.*+!.!8.'&+!%6!%/+! 6%3!.''!V&3%2+./!7,%9*7!.6,+3! ,-+!CCD! )02'+0+/,.,)%/!

./(!T!%,-+3$)7+#!

!

U-+!$.1!()66+3+/,!0+.7&3+0+/,!23%`)+7!&7+(!,%!.77+77!,-+!0.3*+,!)02.9,!%99&33+(!>1!

,-+!V&3%2+./!D+:&'.,)%/!%/!,-+!V&3%2+./!0.3*+,7!$)''!*/%$!>+!+`2'.)/+(#!

!



! PH#!

!":"!"#" $%&'/)*'-.=-.))%17'

!

<+,=7!&7+!,-+!Y+39+/,.:+!R)(^Z7*!C23+.(!.7!(+2+/(+/,!8.3).>'+!)/!,-+!:+/+3.'!3+:3+77)%/!

(+3)8+(!63%0!,-+!JJ!0+,-%(!+`23+77+(!.,!,-+!>+:)//)/:!%6!,-+!0+,-%(%'%:1#!",! )7!,-+/!

2%77)>'+! ,%!$3),+! ,-+! 6%''%$)/:! 3+:3+77)%/! ,-.,!$)''! >+!&7+(! )/!%3(+3! ,%! 7,&(1! ,-+! 6)37,!

')X&)(),1!0+.7&3+]! !<+,!,-+!(+2+/(+/,!8.3).>'+!bY+39+/,.:+!R)(!Z7*!C23+.(!%6!7,%9*!K,M!

%/!(.1!K)Mc!>+!C^Y,)!./(!9!.!9%/7,./,!8.3).>'+]!

!
! ! !

!

Y'+.7+! 3+9.''! ,-.,! )/(+2+/(+/,! 8.3).>'+7! KG3%&2M4! KCCDM! ./(! KV66+9,M! .3+! (&00)+7!

8.3).>'+7#!"/(++(4!,-+1!9./!,.*+!%/'1!,-+!8.'&+!%6!KTM!%3!KFM4!(+2+/()/:!%6!,-+!9%/,)/+/,!

,-+!7,%9*!K)M!)7!X&%,+(!./(!,-+!(.,+!%6!)/,+3+7,!K,M#!

!

Z7!,-+%3)+7!7&00.3);+(! )/!,-+! '),+3.,&3+!3+8)+$4! ),! )7!+`2+9,+(!,-.,!,-+!>)(!.7*!723+.(!

)/93+.7+(! .6,+3! ,-+! V&3%2+./! 3+:&'.,)%/4! +/(! %6! 1+.3! ITFI#! B%/,3.31! ,%! ,-+7+! 7,&()+7!

0.(+! >1! .9.(+0)9)./74! ,-+! VC5Z! 3+'.,+(! )/! ),7! ')0),+(! ,)0+! 79%2+! 3+2%3,! ,-.,! ,-+!

V&3%2+./!0.3*+,!-.7!7++/!),7!2+39+/,.:+!>)(!.7*!723+.(!(+93+.7+(!.6,+3!,-+!CCD#!U-%7+!

9%/9'&7)%/7!$)''!>+!9%/6)30+(!%3!)/8.')(.,+(!)/!,-+!K6)/()/:7M!2.3,!%6!,-+!7,&(1#!

!

!":"!"!" 01234.'-.=-.))%17'

!

_7)/:!,-+!7.0+!$%3*)/:!0+,-%(!.7!6%3!,-+!2+39+/,.:+!R)(^Z7*!C23+.(4!'+,=7!&7+!,-+!(.)'1!

<%:!E%'&0+!%6!,3./7.9,)%/7!.7!,-+!(+2+/(+/,!8.3).>'+!)/!,-+!:+/+3.'!3+:3+77)%/!)/72)3+(!

6%30! ,-+! JJ! 0+,-%(#! U-+! 6%''%$)/:! 3+:3+77)%/! $)''! >+! &7+(! )/! %3(+3! ,%! 7,&(1! ,-+!

+8%'&,)%/!%6!,-+!7,%9*!,3.(+!8%'&0+!)/!V&3%2+#!!

!
! ! !

!

g),-! E%'&0+,)! ,-+! ,3.()/:! 8%'&0+! )/! .! /.,&3.'! '%:.3),-0)9! 79.'+4! 9! .! 9%/7,./,4! $,)! ,-+!

3+7)(&.'7!./(!,-+!(&001!)/(+2+/(+/,!8.3).>'+7!KG3%&2M4!KCCDM!./(!KV66+9,M#!!

!

! 

S "Pti = c + #Group + $SSR + %Effect + &ti

! 

Volumeti = c + "Group + #SSR + $Effect + %ti



! PO#!

Z7!,-+%3)+7!()79&77+(!)/!,-+!'),+3.,&3+!3+8)+$4!.!7'):-,!(+93+.7+!)/!,3./7.9,)%/!8%'&0+!)7!

+`2+9,+(! .6,+3! ,-+! CCD!(.,+4! )/!L%8+0>+3!ITFI#! "/(++(4! .7! 7-%3,! 7+''! )7! ')0),+(4! 6+$+3!

7,%9*7!.3+! 7&22%7+(! ,%! 9-./:+! 63%0!-./(#!U-+!VC5Z!3+'.,+(! )/! ),7! ')0),+(! ,)0+! 79%2+!

3+2%3,! ,-.,! ,-+! 7);+! %6! ,-+! V&3%2+./! 0.3*+,=7! 8%'&0+! -.7! /%,! >++/! )02.9,+(! >1! ,-+!

3+:&'.,)%/#! U-+! 7,&(1! $)''! +/&/9).,+! 3+7&',7! $+! %>,.)/! $),-! 23+8)%&7! 0+,-%(! )/! ,-+!

K6)/()/:7M!2.3,!%6!,-+!,-+7)7#!

!

!":"!":" >22%?3%&%9@'-.=-.))%17'

!

D+.33./:)/:! ,-+! :+/+3.'! 3+:3+77)%/!(+3)8+(! 63%0! ,-+!JJ!0+,-%(%'%:1!$),-! ,-+!23%`1!

)/72)3+(!63%0!,-+!Z0)-&(!)'')X&)(),1!0+.7&3+4!:)8+7!,-+!6%''%$)/:!3+:3+77)%/4!$),-!K9M!.!

9%/7,./,4! $,)! ,-+! 3+7)(&.'7! ./(! ,-+! )'')X&)(),1! 0+.7&3+! K"'')X&)(),1,)M! .7! ,-+! (+2+/(./,!

8.3).>'+!%6!7,%9*!K)M!%/!,)0+!K,M]!

!
! ! !

!

Z7! ,-+%3)+7! 7&00.3);+(! )/! ,-+! '),+3.,&3+! 3+8)+$4! ),! )7! +`2+9,+(! ,-.,! ,-+! )'')X&)(),1!

0+.7&3+!)/93+.7+(!.6,+3!,-+!V&3%2+./!3+:&'.,)%/4!+/(!%6!1+.3!ITFI#!"/!%22%7),+!,%!,-)7!

:'%>.'!%>7+38.,)%/!0.(+!>1!.9.(+0)9)./7!,-3%&:-%&,!,-+!$%3'(4!,-+!VC5Z!-.7!(+,+9,+(!

.!7'):-,!(+93+.7+!)/!,-+!)'')X&)(),1!3.,)%!.6,+3!,-+!CCD!9.0+!)/,%!+66+9,!)/!L%8+0>+3!ITFI#!

D+7&',7!6%&/(7!&7)/:!,-+!23+8)%&7!0+,-%(%'%:1!$)''!>+!()79&77+(!)/!,-+!,-)3(!2.3,!%6!,-)7!

7,&(14! )/! 9%02'+0+/,! ,%!>)(!.7*!723+.(!./(!8%'&0+! 6)/()/:7! ,%! 9%02'+,+! ,-+! ')X&)(),1!

./.'17)7#!

!

U%! .8%)(! >).7! )/! ,-+! +7,)0.,+7! %6! ,-+! 2.3.0+,+3! %6! )/,+3+7,M! 9%/,3%'! 8.3).>'+7! $)''! >+!

.((+(! )/! ,-+! 23+8)%&7! 3+:3+77)%/7#! "/(++(4! ,-+! \3)79-^g.&:-! ,-+%3+0! +`2'.)/7! ,-+!

)02%3,./9+!./(!,-+!)/,+3+7,!%6!)/9'&()/:!9%/,3%'!8.3).>'+7!)/!,-+!3+:3+77)%/7#!"/(++(4!,-+!

,-+%3+0! 7-%$7! ,-.,! K,-+! 9%+66)9)+/,! ')/*)/:! %/+! %6! ,-+! +`2'./.,%31! 8.3).>'+7! ,%! ,-+!

(+2+/(+/,! 8.3).>'+!$)''! )/+8),.>'1! >+! >).7+(! )6! ,-+! %,-+3! 7):/)6)9./,! 8.3).>'+7! .3+! /%,!

)/9'&(+(! )/! ,-+! 3+:3+77)%/#M! "/! 6.9,4! $-+/! .! 8.3).>'+! .>'+! ,%! +`2'.)/! ,-+! (+2+/(+/,!

8.3).>'+! )7! /%,! 72+9)6)+(! )/! ,-+! 0%(+'4! ,-)7! '.7,! %/+! )7! 6%&/(! )/! ,-+! 3+7)(&.'7! %6! ,-+!

3+:3+77)%/#!U%!23+8+/,! 7&9-!3+7)(&.'7!>).74! 9%/,3%'!8.3).>'+!$)''!>+! )/,+:3.,+(! )/,%! ,-+!

! 

Illiquidityti = c + "Group + #SSR + $Effect + %ti



! PQ#!

()66+3+/,! ')X&)(),1! 3+:3+77)%/! +`2'.)/+(! -+3+! .>%8+#! U3./7.9,)%/! 8%'&0+! ./(! 8%'.,)'),1!

$)''!7+38+!.7!9%/,3%'!8.3).>'+!)/!,-+!2+39+/,.:+!>)(^.7*!723+.(!3+:3+77)%/#!\&3,-+30%3+4!

2+39+/,.:+! >)(! .7*! 723+.(! ./(! 8%'.,)'),1! $)''! >+! &7+(! .7! 9%/,3%'! 6%3! ,-+! ,$%! %,-+3!

3+:3+77)%/7!%/!,3./7.9,)%/!8%'&0+!./(!8%'.,)'),1#!

!

U-+! )/,3%(&9,)%/! %6! 7&9-! 9%/,3%'! 8.3).>'+7! )/! ,-+! ()66+3+/,! 3+:3+77)%/7! (+793)>)/:!

')X&)(),1! +66+9,!$)''! .'7%! -.8+! .! 9.2,&3)/:! +66+9,! %/! ()66+3+/,! &/%>7+38+(! 8.3).>'+7#! Z7!

3+7&',4!$+!-%2+!:+,,)/:!0%3+!.223%23).,+!3+7&',!,-./!>1!.22'1)/:!,-+!:3.2-)9.'!0+,-%(#!

U-)7!$)''!.'7%!.''%$!&7!,%!9-+9*!,-+!3%>&7,/+77!%6!,-+!7)02'+!3+:3+77)%/7!./.'17)7#!

!

!":"!"A" 012/9%2%9@'-.=-.))%17'

!

Z6,+3! 3+8)+$)/:! %6! ,-+! 3+:3+77)%/7! &7+(! ,%! .223%.9-! ,-+! ')X&)(),1! 0+.7&3+! ./(! ,-+!

)02.9,!%6!,-+!CCD!%/!,-+!V&3%2+./!0.3*+,4!'+,=7!0%8+!%/!,%!,-+!7+9%/(!2.3,!%6!,-)7!7,&(1]!

,-+! (+793)2,)%/! %6! ,-+! ./.'17)7! %6! ,-+! 8%'.,)'),1! %6! 3+,&3/7#! Z7! 7,.,+(! >+6%3+4! 0.3*+,!

8%'.,)'),1!)7!.!*+1!(+,+30)/./,!%6!6)/./9).'!0.3*+,7]!),!)7!.!0+.7&3+!%6!23);+!8.3).,)%/!%8+3!

,)0+#!!

!

"/!,-)7!9.7+4!,-+!)(+.!)7!,%!(+,+30)/+!)6!,-+!CCD!.(%2,+(!>1!,-+!V&3%2+./!Y.3').0+/,!-.(!

./! )02.9,! %/! ,-+! V&3%2+./! 7,%9*!0.3*+,#! R1! &7)/:! ,-+! 7.0+!0+,-%(%'%:1! .7! 6%3! ,-+!

')X&)(),1!0+.7&3+0+/,4!,-+!6%''%$)/:!3+:3+77)%/!-.7!,%!>+!2+36%30+(]!

!
! ! !

!

U-+!(.)'1!7,./(.3(!(+8).,)%/!$)''!>+!(+,+30)/+(!%/!.!IT!./(!FT!(.17! '%%*!>.9*!>.7)7#!

Y+36+9,!'%%*!>.9*!2+3)%(!.3+!()66)9&',!,%!(+6)/+]!.!:%%(!2+3)%(!)7!9%/7)(+3+(!.7!.!%/+!9'%7+!

,%!,-+!%/+!9%/7)(+3+(!>1!0.3*+,7!2.3,)9)2./,7#!

!

R.7+(! %/! 23+8)%&7! 7,&()+74! $+! 9%&'(! .3:&+! ,-.,! ,-+! 8%'.,)'),1! %6! 3+,&3/7! %6! V&3%2+./!

7,%9*7!)7!+`2+9,+(!,%!)/93+.7+!.6,+3!,-+!V&3%2+./!3+:&'.,)%/#!Y3+8)%&7!+02)3)9.'!7,&()+7!

(+0%/7,3.,+(!,-.,!./!)/,3%(&9,)%/!%6!./1!7-%3,!7+''!9%/7,3.)/7!)7!6%''%$+(!>1!./!)/93+.7+!

)/!0.3*+,!8%'.,)'),1#!"/(++(4!3+7+.39-+7!0.(+!>1!B-+/!./(!o-+/:!bITTQc!)/!h%/:!k%/:!

)/()9.,+7!,-.,! '%9.'!9%/7,3.)/,7!+/-./9+(!'%9.'!8%'.,)'),1!%6!3+,&3/7#! "/!,-+!VC5Z!3+2%3,!

! 

AnnualizedVolatilityti = c + "Group + #SSR + $Effect + %ti



! P[#!

bITFPc4! ),! $.7! /%,)6)+(4! K8%'.,)'),1! (+93+.7+(! >1! .3%&/(! T4FIn! .6,+3! ,-+! 3+:&'.,)%/!

)02'+0+/,.,)%/l#! U-)7! 3+7&',! )7! .'7%! ./! %22%7),+! 3+7&',! ,-./! ,-+! %/+! +`2%7+(! ,%!0.)/!

.9.(+0)9)./7=!3+7&',7#!

!

!":"!"B" C-%D.'51-4/9%17'-.=-.))%17'

!

e/9+!,-+!Y3)9+!(+'.17!-.8+!>++/!0+.7&3+(!6%3!>%,-!,-+!V&3%2+./!./(!Z0+3)9./!;%/+4!),!

)7! 2%77)>'+! ,%! +8.'&.,+! ,-+! +66+9,)8+! )02.9,! %6! ,-+! CCD! ,%! ,-+!V&3%2+./! 7,%9*!0.3*+,=7!

23);+!6%30.,)%/!>1!&7)/:!,-+!JJ!.223%.9-4!%/+!0%3+!,)0+#!R1!&7)/:!,-+!Y3)9+J+'.1!.7!,-+!

/+$!(+2+/(+/,!8.3).>'+!%6!,-+!0%(+'!23+8)%&7'1!(+8+'%2+(4!.!0.,-+0.,)9.'!+`23+77)%/!

9%0+7!&2]!

!
! ! !

!

R1!.77+77)/:!,-+!23+8)%&7!+X&.,)%/4!),!$)''!>+!2%77)>'+!,%!.//%&/9+!2%,+/,).'!+66+9,!%6!,-+!

V&3%2+./!CCD!%/!,-+!23)9+!()79%8+31!23%9+77!%6!,-+!V&3%2+./!7,%9*!0.3*+,#!

!

\%''%$)/:!23+8)%&7!7,&()+7!3+9.''+(!)/!,-+!'),+3.,&3+!3+8)+$4!>1!(+'+,)/:!.!2.3,!%6!7-%3,!

7+''+3!.9,)8),14!3+:&'.,%3!0):-,!-.8+!.66+9,+(!,-+!23);+!()79%8+31!23%9+77#!"/(++(4!>1!%/'1!

,.*)/:! .! 2.3,! %6! )/8+7,%37=! )/6%30.,)%/4! 7,%9*7=! 23);+7! 0):-,! /%,! >+! .7! +66)9)+/,! .7! ),!

7-%&'(!>+#!R1!(+6)/),)%/4!,-+!23);+!()79%8+31!23%9+77!7-%&'(!>+!3+(&9+(!>1!,-+!')0),.,)%/!

%6! 7-%3,! 7+'')/:! .9,)8),1#! "/! ,-.,! ()3+9,)%/4! ,-+! VC5Z! bITFPc! .'7%! 3+2%3,+(! .! 7'):-,!

(+93+.7+! )/! ,-+! V&3%2+./! 23);+! ()79%8+31! 23%9+77#! \%''%$)/:! ,-+)3! 7,&(14! ,-+! 23);+!

()79%8+31!23%9+77!K(+93+.7+(!>1!Pn!0%3+!)/!V&3%2+!9%02.3+(!,%!,-+!_C#M!

!

! 

Pr izeDelayit = c + "Group + #SSR + $Effect + %it



! PS#!

D>J>J> ?(*5(--1%$.(-,1+7,1%$-.

!

Z''! 23+8)%&7! 3+:3+77)%/7! 9%/9+3/)/:! 0+.7&3+0+/,7! %6! ')X&)(),14! 8%'.,)'),1! ./(! 23);+!

6%30.,)%/!$)''!>+!+7,)0.,+(!,-3%&:-!,-+!g-),+=7!7,./(.3(!+33%37!./(!9%8.3)./9+!0.,3)`!

