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L’effet de cinq variétés de pomme de terre Solanum tuberosum L. (Arinda, Désirée, Kondor,

Obelix et Spunta) caractérisées par des niveaux différents de résistance antibiotique et

antixénotique, sur le comportement de recherche de l’hôte par Lysiphlebus testaceipes Cresson

(Hymenoptera : Aphidiidae), parasitoïde du puceron vert du pêcher Myzus persicae Sulzer

(Homoptera : Aphididae) a été étudié en conditions expérimentales de laboratoire.

L’influence des volatils émis par ces cinq variétés à l’état sain, infesté et préalablement infesté

ainsi que ceux émis par le puceron (stressé ou non), sur le comportement des femelles parasitoïdes

(attractivité et activité locomotrice) a été étudiée à l’aide d’un olfactomètre tubulaire à flux d’air

continu. L’évolution spatio-temporelle de ces émission en volatils a également été étudiée.

Les résultats obtenus montrent que d’une manière générale, les femelles de L. testaceipes sont

attirées aux volatils émanant des plants de pomme de terre infestés par les larves de M. persicae, à

celles des plants préalablement infestés, aux kairomones émises par les pucerons (stressés ou non),

mais pas aux volatils émis passivement par les plants de pomme de terre non infestés.

L’attractivité de la pomme de terre saine est très faible contrairement à celle infestée par

les larves de M. persicae. Ceci démontre que la production de synomones attractives pour L.

testaceipes est induite par l’attaque du puceron et que, par conséquent, le mécanisme de défense

indirect de la plante via la production des synomones ne se déclenchera qu’après l’installation du

puceron.

La réponse positive de L. testaceipes aux stimuli olfactifs émanant des pucerons pourrait être

due à des substances volatiles produites par la plante-hôte infestées et non pas par les pucerons

seuls.

Comparativement à leur comportement vis-à-vis des volatils émanant des pucerons non

stressés, les femelles de L. testaceipes sont fortement attirées aux volatils émanant des pucerons

stressés. Cette ascension de la réponse du parasitoïde est peutêtre due à une différence en terme

de quantité entre les composés volatils émis par les pucerons en état normal et ceux émis par les

pucerons stressés

L’attractivité des feuilles saines prélevées sur les plants infestés des trois variétés Arinda,

Kondor et Spunta est plus importante que celles de feuilles saines prélevées sur des plants sains

des mêmes variétés. Cela suggère que l’émission par ces trois variétés des substances volatiles

attractives pour le parasitoïde n’est pas limitée à la seule partie infestée de la plante, mais intervient

à l’échelle de la plante entière. Par ailleurs quelque soit la variété testée, l’émission des composés

volatils attractifs pour les femelles de L testaceipes est caractérisée par une progression croissante,

durant toute la période d’infestation.

Mots clés : Solanum tuberosum, variétés, Myzus persicae, Lysiphlebus testaceipes,

interactions tritrphiques, volatils, olfactomètre.
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The effect of five potato cultivars Solanum tuberosum L. (Arinda, Désirée, Kondor, Obelix et

Spunta) characterised by their different degrees of antibiotic and antixenotic resistance, on the host

location behaviour of Lysiphlebus testaceipes Cresson (Hymenoptera : Aphidiidae), a parasitoid of

the green peach aphid Myzus persicae Sulzer (Homoptera : Aphididae) was studied in a laboratory

experimental conditions.

Females of the parasitoid were tested for their behavioural response (attraction and

locomotion) to volatiles emitted from aphidi-infested potato plants, from previously aphid-infested

and from uninfested plants as well as to those emitted from aphid (both stressed or not). Tests

were made using a tubular olfactometer. Spatial and temporal regulation of these volatiles was

also examined.

In general, the females of L. testaceipes were attracted to volatiles emanating from aphid-

infested plants, from previously aphid-infested plants and to kairomone emitted by aphid (both

stressed or not) but not to volatiles from uninfested plants.

The attractiveness of the healthy potato is very weak contrary to that infested with the larva

of M. persicae. This demonstrates that the production of synomones that areattractive for L.

testaceipescould be due tothe attack by the aphid. Therefore it can be concluded that Potato plants

start realising synomones as indirect mechanism of defence only after being infested by aphid.

