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Freezing of Gait Does Not
Modulate Beta Oscillations

in Mesial Cortical Motor Areas

Many patients with ParkinsonÕs disease (PD) and freezing
of gait (FOG) are still able to ride a bicycle easily.1 Recently,
Storzer and colleagues2 described an increase of oscillatory
activity ~18 Hz in local ! eld potential (LFP) recordings from
the subthalamic nucleus characteristic for patients with FOG.
Here, we examined movement-associated cortical oscillatory
activity in freezers and nonfreezers during bicycling, walking,
and turning using mobile electroencephalography.

We studied 20 PD patients with FOG (freezers), 13 PD
patients without FOG (nonfreezers), and 16 age-matched
healthy controls. Each measurement started with a rest mea-
surement, that is, sitting or standing followed by sequences of
movement (bicycling or walking) to investigate movement ini-
tiation. After each walking sequence, participants performed
180! turns. Cortical beta activity (13-35 Hz) was compared
between the 3 groups. Power changes were expressed relative
to baseline, and analyses were focused on the Cz electrode.
To speci! cally investigate FOG-related differences, turns with
and without freezing were compared in freezers. To provide
evidence for negative! ndings, we computed the Bayes factor
for selected comparisons.3 By convention, a Bayes factor <0.33
is considered substantial evidence in support of the null
hypothesis4 (see Supplementary Material for methodological
details).

The analysis of gait parameters revealed impairments of
walking in freezers (see Supplementary Table 1). However, a
linear mixed model revealed no effect of group,! 2 (2) = 0.81,
P = .67; that is, freezers did not show altered cortical beta
power. The Bayes factor for the main effect of group was
0.22, providing evidence for equal beta power across groups.
When comparing cortical beta power in freezing and non-
freezing turns, the Bayes factor was 0.32, providing evidence
for equal power in both conditions. No narrowband oscilla-
tion at ~18 Hz was observed in any group or condition, but
broad-band suppression of power in the beta band was
evident during all types of movements for all groups
(Fig. 1A). We detected a main effect of movement type on
beta power, ! 2 (2) = 22.34, P < .001. Post-hoc pairwise testing
showed a stronger beta power suppression in bicycling

than in walking (t-ratio = ! 3.55, P = .002) and turning
(t-ratio = ! 4.76, P < .001), but no difference between walking
and turning (t-ratio = ! 1.23, P = .44; Fig 1B).

With these ! ndings, we replicated that bicycling and walk-
ing are associated with suppression of cortical oscillatory
activity in the beta band, which is stronger in bicycling com-
pared to walking.5 Our analyses revealed no differences in
oscillatory activity in the beta band between groups, not even
in the presence of freezing. As we could not detect a cortical
equivalent of the characteristic, subthalamic ~18 Hz signal
reported previously, our ! ndings indicate a subordinate role
of the cortical motor areas in the generation of FOG. These
results instead may suggest a wholly subcortical generation of
the reported ~18 Hz signal.
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FIG. 1. (A) Group average time frequency representations of power changes relative to baseline (dB; color-coded) in freezers, nonfreezers, and healthy
controls, time-locked to movement initiation (t = 0). (B) Representation of power differences (dB) relative to baseline during movement initiation in
freezers, nonfreezers, and healthy controls. [Color ! gure can be viewed at wileyonlinelibrary.com]
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'3%!d5%0'#(/)!c37'!#0!#'0!+5/2'#(/7.!$(.%!7/9!O3[!#0!'3#0!72'#A#'[!/('!0%%/!#'!#/!'3%!

G('($!2($'%b{!-/0O%$#/8!'3(0%!d5%0'#(/0!2(5.9!03%9!.#83'!#/'(!'3%!97$&/%00!7/9!

2(/'$#_5'%!'(!+#/9!9#78/(0'#2!7/9!'3%$7Z%5'#2!7ZZ$(723%0,!

T3%$%!7$%!'O(!Z(00#_.%!#9%70!7_(5'!'3%!($#8#/!(+!'3%!Z7'3(.(8#27.!0#8/7.)!<#$0'`!#'!

2(5.9!($#8#/7'%!+$(G!'3%!G('($!2($'%b,!T3%!G('($!2($'%b!(+!2(5$0%!Z.7[0!7!&%[!$(.%!

#/! '3%! 8%/%$7'#(/! (+! .(2(G('#(/,! T3%! 1TI! $%2%#A%0! A7$#(50! 2($'#27.! 7/9!

05_2($'#27.!#/+($G7'#(/!]T%G%.!"#%$6F̀!DEEU^,!T3%!#/'%8$7'%9!#/+($G7'#(/!#0!_%#/8!



9&+'-++&#, !

! SU!

0%/'! '(! '3%! 1;-`! Z$#G7$[! G('($`! 7/9! A%/'$7.! Z$%G('($! 2($'%b! _[! Z700#/8! '3%!

A%/'$(.7'%$7.!'37.7G#2!/52.%#!]>((A%$!7/9!1'$#2&`!QYYS^,!T3%$%!#0!0'$(/8!2($'#2(?

05_'37.7G#2!2(3%$%/2%!_%'O%%/!G%0#7.!7$%70!(+!'3%!G('($!2($'%b!7/9!'3%!1TI!

_%#/8!0'$(/8%0'!_%'O%%/!'3%!1;-!7/9!'3%!1TI,!F'!#0!(+!0Z%2#7.!$%.%A7/2%`!'37'!

'3%!1TI!03(O0!/%5$(/7.!0[/23$(/#47'#(/! #/!'3%!2($'#27.!!"#$ !$3['3G0!]137$(''! "#%

$6F̀!DEQa,̂!\+!2(5$0%`!#'!#0!Z(00#_.%!'37'!7!/7$$(O!(02#..7'($[!_7/9!($#8#/7'%0!#/!'3%!

G('($!2($'%b!7/9!#0!Z700%9!'(!'3%!M:!O3%$%!#'!27/!_%!$%2($9%9!70!i<*,! \/!'3%!

('3%$!37/9!9(Z7G#/%!9%Z.%'#(/!2(5.9!237/8%!'3%!2(/'$(.!(+!'3%!M:!(A%$!'37.7G(?

2($'#27.! .((Z!2750#/8! (02#..7'#(/0! '37'!7$%! '$7/0G#''%9! '(! '3%!M:!A#7! '3%!2($'%b!