6%3!$%3*!6.9)'),.,)%/#!"/!'.3:+!7.02'+!.7!),!)7!,-+!9.7+!)/!,-)7!7,&(14!-+,+3%7*+(.7,)9),1F!%6!

,-+!3+:3+77)%/7!+33%37!$)''!23%>.>'1!.22+.3#!U-+!7%&39+!%6!-+,+3%7*+(.7,)9),1!$)''!.'7%!

>+!.!9.&7+!%6!9%/9+3/4!.7!),!$)''!/%,!>+!+.7)'1!)(+/,)6).>'+#!Z7!7,.,+(!)/!,-+!G.&77^5.3*%8!

,-+%3+04! K/%,! (+.')/:! $),-! -+,+3%7*+(.7,)9),1! 9.//%,! 23%(&9+! >).7+(! 9%+66)9)+/,!

+7,)0.,+7!>&,!,-+)3!8.3)./9+!$)''!/%,!>+!,-+!'%$+7,!./(!,-+3+6%3+4!,-+!+7,)0.,%37!$)''!/%,!

>+! ,-+! R<_V#M! L%,! 23%(&9)/:! R<_V! +7,)0.,%37! '+.(7! ,%! >).7+(! 8.3)./9+4! 9%/6)(+/9+!

)/,+38.'7!./(4!>1!(+6)/),)%/4!.''! 6&,&3+!7,.,)7,)9.'! )/6+3+/9+#!U%!:+,!.3%&/(!,-)7!23%>'+04!

g-),+! )/,3%(&9+(! .! 0+,-%(%'%:1! ,-.,! K6)`+7M! ,-+! 3+:3+77)%/! +33%374! .'7%! 9.''+(! '.,+3!

K3%>&7,!+33%37M#!U-+!g-),+=7!3%>&7,!7,./(.3(!+33%37!0+,-%(%'%:1!)7!+`2'.)/+(!)/!(+,.)'7!

)/!Z//+`![#! "/! 7-%3,4! ,-+!&7+!%6! ,-)7!0+,-%(%'%:1!(+.'7!$),-!0.j%3! )77&+7! 7,.,)7,)9)./7!

-.8+!,%!(+.'!$),-]!6%''%$)/:!,-+!_/)8+37),1!%6!B.')6%3/).!<%7!Z/:+'+74!K,-+!3%>&7,!%2,)%/!

9%2+7!$),-!-+,+3%7*+(.7,)9),1!./(!'.9*!%6!/%30.'),1!)77&+7#M!!

!

\%''%$)/:!,-+!g-),+=7!23%9+(&3+!bFWSTc]!K.223%23).,+!)/6+3+/9+!$)''!>+!2%77)>'+!+8+/!)6!

,-+! ,12+! %6! -+,+3%7*+(.7,)9),1! -.7! /%,! >++/! 23+8)%&7'1! (+6)/+(M#! "/(++(4! ,-+! g-),+!

3%>&7,! +33%37!%66+3! .!$)(+! 3./:+!%6! .(8./,.:+7! )/! ,-+! 9.7+!%6! ,-)7! 7,&(14! 6%9&7!$)''! >+!

0.(+!%/!,$%!%6!),7!.(8./,.:+7#!

!

U-+! 6)37,! ./(! ,-+!0%7,! )02%3,./,! %/+! )7!$),-%&,! ./1! (%&>,! ,-+! 2%77)>)'),1! ,%! &7+! ,-+!

9%+66)9)+/,! +7,)0.,+(! 6%3! 6&3,-+3! 7,.,)7,)9! )/6+3+/9+4! 7&9-! .7! ,-+!U^U+7,! ./(! ,-+! \^U+7,#!

g%%'(3)(:+! bITTWc! .3:&+7! KU^C,.,)7,)97! ()7,3)>&,)%/7! %>,.)/+(! 63%0! 3%>&7,! 7,./(.3(!

+33%37!$)''!6%''%$!,-+!7.0+!+`.9,!,^()7,3)>&,)%/!)/!9.7+!%6!8+31!'.3:+!7.02'+M#!Y'+.7+!/%,+!

,-.,! )/! ,-+! 9.7+! %6! ,-)7! CCD! 7,&(14! (.)'1! (.,.! -.8+!>++/!&2'%.(+(! 63%0!J.,.C,3+.0! ,%!

6%30!(.,.!7+,!,-.,!+`,+/(7!0%3+!,-./!.!,-%&7./(7!(.,.!2+3!7-.3+#!",!)7!)02%3,./,!,%!/%,+!

-+3+! ,-.,! ,-)7! )7! %/'1!$),-! ,-+!-12%,-+7)7! ,-.,!$+!-.8+! .!$)(+!(.,.! 7+,! ,-.,! ),!$)''! >+!

2%77)>'+! ,%! 0.*+! 7%0+! '.,+3! )/6+3+/9+4! .7! ,-+! \! ./(! U! ,+7,! $)''! ,+/(! ,%! ,-+)3! ,3&+!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
F!h+,+3%7*+(.7,)9),1!%6!+33%37!.22+.37!$-+/!,-+!8.3)./9+7!%6!,-+!+33%37!.3+!/%,!9%/7,./,!%8+3!
,)0+#!U-)7!)77&+!9./!>+!.!7%&39+!%6!23%>'+0!$-+/!)/6+3+/9+7!.3+!0.(+!$),-!3+:3+77)%/7!3+7&',7#!
"/(++(4!/%!,+7,!b.7!,-+!,^,+7,c!9./!>+!2+36%30+(!$-+/!+33%37!.3+!-+,+3%7*+(.7,)97#!



! PW#!

()7,3)>&,)%/#! "/! 70.''! 7.02'+4! ,-+! 3%>&7,! +33%37!$)''! 7,)''! 23%(&9+!&/>).7+(! 9%+66)9)+/,4!

>&,!)/6+3+/9+!$)''!/%,!>+!6+.7)>'+#!Z/(3+$7!./(!5%/.-./!bFWWIc!./(!k)+6+3!+,!.'#!bITTTc!

2%)/,+(! %&,! ,$%! 2%77)>'+! +33%3! 0)77,.,+0+/,74! ,-+1! .3:&+4! KU-+! 7);+! %6! ()7,%3,)%/! )7!

23%2%3,)%/.'! ,%! ,-+!-+,+3%7*+(.7,)9),1!+33%3M!./(! ,-.,! )/!0%7,!%6! ,-+! ,)0+74! +33%37!.3+!

>).7+(!&2$.3(4!7%!,-.,!7):/)6)9./9+!'+8+'!$)''!>+!-):-+3!,-./!+`2+9,+(!)/!,-+%31#!

!

U-+! 7+9%/(! .(8./,.:+! %6! ,-+!g-),+! 23%9+(&3+! )7! .7! )02%3,./,! .7! ,-+! 6)37,! %/+! )/! ,-+!

9%/,+`,! %6! ,-+! 7,&(1]! ,-+!g-),+! K-+,+3%7*+(.7,)9),1^9%/7)7,+/,^+33%37M! )7! .22')9.>'+! ,%!

-%0%7*+(.7,)97!+33%37!.7!$+''#!

!

"/! .((),)%/! ,%! ,-)7! 3%>&7,! %2,)%/4! 9'&7,+3! %2,)%/! -.7! .'7%! >++/! &7+(]! ,-)7! %2,)%/! (+.'7!

$),-! 7+3).'! 9%33+'.,)%/! $),-)/! +.9-! 7,%9*7! 0+.7&3+#! Z7! 7,.,+(! >1! ,-+! _/)8+37),1! %6!

B.')6%3/).4! K9'&7,+3! %2,)%/7! .3+! %6,+/! &7+(! ,%! 7-%$! ,-.,! 3+:3+77)%/=7! %>7+38.,)%/7! .3+!

9%33+'.,+(!$),-)/! 9'&7,+37#! "/! ,-+! 63.0+!%6! ,-)7! 7,&(14! 7,%9*7! 3+23+7+/,! ,-+! 9'&7,+374! 7%!

,-.,!$+!-.8+!ITT!9'&7,+37!)/!%&3!3+:3+77)%/]!.7!$+!7,.3,!63%0!,-+!.77&02,)%/!,-.,!7,%9*7!

3+,&3/74!8%'.,)'),1!./(!')X&)(),1!0+.7&3+7!9./!>+!7+3).''1!9%33+'.,+(!,-3%&:-!,)0+!$),-)/!

+.9-!9'&7,+3#!"/!%22%7),+!,%!,-.,4!/%!9%33+'.,)%/!)7!.77&0+(!>+,$++/!7,%9*7#!



! HT#!

D>T> E7,7.

!

Z7!7,.,+(!>1!,-+!V&3%2+./!V/,),14!.!,%%!70.''!,)0+!'.27+!$.7!&7+(!,%!7,&(1!,-+!')X&)(),14!

,3.(+!8%'&0+!./(!23);+! 6%30.,)%/!23%9+77#!U-.,! )7!$-14! 6%3! ,-+!2&32%7+!%6! ,-+!9&33+/,!

7,&(14! )/6%30.,)%/!$.7!&2'%.(+(! 63%0!D+&,+37!J.,.C,3+.0! 6%3! ,-+! ,)0+! '.27+! 3./:)/:!

63%0!,-+!6)37,!%6!L%8+0>+3!ITFT!,%!,-+!,-)3,)+,-!%6!Z23)'!ITFO#!U-+!,)0+!2+3)%(!%6!7,&(1!

)7! ,-+/! ,$%! 1+.37! >+6%3+! ./(! ,$%! ./(! .! -.'6^1+.3! .6,+3! ,-+! 3+:&'.,)%/!(.,+#! U-)7! '.3:+!

2+3)%(!)7!93&9).'!6%3!,-+!:%%(!9%/(&9,!%6!,-+!7,&(1#!",!$)''!.''%$!),!,%!7,./(!%&,!63%0!,-+!

%/+!0.(+!>1!,-+!VC5Z!,-3++!0%/,-7!%/'1!.6,+3!,-+!CCD#!"/(++(4!,-+!9%''+9,)%/!%6!(.,.!%/!

.!>3%.(+3!,)0+!63.0+!3+(&9+7!,-+!7+'+9,)%/!>).7!./(!2.3,)9&'.3'1!%6!,)0+!)/,+38.'!>).7]!>1!

%/'1! 9%''+9,)/:! )/6%30.,)%/! ,)''! ,-+! +/(! %6! 5.39-! ITFP! b$-)9-! $.7! ,-+! 7%'+! .8.)'.>'+!

)/6%30.,)%/!.,!,-.,!,)0+c4!,-+!VC5Z=7!9%/9'&7)%/!0.1!-.8+!>++/!9%/7)(+3.>'1!()7,%3,+(#!

!

"/! ,-+! 23+8)%&7! VC5Z! 7,&(14! FTT! 7,%9*7! $+3+! 3./(%0'1! 2)9*+(! 6%3! +.9-! :3%&2! b_C!

5.3*+,! ./(!V_!:3%&2c#! C,%9*7!$+3+!2)9*+(! )/! .!2%%'! %6!0.j%3!V&3%2+./!./(!_C! 7,%9*!

0.3*+,7#! U-+! 7,%9*=7! 2%%'7! $+3+! ()8)(+(! )/! 6%&3! )/! %3(+3! ,%! -.8+! 3+'+8./,! (.,.!

9%/9+3/)/:!()66+3+/,!9%02./)+7=!9.2),.');.,)%/7#!IO!7,%9*7!$+3+!3./(%0'1!2)9*+(!&2!)/!

+.9-!2%%'#!"/!%3(+3!,%!$%3*!)/!,-+!9%/,)/&),1!%6!,-+!23+8)%&7!7,&(14!),!-.7!>++/!(+9)(+(!,%!

3+,.*+! ,-+! 7.0+! 9%02./)+7! ,-.,! ,-+! %/+7! 9-%7+/!>1! ,-+!VC5Z4! 6%3! ,$%!0.)/! 3+.7%/7#!

\)37,4! ,-+! (.,.! 7+'+9,)%/! -.7! >++/! (%/+! 23%2+3'1! >1! ,-+! V&3%2+./! .:+/91! ./(! ,-+! 6.3!

'%/:+3! ,)0+! 79%2+! ,-)7! 7,&(1! ,.*+7! )/,%!.99%&/,!$)''!/%,!>+!>).7+(!>1! ,.*)/:! ,-+! 7.0+!

(.,.!.7!,-+!%/+!7+'+9,+(!>1!,-+!VC5Z#!C+9%/('14!$+!9%&'(!>+,,+3!9%02.3+!,-+!7,&()+7!.,!

,-+! +/(! %6! ,-+!$%3*4! >1! 7,3+77)/:! ,-+! 6.9,! ,-.,! ,)0+! 79%2+!$.7! ,-+!0.j%3! )77&+! %6! ,-+!

7,&(1!-+'(!>1!,-+!VC5Z#!

!

\%3!')X&)(),1!./(!8%'.,)'),1!0+.7&3+74!(.)'1!9'%7+!7,%9*!23);+74!8%'&0+7!%6!,3./7.9,)%/4!>)(!

./(!.7*!23);+7!/++(!,%!>+!9%''+9,+(#!"/!.((),)%/!,%!,-.,4!)/()9+7=!(.,.!63%0!9%33+72%/()/:!

7,%9*!/++(!,%!>+!:.,-+3+(!6%3!,-+!+'.>%3.,)%/!%6!,-+!0.3*+,!23);+!6%30.,)%/!0+.7&3+#!Z7!

7,.,+(!>1!G.>3)+'7+/4!5.3;%!./(!o.:.:!bITFFc4!K"/,3.^(.1!0+.7&3+7!%6! ')X&)(),1!.22+.3!

,%! >+! 3+'+8./,! ,%! 9.2,&3+! 9%3+! 6+.,&3+7! %6! ,-+! 0.3*+,M#! C%! 9%/6)30)/:! ,-.,! (.)'1!

0+.7&3+0+/,!%6!)/6%30.,)%/!)7!2+3,)/+/,#!

!



! HF#!

Z6,+3! 9%''+9,)%/4! .''! )/6%30.,)%/=7! -.7! >++/! ,3+.,+(! &7)/:! 5)93%7%6,! V`9+'! 6%3! 9-.3,!

+'.>%3.,)%/!.7!$+''!.7!6%3!7)02'+!3.,)%7!9.'9&'.,)%/7!7&9-!.7!')X&)(),14!8%'.,)'),1!./(!23);+!

6%30.,)%/!0+.7&3+7#!e/9+!,-+!(.,.!,3+.,0+/,!$.7!.99%02')7-+(4!,-+!3+:3+77)%/7!./(!.''!

7,.,)7,)9.'! $%3*! -.8+! >++/! 2+36%30+(! $),-! C,.,Y'&74! C,.,.! ./(! CYCC! 7,.,)7,)9.'! ,%%'4!

(+2+/()/:! %6! ,-+! $%3*! 2+36%30+(#! "/! %/+! -./(4! C,.,Y'&7! )7! +.71^,%^&7+! )/,+:3.,+(!

7%6,$.3+! ,-.,! 9./! >+! .22+/(+(! ,%! 5)93%7%6,! V`9+'#! "/! ,-+! %,-+3! -./(4! 0./1!

9-.3.9,+3)7,)97! %6! ,-+! C,.,.! ./(! CYCC! 7%6,$.3+! 9./! >+! .9,)8.,+(! $),-! ./! +.71!

23%:3.00)/:!)/,+36.9+#!U-+1!>%,-!-.8+!,-+!.(8./,.:+!%6!3+23%(&9)>)'),1!./(!-./(')/:!%6!

9%02'+`!(.,.#!

!

U.>'+! 6):&3)/:! )/!.//+`!P! 3+7&0+7! ,-+!ITT!9%02./)+7!7+'+9,+(! ,%!+8.'&.,+! ,-+!0.3*+,!

)02.9,!%6! ,-+!CCD!3+:&'.,)%/#!L%,+!,-.,!9%02./)+7=!7&>:3%&27!.3+!9'.77)6)+(!>1!0.3*+,!

9.2),.');.,)%/#!U.*)/:!9%02./)+7!%6!()66+3+/,!9.2),.');.,)%/!)7!93&9).'! 6%3!,-+!./.'17)7!%6!

')X&)(),14!8%'.,)'),1!./(!23);+! 6%30.,)%/!23%9+77]! ),! )7!%>8)%&7! ,-.,!70.''! 9.2),.');.,)%/7!

(%!/%,!%66+3!,-+!7.0+!9-.3.9,+3)7,)97!,-./!'.3:+!9.2),.');.,)%/#!!



! HI#!

J> 31$)1$*-.
!

Z6,+3! +/&/9).,)/:! ./(! (+793)>)/:! ,-+! ()66+3+/,! 7,+27! %6! ,-+! 7,&(14! &7+6&'! (.,.! ./(!

0+,-%(%'%:)+7!,%!(+793)>+!,-+!0.3*+,=7!)02.9,!%6!,-+!CCD!%/!,-+!V&3%2+./!0.3*+,74!'+,=7!

/%$! )/,+323+,! ,-+! 3+7&',7! 0+.7&3+! 2+3! 0+.7&3+! 6%''%$)/:! ,-+! ,$%! .223%.9-+7!

0+/,)%/+(!.>%8+]!,-+!:3.2-)9.'!%/+!./(!,-+!3+:3+77)%/!%/+#!U-+!%>j+9,)8+!%6!,-+!7,&(1!)7!

,%! )(+/,)61! 2%,+/,).'! +66+9,! %6! ,-+! CCD4!$-)9-! ,%%*!2'.9+! )/!V&3%2+! .7! 63%0! ,-+! 6)37,! %6!

L%8+0>+3!ITFI4!%/!,-+!0.3*+,=7!')X&)(),14!8%'.,)'),1!./(!7,%9*!23);+!6%30.,)%/!&7)/:!,-+!

JJ!0+,-%(%'%:14!+`2'.)/+(!)/!,-+!23+8)%&7!7+9,)%/#!

!

Y'+.7+!/%,+! ,-.,! 6%3!+.9-!0+.7&3+0+/,4!()66+3+/,! ,)0+! '.27+7!-.8+!>++/!,.*+/#! "/(++(4!