The positive response of L. testaceipes to the olfactif stimuli emanating from aphid can be

attributed to volatile compounds realised by the aphid infested-plant and not to those realised only

by aphids.

Compared with their behaviour toward volatiles emanating from non stressed aphid, females

of L. testaceipesare strongly attracted to volatiles emanating from those stressed. This increasing in

parasitoide’s response could be due to a difference in term of amount between volatile compounds

emitted by aphids in normal condition and those emitted by the under stress aphids.

In the case of the three cultivars Arinda, Kondor and Spunta, volatiles emanating from

undamaged leaves of an infested plant were more attractive than volatiles from leaves of uninfested

plant. This demonstrates that the emission by these three cultivars of attractive volatiles is not

restricted to the infested part of the plant but systemically by all the parts (both damaged and

undamaged) of the infested-plant. However, under continuous damage, the emission by all the

cultivars tested of attractive volatile compounds increases.

Key words: Solanum tuberosum, cultivars, Lysiphlebus testaceipes, Myzus persicae, volatiles,

tritrophic interactions, olfactometer.
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+$))$%s%&(4$)',%F$)+%/(%&:4!$)%s%<0%$"#,-=+% .-%.(2-$"-%> (,$%$#&"4$%&2)2#-+'k/$%/$%4$
&(4$)',>% B.%2%4'11$%'*g$4+-T%&)-,4-&2.U% ._:+(/$%/$% ._-,T.($,4$%/$%Y%F2)-:+:#%/$%&'11$%/$
+$))$%F-2%.$()#%:1-##-',#%$,%#(*#+2,4$#%F'.2+-.$#U%#()%.$%4'1&')+$1$,+%/$%)$4!$)4!$%/$%<4

.-%.(2-$"-%>%;'()%:F2.($)%._24+-',%/$#%F'.2+-.#%:1-#%&2)%4$#%F2)-:+:#%#()%.$%4'1&')+$1$,+
/$% )$4!$)4!$% /$% 4$% &2)2#-+'k/$U% ._24+-F-+:% .'4'1'+)-4$% $+% ._2++)24+-F-+:% /$% 4$% /$),-$)% #',+
.$#% /$(V% &2)21"+)$#% :+(/-$)4 C$% 4'1&')+$1$,+% /$% )$4!$)4!$% /(% &2)2#-+'k/$% $#+% :+(/-:
&2)%._-,+$)1:/-2-)$%/_(,%'.T24+'1"+)$%+(*(.2-)$>%C$%/-#&'#-+-T%#_2F")$%&2)+-4(.-")$1$,+%2/2&+:
c% ._:+(/$%/(%4'1&')+$1$,+%/$#% -,#$4+$#%&2)2#-+'k/$#% D@$4'1'+$%$+% !-*'(+U% J[N]% n% F2,
G22)$,U%J[[\H>

@2%):3(.2+-',%#&2+-'R+$1&')$..$%&2)%.2%&.2,+$%/$%#$#%:1-##-',#%$,%#(*#+2,4$#%F'.2+-.$#
$#+%:32.$1$,+%(,%&2)21"+)$%/$%/:T$,#$%+)"#%-1&')+2,+>%;'()%/:1',+)$)%#-%.$#%#(*#+2,4$#
F'.2+-.$#%:1-#$#%&2)%.$#%4-,5%F2)-:+:#%#',+%&)'/(-+$#%#$(.$1$,+%&2)%.2%&2)+-$%-,T$#+:$%'(%2(
4',+)2-)$%&2)%.2%+'+2.-+:%/(%F:3:+2.U%(,$%:+(/$%2%:+:%):#$)F:$%c%4$+%2#&$4+>%8,%&.(#U%._:F'.(+-',
/$%4$#%#(*#+2,4$#%F'.2+-.$#%/2,#%.$%+$1&#%2%:+:%:32.$1$,+%/:+$)1-,:$>