]*7A.#9%0`!>(87/! 7/9!M(8724`!DEQU^,!<5$'3%$G($%`! '3%! .72&! (+!9(Z7G#/%!27/!

'$#88%$!7/!#G_7.7/2%!_%'O%%/!'3%!3[Z%$9#$%2'!7/9!9#$%2'!Z7'3O7[!#/!+7A($!(+!'3%!

3[Z%$9#$%2'!Z7'3O7[`!7.0(!$%05.'#/8!#/!(02#..7'#(/0!]i%_.(#0!"#%$6F̀!DEEX^,!M5'!0#/2%!

/( ! 2($'#27.! 9#++%$%/2%! #/! '3%! 2.%7$! Z$%0%/2%! (+! G7J($! <\:! %Z#0(9%0!2(5.9! _%!

+(5/9 `!#'!#0!$7'3%$!5/.#&%.[`!'37'!#'!#0!7/! (02#..7'#(/!O#'3!($#8#/!#/!'3%!G('($!2($'%b,!

*$%A#(50! O($&! 2%/'%$%9! 7$(5/9! 'O(! G7#/! G(9%.0! 9%02$#_#/8! '3%! ($#8#/! (+!

05_2($'#27.!(02#..7'($[!72'#A#'[,!\/%!#9%7!#/2.59%0!G(9%.0!+($!'3%!0'$#7'7.!($#8#/0!(+!

!"#$ ! (02#..7'#(/0! #/! i<*! $%2($9#/80! 95%! '(! 9(Z7G#/%! 9%Z.%'#(/! 7/9! #/2$%70%9!

23(.#/%$8#2!9$#A%!];2R7$'3[!"#%$6F̀!DEQQ^,!"7G(97$7/! "#%$6F̀!]DEQU^!7005G%!'37'!

7! G#0_7.7/2%! (+! "Q! 7/9! "D! Z$(J%2'#/8! /%5$(/0! 722(GZ7/#%9! _[! #/2$%70%9!

#/3#_#'($[!#/'%$/%5$(/!72'#A#'[! .%790! '(!7/!#/2$%70#/8!Z$%A7.%/2%!(+!#/'%$/%5$(/!

!"#$ !_5$0'0,!F/0'%79!(+!7!G#0_7.7/2%`!'3%!9(Z7G#/%!9%Z.%'#(/!2(5.9!7.0(!#/952%!

0[/23$(/#4%9! Z750%0`! O3#23! 7..(O0! '3%! Z$(J%2'#(/! /%5$(/0! '(! +#$%!7'! !"#$%

+$%d5%/2#%0!]R($_#'!"#%$6F̀!DEQX^,!

6A#9%/2%!#0!0588%0'#/8!'37'!2($'#27.!(02#..7'#(/0!r!SE!>4!9$#A%!'3%!_707.!87/8.#7!

7/9!3#83%$!+$%d5%/2[!(02#..7'#(/0!+$(G!'3%!1TI!9$#A%!'3%!2($'%b!]c#..#7G0!"#%$6F̀!

DEEDk!<(8%.0(/!"#%$6F̀!DEEX,̂!

T3%! G(0'! Z(Z5.7$! 3[Z('3%0#0! 799$%00%0! '3%! 1TI! 70!'3%! Z('%/'#7.! ($#8#/! (+!

7_%$$7/'!!"#$ !(02#..7'#(/0!]i#!"#%$6F̀!DEQX^,!-.'%$/7'#A%.[`!'3%!(02#..7'#(/!2(5.9!_%!7!

$%05.'!+$(G!1TI!7/9! :*%!#/'%$72'#(/! ]>(.879(`!T%$$[!7/9!M(8724`!DEQE^!7/9!

/%87'#A%!+%%9_72&!.((Z0!]+($!7!$%A#%O!0%%!>5GZ3$#%0`!\_%0(!7/9!"$%[%$`!DEQa^,!

>(.'!7/9!I%'(++!]DEQV^!7.0(!+(5/9!2(5Z.#/8!_%'O%%/!:*%!7/9!1TI!'(!2(/'$#_5'%!

'(!Z7'3(.(8#27.!0[/23$(/#47'#(/,!F/!'3%#$!G(9%.`!Z7'3(.(8#27.!!"#$ !(02#..7'#(/0!O%$%!

(/.[! 0%%/! #/! '3%! Z$%0%/2%! (+! /($G7.! 2($'#27.! #/Z5'! ]/(! Z7'3(.(8#27.!



9&+'-+ +&#,!

! SX!

0[/23$(/#47'#(/`! O3%/! $%G(A#/8! 2($'#27.! #/Z5'^`! O3#23! #GZ.#%0! '3%!/%%9! +($!

#/'%$/7.!7/9!%b'%$/7.!9$#A%!'(!8%/%$7'%!'3%!7_%$$7/'!0#8/7.,!

T3%! 1TI! 0Z%2#+#2!!"#$ ! _7/9! (02#..7'#(/! 0%%G0! '(! $%Z$%0%/'! 7/! #/'%8$7'#A%!

G7.+5/2'#(/#/8! #/! '3%! _707.! 87/8.#7,! -G(/8! '3%! 9#++%$%/'! Z7'3O7[0`! '3%! G('($!

2#$25#'!#0!0%8$%87'%9!+$(G!('3%$!2#$25#'0`!#,%,!'3%!Z$%+$(/'7.`!.#G_#2!7/9!(25.(G('($!

Z7'3O7[,!I%A%$'3%.%00`!(/!'3%!.%A%.!(+!'3%!_707.!87/8.#7!'3%!9#++%$%/'!Z7'3O7[0!

7$%!(Z%/!+($!#/'%$2(//%2'#(/0!]C(%.!7/9!c%#/%$`!QYYV^,!T7&%/!#/'(!722(5/'! <\:!

_%#/8!%0Z%2#7..[!A5./%$7_.%!+($!%G('#(/7.`!A#057.`!7/9!%/A#$(/G%/'7.!#/+.5%/2%0`!

#'! 0%%G0! G523! .#&%.[`! '37'! '3%! G7#/! Z$(_.%G! .#%0! O#'3#/! '3%! _707.! 87/8.#7,! -!

+$%%4#/8!0Z%2#+#2!Qa!>4!(02#..7'#(/!+$(G!'3%!1TI!5/9%$.#/%0!'3%!3[Z('3%0#0!(+!'3%!

f/(#0[!0#8/7.o!];7$09%/!7/9!\_%0(`!QYYVk!M$(O/!7/9!650%_#(`!DEEa^`!#/9#27'#/8!