,-+! )02.9,! %6! ,-+! 7-%3,! 7+''! 3+:&'.,)%/! %/! ,-+!0.3*+,7!0):-,! %/'1! >+! %>7+38.>'+! %/! .!

7-%3,!,)0+!63.0+#!"/!%3(+3!,%!0.*+!%&3!7,&(1!0%3+!3+'+8./,4!,$%!,)0+!63.0+7!-.8+!>++/!

7+,,'+(]!.! '%/:!2+3)%(!b9%/7)7,)/:!%6!(.)'1!(.,.=7! 63%0!L%8+0>+3!ITFT!./(!Z23)'!ITFOc!

./(!.!7-%3,+3!,)0+!2+3)%(4!$-)9-!,.*+7!(.)'1!(.,.=7!>+,$++/!L%8+0>+3!ITFF!./(!Z23)'!

ITFH! )/,%! .99%&/,#! U-+7+! ,$%! 79+/.3)%7! $)''! >+! ()79&77+(! 6%3! 0.3*+,! ')X&)(),1! ./(!

8%'.,)'),1#!

!

U-+!()66+3+/,!6)/()/:7!%/!+.9-!0+.7&3+0+/,!23%`1!$)''!>+!+`2'.)/+(!:3.(&.''1!6%3!+.9-!

0+.7&3+!%6!)/,+3+7,!6%3!,-+!7,&(1#!"/(++(4!+`2'./.,)%/7!%6!,-+!3+7&',7!$)''!>+!()8)(+(!)/!

,$%!b:3.2-)9.'!N!3+:3+77)%/c!6%3!+.9-!0+.7&3+!%6!')X&)(),14!8%'.,)'),1!./(!23);+!6%30.,)%/!

23%9+77#!U-)7!$)''!>+!8+3)6)+(!%/!.!7+9%/(!7,+2!%6! ,-+! 6)/()/:7!7+9,)%/#!Y'+.7+!/%,+!,-.,!

,-3%&:-! ,-+! ()66+3+/,! 3+:3+77)%/4! ,-+! 9%+66)9)+/,! %6! ,-+! (&001! 8.3).>'+! KV66+9,M!

3+23+7+/,7!,-+!/+,!)02.9,!%6!,-+!CCD!%/!,-+!0+.7&3+!%6!)/,+3+7,#!

!

J>=> 01Q41)1,9.1+P7",.

!

Z7! 7,.,+(! )/! 23+8)%&7! 7+9,)%/4! ,-+! ')X&)(),1! )02.9,! %6! ,-+! V&3%2+./! 3+:&'.,)%/! )7!

+8.'&.,+(!&7)/:!,-3++!()66+3+/,!')X&)(),1!23%`)+7]!Y+39+/,.:+!>)(!.7*!723+.(4!8%'&0+7!%6!

,3./7.9,)%/7!./(! 6)/.''1!$),-!.!/%/^$+''!*/%$/!>&,!.'7%!2+3,)/+/,! )'')X&)(),1! 3.,)%]! ,-+!

Z0)-&(!3.,)%#!

!



! HP#!

J>=>=> K1).!-#.LP5(7).
!

U%!.77+77!./!+8+/,&.'!>)(!.7*!723+.(!9-./:+! )/!V&3%2+!.6,+3! ,-+!CCD4! '+,=7! 6)37,!-.8+!.!

'%%*!.,! ,-+!JJ!:3.2-!/+`,!2.:+4! 7-%$)/:!.8+3.:+!R)(!Z7*! 723+.(!%6! ,-+!FTT! 7,%9*7!%6!

+.9-!:3%&2]!V_!./(!_C4!>+6%3+!./(!.6,+3!,-+!7-%3,!7+''!>./#!Z6,+3!.!X&)9*!'%%*!.,!,-+!9-.3,4!

),! )7! %>7+38.>'+! ,-.,! ,-+! >)(! .7*! 723+.(! )7! -):-+3! 6%3! V&3%2+./! ,-./!Z0+3)9./! 7,%9*7#!

U-)7!%>7+38.,)%/!)7!8.')(!>%,-!>+6%3+!./(!.6,+3!,-+!V&3%2+./!>./#!R&,!$-+/!,-+!9-.3,!)7!

,+7,+(! 0%3+! 9'%7+'14! .! 7):/)6)9.,)8+! ()66+3+/9+! >+,$++/! >+6%3+! ./(! .6,+3! CCD! )7!

%>7+38.>'+#! "/!%/+!-./(4!,-+!9%/,3%'!:3%&2!b_#C!7,%9*7c!-.7!+`2+3)+/9+(!./!)/93+.7+!)/!

),7!>)(!.7*!723+.(!>+,$++/!,-+!2+3)%(!>+6%3+!./(!.6,+3!,-+!V&3%2+./!CCD#!e/!,-+!%,-+3!

-./(4! ,-+! ,3+.,0+/,! :3%&2=7! bV#_! 7,%9*7c! .8+3.:+! >)(! .7*! 723+.(! -.7! 7):/)6)9./,'1!

(+93+.7+(!9%02.3+(!,%!,-+!2+3)%(!>+6%3+!,-+!CCD#!

!

e/! .! ()66+3+/9+! )/! ()66+3+/9+! 2%)/,! %6! 8)+$4! ),! )7! .77&0+(! ,-.,! ,-+! ,$%! :3%&27!$%&'(!

>+-.8+! ,-+! 7.0+! $.1! >+6%3+! ./(! .6,+3! ,-+! 3+:&'.,)%/! )6! /%! 3+:&'.,)%/! %99&33+(#! R1!

-12%,-+7)74!)6!/%!3+:&'.,)%/!%99&33+(!)/!V&3%2+4!,-+!V_!7,%9*7=!723+.(!$%&'(!-.8+!,.*+/!

,-+!7.0+!()3+9,)%/!,-./!,-+!Z0+3)9./!%/+!./(!$%&'(!-.8+!3+.9-+(!,-+!K\M!2%)/,!)/!,-+!

:3.2-!/+`,!2.:+#! "/!%22%7),+!,%!,-.,4! ,-+!V&3%2+./!723+.(!3+.9-+(!,-+!KUM!2%)/,! )/!,-+!

7.0+! 9-.3,#! C%! ,-+! :3.2-)9.'! ()66+3+/9+! )/! ()66+3+/9+! 0+,-%(%'%:1! -):-'):-,7! -+3+! .!

7):/)6)9.,)8+! (+93+.7+(! )/! ,-+! V&3%2+./! >)(! .7*! 723+.(! 9%02.3+(! ,%! ,-+! :3%&2! %6!

3+6+3+/9+4!,-+!_C!0.3*+,#!!U-+!JJ!>+,$++/!,-+!2%)/,!U4!$-+3+!,-+!723+.(!.9,&.''1!)7!./(!

,-+!2%)/,! \4!$-+3+! ,-+! 723+.(! 7-%&'(!-.8+! :%/+! )/! 3+6+3+/9+! ,%! ,-+!_C!0.3*+,! )7! .'7%!

X&./,)6).>'+!&7)/:!,-)7!0+,-%(#!Z7!7,.,+(!)/!,-+!,-+%31!)/!23+8)%&7!7+9,)%/4!,-+!JJ!)7!,-+!

()66+3+/9+!>+,$++/!,-+!2%)/,!\!./(!,-+!2%)/,!U4!$-)9-!)7]!T4TT[PS^T4TTHPS!./(!+X&.'7!,%!

T4TTP#! C%! $+! 9./! 9%/9'&(+! ,-.,! ,-+! >)(! .7*! 723+.(! 7&66+3+(! %6! .! (+93+.7+! >1!

.223%`)0.,+'1!T4Pn!.6,+3!,-+!CCD!9%02.3+(!,%!,-+!_#C#!U-)7!6)37,!.223%.9-!:.8+!&7!.!6)37,!

)(+.!%6!,-+!3+.9,)%/!%6!,-+!V&3%2+./!>)(!.7*!723+.(!.6,+3!,-+!CCD#!

!



! HH#!

42+56)!RZ!P69HD2#9(!NN!,)-D&*!.D&'2%+!-D)!VVA!)33)#-!&%!-D)!U/^/!.-&#$.[!X2*\".$!VH6)9*M!
5.2%+!^/V/!.-&#$.!9.!#&%-6&(!+6&5H/!

!
!!!!!!!!!C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!

U%! 9%02'+,+! ,-+! 7)02'+! :3.2-)9.'! 0+,-%(! (+793)>+(! -+3+! >+6%3+4! '+,=7! /%$! &7+! ,-+!

3+:3+77)%/!0+,-%(! )/!%3(+3! ,%! 9%/6)30!./(!23+9)7+!%&3! 6)37,! .223%.9-#!U-+! 3+:3+77)%/!

-.7!>++/!.223%.9-+(!&7)/:!6)8+!()66+3+/,!0%(+'7#!U-+!,$%!6)37,!3+:3+77)%/7!&7+!,-+!%/'1!

,-3++!)/(+2+/(+/,!8.3).>'+7!G3%&24!CCD!./(!V66+9,!)/!%3(+3!,%!7,&(1!CCD!)02.9,!%/!,-+!

>)(!.7*!723+.(#!e/!,-+!%/+!-./(!,-+!5%(+'!F!&7+7!(.)'1!(.,.!63%0!L%8+0>+3!ITFT!./(!

Z23)'! ITFO4! ./(! %/! ,-+! %,-+3! -./(4! ,-+! 5%(+'! I! &7+7! (.)'1! (.,.! 63%0! .! 7-%3,+3! ,)0+!

2+3)%(]! 63%0! L%8+0>+3! ITFF! ./(! Z23)'! ITFH#! U-+! ,-3++! '.,,+3! 0%(+'7! )/,+:3.,+! ,$%!

9%/,3%'! 8.3).>'+7]! 3+,&3/=7! 8%'.,)'),1! ./(! 23);+! 8%'&0+! %/! .! 6&''! ,)0+! >.7)7! bL%8+0>+3!

ITFT^Z23)'! ITFOc#! Y'+.7+!/%,+! ,-.,! ,-+! 8.3).>'+! %6! )/,+3+7,! )7! ,-+! KV66+9,M! )/(+2+/(+/,!

8.3).>'+#!U-)7!8.3).>'+!7-%$7!-%$!,-+!0+.7&3+!%6!)/,+3+7,!>+-.8+(!.6,+3!,-+!CCD!(.,+!)/!

V&3%2+#!

!

U-+! 6%''%$)/:! ,.>'+! :3%&27! ,-+! ,$%! 6)37,! 0%(+']! 5%(+'! F! ./(! 5%(+'! I#! U-+! 5%(+'! F4!

)/,+:3.,)/:! (.)'1! (.,.=7! 63%0!L%8+0>+3! ITFT! ,%! ITFO4! 7-%$7! 7):/)6)9./,! 9%+66)9)+/,! %6!

)/,+3+7,#! "/(++(4! 6%''%$)/:! ,-+! 9%02&,)/:! 0.(+! %/! C,.,.4! ,-+! >)(! .7*! 723+.(! -.7!

(+93+.7+(!>1!T4IQn!.6,+3!,-+!CCD!(.,+#!U-)7!3+7&',!)7!7):/)6)9./,!.,!.!Fn!9%/6)(+/9+!'+8+'4!

$-)9-!)/()9.,+7!-):-!9%/6)(+/9+!%/!,-+!+7,)0.,%3!%6!,-+!9%+66)9)+/,!%6!)/,+3+7,#!!

!

U%!+8.'&.,+!)6!,-+!CCD!-.(!,-+!7.0+!+66+9,!%/!7-%3,+3!,)0+!2+3)%(4!,-+!+66+9,!)7!+8.'&.,+(!

,-3%&:-! ,-+!5%(+'! I#! U-)7!5%(+'! )/,+:3.,+7! (.,.! 63%0!L%8+0>+3! ITFF! ,%!Z23)'! ITFH4!

./(!7-%$7!7):/)6)9./,!9%+66)9)+/,!%6! )/,+3+7,!.7!$+''#! "/(++(4! 6%''%$)/:!,-+!5%(+'!I4! ,-+!

U!u!T4TTHPSFWWS!

B!u!T4TTFSFQHSP!

\!u!T4TT[PSIQP!

T!

T4TTI!

T4TTH!

T4TTQ!

T4TTS!

F!L%8!ITFT^ITFI! F^/%8^FI! F!L%8!ITFI^PT!Z23)'!ITFO!

S
)6
#)
%
-9
+)
!X
2*
!"
.$
!V
H
6)
9*
!

82,)!

Z8+3.:+!R)(^Z7*!C23+.(!

V_! _C! \!



! HO#!

>)(!.7*!723+.(!(+93+.7+(!>1!.223%`)0.,+'1!T4PHn#!U-)7!9%+66)9)+/,!)7!.'7%!7):/)6)9./,!.,!.!

Fn!'+8+'!%6!9%/6)(+/9+#!

!

U-3%&:-! ,-+! ,$%! 6)37,! 5%(+'74! ),! )7! %>7+38.>'+! ,-.,! ,-+! >)(! .7*! 723+.(! 7):/)6)9./,'1!

(+93+.7+(! >1! T4IQn! .,! .! 6&''! ,)0+! 63.0+! ./(! T4PHn! %/! .! 7-%3,+3! ,)0+! 2+3)%(#! U-+7+!

0+.7&3+0+/,7! 9%/6)30! ,-+! :3.2-)9.'! 0+,-%(7! &7+(! )/! 23+8)%&7! 7+9,)%/#! h%$+8+34!

9%02.3)/:!,-+!,$%!6)37,!5%(+'7=!3+7&',74!,-+!>)(!.7*!723+.(!(+93+.7+(!0%3+!7):/)6)9./,'1!

&7)/:! 7-%3,+3! ,)0+!2+3)%(7#! U-)7! 9%&'(! )/()9.,+! ,-.,! ,-+! CCD! )02.9,+(! ,-+! 723+.(! )/! .!

0%3+!)02%3,./,!$.1!%/!.!7-%3,+3!,)0+!63.0+#!

!
89:()!=Z!X2*!".$!VH6)9*!#&)332#2)%-.!&3!-D)!-'&!326.-!,&*)(./!

Bid Ask Spread   
Variable Model 1 (Nov 10'-Apr 15') Model 2 (Nov 11'-Apr 14') 
Constant (Std. Error) 0,00077 (0,00005)* 0,00055 (0,00004)* 
Group (Std. Error) 0,00516 (0,00065)* 0,00619 (0,00074)* 
SSR (Std. Error) 0,00103 (0,00013)* 0,00165 (0,00019)* 
Effect (Std. Error) -0,00260 (0,00053)* -0,00349 (0,00056)* 
R-Squared 0,0236 0,0342 

!!!!!!v!C):/)6)9./,!.,!Fn!9%/6)(+/9+!'+8+'!
!!!!!!!C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!

U%!,.*+!&/%>7+38+(!+66+9,!)/,%!.99%&/,!$-+/!9%02&,)/:!2%,+/,).'!CCD!+66+9,!%/!,-+!>)(!

.7*!723+.(4! ),! )7! )/,+3+7,)/:! ,%!.((!9%/,3%'!8.3).>'+7! )/! ,-+!0%(+'#!U-+!.(j&7,0+/,7!%/!

,-+! )/),).'! 3+:3+77)%/! ,-3%&:-! ,-+! .(()/:! %6! 9%/,3%'! 8.3).>'+7!$)''! .'7%! .''%$! -.8)/:! .!

>+,,+3^6),,+(! 3+:3+77)%/#! U-+! 5%(+'! P! )/,+:3.,+7! >%,-! 8%'.,)'),1! ./(! 8%'&0+! 9%/,3%'!

8.3).>'+4!5%(+'!H!,.*+7!%/'1!,-+!8%'.,)'),1!9%/,3%'!8.3).>'+!./(!6)/.''1!,-+!5%(+'!O!,.*+7!

,-+!8%'&0+!.7!9%/,3%'!8.3).>'+!%/!.!6&''!2+3)%(!>.7)7#!

!

\%''%$)/:!,-+!,.>'+!/+`,!2.:+4!,-+!.(()/:!%6!9%/,3%'!8.3).>'+7!9%/6)307!,-+!3+7&',7!6%&/(!

&7)/:!,-+!,$%!6)37,!3+:3+77)%/=7!5%(+'7!./(!,-+!:3.2-)9.'!0+,-%(#!!"/(++(4!,-+!8.3).>'+7!

%6! )/,+3+7,! 6%&/(!8).! ,-+! ,-3++!5%(+'7!.3+!7):/)6)9./,!./(!3./:+!>+,$++/!^T4I[n!./(!^

T4ISn#!"/,+3+7,)/:'14!,-+!5%(+'!P4!$-)9-!.((7!8%'.,)'),1!./(!8%'&0+!9%/,3%'!8.3).>'+!)/,%!

.99%&/,4!-.7!.!-):-+3!9%+66)9)+/,!%6!(+,+30)/.,)%/!9%02.3+(! ,%!%,-+3!%/+7#!U-)7! 3+7&',!

)/()9.,+7!,-.,!,-+!5%(+'!P!-.8+!.!>+,,+3!0%(+'!6),!,-./!,-+!%,-+3!%/+7#!L+8+3,-+'+774!,-+!

5%(+'!P!.'7%!)/()9.,+7!.!(+93+.7+!%6!,-+!>)(!.7*!723+.(!%6!T4I[n4!$-)9-!7,3+/:,-+/7!%&3!

23+8)%&7!3+7&',7#!!

!



! HQ#!

89:()!FZ!X2*!".$!VH6)9*!#&)332#2)%-.!&3!-D)!-D6))!(9.-!,&*)(.M!2%-)+69-2%+!#&%-6&(!
?9629:()./!

Bid Ask Spread    
Variable Model 3 (Volatility + Volume) Model 4 (Volatility) Model 5 (Volume) 
Constant 0,00480 * -0,00251 * 0,00680 * 
Group 0,00382 * 0,00484 * 0,00438 * 
SSR 0,00204 * 0,00202 * 0,00122 * 
Effect -0,00279 * -0,00281 * -0,02746 * 
Volatility 0,18167 * 0,16490 * - 
Volume -0,00053 * - -0,00043 * 
R-Squared 0,0474 0,0387 0,01241 
v!C):/)6)9./,!.,!Fn!9%/6)(+/9+!'+8+'!
C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!