C$%12,(#4)-+%$#+%#4-,/:%$,%\%4!2&-+)$#>%<2,#%(,%&)$1-$)%4!2&-+)$U%-.%2%:+:%+)2-+:%)$F($
*-*.-'3)2&!-5($%#()%.$#%-,+$)24+-',#%+)-+)'&!-5($#7%&.2,+$%s%-,#$4+$%&!P+'&!23$%s%$,,$1-#
,2+()$.#>% <2,#% (,% /$(V-"1$% 4!2&-+)$U% -.% $#+% &):#$,+:% /_(,$% &2)+% .$% 12+:)-$.% F:3:+2.% $+
2,-12.%(+-.-#:%.')#%/$%4$++$%:+(/$%$+%/_2(+)$%&2)+%.2%1:+!'/'.'3-$%/$%+)2F2-.%2&&.-5(:$>%E,
+)'-#-"1$%4!2&-+)$%$#+%):#$)F:%c%.2%&):#$,+2+-',%/$#%):#(.+2+#%'*+$,(#>%@$%5(2+)-"1$%4!2&-+)$
$#+%4',#24):%2(V%/-#4(##-',#%/$#%):#(.+2+#%'*+$,(#>%E,$%4',4.(#-',%3:,:)2.$%2##')+-$%/$
&$)#&$4+-F$#%+$)1-,$%4$++$%:+(/$>



0C:KC>;3:3@;%2D%K6>69<;C_23%(c9<K5431D9%;39;6?3<K39%d0>399C@e%Qffgh%d/c:3@CK;3>6%i
&K5<2<<263h%B<9OjOB<9%23%+ckD9%K3>9<?63%d"D4k3>e%Q\\Yh%d/C:CK;3>6%i%&K5<2<263h%9D>%?<@M%B6><A;A9
23%KC::3%23%;3>>3%"C46@D:%;D13>C9D:%(R

J\

056K<;>3% %.%*3BD3%1<14<CL>6K5<MD3%9D>
439%<@;3>6?;<C@9%;><;>CK5<MD39%N%K46@;3O
<@93?;3%>6B6L3D>O3@@3:<9%@6;D>349%P%

QRQO% @;>C2D?;<C@

@2%/:T$,#$%/$#%&.2,+$#%4',+)$%.$#%2++25($#%/$#%-,#$4+$#%)2F23$()#%2%:+:%&'()%.',3+$1&#
:+(/-:$%/2,#%(,%4',+$V+$%*-+)'&!-5($7%&):/2+$()R&)'-$%'(%&):/2+$()R&.2,+$>%9(g'()/_!(-U%/$#
+)2F2(V%&.(#%&'(##:#%',+%1-#%$,%:F-/$,4$%._-,T.($,4$%/$%.2%&.2,+$%#()%.$#%&'&(.2+-',#%/$#
&):/2+$()#%$+%/$%.$()#%&)'-$#>%9-,#-U%(,$%&.2,+$%2++25(:$%&2)%(,%-,#$4+$U%:1$+%/$#%#-3,2(V
4!-1-5($#%&'()%2++-)$)%.$#%$,,$1-#%,2+()$.#%/$%4$%/$),-$)%D ().-,3#%-. (,>U%J[[YH>%@2%/:T$,#$
/$%.2%&.2,+$%&$(+%/$%4$%T2-+%d+)$%:+(/-:%/2,#%(,%4',+$V+$%+)-+)'&!-5($%&.2,+$%s%&!P+'&!23$
s%42),-F')$%D<-4?%-. (,4U%J[[MH>

 ().-,3#%-. (,>%DJ[[YH%',+%1',+):%5($%.$#%#-3,2(V%:1-#%&2)%.2%&.2,+$%#',+%#&:4-T-5($#
&'()%4!25($%-,+$)24+-',%&.2,+$%R%)2F23$()%$+%&.2,+$%R%$,,$1-#%,2+()$.#>%I$(.$1$,+%4$)+2-,#
)2F23$()#%&$(F$,+%&)'F'5($)% ._:1-##-',%/$%4$#%#-3,2(V>%C$#%/$),-$)#%,_2++-)$,+%5($% .$#
&2)2#-+'k/$#%$+%.$#%&):/2+$()#%#&:4-T-5($#%/$%4$%)2F23$()>