'37'!'3%!9#0%70%!2750%0!7!0Z%2#+#2!_707.!87/8.#7!Z7''%$/!'37'!9#0$5Z'0!.(27.!7/9!

9#0'#/2'!+5/2'#(/0,!<5$'3%$G($%`!'3%!$%G(A7.!(+!M:!(5'Z5'!]_[!#/952#/8!.%0#(/0^!

370!$%05.'%9!#/!$%952%9!#/0'%79!(+!O($0%/%9!Z7$&#/0(/#7/!0[GZ'(G0!]$%A#%O%9!

_[!c#23G7//`!DEQY^,!T3#0!0588%0'0`! '37'! '3%!M:!72'#A#'[!9(%0!/('!(/.[!9#0$5Z'!

#/+($G7'#(/!Z$(2%00#/8`!_5'!72'#A%.[!#/3#_#'0!'3%!#/+($G7'#(/!Z7'3O7[!'37'!%G%$8%!

+$(G!'3%!M:,!

1'($4%$!"#%$6,!]DEQl^!0588%0'%9!'37'!'3%!Z7'3(.(8#27.!#/2$%70%!#/!!"#$%Z(O%$!G#83'!

G#$$($!7!2%$'7#/!Z$%9#0Z(0#'#(/!'(!+$%%4%,!T3%$%+($%`!2%$'7#/!799#'#(/7.!'70&0!'$#88%$!

+$%%4#/8!%Z#0(9%0!_[!#/2$%70#/8!'3%!G('($`!2(8/#'#A%`!($!.#G_#2!.(79!(/!'3%!7.$%79[!

0'$%00%9!0[0'%G,!

WCTC$\2:$+#$N+1:10+);$0&##$6,,&1*&%$*26)$560G+);$+)$

96.G+)#4)H#$%+#&6#&[$

1'($4%$!"#%$6,!]DEQa^!0588%0'%9!'37'!'3%!7_#.#'[!'(!$#9%!7!_#&%!#0!5/7++%2'%9!_%2750%!

(+!'3%!.(O%$!2(GZ5'7'#(/7.!9%G7/9!(/!G('($!/%'O($&0,!

P#9#/8!7!_#2[2.%!#0!/('!(/.[!%70#%$!+($!*"!Z7'#%/'0!_5'!+5$'3%$G($%`!#'!#GZ$(A%0!*"!

G('($!0[GZ'(G0!]P#98%.! "#%$6F̀!DEQU^,!T(!%/7_.%!7/!(/8(#/8!G('($!Z$(2%00`!'3%!

G('($! 2($'%b! $%.#%0! (/! 0(G7'(0%/0($[! #/Z5'! +$(G! '3%! Z%$#Z3%$[,! T3#0! #/2.59%0!

%++%$%/'0!+$(G!J(#/'! $%2%Z'($0`!G502.%!0Z#/9.%0!7/9!25'7/%(50!$%+.%b%0,!1(G%!

0'59#%0! 37A%! Z$(A%/! '37'! '3%! Z$(Z$#(2%Z'#A%! 0[0'%G! #0! #GZ7#$%9! #/! Z7'#%/'0!

05++%$#/8!+$(G!*"!]+($!7!$%A#%O!0%%!R(/'%!"#%$6F̀!DEQS^`!O3#23!$%05.'0!#/!7!.72&!(+!



9&+'-++&#, !

! Sl !

Z%$#Z3%$7.! 7++%$%/'! #/Z5'! 7/9! 7! 9#0'5$_%9! G('($! (5'Z5',! T3%$%+($%`! '3%$%! 7$%!

0'$(/8%$!7++%$%/'0!Z$(J%2'#/8!'(!'3%!2($'%b,!

P%87$9#/8! '3%! #9%7! (+! 1/#J9%$0!"#% $6,! ]DEQQ`! DEQD^!7/9! 1'($4%$!"#% $6F! ]DEQl !̂

_#2[2.#/8!0%%G0!'(!$%952%!'3%!2(GZ5'7'#(/7.!.(79! (/!'3%!0'$#7'(?'37.7G(?2($'#27.!

.((Z,!T3#0!$%952%9!#GZ72'!2(5.9!$%05.'!#/!.%00!9#0'5$_7/2%!(/!'3%!2($'#27.!g!M:!

2#$25#'0`! O3#23! '3%$%+($%! 9%2$%70%0! '3%! Z7'3(.(8#27.! 0[/23$(/#47'#(/,!

<5$'3%$G($%`!_#2[2.#/8!0%%G0!'(!#GZ$(A%!2(8/#'#A%!+5/2'#(/0!#/!Z7'#%/'0!O#'3!*"!

#/! 7! 957.! '70&! 0'59[! ]-.'G7//! "#% $6F̀! DEQU^,! T3%! 75'3($0! %bZ.7#/! '3#0! _[! 7/!

#/2$%70%9!7$(507.!95$#/8!'3%!%b%$2#0%`!.%79#/8!'(!#/2$%70%9!27'%23(.7G#/%!7/9!

9(Z7G#/%! .%A%.0,!c7.&#/8`!70!7!G($%!2(GZ.%b!G('($! '70&`!03(O0! .%00!_%/%+#'!

+$(G! '3%!27'%23(.7G#/%! '$#88%$%9!7$(507.!7/9!#0!G($%!A5./%$7_.%!+($!957.! '70&!

9#0'5$_7/2%0,!

1/#J9%$0!"#%$6F!]DEQQ^!Z$(Z(0%9!'37'!'3%!%++%2'0!(+!7!$7Z#9.[!237/8#/8!A#057.!02%/%!

95$#/8!_#2[2.#/8! 2(5.9! 37A%! 7/! #GZ72'! (/! '3%! Z7'3(8%/%0#0,! T3#0! O(5.9!/('!

%bZ.7#/`!3(O%A%$`!O3[!+$%%4%$0!$#9#/8!(/!7!0'7'#(/7$[!_#2[2.%!O#'3(5'!237/8#/8!

A#057.!#/Z5'0!7.0(!$%A%7.!Z$%0%$A%9!_#2[2.#/8!0&#..0,!

-/('3%$! #/'%$%0'#/8! #9%7! #/2.59%0! %A(.5'#(/7$[! 70Z%2'0,! c7.&#/8!#0! 7/!