U%!9%/9'&(+!,-+!>)(!.7*!723+.(!7,&(14!$+!9./!7,.,+!,-.,!,-+!723+.(!-.7!>++/!7):/)6)9./,'1!

)02.9,+(!>1!,-+!CCD#! "/(++(4! ,-+! 6)37,! )023+77)%/! 6%&/(!,-3%&:-!,-+!:3.2-)9.'!0+,-%(!

$-+3+!,-+!>)(!.7*!723+.(!(+93+.7+(!>1!T4Pn!-.7!>++/!8+3)6)+(!,-3%&:-!3+:3+77)%/7#!U-+!

5%(+'!F!)/()9.,+(!.!>)(!.7*!723+.(!(+93+.7+!%6!T4IQn!./(!$.7!9%/6)30+(!$),-!7-%3,+3!

,)0+!63.0+!.3%&/(!,-+!CDD!(.,+!8).!5%(+'!I#!U-+! )/,3%(&9,)%/!%6!9%/,3%'!8.3).>'+!.'7%!

9%/6)30+(!,-+!23+8)%&7!0%(+'7#!

!

C%!&/')*+!+`2+9,.,)%/7!$+!$%&'(!-.8+!,-%&:-,!>+6%3+!0.*)/:!,-+!./.'17)74!,-%7+!3+7&',7!

)/()9.,+!.!7):/)6)9./,!)/93+.7+!)/!V&3%2+./!0.3*+,!')X&)(),1!7)/9+!L%8+0>+3!ITFI4!(.,+!

,-.,!9.0+!,-+!CCD!)/,%!+66+9,#!

!

J>=>D> R%'4+(.%2.657$-7",1%$-.

!

U-+! 8%'&0+! %6! ,3./7.9,)%/! 3+23+7+/,7! ,-+! 7+9%/(! 6'.2! %6! %&3! ./.'17)7! 9%/9+3/)/:! ,-+!

0.3*+,7=! ')X&)(),1#!U%!.77+77!./!+8+/,&.'!8%'&0+!%6! ,3./7.9,)%/!9-./:+! )/!V&3%2+!.6,+3!

,-+! CCD4! '+,=7! 6)37,! -.8+! .! '%%*! .,! ,-+!JJ!:3.2-!/+`,!2.:+4! 7-%$)/:! .8+3.:+!8%'&0+!%6!

,3./7.9,)%/!%6! ,-+!FTT!7,%9*7!%6!+.9-!:3%&2]!V_!./(!_C4!>+6%3+!./(!.6,+3!,-+!7-%3,!7+''!

>./#!Z6,+3!.!X&)9*!'%%*!.,!,-+!9-.3,4!),!)7!%>7+38.>'+!,-.,!,-+!8%'&0+7!%6!,3./7.9,)%/7!.3+!

-):-+3! 6%3! ,-+! Z0+3)9./! ,-./! 6%3! ,-+! V&3%2+./! 7,%9*7! 0.3*+,]! 0%3+! ,3./7.9,)%/!

%99&33+(!%/!,-+!$-%'+!(.,.!2+3)%(#!R&,!%/!.!JJ!2%)/,!%6!8)+$4!/%!9'+.3!%>7+38.,)%/!9./!

>+!(3.$/!9%/9+3/)/:!./1!2%,+/,).'!CCD!)02.9,!%/!.!8%'&0+!2%)/,!%6!8)+$#!"/!6.9,4!&7)/:!

,-+!JJ!:3.2-)9.'!.223%.9-4!$+!9%&'(!.3:&+!,-.,!,-+!.8+3.:+!8%'&0+!%6!,3./7.9,)%/!%6!%&3!

:'%>.'!V&3%2+./!7,%9*!7.02'+!)/93+.7+(!.6,+3!,-+!CCD!(.,+4!>&,!,-)7!)/93+.7+!7++07!8+31!

70.''#!"6!$+!,.*+!,-+!.77&02,)%/4!%/+!0%3+!,)0+4!,-.,!,-+!V&3%2+./!7,%9*7!7-%&'(!-.8+!



! H[#!

>+-.8+(!,-+!7.0+!$.1!,-./!Z0+3)9./!7,%9*7!)6!/%!3+:&'.,)%/!%99&33+(4!,-+/!,-+!.8+3.:+!

8%'&0+!%6!,3./7.9,)%/!$%&'(!-.8+!3+.9-+(!,-+!\!2%)/,!%6!,-+!9-.3,!>+'%$#!"/7,+.(!%6!,-)7!

79+/.3)%4! ,-+! 8%'&0+! %6! ,3./7.9,)%/! %6! %&3! 7.02'+! 3+.9-+(! 2%)/,! U#! U-+! 8.'&+! KU^\M!

3+23+7+/,7! ,-+! JJ! >+,$++/! ,-+! +66+9,)8+! V&3%2+./! 7.02'+! .8+3.:+! 8%'&0+! %6!

,3./7.9,)%/!./(! ,-+!%/+! )6! ),!$%&'(!-.8+!2+36+9,'1! 6%''%$!,-+!Z0+3)9./! ,+/(+/914!;%/+!

$-+3+!/%!3+:&'.,)%/!%99&33+(#!U-+!8.'&+!)/()9.,+7!.!2%,+/,).'!70.''!)/93+.7+!%6!.8+3.:+!

8%'&0+!+`9-./:+(!)/!V&3%2+!.6,+3!,-+!3+:&'.,)%/#!

!
42+56)!WZ!P69HD2#9(!NN!,)-D&*!.D&'2%+!-D)!VVA!)33)#-!&%!-D)!U/^/!.-&#$.[!"?)69+)!

7&(5,).!)Y#D9%+)*M!5.2%+!^/V/!.-&#$.!9.!#&%-6&(!+6&5H#

!
! !!!!!!!!C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!

U%! ,31! ,%!(+,+9,!0%3+!3+'+8./,! 6)/()/:7!9%/9+3/)/:! ,3.()/:!8%'&0+74! 7%0+!3+:3+77)%/7!

-.8+!>++/!2+36%30+(#!\%3!,-+!8%'&0+7!%6!,3./7.9,)%/7!./.'17)74!,-+!,$%!6)37,!5%(+'7!.3+!

0.(+!$),-! ,-3++! )/(+2+/(+/,! 8.3).>'+7]! G3%&24! CCD! ./(! V66+9,4! >&,! %/! ()66+3+/,! ,)0+!

63.0+7]!5%(+'!F!,.*+7!%/!(.)'1!(.,.=7!63%0!L%8+0>+3!ITFT!,)''!Z23)'!ITFO4!$-+3+.7!,-+!

5%(+'!I!)/,+:3.,+7!(.,.=7!63%0!L%8+0>+3!ITFF!,)''!Z23)'!ITFH#!U-+!,-3++!'.,,+3!5%(+'7!

,.*+7!%/!9%/,3%'!8.3).>'+7!)/!%3(+3!,%!9%2+!$),-!7%0+!&/%>7+38+(!0.3*+,!3+.9,)%/#!

!

U-+!6%''%$)/:!,.>'+!7-%$7!,-+!3+7&',7!%6!,-+!6)37,!,$%!0%(+'7!2+36%30+(!$),-!C,.,.#!U-+!

6&''! ,)0+! 79%2+! 3+:3+77)%/! (+793)>+(! >1! 5%(+'! F! )/()9.,+7! ,-.,! ,-+! 8%'&0+7! %6!

,3./7.9,)%/! -.8+! /%,! >++/! 7):/)6)9.,)8+'1! )02.9,+(! >1! ,-+! CCD#! "/(++(4! ,-+! V66+9,=7!

/+:.,)8+!9%+66)9)+/,!)/!/%,!7):/)6)9./,#!U-)7!3+7&',7!-%'(!.'7%!6%3!,-+!5%(+'!I4!$-+3+!,-+!

9%+66)9)+/,! )7! 2%7),)8+! >&,! .'7%! )/7):/)6)9./,#! U-+3+6%3+! $+! 9./! 7,.,+! ,-3%&:-! 6)37,!

U!u!
FI4PSQ[STIP!

B!u!
FH4IFP[TWT[!

\!u!
FF4WTQSWS[Q!

S!

W!

FT!

FF!

FI!

FP!

FH!

FO!

F!L%8!ITFT^ITFI! F^/%8^FI! F!L%8!ITFI^PT!Z23)'!ITFO!

7
&(
5
,
).
!

82,)!

Z8+3.:+!E%'&0+7!+`9-./:+(b<Lc!

V_! _C! \!



! HS#!

3+:3+77)%/7!,-.,!,-+3+!$.7!/%!7):/)6)9./,!8%'&0+!)02.9,!.6,+3!,-+!CCD!(.,+!)/!L%8+0>+3!

ITFI!&7)/:!%/'1!,-+!6)37,!,$%!5%(+'7#!

!
89:()!@Z!7&(5,).!#&)332#2)%-.!&3!-D)!-'&!326.-!,&*)(./!

Volumes (Ln)   
Variable Model 1 (Nov 10'-Apr 15') Model 2 (Nov 11'-Apr 14') 
Constant (Std. Error) 14,31333 (0,13185)* 14,30592 (0,12674)* 
Group (Std. Error) -1,86227 (0,30773)* -1,91089 (0,30538)* 
SSR (Std. Error) -0,09932 (0,04412)* -0,06987 (0,03295)* 
Effect (Std. Error) -0,03592 (0,077104) 0,04434 (0,05769) 
R-Squared 0,1462 0,1538 

!!!!!!v!C):/)6)9./,!.,!On!9%/6)(+/9+!'+8+'!
!!!!!!!C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!

U%!9%02'+,+!,-+!23+8)%&7!3+:3+77)%/74!),!)7!)02%3,./,!,%!.((!7%0+!9%/,3%'!8.3).>'+7!)/,%!

,-+!0%(+'#!"/!,-+!9.7+!%6!,-+!8%'&0+7!+`9-./:+(4!>)(!.7*!723+.(!./(!3+,&3/!8%'.,)'),1!.3+!

.((+(!,%!,-+!23+8)%&7!3+:3+77)%/4!/.0+!5%(+'!F#!5%(+'!P!.((7!,-+!,$%!9%/,3%'!8.3).>'+4!

$-+3+.7!5%(+'!H!./(!O!3+72+9,)8+'1!.((!R)(!.7*!./(!8%'.,)'),1!9%/,3%'!8.3).>'+7!%/!.!6&''!

2+3)%(!>.7)7!bL%8+0>+3!ITFT^Z23)'!ITFOc#!!

!

R1!.(()/:!,-+!9%/,3%'!8.3).>'+74!,-+!6),!%6!,-+!0%(+'!)/93+.7+(!>1!.!6+$!2+39+/,4!>&,!,-+!

%8+3.''!7):/)6)9./9+!%6!,-+!8.3).>'+!%6!)/,+3+7,!-.7!/%,!9-./:+(!7)/9+!,-+!,$%!6)37,!5%(+'7#!

"/(++(4!6%''%$)/:!,-+!,.>'+!>+'%$4!,-+!9%+66)9)+/,!%6!)/,+3+7,!)7!/+:.,)8+!6%3!5%(+'!P!./(!H!

>&,!2%7),)8+! 6%3!5%(+'!O#!Z7! ,-+!9%+66)9)+/,7!%6! )/,+3+7,!.3+!/%,! 7):/)6)9.,)8+!.93%77! ,-+!

,-3++! 3+:3+77)%/7! 9%02'+,+(!$),-! 9%/,3%'! 8.3).>'+74! ),! )7! /%,! 2%77)>'+! ,%! 7,.,+! ,-.,! ,-+!

CCD! 3+:&'.,)%/! -.(! ./! +66+9,! %/! ,-+! 8%'&0+! %6! ,3./7.9,)%/! %6! ,-+! V&3%2+./! 7.02'+=7!

7,%9*7!%6!,-%7+!,-3++!0%(+'7#!

!
89:()!BZ!7&(5,).!#&)332#2)%-.!&3!-D)!-D6))!(9.-!,&*)(.!2%-)+69-2%+!#&%-6&(!?9629:()./!

Volumes (Ln)    

Variable 
Model 3 (Bid Ask + 

Volatility) Model 4 (Bid Ask) 
Model 5 

(Volatility) 
Constant 13,68493 * 14,33055 * 13,72793 * 
Group -1,82803 * -1,77365 * -1,91079 * 
SSR 0,07965  -0,08158  0,04505  
Effect -0,01171  -0,00730  0,03640 
Bid Ask Spread -17,09089 * -13,9091 * - 
Volatility 34,27186 * - 31,45345 * 
R-Squared 0,1653 0,1480 0,1577 
v!C):/)6)9./,!.,!On!9%/6)(+/9+!'+8+'!
C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!



! HW#!

\)/.''14! ),! )7! 2%77)>'+! ,%! (3.$! ,-+! 9%/9'&7)%/! ,-.,! ,-+! CCD! ()(! /%,! -.8+! 7):/)6)9./,!

/+:.,)8+!+66+9,!%/!,-+!8%'&0+!%6!,3./7.9,)%/!)/!,-+!V&3%2+./!0.3*+,4!6%''%$)/:!%&3!6)8+!

0%(+'7#! L%/+! %6! ,-+! 9%+66)9)+/,7! -.7! >++/! 7,.,)7,)9.''1! 7):/)6)9./,! ./(! ,-+1!$+3+! %/9+!

2%7),)8+4!%/9+!/+:.,)8+#!U-+7+!3+7&',7!.3+! )/! ')/+!$),-! ,-+!23+8)%&7!:3.2-!0.(+! )/! ,-)7!

7+9,)%/4!$-+3+!%/'1!70.''!)02.9,!-.7!>++/!/%,)6)+(#!C%4!)/!')/+!$),-!')X&)(),1!,-+%3)+74!),!)7!

/%,! 2%77)>'+! ,%! 9%/9'&(+! ,-.,! ,-+! CCD! ()(! -.8+! )02.9,+(! ,-+! ')X&)(),1! %6! ,-+!0.3*+,4!

&7)/:!,-)7!72+9,3&0!%6!0.3*+,!')X&)(),1#!

!

J>=>J> !+1A4).?7,1%.

!

U%! 9%02'+,+! ,-+! ')X&)(),1! )02.9,! %6! ,-+! 7-%3,! 7+''! 3+:&'.,)%/! %/! ,-+! V&3%2+./! 7,%9*!

0.3*+,4! '+,=7! /%$! ()79&77! ./(! (+793)>+! ,-+! 3+7&',7! %6! ,-+! ,-)3(! ./(! 6)/.'! ')X&)(),1!

0+.7&3+0+/,]! ,-+! Z0)-&(! 3.,)%#! Y'+.7+! 3+0+0>+3! ,-.,4! &/')*+! ,-+! ,$%! 6)37,! 0.3*+,!

0+.7&3+0+/,74!,-+!Z0)-&(!3.,)%!)7!./!)'')X&)(),1!0+.7&3+#!C%!./!)/93+.7+!)/!,-+!Z0)-&(!

3.,)%!)/()9.,+7!2%,+/,).'!0.3*+,!')X&)(),1!)02%8+3)7-0+/,#!

!

"/!,-+!9-.3,!/+`,!2.:+4!),!)7!%>7+38.>'+!,-.,!,-+!)'')X&)(),1!0+.7&3+!%6!>%,-!,-+!,3+.,0+/,!

./(! 9%/,3%'! :3%&2! >+-.8+! )/! ,-+! 7.0+!$.1! ,-3%&:-! ,)0+#!5+./$-)'+! .! >):! ()66+3+/9+!

9'+.3'1!.22+.37]! ,-+!Z0)-&(!3.,)%! )7! 6.3!70.''+3! 6%3! ,-+!9%/,3%'!:3%&2!9%02.3+(!,%!,-+!

V&3%2+./!:3%&24!.'7%!9.''+(!,-+!,3+.,0+/,!:3%&2i!)/()9.,)/:!-):-+3!')X&)(),1!%/!,-+!_#C#!

7,%9*!0.3*+,!9%02.3+(!,%!,-+!V&3%2+./!%/+7#!U-)7! ')X&)(),1!72+9)6)9),1!$.7!.'7%!/%,+(!

8).! ,-+! ,$%! 6)37,! 0+.7&3+7#! e/! .! :3.2-)9.'! 2%)/,! %6! 8)+$4! ,-+! ()66+3+/9+! )/! ()66+3+/9+!

0+.7&3+0+/,! )7! /%,! .7! ()3+9,! .7! 6%3! ,-+! >)(! .7*! 723+.(! 0+.7&3+0+/,#! "/(++(4! ,-+!

()66+3+/9+!>+,$++/!,-+!+66+9,)8+!.8+3.:+!Z0)-&(!3.,)%!.6,+3!L%8+0>+3!ITFI!bUc!./(!,-+!

2%)/,!$-+3+! ),!7-%&'(!-.8+!>++/! )6!/%!3+:&'.,)%/!%99&33+(!b\c4! )/!9%02.3)7%/!$),-! ,-+!

Z0+3)9./!)'')X&)(),1!3.,)%!)7!8+31!70.''#!U-)7!JJ4!9%02&,+(!.7!U^\!)7!8+31!70.''!./(!,-)7!

)02')+7!,-.,!/%!9'+.3!)02.9,!%/!')X&)(),1!9%&'(!>+!)/(&9+(!&7)/:!,-.,!9-.3,#!

!



! OT#!

42+56)!OZ!P69HD2#9(!NN!,)-D&*!.D&'2%+!-D)!VVA!)33)#-!&%!-D)!U/^/!.-&#$.[!"?)69+)!
",2D5*[.!A9-2&M!5.2%+!^/V/!.-&#$.!9.!#&%-6&(!+6&5H/!

!
!C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!

Z7! 6%3! ,-+! ,$%! 23+8)%&7! ')X&)(),1! 0+.7&3+0+/,74! 6)8+! ()66+3+/,! 5%(+'7! -.8+! >++/!

9%02&,+(! ,%! .223%.9-! ,-+! )'')X&)(),1! 3+:3+77)%/#! U-+! ,$%! 6)37,!5%(+'7! .3+!0.(+!$),-!