@_:1-##-',%/$%4$#%#-3,2(V%F2)-$%/2,#%._$#&24$%$+%/2,#%.$%+$1&#>%B.#%&$(F$,+%#$(.$1$,+
d+)$%:1-#%/$%.2%&2)+-$%$,/'1123:$U%2(##-%*-$,%5($%#P#+:1-5($1$,+%&2)%/m2(+)$#%&2)+-$#
/$%.2%&.2,+$>%C$#%#-3,2(V%#',+%/:323:#%#$(.$1$,+%&$,/2,+%._2++25($U%.$()%:1-##-',%/:4.-,$
&2)%.2%#(-+$%D<-4?$U%J[[\%n%<-4?$%-. (,>U%J[[]%n%@'(3!)-,%-. (,>U%J[[\%n%=4C9..%-. (,>U%J[[\%n
 2?2*2P2#!-%-. (,>U%J[[Y%n% ().-,3#%$+% (1.-,#',U%J[[L%n%A2P2,U%J[N]%n%A'#$%-. (,>U%J[[KH>

;2):%$+% (1.-,#',%DJ[[ZH%#(33")$,+%5($%4_$#+%(,$%1-V+()$%/$%4'1&'#:#%+$)&",'-/$#%$+
/_2(+)$#%4'1&'#:#%F'.2+-.#%5(-%1",$,+%._-,#$4+$%&2)2#-+'k/$%'(%&):/2+$()%c%/-#+-,3($)%$,+)$
(,$%&.2,+$%-,T$#+:$%$+%(,$%&.2,+$%#2-,$>%9-,#-U%4$#%#(*#+2,4$#%2-/$,+%c%.'42.-#$)% ._!2*-+2+
/$%.2%&)'-$>

@_:1-##-',% &2)% .2% &.2,+$% /$% 4$#% #(*#+2,4$#% F'.2+-.$#% $,% ):&',#$% 2(V% 2++25($#% /$#
-,#$4+$#%&!P+'&!23$#%$#+%-,4-+:$%&2)%.$#%*.$##()$#%1:42,-5($#%&)'F'5(:$#%&2)%4$#%/$),-$)#
$+% #()+'(+% &2)% ._24+-',% /$% .$()#% $,XP1$#% #2.-F2-)$#>% C$#% F'.2+-.#% /:+$)1-,:#% &'()% d+)$
&)-,4-&2.$1$,+%/$#%+$)&",$#U%/-TT")$,+%/$%4$(V%:1-#%$,%):&',#$%2(V%*.$##()$#%1:42,-5($#
2)+-T-4-$..$#% D=4C2..% -. (,>U% J[[\% n% =2++-24-% -. (,>U% J[[Y% n%  ().-,3#% -. (,>U% J[[Y% n% A'#$% -.

(,>U% J[[K% n% 9.*'),% -. (,>U% J[[Z% $+% ;2)"% $+%  (1.-,#',U% J[[ZH>% @_-/$,+-+:% 4!-1-5($% /$% 4$#
:.-4-+$()#%$#+%-,4',,($%&'()%.2%&.(&2)+%/$#%-,+$)24+-',#%:+(/-:$#%g(#5(_c%&):#$,+>%<2,#%.$()
:+(/$%#()%._-,+$)24+-',%t%C!'(U%&P)2.$%/(%4!'(%3$-'$% ='(%%$2(-%$+%._SP1:,'&+")$%&2)2#-+'k/$
56.-%$( *,68-'(.(%uU%=2++-244-%-. (,>%DJ[[YH%-1&.-5($,+%.2%bR3.(4'#-/2#$%/2,#%._-,4-+2+-',%/$
.2%):&',#$%/$%.2%&.2,+$%2(V%2++25($#%/$%.2%&P)2.$>%@2%F'.4-+-,$%DQRDJZ%s%!P/)'VP.-,'.$,'P.HR
@R%3.(+21-,$HU%(,%4'1&'#:%4.$T%-,4-+2,+%.2%&.2,+$%c%:1$++)$%4$#%#-3,2(V%/$%/:+)$##$%2%:+:
-#'.:%$+%-/$,+-T-:%&2)%9.*'),%-. (,>%DJ[[ZH>
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@2%4'11(,-42+-',%4!-1-5($%&2)%.$#%#(*#+2,4$#%#:1-'R4!-1-5($#%$,+)$%.$#%-,#$4+$#%$+%$,+)$
.$#% &.2,+$#% /_(,$% &2)+% $+% .$#% -,#$4+$#% /_2(+)$% &2)+U% g'($% (,% )0.$% +)"#% -1&')+2,+% /2,#% .2
/:+$)1-,2+-',%/(%4'1&')+$1$,+%/$#%-,#$4+$#%&2)2#-+'k/$#%$+%&):/2+$()#>