%A(.5'#(/7$[!0'$%/8'3%/%9!O7[!(+!.(2(G('#(/`!O3%$%70!_#2[2.#/8!#0!7!G(A%G%/'!

0&#..!9%A%.(Z%9!95$#/8!23#.93((9,!<$%%.[!23(0%/!0'$#9%!+$%d5%/2[!95$#/8!O7.&#/8!

#0!O7[!G($%!%2(/(G#27.!2(GZ7$%9!'(!_#2[2.#/8!]17$9$((9#7/! "#%$6F̀!DEQU^,!6A%/!

'3(583! O7.&#/8! 7/9! _#2[2.#/8! +%7'5$%! 2(GZ7$7_.%! G(A%G%/'! Z7''%$/0`! #'! O70!

3[Z('3%0#4%9`!'37'!O7.&#/8!$%05.'0!+$(G!%A(.5'#(/7$[!2(/0(.#97'%9!#/'%$72'#(/!(+!

'3%!G5025.(0&%.%'7.!7/9!/%5$7.!0[0'%G,!M#2[2.#/8`!70!7!95$#/8!23#.93((9!72d5#$%9!

0&#..`! #0! 8%/%$7'%9! _[! /%5$7.! 2%/'%$0! #/#'#7..[! 2(/0(.#97'%9! +($! .(2(G('#(/,!

i72d57/#'#!"#%$6F̀!]DEQS^!0'7'%9`! '37'! '3%$%!7$%!9#++%$%/'!R*:! .7[%$0!9%A%.(Z#/8!

+$(G!23#.93((9!7/9!17$9$((9#7/!"#%$6F̀!]DEQU^!2(/2.59%9`!'37'!Z%97.#/8!G#83'!_%!

8%/%$7'%9!#/!(/%!(+!'3(0%!799%9!R*:!.7[%$0,!T7&#/8!#/'(!2(/0#9%$7'#(/!'3%!.72&!

(+! 75'(G7'#2#'[! #/! *"`! '3#0! 27/! %bZ.7#/! O3[! O7.&#/8`! 70! 7/! 75'(G7'#2! G('($!

Z$(8$7G`!#0!G($%!9#0'5$_%9!#/!<\:!'37/!'3%!95$#/8!23#.93((9!72d5#$%9!_#2[2.#/8,!

! $



I&@&%(%&#,+!

! Sa!

KC$Z+'+*6*+4)#$
F/!'3#0!O($&`!#'!O70!'$#%9!'(!G7'23!*"!Z7'#%/'0!+($!9#0%70%!0%A%$#'[!7/9!.%A(9(Z7!

%d5#A7.%/'! 9(0%! ]T(G.#/0(/!"#% $6F̀! DEQE^! 0#/2%! <\:! #/! *"! #0! .#/&%9! '(! '3(0%!

+72'($0!]:#.79#!"#%$6F̀!DEEQk!;723'!"#%$6F̀!DEEl ,̂!M5'!%A%/!'3(583!'3%$%!O%$%!(/.[!

0G7..!9#02$%Z7/2#%0!$%87$9#/8!'(!9#0%70%!0%A%$#'[`!<$%%4%$0!379!.(/8%$!9#0%70%!

95$7'#(/! 7/9! O%$%! 7++%2'%9! G($%! 0%A%$%.[ ,! :$(5Z! 0#4%! O70! 23(0%/! 0#G#.7$! '(!

%7$.#%$! O($&0! ]123(.'%/`! :(A#/97/`!"#% $6F̀! DEQXk! 123(.'%/`! K.('4`!"#% $6F̀! DEQX^!

$%952#/8!'3%!237/2%!(+!G#00#/8!9#++%$%/2%0!95%!'(!0G7..!8$(5Z!0#4%0,!

T3%$%!7$%!0'59#%0!#/9#27'#/8!'37'!_$7#/!72'#A#'[!G7[!_%!$%.7'%9!'(!%b%$2#0%!#/'%/0#'[!

]M7#.%[!"#% $6F̀! DEEa,̂! F/! '3%! Z$%0%/'! 0'59[`! 279%/2%! 9#++%$%9! 7G(/8! 8$(5Z0,!

\Z#/#(/0!7_(5'! '3%!%++%2'!(+!279%/2%!(/!'3%!2($'#27.!72'#A7'#(/!7$%!#/2(/0#0'%/'!

]1'7/2q&!7/9!*+5$'023%..%$`!QYYU`!QYYXk!*70'L''%$`!M%$23'(.9!7/9!M=5G.`!DEQD^`!

_5'!#'!G#83'!37A%!379!7/!%++%2'!(/!2($'#27.!72'#A#'[!]M$BGG%$!"#%$6F̀!DEQQ^,!

T3%! 50%! (+! 66:! 370! 7! 8$%7'! '%GZ($7.! $%0(.5'#(/! 7/9! #0! 7ZZ.#27_.%! +($! G(_#.%!

G%705$%G%/'0,! *$(8$%00! #/! '3%! 37$9O7$%! 0[0'%G0! %/7_.%0! +$%%! G(A%G%/'! #/!

0Z72%,! M5'! G%705$%G%/'0! 95$#/8! %b%$2#0#/8! $%G7#/! 237..%/8#/8! _%2750%! (+!

7$'#+72'!2(/'7G#/7'#(/! '37'!7++%2'0! '3%!#/'%8$#'[! (+! '3%! /%5$(/7.!%.%2'$(?!2($'#27.!

72'#A#'[,! T3(0%! 27/! 0'%G! %,8,! +$(G! 0'%ZZ#/8! ($! %.%2'$(9%! G(A%G%/',!>%7.'3[!

Z7$'#2#Z7/'0! 03(O! G($%! _(9[! G(A%G%/'! 7/9! .%00! $#8#9#'[! '37/! *"! Z7'#%/'0`!

O3%$%70!Z7'#%/'0!05++%$!+$(G!#/2$%70%9!/%2&!'(/%!]<$7/4|/!"#%$6F̀!DEEY^̀!O3#23!

7.0(!7++%2'0!'3%!66:!0#8/7.,!"5%!'(!'3(0%!7$'#+72'0`!%,8,!#/!'%GZ($7.!7/9!(22#Z#'7.!

7$%70! 7'! .(O%$! +$%d5%/2#%0`! #'! #0! Z(00#_.%! '37'! +$(/'7.! 72'#A#'[! #/! '3#0! +$%d5%/2[!