,-3++!)/(+2+/(+/,!8.3).>'+7]!G3%&24!CCD!./(!V66+9,4!>&,!%/!()66+3+/,!,)0+!63.0+7]!5%(+'!

F! ,.*+7! %/! (.)'1! (.,.! 63%0! L%8+0>+3! ITFT! ,)''! Z23)'! ITFO4! $-+3+.7! ,-+! 5%(+'! I!

)/,+:3.,+7!(.,.! 63%0!L%8+0>+3!ITFF! ,)''!Z23)'!ITFH#!U-+! ,-3++! '.,,+3!5%(+'7! ,.*+7!%/!

9%/,3%'!8.3).>'+7!)/!%3(+3!,%!9%2+!$),-!7%0+!&/%>7+38+(!0.3*+,!3+.9,)%/#!

!

"/! ,-+! 6)37,! ,.>'+! >+'%$4! ,-+!5%(+'! F! )/()9.,+7! ,-.,! ,-+! 8.3).>'+! %6! )/,+3+7,! bV66+9,c! )7!

2%7),)8+!>&,!7,.,)7,)9.''1!/%/^7):/)6)9./,#!U-)7!)02')+7!,-.,!%/!.!6&''!,)0+!63.0+!>.7)74!),!)7!

/%,!2%77)>'+!,%!7,.,+!,-.,!,-+!CCD!-.7!.66+9,+(!,-+!)'')X&)(),1!0+.7&3+#!R&,!)/!9%02.3)7%/!

,%! ,-.,4! ,-+!5%(+'! I! )/()9.,+7! ,-.,! ,-+! 8.3).>'+! %6! )/,+3+7,! )7! /+:.,)8+! ./(! 7,.,)7,)9.''1!

7):/)6)9./,#! "/! 6.9,4! ,-+! 9%+66)9)+/,! 1)+'(7! ^T4FIi! )02'1)/:! ,-.,! ,-+! 0.3*+,! )'')X&)(),1!

(+93+.7+(!>1!.223%`)0.,+'1!FIn#!U-)7!3+'.,)8+!()66+3+/9+!>+,$++/!,-+!,$%!6)37,!0%(+'7!

'+,7!&7!,-)/*)/:!,-.,!,-+!CCD!$%&'(!%/'1!-.8+!.!7-%3,^,+30!b%/+!./(!-.'6!1+.3c!)02.9,!%/!

,-+!)'')X&)(),1!3.,)%#!!

!

U!u!^IT4QIQQWTFQ!

B!u!^IP4T[SFOQQI!

\!u!^IT4QSOWWIOQ!

^IP4O!
^IP!

^II4O!
^II!

^IF4O!
^IF!

^IT4O!
^IT!

^FW4O!
^FW!

^FS4O!
^FS!

F!L%8!ITFT^ITFI! F^/%8^FI! F!L%8!ITFI^PT!Z23)'!ITFO!

"
,
2D
5
*
!A
9-
2&
!

82,)!

Z8+3.:+!Z0)-&(!D.,)%!b<Lc!

V_! _C! \!



! OF#!

89:()!RZ!0((2L52*2-<!#&)332#2)%-!&3!-D)!-'&!326.-!,&*)(./!
Illiquidity (Ln)   

Variable Model 1 (Nov 10'-Apr 15') Model 2 (Nov 11'-Apr 14') 
Constant (Std. Error) -22,59095 (0,12310)* -22,66193 (0,11828)* 
Group (Std. Error) 2,35364 (0,33070)* 2,59151 (0,33371)* 
SSR (Std. Error) -0,48432 (0,05529)* -0,35298 (0,04501)* 
Effect (Std. Error) 0,10062 (0,09053) -0,12771 (0,06863)* 
R-Squared 0,1875 0,2026 

!!!!!!v!C):/)6)9./,!.,!On!9%/6)(+/9+!'+8+'!
!!!!!!!C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!

U%! 9%02'+,+! ,-+! 6)37,! ,$%! 5%(+'74! '+,=7! /%$! -.8+! .! '%%*! .,! ,-+! ,.>'+! >+'%$! $-)9-!

7&00.3);+7!,-+!+66+9,!%6!,-+!CCD!%/!,-+!Z0)-&(!3.,)%4!,.*)/:!7%0+!9%/,3%'!8.3).>'+7!)/,%!

.99%&/,#!\%''%$)/:!.''!,-3++!5%(+'7!>+'%$4!,-+!+66+9,!%6!,-+!CCD!)7!2%7),)8+4!>&,!%/'1!,$%!

%6! ,-+0! .3+! 7,.,)7,)9.''1! 7):/)6)9./,#! 5%(+'! P4! $-)9-! .((! >)(! .7*! 723+.(! ./(! 8%'.,)'),1!

9%/,3%'! 8.3).>'+74! -.7! .! 7):/)6)9.,)8+! 9%+66)9)+/,! 1)+'()/:! T4FO4! 7):/)61)/:! .! 3+'.,)8+!

2%7),)8+! +66+9,! %/! ,-+! )'')X&)(),1! 0+.7&3+#! 5%3+%8+34! ,-+! %8+3.''! 6),! %6! ,-+! 5%(+'! P! )7!

>+,,+3! ,-./! ,-+! ,$%! 6)37,! 5%(+'7#! "/(++(4! ,-3%&:-! ,-+! D^CX&.3+(! )/! ,-+! ,.>'+! >+'%$4!

IP4QOn!%6! ,-+! 8.3)./9+! 9./!>+! +`2'.)/+(! ,-3%&:-! ,-)7!0%(+'4! 7%! ),! )7! 2%77)>'+! ,%! 7,.,+!

,-.,! ,-)7!0%(+'! >+,,+3! +`2'.)/7! ,-+! 3+.'),1! ,-./! ,-+! %,-+3! %/+7#! !5%(+'! H4!$-)9-! ,.*+7!

%/'1! .! >)(! .7*! 9%/,3%'! 8.3).>'+4! 7-%$7! ,-+! 7.0+! 3+7&',! .7! ,-+!5%(+'! P]! ,-+! 3+:3+77)%/!

)/()9.,+7!2%7),)8+!+66+9,4!%6!.223%`)0.,+'1!T4F[#!

!
89:()!WZ!0((2L52*2-<!#&)332#2)%-.!&3!-D)!-D6))!(9.-!,&*)(.M!2%-)+69-2%+!#&%-6&(!?9629:()./!

Illiquidity (Ln)    

Variable Model 3 (Bid Ask + Volatility) Model 4 (Bid Ask) 
Model 5 

(Volatility) 
Constant -23,59201 * -22,61764 * -23,65897 * 
Group 2,08689 * 2,17160 * 2,23125 * 
SSR -0,27807 *  -0,51956 *  -0,22124 *  
Effect 0,15380**  0,17771 **  0,07036 
Bid Ask Spread 29,94138 * 34,40385 * - 
Volatility 51,78127 * - 56,28337 * 
R-Squared 0,2365 0,2080 0,2199 
v!C):/)6)9./,!.,!On!9%/6)(+/9+!'+8+'!
v!vC):/)6)9./,!.,!FTn!9%/6)(+/9+!'+8+'!
C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!

L+8+3,-+'+774!),!)7!)02%3,./,!,%!/%,+!,-.,!,-+!7):/)6)9./9+7!%6!,-+!9%+66)9)+/,7!%6!)/,+3+7,!

.3+!/%,!-):-!+/%&:-!,%!7,.,+!,-.,!,-+!CCD!-.(!.!2%7),)8+!)02.9,!%/!,-+!Z0)-&(!3.,)%!%/!.!

'%/:! ,)0+! 63.0+! >.7)7#! "/(++(4! 7):/)6)9./9+! '+8+'! .0%&/,! ,%! FTn! ./(! (%+7! /%,! :)8+!

+/%&:-!.77&3./9+!9%/9+3/)/:!,-+!23+9)7)%/!%6!,-+!+7,)0.,+#!5+./$-)'+!),!$.7!%>7+38+(!



! OI#!

,-.,! 7-%3,! ,)0+! 63.0+! ./.'17)7! :.8+! 7):/)6)9.,)8+! 3+7&',4! )/(++(! ,-+! 7-%3,! 2+3)%(! (.,.!

:.8+!.!9%+66)9)+/,!%6! )/,+3+7,!%6! ^T4FI!.,!.!On!9%/6)(+/9+! )/,+38.'#!_7)/:! ,-)7! )'')X&)(),1!

0+.7&3+!.7!23%`1!6%3!0.3*+,!')X&)(),14!),!0):-,!>+!2%77)>'+!,%!7,.,+!,-.,!,-+!CCD!()(!%/'1!

-.8+! 23%>.>'+! 7):/)6)9./,! )02.9,! %/!0.3*+,! ')X&)(),1! %/! .! 7-%3,! ,+30! .3%&/(! ,-+! CCD!

(.,+#! R&,! .''! )/! .''4! ,-+! )02.9,7! %/! ,-+! )'')X&)(),1! 0+.7&3+! .3+! /%,! 9'+.3! ./(! ),! )7! /%,!

2%77)>'+!,%!7,.,+!,-.,!,-+!CCD!-.8+!7):/)6)9./,!)02.9,!%/!,-+!)'')X&)(),1!%6!,-+!V&3%2+./!

7,%9*!0.3*+,7#!

!

Z6,+3!,-+!)/,+323+,.,)%/!%6!,-+!3+7&',7!9%/9+3/)/:!,-+!,-3++!0.3*+,7!')X&)(),1!0+.7&3+74!

),!)7!2%77)>'+!,%!(3.$!:'%>.'!9%/9'&7)%/!%/!,-+!)02.9,!%6!,-+!CCD!%/!,-+!V&3%2+./!7,%9*!

0.3*+,! ')X&)(),1#! \)37,4! ,-+! >)(! .7*! 723+.(! 0+.7&3+! 7-%$+(! ./! )023%8+0+/,! %6! ,-+!

0.3*+,! ')X&)(),14! ,-)7! 3+7&',! $.7! 3%>&7,! ./(! 7&22%3,+(! >1! ,-+! 6)8+! 0%(+'7! &7+(! ,%!

.223%.9-! ,-+! 3+:3+77)%/#! C+9%/('14! ,-+! 8%'&0+! %6! 7,%9*7! +`9-./:+(! -.7! /%,! >++/!

7):/)6)9.,)8+'1!)02.9,+(!>1!,-+!CCD!)/!V&3%2+#!U-+!7-%3,!,)0+!79%2+!0%(+'!./(!0%(+'7!

)/,+:3.,)/:! 9%/,3%'! 8.3).>'+7! .7! $+''! 9%/6)30+(! ,-+7+! 3+7&',7#! \)/.''14! ,-+! )'')X&)(),1!

0+.7&3+!3+23+7+/,+(!>1!,-+!Z0)-&(!3.,)%!$.7!%/'1!7):/)6)9.,)8+!%/!.!7-%3,!,)0+!2+3)%(#!

"/(++(4! ,-+!5%(+'!I! )/()9.,+(!.!23%>.>'+!3+(&9,)%/!%6! ,-+! )'')X&)(),1!0+.7&3+!>1!FIn#!

U-+!6%&3!%,-+3!5%(+'7!()(!/%,!:)8+!+/%&:-!7):/)6)9./,!3+7&',7#!U-.,!)7!$-1!,-+!%&,9%0+!

./(!)02.9,!%6!,-+!CCD!%/!')X&)(),1!.3+!/%,!%>8)%&7!./(!0./)6+7,#!

!

J>D> R%'7,1'1,9.1+P7",.

!

Z6,+3! 3+8)+$)/:! ,-+! ')X&)(),1! )02.9,! %6! ,-+! CCD! )/! V&3%2+4! '+,=7! /%$! 9%02'+,+! %&3!

./.'17)7! %6! ,-+! 0.3*+,! )02.9,! ,-3%&:-! %&3! 7+9%/(!0.3*+,! 9-.3.9,+3)7,)9! $),-! 7,%9*7=!

8%'.,)'),1!%6!3+,&3/7#!Z7!7,.,+(!)/!23+8)%&7!7+9,)%/4!3+0)/(!,-.,!,-+!3+,&3/7=!8%'.,)'),1! )7!

.223%.9-+(!&7)/:!7,./(.3(!+33%37!%6!$++*'1!7,%9*7!3+,&3/7#!U-)7!0.3*+,!0+.7&3+!$)''!>+!

6)37,! .223%.9-+(! :3.2-)9.''14! &7)/:! .! IT(.17! >.7)7! 7,./(.3(! +33%3#! ",! $)''! >+! ,-+/!

.223%.9-+(!>1!3+:3+77)%/7!&7)/:!IT!./(!FT(.17!'%%*!>.9*!2+3)%(=7!7,./(.3(!+33%37!%/!.!

7-%3,!./(!'%/:!,)0+!63.0+#!

!

U-+!6%''%$)/:!9-.3,!3+23+7+/,7!,-+!+8%'&,)%/!%6!,-+!.8+3.:+!8%'.,)'),1!%6!$++*'1!3+,&3/7!

%6!%&3!,$%!7.02'+7!9%02%7+(!>1!FTT!7,%9*7!+.9-#!C,./(.3(!+33%37!%/!IT!(.17!>.7)7!.3+!

&7+(!.7!23%`1!6%3!3+,&3/!8%'.,)'),1!,%!(3.$!,-+!9-.3,#!",!)7!%>7+38.>'+!,-.,!,-+!V&3%2+./!



! OP#!

7,%9*! 7.02'+! )7!0%3+! 8%'.,)'+! ,-./! ,-+! Z0+3)9./! %/+#! U-)7! 9-.3.9,+3)7,)9! :%+7! 6%3! ,-+!

$-%'+!,)0+!2+3)%(#!h%$+8+3!.!9%00%/!9-.3.9,+3!.3)7+7!63%0!,-+!,$%!:3%&27]!>%,-!7++!

,-+)3! 3+,&3/=7! 8%'.,)'),1! (+93+.7)/:! ,-3%&:-! ,)0+#! U-+!JJ!0%(+'! .22')+(! %/! ,-)7! :3.2-!

)/()9.,+7!,-.,!,-+!V&3%2+./!8%'.,)'),1!-.7!+`2+3)+/9+(!.!'%$+3!(+93+.7+!9%02.3+(!,%!,-+!

Z0+3)9./!:3%&2!.6,+3!,-+!)/,3%(&9,)%/!%6!,-+!CCD#!e/!.!JJ!2%)/,!%6!8)+$4!),! )7!.77&0+(!

,-.,! ,-+! ,$%!:3%&27!$%&'(!>+-.8+! ,-+! 7.0+!$.1!>+6%3+!./(!.6,+3! ,-+! 3+:&'.,)%/! )6!/%!

3+:&'.,)%/! %99&33+(! )/! ,-+! V_#!g),-! ,-+! .77&02,)%/! ,-.,! ,-+! V&3%2+./! 7,%9*7! $%&'(!

-.8+!6%''%$+(!,-+!7.0+!,3+/(!,-./!,-+!Z0+3)9./!%/+7!.6,+3!,-+!CCD!(.,+4!,-+)3!8%'.,)'),1!

$%&'(!-.8+!3+.9-+(!2%)/,! K\M#! "/7,+.(4! ,-+!:3%&2!3+.9-+(!2%)/,! KUM! )/! ,-+!7.0+!9-.3,#!

U-)7!2%7),)8+!()66+3+/9+!>+,$++/!2%)/,!U!./(!\!3+23+7+/,7!,-+!2%7),)8+!)02.9,!%6!,-+!CCD!

%/!,-+!8%'.,)'),1!%6!3+,&3/!)/!V&3%2+#!L%,+!-+3+!,-.,!,-+!()66+3+/9+!)7!.'7%!8+31!70.'']! ),!

3+23+7+/,7!%/'1!.!()66+3+/9+!%6!T4TI#!U-+!6%''%$)/:!3+:3+77)%/7!./.'17)7!$%&'(!.''%$!&7!

,%! (+8+'%2! ,-)7! ()66+3+/9+! (++2+3! ./(! 6)/(! )6! ,-)7! ()66+3+/9+! )7! 7):/)6)9./,! %/! ,-)7! ,)0+!

63.0+!>.7)7#!

!

42+56)!GZ!P69HD2#9(!NN!,)-D&*!.D&'2%+!-D)!VVA!)33)#-!&%!-D)!U/^/!.-&#$.[!"?)69+)!
7&(9-2(2-<M!5.2%+!^/V/!.-&#$.!9.!#&%-6&(!+6&5H/!

!
!!C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!

U%! ,+7,! 23+8)%&7! 9-.3,4! '+,=7! &7+! ()66+3+/,! 3+:3+77)%/7#! U-+! 6)37,! 3+:3+77)%/7! &7+7! ,-+!

8%'.,)'),1!%6!,-+!$++*'1!7,%9*!3+,&3/!&7)/:!,-+!7,./(.3(!+33%37!%/!IT!23+8)%&7!(.174!%/!

>%,-! 7-%3,! bL%8+0>+3! ITFF^Z23)'! ITFHc! ./(! '%/:! ,)0+! bL%8+0>+3! ITFT^Z23)'! ITFOc!

U!u!T4IQSIOIQSF!

B!u!T4IPTWTQPS!

\!u!T4IHOQOF[SI!

T4FO!

T4F[!

T4FW!

T4IF!

T4IP!

T4IO!

T4I[!

T4IW!

T4PF!

T4PP!

T4PO!

F!L%8!ITFT^ITFI! F^/%8^FI! F!L%8!ITFI^PT!Z23)'!ITFO!

7
&(
9-
2(
2-
<!

82,)!

Z8+3.:+!E%'.,)'),1!bIT(.17!>.7)7!7,(!+33%37c!

V_! _C! \!



! OH#!

2+3)%(#!D+7&',7!.3+!7&00.3);+(!)/!,-+!,.>'+!>+'%$#!U-+!5%(+'!F!)/!,-)7!,.>'+!7-%$7!,-.,4!

%/!,-+!'%/:!,)0+!2+3)%(4!,-+!CCD!-.(!2%7),)8+!/+,!)02.9,!%/!,-+!7,%9*7!8%'.,)'),1#!"/(++(!