$7/8%!($!72'#A#'[!#/!('3%$!+$%d5%/2[!_7/90!O70!Z7$'.[!2(A%$%9!5Z,!

T3%!0'59[! 7'! 37/9 ! 2(/2%/'$7'%9! (/! !"#$ ! _7/9! 72'#A#'[! $%2($9%9! 7'! '3%! R4!

%.%2'$(9%!_%2750%!(+!#'0! .(27'#(/! (A%$! '3%!.%8!7$%7!(+! '3%!G('($!2($'%b!7/9!#'0!

#GZ($'7/2%!#/!G('($!%b%25'#(/!7/9!35G7/!87#'!];#[7#!"#%$6F̀!DEEQk!P7%'3J%/!"#%

$6F̀! DEEak! c#%0%$!"#% $6F̀! DEQE_k! "(!"#% $6F̀! DEQQ^,!-0! 7! 2(/0%d5%/2%`! +$%%4#/8!

700(2#7'%9!2($'#27.!72'#A#'[!#/!('3%$!2($'#27.!7$%70!2(5.9!_%!G#00%9,!<5$'3%$G($%`!

#/! '3%! 35G7/! G('($! 2($'%b`! _('3! .(O%$! %b'$%G#'#%0! 7$%! G7ZZ%9! 2.(0%! '(! '3%!

G#9.#/%!]C70Z%$!7/9!*%/+#%.9`!QYVY^,!M%2750%!(+!'3#0!'(Z(8$7Z3#27.!.(27'#(/!7/9!

'3%!Z(($!0Z7'#7.!$%0(.5'#(/!(+!66:!$%2($9#/80`!#'!27//('!_%!9#++%$%/'#7'%9!_%'O%%/!



I&@&%(%&#,+!

! SY!

72'#A#'[!(+!_('3!+%%',!1#/2%!*"!#0!7!0'$(/8.[!.7'%$7.#4%9!9#0%70%`!#'!O(5.9!37A%!_%%/!

3%.Z+5.!'(!9#02500!2($'#27.!72'#A#'[!.#/&%9!'(! #/9#A#957.!+(('!G(A%G%/',!

-/('3%$!70Z%2'!#0`!'37'!Z7'#%/'0!O%$%!70&%9!'(!_#2[2.%!7/9!O7.&!7'!7!279%/2%!(+!

VE!$ZG!7/9!VE!0ZG,!T3#0!G#83'!9#++%$!+$(G!'3%!0%.+?Z$%+%$$%9!279%/2%`!0(!'37'!7/[!

#/+.5%/2%! (+! '3#0! 95$#/8! '3%! G(A%G%/'0! 27//('! _%! $5.%9! (5',!1(G%'#G%0`!

Z7$'#2#Z7/'0! O%$%! 70&%9! '(! 0.(O! 9(O/! ($! 0Z%%9! 5Z,! T3%! 2($'%b! 7/9! '3%! 1TI!

%/7_.%!7/9!#/3#_#'!_%37A#($!A#7!9#++%$%/'!(02#..7'($[!+$%d5%/2[!_7/90!]R7A7/783!

7/9!<$7/&`!DEQS^,! ;(95.7'#(/! (+! 2($'#27.! 72'#A#'[! _%2750%! (+! '3(0%!2(GG7/90!

2(5.9!37A%!#/+.5%/2%9! '3%!G%705$%G%/'! ]N37/8!"#%$6F̀!DEEa,̂!>(O%A%$`! /('! '(!

2(/'$(.! '3%!279%/2%!O(5.9!37A%!$%05.'%9!#/!7!2.%7$!9#02$%Z7/2[!$%87$9#/8! '3%!

G('($!(5'Z5'!_%'O%%/!'3%!'O(!2(/9#'#(/0,!

<#/7..[`!Z3[0#(.(8#27.!72'#A#'[`!0523!70!3%7$'!$7'%!7/9!_.((9!Z$%005$%`!O3#23!#0!

722(GZ7/#%9! _[! !"#$%72'#A#'[! 95$#/8! 66:! $%2($9#/80! ]R(.%`! DEQl^! O70! /('!

G%705$%9,!T3%$%+($%`!'3%!Z(00#_#.#'[!27//('!_%!$5.%9!(5'! '37'!9#++%$%/'!.%A%.0!(+!

+#'/%00! 7/9! '3%$%+($%! 27$9#(A7025.7$! +72'($0! #/+.5%/2%9!'3%! G%705$%G%/'0,!

>(O%A%$`!G7J($!%++%2'0!7$%!/('!%bZ%2'%9!3%$%,!

! !



"#,')-+&#, !

! VE!

OC$]4)10"#+4) $
T3#0!0'59[!2(GZ7$%9!2($'#27.!_$7#/!72'#A#'[!(+!*"!Z7'#%/'0!O#'3!7/9!O#'3(5'!<\:!

95$#/8! 72'#A%! _#2[2.#/8! 7/9! O7.&#/8,! 6A%/! '3(583! <$%%4%$0! O%$%! 2.%7$.[!

9#02%$/7_.%! 95%! '(! '3%#$! 0'$#&#/8! 9#++%$%/2%0! 7/9! #GZ7#$G%/'0! #/!A7$#(50! 87#'!

Z7$7G%'%$0`!/( !2($'#27.!9#++%$%/2%0!#/!'3%%!"#$ !Z(O%$!72'#A#'[!(+!'3%!G('($!2($'%b!

_%'O%%/!<$%%4#/8!7/9!I(/?<$%%4#/8!*"!Z7'#%/'0!2(5.9!_%!+(5/9,!<5$'3%$G($%`!

'3%$%!O70!/(!%d5#A7.%/'!+($!'3%!Qa!>4!/(#0[!0#8/7.!+(5/9!#/!'3%!1TI!_[!1'($4%$!

7/9! 2(..%785%0,! T3%0%! $%05.'0! #/9#27'%! 7! 05_($9#/7'%! $(.%! (+! '3%! *;R!#/! '3%!

8%/%$7'#(/!(+!<\:,!

<5$'3%$G($%`!'3%!8%/%$7'#(/!(+!G(A%G%/'!#/!*"!Z7'#%/'0!O#'3!<\: !0%%G0!'(!_%!

5/#GZ7#$%9,!F'!#0!G($%!.#&%.[!'37'!<\: !(225$0!_%2750%!(+!9#0'5$_%9!2(5Z.#/8!(+!

2(8/#'#A%!7/9!#/'%8$7'#A%!+5/2'#(/0!7'!'3%!.%A%.!(+!'3%!M:,!T3#0!G#83'!_%!#GZ($'7/'!

+($!+5'5$%!'$%7'G%/'!0'$7'%8#%0`!+($!%b7GZ.%!(Z'#G#4#/8!(+!0'#G5.7'#(/!79J50'G%/'0!

($!'3%!50%!(+!'$7/02$7/#7.!0'#G5.7'#(/!#/!($9%$!'(!$%.#%A%!+$%%4#/8!0[GZ'(G0,!

i70'.[`! 7..! '3%! O($&! (+! '3%! Z70'! [%7$0! 370! 03(O/! '37'! <\:! #0! 7! G5.'#+7$#(50!

0[GZ'(G,! <\: !7++%2'0!A7$#(50!_$7#/!7$%70!7/9!#GZ7#$0!G5.'#Z.%!_$7#/!+5/2'#(/0,!

T(97[ `! #'! 27/! _%! 2(/2.59%9`! '37'! <\:! #0! 7! Z7$(b[0G7.! Z3%/(G%/(/! '3 7'! #0!

5/.#&%.[! ($#8#/7'#/8!+$(G!(+!7!+(250%9`!0'$52'5$7.!#GZ7#$G%/',!F'!0%%G0! '(! (225$!

95%! '(! 9[0+5/2'#(/0! O#'3#/! 7! 3#83.[! #/'%$2(//%2'%9! /%5$7.! 0[0'%G! '37'! 5057..[!

79J50'0!'(!9[/7G#2!7/9!$7Z#9!237/8%0!#/! '3%!97#.[!%/A#$(/G%/',!c#'3! '3#0!O($&!

(/%! 799#'#(/7.!0G7..!Z#%2%! '(! '3%!Z544.%!O70!Z$(A#9%9`!'37'! (/%!97[ !3(Z%+5..[!

.%790!'(!'3%!9%2(9#/8!(+!'3%!%/#8G7!(+!<\:,!

! !



*-%)##4 !

! VQ!

FYC$ ^"*044G$
T3#0!'3%0#0!7/9!'3%!5/9%$.[#/8!0'59#%0!3%.Z!#/!'3%!5/9%$0'7/9#/8!(+!'3%!$(.%!(+!'3%!

G('($!2($'%b!#/!'3%!8%/%$7'#(/!(+!'3%!0%A%$%!0[GZ'(G!(+!<\:,!

i(2(G('#(/!9%Z%/90!(/!7!Z%$+%2'.[!79J50'%9!#/'%$Z.7[!_%'O%%/!9#++%$%/'!2($'#27.!

7/9!05_2($'#27.!$%8#(/0,!-0!G%/'#(/%9!_%+($%`!#'!0%%G0!G(0'!.#&%.[`!'37'!'3%$%!7$%!

A7$#(50!Z7'3(.(8#27.!Z$(2%00%0!2(/'$#_5'#/8!'(!'3%!0[GZ'(G,!T3%0%!7$%!.(27'%9!

7'!9#++%$%/'!.%A%.0!(+!'3%!G('($!/%'O($&0`!+($!%b7GZ.%!*;R`!1;-`!1TI`!7/9! **I,!

T3#0!%.52#97'%0!'3%!8$%7'!#GZ($'7/2%!(+!0#G5.'7/%(50!$%2($9#/80!+$(G!0%Z7$7'%!

_$7#/!$%8#(/0!'(!9#02.(0%!G('($!/%'O($&!72'#A#'[!7/9!2(//%2'#(/0!700(2#7'%9!O#'3!

<\:,! F'! #0! 2$52#7.! '(! 5/9%$0'7/9! '3%! #/+($G7'#(/! Z$(2%00#/8! 7/9! '$7/0G#00#(/`!

95$#/8! /($G7.!87#'`!95$#/8! '3%! '$7/0#'#(/!_%'O%%/!87#'!7/9!+$%%4#/8!7/9!+#/7..[`!

95$#/8!(/8(#/8!+$%%4#/8!%Z#0(9%0,!

T3%$%+($%`!#'!O(5.9!_%!#/'%$%0'#/8`!'(!37A%!'3%!07G%!Z7$79#8G!50%9!#/!(5$!0'59[!

'%0'%9!O#'3!'3%!2(/25$$%/'!$%2($9#/8!(+!i<*!7/9!66:!]:$7'&(O0&#!"#%$6F̀!DEQl^,!

T3#0!O(5.9!03(O!'3%!9#$%2'!2(GZ7$#0(/!_%'O%%/!2($'#27.!7/9!05_2($'#27.!72'#A#'[!

7/9!O(5.9!(/2%!7/9!+($!7..!%.#G#/7'%!'3%!Z(00#_#.#'[!(+!'3%!Qa!>4!0#8/7.!'(!_%!0%%/!

#/!'3%!G('($!2($'%b,!-/('3%$!7''%GZ'!2(5.9!_%!0#G5.'7/%(50!i<*! 7/9 !#/'$72$7/#7.!

66:!]#66:^,!6A%/!'3(583!#66:!(/.[!$%+.%2'0!7!A%$[!$%0'$#2'%9!07GZ.%!(+!'3%!_$7#/!

0'$52'5$%0`!#'!#0!#GG5/%!'(!7$'#+72'!2(/'7G#/7'#(/!]$%A#%O%9!_[!C%$_#!"#%$6F̀!DEEY!̂

7/9!Z$(A#9%0!Z$%2#0%!97'7!(+!/%5$(/7.!72'#A#'[!]M540q&#`!-/70'700#(5!7/9!K(23`!

DEQD^,!@0#/8!'3#0`!+5$'3%$!#/0#83'!27/!_%!Z$(A#9%9!#/'(!2($'#27.!Z370%!7GZ.#'59%!

2(5Z.#/8!]"%!>%GZ'#//%!"#%$6F̀!DEQUk!K(/9[.#0!"#%$6F̀!DEQX^,!F/'%$%0'#/8.[`!50#/8!

#66:!70!O%..`!R$(O%..!"#%$6F! ]DEQD^!+(5/9! /(!0#8/#+#27/'!#/2$%70%!#/!!"#$ !_7/9!

72'#A#'[!#/! '3%!_$7#/!(+!Z7'#%/'0!O#'3!*",!T3#0!+#/9#/8!2(/+#$G0!'37'! %b788%$7'%9!