,-+!9%+66)9)+/,!%6!)/,+3+7,!1)+'(7!T4TTTIW#!U-)7!3+7&',!9%/6)30+(!%&3!6)37,!:3.2-)9.'!0%(+'#!

5+./$-)'+!,-)7!3+7&',!)7!/%,!7,.,)7,)9.'!7):/)6)9./,4!,-+3+6%3+!$+!9.//%,!9%/9'&(+!,-+!CCD!

-.(!.! 7):/)6)9.,)8+!/+,! )02.9,!%/! ,-+!V&3%2+./!0.3*+,!&7)/:! ,-)7! 3+:3+77)%/#!g),-! ,-+!

7.0+!7,./(.3(!+33%3! '%%*!>.9*!2+3)%(!>&,!%/!7-%3,+3! ,)0+! 63.0+4! ),! )7!%>7+38.>'+! ,-.,!

,-+!3+:&'.,)%/!-.(!.!/+:.,)8+!)02.9,!%/!,-+!0.3*+,=7!8%'.,)'),1#!U-)7!3+7&',!1)+'(7!^T4TTPQ!

./(! )7! 7):/)6)9./,! .,! .!FTn! '+8+'#!Z7! ,-+! 9%+66)9)+/,! )7!%/'1! 7):/)6)9./,! .,!FTn4! ),! )7!/%,!

3+').>'+!,%!7,.,+!,-.,!,-+!CCD!-.(!7):/)6)9.,)8+!/+:.,)8+!)02.9,!%/!,-+!0.3*+,=!8%'.,)'),1#!

V8+/!)6!,-)7!9%+66)9)+/,!%6!)/,+3+7,!)7!%/'1!9%/6)(+/,!.,!.!WTn!'+8+'4!,-)7!3+7&',!)/()9.,+7!&7!

,-.,!,-+!3+:&'.,)%/!0):-,!-.8+!./!%22%7),+!+66+9,!%/!,-+!0.3*+,!%/!.!7-%3,+3!,)0+!63.0+!

.3%&/(!,-+!CCD#!

!
89:()!OZ!7&(9-2(2-<!#&)332#2)%-.!&3!-D)!-'&!326.-!,&*)(.M!-9$2%+!FQ\*9<.!(&&$!:9#$!H)62&*/!

Volatility (20days 
basis)   

Variable Model 1 (Nov 10'-Apr 15') Model 2 (Nov 11'-Apr 14') 
Constant (Std. Error) 0,01879 (0,00065)* 0,01800 (0,00067)* 
Group (Std. Error) 0,00200 (0,00096)* 0,00322 (0,00105)* 
SSR (Std. Error) -0,00452 (0,00041)* -0,00360 (0,00041)* 
Effect (Std. Error) 0,00029 (0,00064) -0,00115 (0,00067)** 
R-Squared 0,0617 0,0644 

!!!!!!v!C):/)6)9./,!.,!On!9%/6)(+/9+!'+8+'!
!!!!!!!vv!C):/)6)9./,!.,!FTn!9%/6)(+/9+!'+8+'!
!!!!!!!C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!

U+7,)/:!,-+!6)37,!3+:3+77)%/7!9),+(!23+8)%&7'14!'+,=7!7,&(1!,-+!)02.9,!%6!,-+!3+:&'.,)%/!%/!

0.3*+,=7!8%'.,)'),1!&7)/:!7,./(.3(!+33%3!%/!.!FT!(.17!>.7)7#!g),-!,-)7!'%%*!>.9*!2+3)%(!)/!

,-+! 6%''%$)/:! ,.>'+4!5%(+'!P!&7+7!$++*'1!(.,.!%/!.! '%/:! ,)0+! 63.0+4!$-+3+.7!5%(+'!H!

)/,+:3.,+7!(.,.!%/!.!7-%3,+3!,)0+!79%2+#!_7)/:!5%(+'!P4!$+!9./!7++!,-.,! ,-+!3+:&'.,)%/!

()(! /%,! 7):/)6)9.,)8+'1! )02.9,! ,-+! 0.3*+,! 8%'.,)'),1#! "/(++(4! ,-+! 9%+66)9)+/,! %6! )/,+3+7,!

bV66+9,c! 1)+'(7! .223%`)0.,+'1! T4TTTIIPS! >&,! )7! /%,! 7):/)6)9./,#! U-+3+6%3+4! ,-)7! 0%(+'!

(%+7! /%,! .((! )/6%30.,)%/4! 9%02.3+(! ,%! ,-+! ,$%! 23+8)%&7! 3+:3+77)%/74! .223%.9-+(! 8).!

5%(+'!F!./(!5%(+'!I#!h%$+8+34!5%(+'!H!:)8+7!&7!7%0+!2+3,)/+/,!)/6%30.,)%/]!7)/9+!,-+!

9%+66)9)+/,!%6!)/,+3+7,!1)+'(7!/+:.,)8+!./(!)7!.'7%!7):/)6)9./,!b.,!On!'+8+'c#!U-.,=7!$-1!),!)7!

2%77)>'+!,%!,+''!,-.,!,-+!3+:&'.,)%/!9%&'(!-.8+!.!/+:.,)8+!+66+9,!%/!,-+!0.3*+,!8%'.,)'),1!

%/! .! 7-%3,! ,)0+! 2+3)%(! .6,+3! ,-+! 3+:&'.,)%/#! U-)7! )02.9,! ,&3/7! .3%&/(! ^T4FIn#



! OO#!

89:()!GZ!7&(9-2(2-<!#&)332#2)%-.!&3!-D)!-'&!(9.-!,&*)(.M!-9$2%+!=Q\*9<.!(&&$!:9#$!H)62&*/!
Volatility (10days 

basis)   
Variable Model 3 (Nov 10'-Apr 15') Model 4 (Nov 11'-Apr 14') 
Constant (Std. Error) 0,01826 (0,00063)* 0,01734 (0,00064)* 
Group (Std. Error) 0,00199 (0,00093)* 0,00328 (0,00102)* 
SSR (Std. Error) -0,00445 (0,00040)* -0,00340 (0,00038)* 
Effect (Std. Error) 0,00022 (0,00062) -0,00127 (0,00063)* 
R-Squared 0,01037 0,0518 

!!!!!!v!C):/)6)9./,!.,!On!9%/6)(+/9+!
!!!!!!!C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!

Z6,+3! ,-+! )/,+323+,.,)%/! %6! ,-+! 3+7&',7! %6! ,-+! 23+8)%&7! 9-.3,! ./(! 3+:3+77)%/74! ),! )7!

2+3,)/+/,!,%!9%/9'&(+!.>%&,!,-+!:'%>.'!)02.9,!%6!,-+!CCD!%/!,-+!V&3%2+./!7,%9*!0.3*+,=7!

8%'.,)'),1#!_7)/:!'%/:!,)0+!2+3)%(!.3%&/(!,-+!(.,+!,-+!3+:&'.,)%/!9.0+!)/,%!+66+9,4!),!$.7!

/%,!2%77)>'+!,%!7++!./1!7):/)6)9./,!3+'+8./,!0.3*+,!8%'.,)'),1!3+.9,)%/!,%!,-+!CCD#!"/!6.9,!

2%7),)8+!+66+9,!$.7!%>7+38+(!>&,!,-+!9%+66)9)+/,!$+3+!/%,!7):/)6)9./,#!U-)7!%>7+38.,)%/!)7!

8.')(! &7)/:! 7,./(.3(! +33%3! %/! IT! ./(! FT! (.17! '%%*! >.9*! 2+3)%(#! h%$+8+34! 9%/9'&7)8+!

%>7+38.,)%/7!$+3+!0.(+!&7)/:!7-%3,+3!,)0+!63.0+!.3%&/(!,-+!CCD!(.,+4!L%8+0>+3!ITFI#!

"/! 6.9,4! &7)/:! ,-)7! 7-%3,+3! 2+3)%(4! 7):/)6)9.,)8+! /+:.,)8+! +66+9,! $.7! %>7+38+(! %/! ,-+!

8%'.,)'),1!%6! ,-+!V&3%2+./!0.3*+,7#! "/!%/+!-./(4!&7)/:! ,-+!IT!(.17! '%%*!>.9*!7,./(.3(!

+33%37! :.8+! 7):/)6)9./,! b.,! WTnc! (+93+.7+! )/! 8%'.,)'),1! %6! .3%&/(! T4FFn#! "/! ,-+! %,-+3!

-./(4! ,-+! FT! (.17! '%%*! >.9*! 7,./(.3(! +33%3! 2+3)%(! )/()9.,+(! .! T4FIn! (+93+.7+! )/!

8%'.,)'),14!>&,!)/!,-)7!9.7+!.,!On!7):/)6)9.,)8+!'+8+'#!

!

C%! ),! )7! 3+.7%/.>'+! ,%! 9%/9'&(+! ,-.,4! 6%''%$)/:! ,-+!JJ!0%(+'!./(!&7)/:!(.,.!(+793)>+(!

-+3+!.>%8+4!,-+!CCD!0):-,!-.8+!/+:.,)8+'1!)02.9,+(!,-+!0.3*+,=7!8%'.,)'),1!%6!3+,&3/!%/!

.!7-%3,! ,)0+!2+3)%(#!5+./$-)'+4! ,-)7!3+7&',!-.7! ,%!>+! ,.*+/!$),-!.!:3.)/!%6!7.',4!.7! ,-)7!

3+7&',! )7! ,-+! %/'1! %/+! 7):/)6)9.,)8+! ,-3%&:-%&,! ,-+! $-%'+! 3+,&3/=7! 8%'.,)'),1! ./.'17)7#!

_7)/:! '.3:+3! ,)0+! 79%2+4! ),! )7! 2%77)>'+! ,%! 7,.,+! ,-.,! ,-+! CCD! ()(! /%,! -.8+! 7):/)6)9./,!

)02.9,!%/!,-+!8%'.,)'),1!%6!3+,&3/7#!

!

J>J> S51W(.2%5+7,1%$.1+P7",.

!

Z6,+3! 3+8)+$)/:! ,-+! ')X&)(),1! ./(! 8%'.,)'),1! )02.9,! %6! ,-+! CCD! )/! V&3%2+4! '+,=7! /%$!

9%02'+,+! ./(! 6)/.');+! %&3! ./.'17)7! %6! ,-+! 0.3*+,! )02.9,! ,-3%&:-! %&3! '.7,! 0.3*+,!

9-.3.9,+3)7,)9]! ,-+! 7,%9*7=! 23);+! 6%30.,)%/! 23%9+77#! Z7! ()79&77+(! )/! 23+8)%&7! 7+9,)%/4!



! OQ#!

3+9.''!,-.,!,-+!23);+!6%30.,)%/!23%9+77!+'.>%3.,+(!>1!R%+-0+3!./(!g&!)7!(+6)/+(!.7!,-+!

K+`,+/,! ,%! $-)9-! 23+8)%&7! 0.3*+,! )/6%30.,)%/! .99%&/,7! 6%3! ,-+! 6%30.,)%/! %6! 23);+M#!

U-+3+6%3+4! ,-+! Y3)9+J+'.1! 9%02.3+7! -%$! )/6%30.,)%/! )7! ,.*+/! )/,%! .99%&/,! )/!0%(+'7!

&7)/:! 7-%3,^3&/! 2.7,! )/6%30.,)%/! ,%! 0%(+'7! )/,+:3.,)/:! 7-%3,! ./(! '%/:! 3&/! 2.7,!

)/6%30.,)%/#!Z7!7,.,+(!)/!,-+!,-+%3+,)9.'!2.3,!%6!,-+!7,&(14!)/!.!2+36+9,'1!$%3*)/:!0.3*+,4!

,-+! 7,%9*! 23)9+! 7-%&'(! /%,! >+! >+,,+3! +`2'.)/+(! >1! )/,+:3.,)/:! 0%3+! 2.7,! 0.3*+,!

)/6%30.,)%/#! "/! ,-)7! '.,,+3! 9.7+4! D^CX&.3+(! %6! ,-+! D+7,3)9,+(! 5%(+'! 7-%&'(! +X&.'! ,-+!

_/3+7,3)9,+(!5%(+'!9),+(!)/!,-+!,-+%3+,)9.'!2.3,4!./(!,-+3+6%3+!,-+!Y3);+J+'.1!7-%&'(!>+!

+X&.'!,%!T#!Z!Y3);+J+'.1!%8+3!T!$%&'(!0+./!,-.,!9&33+/,!7,%9*!23);+!)7!>+,,+3!+`2'.)/+(!

$),-!,-+!.((),)%/!%6!2.7,!0.3*+,!)/6%30.,)%/#!

!

Z7! 6%3! ,-+! ,$%! 6)37,! 0.3*+,! 0+.7&3+0+/,74! 23);+! 6%30.,)%/! $)''! >+! 6)37,! .223%.9-+(!

:3.2-)9.''14! $),-! 23);+! 6%30.,)%/! 0+./7! %6! Z0+3)9./! ./(! V&3%2+./! 7,%9*7! %/! ,$%!

()66+3+/,! ,)0+! 63.0+7]!$),-! .! 6)37,! 2+3)%(! '.::)/:! 63%0!L%8+0>+3! ITFT! ,)''! L%8+0>+3!

ITFI!./(!.!7+9%/(!2+3)%(!63%0!,-+!3+:&'.,)%/!(.,+!)/!ITFI!,)''!Z23)'!ITFO#!

!

"/! ,-+! 9-.3,! /+`,! 2.:+4! ),! )7! %>7+38.>'+! ,-.,4!$-+3+.7! ,-+!_C! 7,%9*7! -.8+! 7++/! .! '.3:+!

(+,+3)%3.,)%/! %6! ,-+)3! Y3);+J+'.14! ,-+! V_! 7,%9*7! -.8+! 7++/! ,-+)3! Y3);+J+'.1! )023%8+(!

,-3%&:-!,)0+#!"/(++(4!9%02.3+(!,%!23+8)%&7!2+3)%(!bL%8+0>+3!ITFT^L%8+0>+3!ITFIc4!

,-+!Y3);+J+'.1!%6!,-+!V&3%2+./!7,%9*7=!7.02'+!7-%$+(!.!Y3);+J+'.1!.8+3.:+!9%/8+3:)/:!

,%!;+3%#!U-)7!)7!.!/+.3^2+36+9,!7),&.,)%/!$-+3+!,-+!)/,3%(&9,)%/!%6!2.7,!)/6%30.,)%/!)/,%!

,-+!0%(+'!(%+7!/%!-+'2!,%!>+,,+3!+`2'.)/!9&33+/,!7,%9*!23);+7#!C%!>1!%/'1!./.'1;)/:!,-)7!

9-.3,! $+! 9%&'(! .3:&+! ,-.,! 23);+! 6%30.,)%/! 23%9+77! -.7! >++/! )023%8+(! ,-3%&:-! ,-+!

)/,3%(&9,)%/!%6!,-+!CCD!)/!L%8+0>+3!ITFI#!

e/! .! JJ! 2%)/,! %6! 8)+$4! ,-)7! 9%/9'&7)%/! 9%&'(! .'7%! >+! 2&,! 6%3$.3(#! "6! $+! ,.*+! ,-+!

.77&02,)%/!,-.,!,-+!V&3%2+./!$%&'(!-.8+!6%''%$+(!,-+!Z0+3)9./!Y3);+J+'.1!,3+/(!)6!/%!

3+:&'.,)%/!)02.9,+(!,-+!V_!0.3*+,4!,-+/!+8+/!'.3:+3!2%7),)8+!Y3);+J+'.1!)02.9,!9./!>+!

%>7+38+(#!U-+!)02.9,!9./!>+!/&0+3.,+(!.7!%6!.223%`)0.,+'1!T4IO#!U-)7!/&0>+3!9./!>+!

6%30+(! >1! .(()/:! ,-+! Z0+3)9./! Y3);+J+'.1! (3%2! b$-)9-! )7! 3%&/()/:! .7! T4[c!$),-! ,-+!

V&3%2+./!Y3);+J+'.1!)/93+.7+!b$-)9-!)7!/+.3'1!.223%.9-)/:!T4FSc#!Z7!,-)7!3+7&',!)7!8+31!

-):-! ./(! +8%'&,)%/! %6! V&3%2+./! ./(! Z0+3)9./! Y3);+J+'.1! ()8+3:+! >1! 0./1! 2+39+/,4!

,-+3+!)7!.!'.3:+!23%>.>)'),1!,-.,!,-+!K2.3.''+'!-12%,-+7)7M!%6!,-+!JJ!0%(+'!(%+7!/%,!-%'(!



! O[#!

,-3%&:-! ,-)7! +`+39)7+#! U-.,! )7! $-1! 23+8)%&7! 7-%3,! 9%02&,)/:! 7-%&'(! >+! ,.*+/! $),-! .!

:3.)/!%6!7.',#!

!

Z6,+3!-.8)/:!9%02.3+(!>%,-!:3%&27=!Y3);+J+'.174!'+,=7!0%8+!6%3$.3(!,-+!./.'17)7!%6!,-)7!

0+.7&3+!,-3%&:-!,-+!3+:3+77)%/!()66+3+/9+!)/!()66+3+/9+!0+,-%(%'%:1#!!

!
42+56)!JZ!P69HD2#9(!NN!,)-D&*!.D&'2%+!-D)!VVA!)33)#-!&%!-D)!U/^/!.-&#$.[!S62T)!N)(9<M!

5.2%+!^/V/!.-&#$.!9.!#&%-6&(!+6&5H/!

!
!!!!!!!!!!!!C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!

!

U%!9%02'+,+!23+8)%&7!9-.3,!./.'17)74!'+,=7!/%$!,31!,%!7++!)6!,-+!CCD!-.(!.7!0./1!)02.9,!

.7! ),! $.7! 7,.,+(! )/! ,-+! 23+8)%&7! 0+,-%(%'%:1#! U-+! 6%''%$)/:! ,.>'+! 7&00.3);+7! 9%3+!

9-.3.9,+3)7,)97!%6! ,-+! 3+:3+77)%/!(+793)>+(! )/! ,-+! ,-+%3+,)9.'!2.3,!%6! ,-+! 7,&(1#!Z7! ),! )7!