!"#$ !72'#A#'[`!5057..[!(_0%$A7_.%!#/!'3%!1TI`!#0!/('!$%Z$%0%/'%9!7'!2($'#27.!.%A%.0,!

1#/2%!'3#0!#0!#/!.#/%!O#'3!'3%!$%05.'0!Z$%0%/'%9!#/!'3#0!'3%0#0`!+5$'3%$!#/A%0'#87'#(/0!

O(5.9!_%!#/'%$%0'#/8,!

-/('3%$!#9%7!O(5.9!_%!'3%!0#G5.'7/%(50!$%2($9#/8!(+!;6:!O#'3!i<*!]>#$023G7//!

"#%$6F̀!DEQQ`!DEQSk!\0O7.!"#%$6F̀!DEQX!̂($!66:,!;6:!#0!237$72'%$#4%9!_[!7!8((9!

0Z7'#7.!$%0(.5'#(/!2(GZ7$%9!'(!66:!_5'!O70!.(/8!'#G%!.#G#'%9!_[!'3%!9%Z%/9%/2%!

(+! 7! $%0'$#2'#A%! 027//%$,! R(G_#/%9! 66:! 7/9! ;6:! $%952%0! '3%! 237/2%0! (+!

G#00#/8!_$7#/!72'#A#'[!95%!'(!9#++%$%/2%0!#/!0%/0#'#A#'[! ]$%A#%O%9!_[!-3.+($0!7/9!



*-%)##4 !

! VD!

;(9[`!DEQY^,!"5%!'(!$%2%/'!79A7/2%0!#/!Z($'7_.%!;6:!'%23/#d5%0!'3%$%!#0!/(O!

'3%!Z(00#_#.#'[!'(!$%2($9!$%7.!'#G%!;6:!]M('(!"#%$6F̀!DEQa!̂7/9!'(!2(G_#/%!'3#0!#/!

3[_$#9! ;6:H66:! 9%A#2%0! ]M('(! "#% $6F̀! DEQY^,! T37'! 7..(O0! /%O! %bZ%$#G%/'7.!

9%0#8/0!7/9!2(5.9!_%!7!Z('%/'#7.!7ZZ$(723!+($!G7ZZ#/8!_$7#/!72'#A#'[!95$#/8!G('($!

'70&0,!

-/('3%$! 2(GG(/.[! 50%9! '%23/#d5%! #0! +5/2'#(/7.! G78/%'#2! $%0(/7/2%! #G78#/8!

]+;PF^`!O3#23!7..(O0!35G7/!_$7#/!#G78#/8!_70%9!(/!9#++%$%/'!_.((9?(b[8%/!.%A%.0!

95$#/8! .(2(G('($! '70&0,!@0#/8!+;PF!#0!7/!%0'7_.#03%9!G%'3(9!+($!#/A%0'#87'#/8!

_$7#/!72'#A#'[!7/9!G%'7_(.#0G!700(2#7'%9!O#'3!<\:!]13#/%!"#%$6F̀!DEQS^,!F'!#0!7/!

#/9#$%2'!G%705$%G%/'!7/9!0#/2%!#'!$%.#%0!(/!G%'7_(.#2!Z$(2%00%0`!#'!2(GZ$#0%0!7!

2%$'7#/! '#G%!9%.7[,!<5$'3%$G($%`!95%! '(!G723#/%!2(/9#'#(/0!#'!27//('!G%705$%!

G5.'#?J(#/'!.(O%$!.#G_!G(A%G%/'`!%,8,!_#2[2.#/8!7/9! O7.&#/8`!70!'3%!3%79!#0!+#b%9!

7/9! 0%A%$%!G(A%G%/'!9%8$79%0!'3%!d57.#'[!(+!'3%!97'7!]c[.#%!"#%$6F̀!DEQV^,!T3%$%!

7$%̀!3(O%A%$`! '%23/#d5%0! '(! 2(G_#/%! +;PF! 7/9!_#2[2.#/8! O#'3! 0Z%2#7.! 9%A#2%0!

];%3'7! "#%$6F̀!DEEY^`!_5'!#'!370!'(!_%!'7&%/!#/'(!2(/0#9%$7'#(/!'37'!$%7.!_#2[2.#/8!#/!

7/! 5Z$#83'! Z(0#'#(/! 7/9! O#'3! +$%%! 3%79! G(A%G%/'0`! 9#++%$0! +$(G! _#2[2.#/8! #/! 7!

05Z#/%! Z(0#'#(/,! I%A%$'3%.%00`! '3(0%! 7$%! #/'%$%0'#/8! G%'3(9(.(8#%0! +($! +5$'3%$!

#/A%0'#87'#(/0! (+! G(A%G%/'! $%.7'%9! _$7#/! 72'#A#'[,! <;PF! 2(G_#/%9!O#'3! A#$'57.!

$%7.#'[! Z7$79#8G0! ]jP^! 7.0(! 03(O0! Z$(G#0#/8! $%05.'0! 7/9! #/0#83'0! #/'(! /%5$7.!

2($$%.7'%0! 5/9%$.[#/8!<\:! ]*%'%$0(/! "#% $6F̀! DEQVk! :#.7'!"#% $6F̀! DEQU^,! jP! #/!

8%/%$7.! (++%$0! 0(G%! 750Z#2#(50! 7ZZ$(723%0! +($! $%37_#.#'7'#(/! _[! #GZ$(A#/8!

#GZ7#$%9!87#'!+%7'5$%0!7/9!7..%A#7'#/8!<\:! ]C7/%3!"#%$6F̀!DEQY^,!-/!#/'%$%0'#/8!

2(GZ$(G#0%!_%'O%%/!66:!7/9!+;PF!#0! '3%! /%7$!#/+$7$%9!0Z%2'$(02(Z[`!O3#23!

/(O!%/7_.%0!_$7#/!#G78#/8!#/!+$%%.[!G(A#/8!05_J%2'0!]*#Z%$!"#%$6F̀!DEQVk!>%$(.9!

"#%$6F̀!DEQl ,̂!

F/! +5'5$%! 0'59#%0`! #'! O(5.9! _%! A7.57_.%! '(! #/A%0'#87'%! '3%! #GZ72'! (+! $%7.!

%/A#$(/G%/'7.! G('($! 2($'%b! _%37A#($,! T3#0! %/7_.%0! '(! $%2($9! _$7#/! 72'#A#'[!

#/+.5%/2%9!_[!'3%!/%%9!+($!_7.7/2%!2(/'$(.!7/9!79J50'G%/'0!'(!$7Z#9.[!237/8#/8!

%/A#$(/G%/'0,!6A%/!'3(583!(5$!_#2[2.%!O70!/('!2(GZ.%'%.[!+#b%9!7/9!'3%$%+($%!

7..(O%9!0(G%!05_0%d5%/'!_7.7/2%!79J50'G%/'0`!(5'0#9%!Z%97.#/8!$%d5#$%0!G($%!

2(GZ.%b!_(9[!+5/2'#(/0,!T3%!_#2[2.%!0#G5.7'($!#/!'3%!0'59[!27/!7.$%79[!_%!50%9!

'(!Z.7[!A#9%(0!O3#.%!_#2[2.#/8,!T3#0!2(5.9!_%!Z7$'#25.7$.[!#/'%$%0'#/8!+($!66:!7/9!



*-%)##4 !

! VS!

i<*! $%2($9#/80! 95$#/8! _#2[2.#/8! O3#.%! Z$%0%/'#/8! A#9%(0! (+! 9#++%$%/'!

%/A#$(/G%/'0`!(_0'72.%0`!7/9!0(!(/,!

F/!'3#0!'3%0#0`!'3%!+(250!.#%0!(/!<\:!O#'3!9#A%$0%!Z$(A(&#/8!+72'($0,!T3%$%+($%`!#'!

G#83'!_%!$%.%A7/'!'(!9#A#9%!<\:!Z7'#%/'0 !#/'(!9#++%$%/'!05_8$(5Z0!_70%9!(/!'3%#$!

'$#88%$#/8! %A%/'0)! 0'7$'`! '5$/`! /7$$(O! 0Z72%0`! 5Z(/! $%723#/8! 9%0'#/7'#(/0`! 7/9!

(Z%/!$5/O7[!]12377+0G7! "#%$6F̀!DEES,̂!F/2.59#/8!'3%G!#/'(!$%0%7$23!O#..!3%.Z!'(!

9#0%/'7/8.%!'3%!Z('%/'#7..[!9#++%$%/'!5/9%$.[#/8!2750%0,!

-..!'(8%'3%$`!'3%0%!Z$(J%2'0!O#..!9%.#A%$!9%%Z%$!#/0#83'0!#/'(!'3%!5/9%$0'7/9#/8!(+!

<\:,! T3#0! #0! (+! 8$%7'! #GZ($'7/2%! _%2750%! 87#'! #GZ7#$G%/'0! 0'#..! 37A%! 7/!

%/($G(50!#GZ72'!(/!G(_#.#'[ ,!T3%$%+($%`!9%A%.(Z#/8!/%O!'3%$7Z%5'#2!0'$7'%8#%0!

O#..!05ZZ($'!G7/[!Z7'#%/'0!#/!.#A#/8!7/! 5/#GZ7#$%9!.#+%,!

! !



R/</$/,'/+ !

! VV!

FFC$ V&,&.&)1&#$

-3.+($0`!1,!*,!7/9!;(9[`!;,!]DEQY^!}\A%$A#%O!(+!;6:W`! M(1$.-0$#-'.$6%D"*"$(57%
&"#7';* `!DD]Q^`!ZZ,!YUgQQU,!9(#)!QE,QQllHQEYVVDaQQXXlXSVV,!

-.%b7/9%$`!:7$$%''!6,k!"%i(/8`;73.(/!P,`!1'$#2&`!*,!i,~k! ]QYaX^!}*7$7..%.!($87/#47'#(/!(+!
+5/2'#(/7..[!0%8$%87'%0!2#$25#'0!.#/&#/8!_707.!8/78.#7!7/9!2($'%bW`!E..)$6%
D"=-"H%'2%4")('*5-".5" `!ZZ,!SUlgSaQ,!

-.%b7/9%$`!:,!6,!7/9!R$5'23%$`!;,!",!]QYYE^!}<5/2'#(/7.! 7$23#'%2'5$%!(+!_707.!87/8.#7!
2#$25#'0)!/%5$7.!05_0'$7'%0!(+!Z7$7..%.!Z$(2%00#/8W`!C(".;*%-.%4")('*5-".5"* `!
QS]l^`!ZZ,!DXXgDlQ,!9(#)!QE,QEQXHEQXX?DDSX]YE^YEQEl?i, !

-.'G7//`!i,!C,!*,! "#%$6F!]DEQU^!}@/%bZ%2'%9!957.!'70&!_%/%+#'0!(/!2[2.#/8!#/!Z7$&#/0(/!
9#0%70%!7/9!3%7.'3[!795.'0)!-!/%5$(?_%37A#($7.!G(9%.W`!+N'<%M4@,!69#'%9!_[!
K,!c7/8,!*5_.#2!i#_$7$[!(+!12#%/2%`!QE]U^`!Z,!%EQDUVlE,!9(#)!
QE,QSlQHJ(5$/7.,Z(/%,EQDUVlE,!

-G_(/#`!;,! "#%$6F!]DEEa^!}<$%%4#/8!(+!87#'!7/9!%b%25'#A%!+5/2'#(/0!#/!Z7'#%/'0!O#'3!
*7$&#/0(/W0!9#0%70%W`!&'="8".#%>-*'(;"(* ,!C(3/!c#.%[!•!1(/0`!i'9`!DS]S^`!ZZ,!
SYUgVEE,!9(#)!QE,QEEDHG90,DQaUE,!

-$(/`!-,!P,!]DEEX^!}R($'#27.!7/9!15_2($'#27.!R(/'$#_5'#(/ 0!'(!1'(Z!1#8/7.!P%0Z(/0%!
F/3#_#'#(/)!P(.%!(+!'3%!15_'37.7G#2!I52.%50W`!O')(.$6%'2%4")('*5-".5" ,!1(2#%'[!
+($!I%5$(02#%/2%`!DX]Y^`!ZZ,!DVDVgDVSS,!9(#)!QE,QUDSHCI6@P\1RF,VXaD?
EU,DEEX,!

-023%$#(`!-,!7/9!123O7$4023#.9`!;,!-,!]DEQX^!}T3%!%Z#9%G#(.(8[!(+!*7$&#/0(/W0!
9#0%70%)!$#0&!+72'($0!7/9!Z$%A%/'#(/W`!C7"%N$.5"#%4")('6'1À!ZZ,!QDUlgQDlD,!
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