X&)9*'1!%>7+38.>'+4!,-+!CCD!-.(!2%7),)8+!+66+9,!%/!,-+!Y3);+J+'.1!%6!,-+!V&3%2+./!7,%9*7=!

7.02'+#!U-)7!+66+9,!)7!3%&/()/:!T4I[#!U-)7!8.'&+!$.7!.'7%!%>7+38+(!,-3%&:-!,-+!:3.2-)9.'!

0+,-%(! 9),+(! .>%8+#! R&,! )/! ,-)7! 9.7+4! ,-+! 9%+66)9)+/,! %6! )/,+3+7,! )7! /%,! 7):/)6)9./,#! U-)7!

'.9*! %6! 7):/)6)9./9+! %6! %&3! 9%+66)9)+/,! $)''! /%,! .''%$! &7! ,%! 7,.,+! ,-.,! ,-+! CCD! .66+9,+(!

2%7),)8+'1!,-+!23)9+!6%30.,)%/!23%9+77!%6!%&3!V&3%2+./7!7,%9*7#!

!

^T4IO!

^T4I!

^T4FO!

^T4F!

^T4TO!

T!

T4TO!

F!L%8!ITFT^ITFI! F!L%8!ITFI^PT!Z23)'!ITFO!

S
62
T)
!N
)(
9<
!

82,)!

Y3);+!J+'.1!

V_! _C!



! OS#!

89:()!JZ!S62#)N)(9<!#&)332#2)%-.!&%!-D)!35((!-2,)!H)62&*!_`&?),:)6!FQ=Q\"H62(!FQ=Ra/!
PriceDelay  

Variable Model 1 (Nov 10'-Apr 15') 
Constant (Std. Error) 0,01283 (0,01373) 
Group (Std. Error) 0,20957 (0,17570) 
SSR (Std. Error) -0,08881 (0,11640) 
Effect (Std. Error) 0,27643 (0,20684) 
R-Squared 0,0068 

! ! !!!!!!!!C%&39+7]!J.,.C,3+.04!5.,-)+&!Y.3)j7!9.'9&'.,)%/7#!
!
U-+3+6%3+4! (+72),+! 7%0+! :3.2-)9.'! +`2+9,.,)%/4! ,-+! %/'1! 9%/9'&7)%/!$+! 9%&'(! (3.$!&2!

$),-!,-)7!'.7,!3+:3+77)%/!)7!,-.,!,-+3+!)7!/%,!+/%&:-!7):/)6)9.,)8+!3+7&',7!,%!7,.,+!,-.,!,-+!

CCD!)02.9,+(!,-+!23)9+!6%30.,)%/!23%9+77!%6!,-+!V&3%2+./!7,%9*7#!U-)7!'.7,!3+:3+77)%/!)7!

,-+!0%7,!()66)9&',!%/+!,%!+7,)0.,+4!.7!0./1!-12%,-+7+7!./(!9%02&,)/:!$+3+!/++(+(! )/!

%3(+3!,%!.223%.9-!,-+!9%+66)9)+/,!%6!)/,+3+7,!%6!,-+!7,%9*7=!7.02'+7#!

!

J>T> /%+P751-%$.&1,A.,A(.-,4)9.A(').89.,A(.OL;!.

!

Z6,+3!3+8)+$)/:!,-+!)02.9,!%6!,-+!CCD!%/!()66+3+/,!0+.7&3+7!%6!)/,+3+7,!%/!3+'.,)8+!7-%3,!

./(!'.3:+!,)0+!79%2+4!),!)7!,)0+'1!,%!9%02.3+!,-+!3+7&',7!$+!%>,.)/+(!./(!,-+!3+7&',!,-+!

VC5Z!:+,!P!0%/,-7!%/'1!.6,+3!,-+!3+:&'.,)%/!9.0+!)/,%!+66+9,]!,-)7!9%02.3)7%/!)7!%/+!%6!

,-+!0.)/7! %>j+9,)8+7! %6! ,-)7! 7,&(1#! "/(++(4! .7! ,-+! 7,&(1!0.(+! >1! ,-+! VC5Z!$.7! %/'1!

0.(+!P!0%/,-7!.6,+3!,-+!3+:&'.,)%/!9.0+!)/,%!+66+9,4!(.,.!$.7!/%,!.8.)'.>'+!,%!9%33+9,'1!

9%/(&9,!./(!+8.'&.,+!2%,+/,).'!9-./:+!)/!0.3*+,!')X&)(),14!8%'.,)'),1!./(!23);+!6%30.,)%/!

%/! .! '%/:+3! ,)0+! 63.0+#! "/! ),7! +.3'1! 7,&(14! ,-+! VC5Z! bITFPc! K)/8),+7! ,-+! V&3%2+./!

B%00)77)%/!,%!3+.77+77!,-+!CCD!.,!.!'.,+3!(.,+M#!U-.,!)7!$-1!,-+!VC5Z!7,&(1!-.(!,%!>+!

,.*+/!$),-!.!:3.)/!%6!7.',#!C%!&7)/:!>3%.(+3!,)0+!63.0+!./(!(.,.!%6!'%/:+3!,)0+!79%2+4!$+!

.3+!.>'+! ,%!(+,+9,! )6! ,-+!CCD!8%,+(!>1! ,-+!V&3%2+./!Y.3').0+/,!-.(!/+:.,)8+!+66+9,!%/!

9%3+!+77+/,).'7!0.3*+,!9-.3.9,+3)7,)97]!,-)7!)7!,-+!6)/.'!%>j+9,)8+!%6!,-+!7,&(1!$+!/++(!,%!

9%8+3!7%!6.3#!

!

_7)/:! ,-+! >)(! .7*! 723+.(! .7! 6)37,! ')X&)(),1! 23%`14! ,-+! VC5Z! bITFPc! 7,.,+(! ,-.,! ,-)7!

0+.7&3+! K(+93+.7+(!>1!T4PFn!.6,+3! ,-+!CCD!9.0+! )/,%!+66+9,l#!\%''%$)/:! ,-+!7,&(1!$+!

9%/(&9,+(4!$+!.3+!.>'+!9%/6)30!,-.,!,-+!>)(!.7*!723+.(!%6!,-+!0.3*+,!$.7!.'7%!3+(&9+(!

>1! T4IQn! &7)/:! (.,.! 63%0! ITFT! ,)''! Z23)'! ITFO#! C%! ,-.,! ,-+! ')X&)(),1! %6! ,-+! V&3%2+./!



! OW#!

0.3*+,! -.7! /%,! >++/! /+:.,)8+'1! )02.9,+(! .6,+3! ,-+! 3+:&'.,)%/4! >+,,+3]! ),! -.7! >++/!

)/93+.7+(#!

U%!9%/,)/&+!,-+!9%02.3)7%/!>+,$++/!,-)7!7,&(1!./(!,-+!%/+!-+'(!>1!,-+!VC5Z4!'+,=7!/%$!

9%02.3+!,-+!)02.9,!%6!,-+!CCD!%/!,-+!8%'&0+7!+`9-./:+(!)/!V&3%2+!.6,+3!,-+!3+:&'.,)%/!

(.,+#!C)0)'.3'1!,%!,-+!VC5Z!bITFPc!$-%!7&::+7,+(!K/%!+66+9,!%/!,-)7!0+.7&3+M4!,-+!3+7&',!

6%&/(!)/!,-)7!23+7+/,!7,&(1!)/()9.,+7!/%!7):/)6)9.,)8+!8%'&0+!)02.9,!)/!V&3%2+!(&+!,%!,-+!

CCD#!U-)7!3+7&',!$.7!7&22%3,+(!%/!()66+3+/,!,)0+!2+3)%(!>.7)7#!

U%!6)/)7-!$),-!')X&)(),1!9%02.3)7%/!>+,$++/!,-+!,$%!7,&()+74!'+,=7!/%$!9%02.3+!(++2+3!

,-+!)'')X&)(),1!0+.7&3+7!.93%77!,-+!,$%!3+7+.39-+7#!"/!,-+!VC5Z!3+2%3,!bITFPc4!),!)7!7.)(4!

K,-+! )'')X&)(),1! 0+.7&3+! -.7! >++/! /+:.,)8+'1! )02.9,+(! >1! .3%&/(! FFn! .6,+3! ,-+!

3+:&'.,)%/! (.,+#M! U-)7! 0+./7! ,-.,! ,-+! ')X&)(),1! $.7! )023%8+(! .93%77! V&3%2+#! "/! %&3!

3+7+.39-4!&7)/:!(.,.! 63%0!>3%.(+3! ,)0+!2+3)%(4!0),):.,+(!3+7&',7!-.8+!>++/!(3.$/#!e/!

%/+! -./(4! '.3:+! ,)0+! 63.0+! bL%8+0>+3! ITFT^Z23)'! ITFOc! )/()9.,+7! /%! 7):/)6)9.,)8+!

)02.9,!%/!,-+!)'')X&)(),1!0+.7&3+!.6,+3!,-+!CCD!(.,+#!U-%7+!3+7&',7!$+3+!9%06%3,+(!$),-!

3%>&7,!9-+9*)/:!$),-! )02'+0+/,.,)%/!%6!9%/,3%'!8.3).>'+7#!e/! ,-+!%,-+3!-./(4! 3+(&9+(!

,)0+!63.0+!bL%8+0>+3!ITFF^Z23)'!ITFHc!)/()9.,+(!.!3+(&9,)%/!%6!,-+!)'')X&)(),1!0+.7&3+!
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f>LK%S-".7%A*6)'%-.%L*9,+*)%?*&3'+%S'5-&0%,.%;/,*8%A-31-#!e/')/+!
-,,2]dd$$$#%+9(#%3:d6)/./9+d6)/./9).'^0.3*+,7dFSHOHFFO#2(6!

!
• C9-$.3,;!Z#4!\3./9)%/)!D#!bITTHc#!><",+1%0*&3'+/%,.%*#+,-.@%+$'%5".7*0'.+*)/%-5%

),<",7,+18%0*&3'+%/+&"#+"&'%D%+&*7,.(#!g)'+1#!
!
• U-%07%/!D+&,+37#!bITFIc#!>"&-9'V/%.*3'7%/$-&+%/')),.(%6*.%)'*4'/%,.4'/+-&/%2,+$%/3,.%

,.% +$'% (*0':% e/')/+! -,,2]dd>'%:#,-%07%/3+&,+37#9%0d)/(+`#2-2d+&3%2+7^/.*+(^
7-%3,^7+'')/:^>./^'+.8+7^)/8+7,%37^$),-^7*)/^)/^,-+^:.0+d!!

!
• U-%07%/!D+&,+37#!bITFIc#!!$-&+N/')),.(%*.7%LK!%&'(")*+,-.% ,.%>^@%C'//%+-%.*3'7.'//%

+$*.%0''+/%+$'%'1'8%5".7/%*.7%5,&0/%*&("'#!e/')/+!-,,2]dd>'%:7#3+&,+37#9%0d6)/./9).'^
3+:&'.,%31^6%3&0dITFIdTPdTOd7-%3,^7+'')/:^./(^9(7^3+:&'.,)%/^)/^+&^'+77^,%^
/.*+(/+77^,-./^0++,7^,-+^+1+^6&/(7^./(^6)307^.3:&+d!!

!
• _#C#!B%00%(),1!\&,&3+7!U3.()/:!B%00)77)%/#!b7#(#c#!g'+%9-/,+,-.%#$*.('/%7*+*:!

e/')/+!-,,2]dd$$$#96,9#:%8d5.3*+,D+2%3,7dL+,Y%7),)%/B-./:+7J.,.d)/(+`#-,0!!
!
• _#C#!C+9&3),)+7!./(!V`9-./:+!B%00)77)%/!bITTSc#!;0'.70'.+/%+-%'J#$*.('%*#+%&")'%

F\*NF%*.7%S")'/%T\F%*.7%T\\](_%-5%&'(")*+,-.%!Uf:!e/')/+!



! [T#!

-,,2]dd$$$#7+9#:%8d()8)7)%/7d0.3*+,3+:d,09%02')./9+d3&'+7FT.^ITT:^ITF^
7+9:#-,0#!B%/7&',+(!,-+!H,-!%6!?&'1!ITFO#!

!
• _#C#!C+9&3),)+7!./(!V`9-./:+!B%00)77)%/4!bITFOc#!!$-&+%/*)'%&'/+&,#+,-./:!e/')/+!

-,,2]dd$$$#7+9#:%8d./7$+37d7-%3,3+7,3)9,#-,04!9%/7&',+(!,-+![,-!%6!?&/+!ITFO#!
!
• E.3)./!h#!bFWSOc#!J)8+3:+/9+!%6!%2)/)%/!)/!9%02'+,+!0.3*+,7]!.!/%,+#!A$'%G-"&.*)%-5%

B,.*.#'%d\%bFc4!PTW^PF[#!e/')/+!
-,,2]dd2+%2'+#)79-%%'#>+3*+'+1#+(&dw-.'dY.2+37de2)/)%/d()8+3:+/9+^%6^%2)/)%/^)/^
9%02'+,+^0.3*+,7#2(6 

!
• g)*)2+().#!b7#(#c#!g*3'7%/$-&+%/')),.(:!e/')/+!

-,,2]dd+/#$)*)2+().#%3:d$)*)dL.*+(p7-%3,p7+'')/:4!9%/7&',+(!,-+!II/(!%6!Z23)'!ITFO!
!
• g)*)2+().#!b7#(#c#!!$-&+%]B,.*.#'_:!e/')/+!

-,,2]dd+/#$)*)2+().#%3:d$)*)dC-%3,pnIS6)/./9+nIW4!9%/7&',+(!,-+!FO,-!%6!Z23)'!
ITFO!

!
• g)*)2+().#!b7#(#c#!^9+,#3%&")':!e/')/+!

-,,2]dd63#$)*)2+().#%3:d$)*)dDnBPnZS:'+p(+p'nI[&2,)9*4!9%/7&',+(!,-+!O,-!%6!5.1!
ITFO#!

.
• g)*)2+().#!b7#(c#!!+*.7*&7%K'4,*+,-.:!e/')/+!

-,,27]dd+/#$)*)2+().#%3:df,),'+uC,./(.3(p(+8).,)%/4!9%/7&',+(!,-+!FO,-!%6!Z23)'!ITFO#!



! [F#!

!$$(Y(-.
!
Z//+`!F]!J%9&0+/,!&7+(!,%!/%,)61!/+,!7-%3,!2%7),)%/!)/!7-.3+7#!

!

!
!
!



! [I#!

Z//+`!I]!U-+!e<C!.77&02,)%/7#!
!

\%''%$)/:!R3%%*7!bITTSc4!,-+!e<C!+7,)0.,%37!.3+!R<_V!)6!,-+)3!6&'6)''!,-+!6%''%$)/:!6%&3!

.77&02,)%/7]!

!

! ^!KU-+!+33%37!-.8+!.!0+./!%6!;+3%M#!
! ! !

!

! ^!KB%/7,./,!+33%37=!8.3)./9+!./(!6)/),+!%8+3!.''!8.'&+7!%6!`M#!

! ! !

!

! ^!K<)/+.3!)/(+2+/(+/9+!%6!+33%37M#!
! ! !

!

! ^!KL%!3+'.,)%/!>+,$++/!+33%37!./(!,-+!`!8.3).>'+M#!
! ! !

!

! 

E(ut) = 0

! 

Var(ut) = "2 < #

! 

Cov(ui ,uj) = 0

! 

Cov(ut ,xt) = 0



! [P#!

Z//+`!P]!B%02%7),)%/!%6!,-+!7+'+9,+(!9%02./)+7!%6!,-+!VC5Z!bITFPc#!
65(7,+($,.C5%4PZ.O[.L,%"#-.

L48*5%4P.=. V5:+6&5H!F! V5:+6&5H!@! V5:+6&5H!B!
$/-81' a)/:! R./9%!Y%2%'.3+! R./*)/,+3!
$.*/.-9' B.3'!o+)77!5+(),+9! V/+'!G3++/!Y%$+3! 5!C+,!V72!B%0&/)9.9)%/!
(=./)' R.1$.! V/+'! ZBC!Z9,)8#!B%/7,3#!q!C+38#!
EF$' \&9-7!Y+,3%'&>!Y3+6! Z77)9&3.;)%/)!G+/+3.')! G3)6%'7!
($'>7G.H' U.:!"00%>)')+/! L)+&$+!C,++/!"/8#! V/.:.7!
+12H/@' Z`+'!C23)/:+3! R)/9*R./*! Z>+3,)7!"/:3.+7,3&9,&3.7!
6-%=/71' D.,)%/.'! E.7,+/+(!D+,.)'! B.)`.!R./*!
+8"'I17578"'J9'K.'C/-%)' k.>+'!J+&,79-'./(!h'(:#! Z39.()7! D+27%'!qY\!
(29-/7' g.9*+3!B-+0)+! BC5!B+3,7! RRE#!Z3:+/,.3).!
C%.--.'L'0/8/78.)' C&+(;&9*+3! Z2+3.0! G%^Z-+.(!G3%&2!
>,)1)' J+&,79-+!Y%7,>./*! o)::%! B3./7$)9*!
<3G%)' J+&,79-+!Y%7,! R%7*.')7!g+7,0)/7,+3! C-./*7!G3%&2!
M.N/7)' C)+0+/7! D./(7,.(!h%'()/:! R+.;'+1!
(%-'I-/78.OPQR' "/(+2+/(+/,!L+$7N5+().! _/)'+8+3!B+3,7#! kYL!B%/!
S.7&.2' k)/:72./!G3%&2! D%>+9%! B%%*7%/!G3%&2!
(-.H/' R./*!%6!"3+'./(! D++(!V'7+8)+3! J%0)/%=7!Y);;.!G3%&2!
(-*.4/' Y.((1!Y%$+3! JC5!k%/)/*')j*+! C9-3%(+37!
J%55/=.' k+331!G3%&2! R./9%!B%03!Y%3,&:&+7! J+3$+/,!<%/(%/!
P2.,%.--.' ",.'0%>)').3+! B)0+/,%7!(+!Y%3,'!CGYC! Y+30)77)%/!
+1&.N1' D+2'1! Y%3,&:.'!U+'.9%0!CGYC! g-),>3+.(!
0%H.7&%' G+%`! ?+3%/)0%!5.3,)/7! C0),-!
$MC'C/-%G/)' J+<%/:-)! VJY!V/+3:).7!J+!Y%3,&:.'! Z::3+*%!
<>$'+159N/-.' D+9%3(.,)!"/(&.#B-+0)9.! C.913!E.''+-+30!eCe! D%1.'!J+&,9-!C-+''!
PTK'TR'$"'SKU"'>792' R./9.!Y2%#V5!"').!D%0#! G.0+7.!B%32/#!U+:9#! C-)3+!
M1-4/'U-13,' Y.30.'.,! e>3.79%/!h&.3,+!<.)/! D++(!V'7+8)+3!

65(7,+($,.C5%4PZ.[L.L,%"#-.

L48*5%4P.=. V5:+6&5H!F! V5:+6&5H!@! V5:+6&5H!B!
K14%7%17'<.)"' h%''163%/,)+3! Z''+:./1! \3+7-!5.3*+,!
T.))' J%8+3! g)'')7!G3%&2!h%'()/:! U./:+3!\.9#!e&,'+,!B/,37!
V8.2'J7.-=@' LaY!C+0)9%/(&9,%37! 5)93%/!U+9-/%'%:1! g2`!V/+3:1!
F/,%9/2'W7.'I%72' D+2&>')9.!CEC! e9+./++3)/:! BED!V/+3:1!
F1H%&.7' \%3+7,!<.>7! 5%-.$*!"/(7#! D%'')/7!
$-%)912'R@.-)'+?3%GG' B-.9*!Y%)/,!C6,$!U+9-7! D+70+(! Z2%''%!GY!
JG/@' 5)9-.+'!k%37!h%'()/:! U3$!Z&,8#!h(:! <./(7,.3!C17,+0!
U11=2.' e/+%*!Y.3,/+37! B%0+3)9.! U$%!h.3>%37!"/8+7,0+/,!
R17&.2.D'>79.-7/9%17/2'F2' J)79%8+31!B%007! B>3+!G3%&2!B'.77.! V/+3:+/!
C;%2%,)'XX' J+',.!Z)3')/+7! Y)//.9'+g+7,!B.2#! C0),-6)+'(!\%%(7!
FRJ'U-13,' B+3/+3! Z7-'./(! U+'+(1/+!U+9-7!
(%-'C-&)'L'F;.4)"' D%1.'!B.33)>+./!B3&)7+7! x&./,.!C+38)9+7! C%,-+>1=7!
C3G2%8'+91-/=.' B)/9)//.,)!\)/'! 5.79%! Z77&3./,!
S/24/-9'+91-.)' Y&',+:3%&2! h+3,;!G'%>.'!h(:! B3+(),!Z99+2#!
U.7.-/2'UY"'C-1,)"' Y.19-+`! e:+!V/! B-)9%=7!\.7!
>793%9' g1//!D+7%3,7! h"C!Z! h):-$%%(7!Y3%27#!
F.793-@'Q%7*' Z/717! \%77)'! R.>9%9*!N!g)'9%`!
K.22' U3)0>'+!L.8):.,)%/! B%/7,+''.,)%/!R3./(7! C./(3)(:+!V/+3:1!
F18/'812/' LqCV!V&3%/+`,! V8+3+7,!D+:2! C&2+3)%3!V/+3:1!C87!
E7%9.&'C/-8.2'R/7"' h&0./.! D%1.'!G%'(! 5.()7%/!CX#!G.3(+/!B<Z!
(77/2@'F/,%9/2'R/7' D+:)%/7!\)/'L+$! _/&0!G3%&2! Z,-/.-+.',-!
S%22%/4)'C/-97.-' V/+3:1!U3./76+3!Y,/7#! g)/(7,3+.0! J%&:'.7!V00+,,!
+9/9.'+9-..9' Z(8#!Z&,%Y.3,7! <+&9.().!L.,)%/.'! Z,0+'!
CCQ' B%8+/,31!h+.',-9.3+! U%''!R3%7! Z,$%%(!e9+./)97!
CCU'>7&3)9-%.)' B%/7%'+/! Z&,%')8! k.3!Z&9,)%/!C+38)9+7!
!



! [H#!

Z//+`!H]!U-+!B%+66)9)+/,!%6!J+,+30)/.,)%/!bDIc!
!
R3%%*7! bITTSc! (+6)/+7! ,-+! 9%+66)9)+/,! %6! (+,+30)/.,)%/! .7! K-%$! $+''! ,-+! 7.02'+!

3+:3+77)%/! 6),7! ,-+!(.,.M#! "/!%,-+3!$%3(74! ),! )7!.!*)/(!%6!0%(+'=7! 6),!0+.7&3+0+/,#!<+,=7!

>3)+6'1!+`2'.)/!,-+!D!CX&.3+(!.7!7,.,+(! )/!,-+!R3%%*7!>%%*]! "/,3%(&9,%31!+9%/%0+,3)97!

6%3!6)/./9+!bITTSc]!

!

KU.*)/:!.!3+:3+77)%/!.7!6%''%$+(]! !4!,-+!,%,.'!8.3).,)%/!.93%77!%>7+38.,)%/7!%6!

(+2+/(+/,!8.3).>'+!.>%&,!),7!0+./!)7!,-+!U%,.'!C&0!%6!CX&.3+7!bUCCc#M!

!

! ! !

!

KU-+!UCC!9%&'(!>+!()8)(+(!)/!I]!,-+!V`2'.)/+(!bVCCc!./(!,-+!D+7,3)9,+(!C&0!%6!CX&.3+7!

bDCCc#M!

!

! ! !

!

Y'+.7+! 3+9.''! ,-.,! ,-+! 3+7)(&.'7! .3+! 9%02&,+(! .7! K()66+3+/9+!>+,$++/! .9,&.'! ./(! 6),,+(!

8.'&+7#!C%!,-.,!,-+!D!7X&.3+!)7!(+6)/+(!.7!,-+!3.,)%!%6!,-+!VCC!,%!,-+!UCCM]!

!

! !

! 

yt = " 1+ ut

! 

TSS = yt " y( )2#

! 

TSS = ˆ y t " y( )2
+ ˆ u t

t
# 2#

! 

R2 =
ESS
TSS



! [O#!

Z//+`!O]!U-+!C&00.3);+(!CCD!>1!,-+!VC5Z!bITFPc4!.22')+(!)/!V&3%2+]!

!
^ ;))% +$-/'% '.+'&,.(% ,.+-% /$-&+% /*)'/% -5% /$*&'/% 0"/+% 6'% #-4'&'7% 61% ',+$'&% $*4,.(%

6-&&-2'7% +$'% ,./+&"0'.+/% #-.#'&.'78%$*4'%*&&*.('7% +-%6-&&-2% +$'0h%-&%$*4'%*.%
*&&*.('0'.+%2,+$%*%+$,&7%9*&+1%2$-%$*/%#-.5,&0'7%+$*+%+$'%/$*&'%$*/%6''.%)-#*+'7%
,:':%.*3'7%/$-&+%/')),.(%,.%/$*&'/%,/%.-2%6*..'7h%%

^ ;))% +$-/'% '.+'&,.(% ,.+-% /$-&+% /*)'/% -5% /-4'&',(.% 7'6+% ,./+&"0'.+/% 0"/+% $*4'%
6-&&-2'7%+$'%,./+&"0'.+/%#-.#'&.'78%$*4'%*.%*(&''0'.+%+-%6-&&-2%+$'08%-&%$*4'%
*.% *&&*.('0'.+% 2,+$% *% +$,&7% 9*&+1% 2$-% $*/% #-.5,&0'7% +$*+% +$'% /$*&'% $*/% 6''.%
)-#*+'7%-&%'J9'#+/%+$*+%+$'%+&*7'%#*.%6'%/'++)'7%2$'.%7"'%,:':%.*3'7%/$-&+%/')),.(%,.%
/-4'&',(.%7'6+%,/%.-2%6*..'7:%%

^ ;))% +$-/'%'.+'&,.(% ,.+-%#&'7,+%7'5*")+%/2*9/%9-/,+,-./%&')*+'7%+-%*%/-4'&',(.% ,//"'&%
0"/+%$*4'%*.%".7'&)1,.(%'J9-/"&'%+-%+$'%&,/3%-5%7'5*")+%-5%+$*+%/-4'&',(.%,//"'&%-&%
-5%*%7'#),.'%,.%+$'%4*)"'%-5%+$'%/-4'&',(.%7'6+%-5%+$*+%,//"'&%,:':%.*3'7%/-4'&',(.%LK!%
*&'%.-2%6*..'7:%

^ L'.+&*)% #-".+'&9*&+,'/% 9&-4,7,.(% #)'*&,.(% /'&4,#'/% 0"/+% './"&'% +$*+% +$'&'% *&'%
*7'<"*+'%*&&*.('0'.+/%,.%9)*#'%5-&%6"1N,.%-5%/$*&'/%*/%2'))%*/%5,.'/%2$'&'%+$'&'%,/%
*%/'++)'0'.+%5*,)"&':%

^ ?*.7*+-&1%+&*./9*&'.#1%-5%.'+%/$-&+%9-/,+,-./@%%
o !,(.,5,#*.+%.'+%/$-&+%9-/,+,-./%,.%/$*&'/%0"/+%6'%%

! S'9-&+'7% +-% +$'% &')'4*.+% #-09'+'.+% *"+$-&,+,'/% 2$'.% +$'1% *+% )'*/+%
'<"*)%+-%\:Ti%-5%#-09*.1%,//"'7%/$*&'%#*9,+*)%*.7%'4'&1%\:Fi%*6-4'%
+$*+h%%

! K,/#)-/'7%+-%+$'%9"6),#%2$'.%+$'1%*+%)'*/+%'<"*)%+-%\:Ii%-5%#-09*.1%
,//"'7%/$*&'%#*9,+*)%*.7%'4'&1%\:Fi%*6-4'%+$*+:%%

o !,(.,5,#*.+% .'+% /$-&+% 9-/,+,-./% ,.% /-4'&',(.%7'6+% /$-")7% 6'% &'9-&+'7% +-% +$'%
&')'4*.+% #-09'+'.+% *"+$-&,+,'/% 2$'.% &'*#$,.(% -&% #&-//,.(% -.'% -5% +$'%
+$&'/$-)7/%9"6),/$'7%61%>!?;%5-&%/-4'&',(.%,//"'&/j%.-+,5,#*+,-.%+$&'/$-)7/8%%

%
^ >J'09+,-./% *&'% *4*,)*6)'% 5-&% 0*&3'+% 0*3,.(% *#+,4,+,'/% *.7% *"+$-&,c'7% 9&,0*&1%

7'*)'&/h%2'%2,))%7'+*,)%0-&'%,.%7'9+%+$*+%'J#'9+,-.%)*+'&:%%
;##-&7,.(%+-%+$'%9&-4,/,-./%-5%+$'%S'(")*+,-.8%>!?;%2,))%$*4'%+-%9&-4,7'%5-&%9"6),#%*##'//%
+-%#'&+*,.%+19'/%-5%,.5-&0*+,-.@%

F/+: !,(.,5,#*.+% .'+% /$-&+% 9-/,+,-.% .-+,5,#*+,-.% +$&'/$-)7/% 5-&% '*#$% /-4'&',(.% ,//"'&%
];&+,#)'%H]T__h%

T.7: C,.3/% +-% #'.+&*)%2'6/,+'/% -9'&*+'7% -&% /"9'&4,/'7% 61% #-09'+'.+% *"+$-&,+,'/%
2$'&'%+$'%9"6),#%7,/#)-/"&'%-5%.'+%/$-&+%9-/,+,-./%,/%9-/+'7%];&+,#)'%R]d__h%

M&7: A$'%),/+%-5%/$*&'/%5-&%2$,#$%+$'%9&,.#,9*)%+&*7,.(%4'."'%,/%)-#*+'7%,.%+$'%+$,&7%
#-".+&1%];&+,#)'%FO]T__h%

d+$: ;%),/+%-5%0*&3'+%0*3'&/%*.7%*"+$-&,c'7%9&,0*&1%7'*)'&/%];&+,#)'%FH]M__h%
I+$: ;% ),/+% -5% 'J,/+,.(% 9'.*)+,'/% *.7% *70,.,/+&*+,4'% 0'*/"&'/% *99),#*6)'% ,.%

?'06'&%!+*+'/%];&+,#)'%dF_:%
%%
>!?;V/% #--&7,.*+,-.% &-)'% ,.% 'J#'9+,-.*)% #,&#"0/+*.#'/%
%
>!?;% $*/% 6''.% (,4'.% +$'% &-)'% -5% #--&7,.*+,.(% +$'% /#-9'% *.7% ,09)'0'.+*+,-.% -5% *.1%
9&-9-/'7% '0'&('.#1% 0'*/"&'/% 61% .*+,-.*)% #-09'+'.+% *"+$-&,+,'/% ]gL;_:%%%
Z.%*77,+,-.8%>!?;%2,))%$*4'%+$'%9-2'&%+-%#--&7,.*+'%+$'%*#+,-./%-5%gL;/%61%*//'//,.(%+$'%
'0'&('.#1%0'*/"&'/%-.'%gL;% ,/%9&-9-/,.(% +-% +*3'%*.7%#-./,7'&,.(%2$'+$'&% ,+% /$-")7%6'%



! [Q#!

'J9*.7'7% +-% -+$'&% k"&,/7,#+,-./:%
%
>!?;%9-2'&/%-5%,.+'&4'.+,-.%,.%'J#'9+,-.*)%#,&#"0/+*.#'/%%
Z.%'J#'9+,-.*)%#,&#"0/+*.#'/%>!?;%#*.%*)/-%7'#,7'%+-%"/'%,+/%,.+'&4'.+,-.%9-2'&/%7,&'#+)1%
*.7%+*3'%+$'%5-))-2,.(%'0'&('.#1%0'*/"&'/@%

• `&-$,6,+,-.%-&%#-.7,+,-./%-.%'.+'&,.(%%
o Z.+-%*%/$-&+%/*)'%
o Z.+-% -+$'&% +&*./*#+,-.% ,.% *% 5,.*.#,*)% ,./+&"0'.+% +$*+% #-.5'&/% *% 5,.*.#,*)%

*74*.+*('%,.%#*/'%-5%7'#&'*/'%,.%4*)"'%-5%*.-+$'&%5,.*.#,*)%,./+&"0'.+%]7-'/%
.-+%*99)1%+-%/-4'&',(.%7'6+%*.7%/-4'&',(.%LK!_%

%
B-&%/-4'&',(.%7'6+%*.7%/-4'&',(.%LK!8%,.%#*/'%-5%*.%'0'&('.#1%7'#)*&'7%61%+$'%>"&-9'*.%
L-".#,)8%>!?;%#-")7%+*3'%,.7,4,7"*)%7'#,/,-.%&'<",&,.(%gL;V/%+-%+*3'%*#+,-./:%
%

!

!

Z//+`!Q]!5.3*+,!0.*+37!6%3!$-)9-!2&>')9!()79'%7&3+!)7!/%,!0./(.,%31!)/!R+':)&04!

6%''%$)/:!,-+!\C5Z]!

!
Z&,-%3);+(!5.3*+,!5.*+37! !
! ! !
\C5Z! RLY!Y.3)>.7!\eDU"C!RZLx_V!CZ! GVRZRVRR!
\C5Z! "LG!R./*!LEdCZ! RRD_RVRR!
\C5Z! kRB!C+9&3),)+7!LE! kRCVRVII!
! ! !
Z&,-%3);+(!Y3)0.31!J+.'+37! !
! ! !
\C5Z! RZLBe!CZLUZLJVD!CZ! RCBhJV\\!
\C5Z! RZDB<ZqC!RZLk!Y<B! RZDBGRI!
\C5Z! RLY!Y.3)>.7!\eDU"C!RZLx_V!CZ! GVRZRVRR!

\C5Z!
B"U"GDe_Y!G<eRZ<!5ZDkVUC!
<"5"UVJ! CR"<G<RI<!

\C5Z! BDVJ"U!ZGD"Be<V!B"R! RC_"\DYYaaa!
\C5Z! JV_UCBhV!RZLk!ZG! JV_UJV\\aaa!
\C5Z! hCRB!\3./9+! BB\D\DYYaaa!
\C5Z! "LG!R./*!LE! "LGRL<IZ!
\C5Z! ?#Y#!5eDGZL!C+9&3),)+7!<,(! ?Y5CGRI<5eC!
\C5Z! kRB!RZLk! kDVJRVRR!
\C5Z! 5eDGZL!CUZL<Vq!N!B%!"/,#!Y'9! 5C<LGRIa!
\C5Z! LZU"a"C! LZUa\DYYaaa!
\C5Z! L%0&3.!"/,+3/.,)%/.'!Y<B! Le5ZGRI<!
\C5Z! DRB!V&3%2+!<,(! DeqBGRII!
\C5Z! DeqZ<!RZLk!e\!CBeU<ZLJ!Y'9! DReCGRIDUB5!
\C5Z! CeB"VUV!GVLVDZ<V!CZ! CeGV\DYY!



! [[#!

Z//+`![]!g-),+=7!3%>&7,!7,./(.3(!+33%37#!
!
!
\%''%$)/:!g-),+!bFWSTc4!-+,+3%7*+(.7,)97^9%/7)7,+/,!+7,)0.,%37!)7!6%&/(!>1!,-+!

6%''%$)/:]!

!

! 

VHCE ˆ " OLS[ ] =
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n
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XiXi '
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*1 1

n
XiXi ' ˆ u 2i
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XiX ' i
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*1

!

!
!
g),-!EhBV!,-+!e<C!8.3)./9+!+7,)0.,%3!./(!a)=!0.,3)`!63%0!(.,.#!

U-)7!)7!,3&+!)6!+33%37!%6!,-+!3+:3+77)%/!.3+!)/(+2+/(+/,!>&,!()7,)/9,!8.3)./9+7!""!./(!!

! 

= diag("12 ,# ...,"n2 ) ! !+7,)0.,+(!$),-!

! 

ˆ " i 2 = ˆ u i 2 !

!