<_(,$%T2q',%3:,:)2.$U%',%/:#-3,$%#'(#%.$%+$)1$%/$%#(*#+2,4$#%#:1-'R4!$1-5($#%/$#
4'1&'#:#%5(-% 23-##$,+% #()% .$% 4'1&')+$1$,+%'(% D$+H% .2%&!P#-'.'3-$%/$#%d+)$#%')32,-#:#>
;2)1-%$(VU%',%/-#+-,3($%439%9D19;6@?39%644A4C?53:<MD39%c%$TT$+%-,+$)#&:4-T-5($%DW-3()$%JH
/_(,$%&2)+U%644C:C@39%5(-%:F'5($,+%4!$X%.$%):4$&+$()%(,$%):&',#$%5(-%$#+%2/2&+2+-F$1$,+
*:,:T-5($%c% ._:1$++$()% D+$..$#% .$#% &)'/(4+-',#%/:T$,#-F$#%$+% 2,+-*-'+-5($#HU%76<>C:C@39e
T2F')2*.$#%2(%):4$&+$()%D4'11$%/$#%#(*#+2,4$#%2++)24+-F$#%2.-1$,+2-)$#%'(%2F$)+-##$()#%/$
/2,3$)H%$+%#P,'1',$#%5(-%:F'5($,+%4!$X%.$%):4$&+$()%(,$%):&',#$%5(-%$#+%2/2&+2+-F$1$,+
T2F')2*.$%2(##-%*-$,%c%.m:1$++$()%5(_2(%):4$&+$()%$+U%/_2(+)$%&2)+U%.$#%&!:)'1',$#%5(-%',+%(,$
24+-',%-,+)2#&:4-T-5($U%#'-+%#-1&.$#%#+-1(.-%4'1&')+$1$,+2(V%+$.#%.$#%&!:)'1',$#%-,4-+2+)-4$#
D4'11$% .$#% &!:)'1',$#% #$V($..$#U% /_2.2)1$U% /$% &-#+$U%v$+4>H% '(% *-$,% .$#% &!:)'1',$#
1'/-T-42+)-4$#% c% $TT$+% ,',% ):F$)#-*.$% 23-##2,+% #()% .$% 4'1&')+$1$,+U% .2% 1')&!'.'3-$U% .2
&!P#-'.'3-$%$+%.2%*-'.'3-$%/_-,/-F-/(#%/$%.2%1d1$%$#&"4$%D+$..$#%.$#%#(*#+2,4$#%3):32)-#2,+$#
/$#%4)-5($+#%1-3)2+$()#%&)'F'5(2,+%.$%&2##23$%/$%._:+2+%#'.-+2-)$%c%.2%&!2#$%3):32-)$H%D<-4?$
$+%I2*$.-#U%J[NN%-,%O$)F-#%$+%f-//U%J[[Z%n%h!-+12,U%J[NN%H>

L-K*$&(7(<(?@,- :-% %+=%.()2-% (,,A,62#$8$;+-% :()% ,-% $).-'(2.$6)%

.'$.'6"#$;+-% BC#$.8()> DEFFG4 5#(;+- &,H2#- '-"'A%-).- ;+(.'- '-,(.$6)%

A26,6*$;+-% "6%%$=,-% I (,,686)(,-> %0)686)(,->().$86)(,- 6+ J($'686)(,-4

C'11$% +'(+$% 4.2##-T-42+-',U% .2% &):#$,+$% &$)1$+% /_'*+$,-)% (,$% F-#-',% 3.'*2.$% 4.2-)$
/$#% -,+$)24+-',#% +)-+)'&!-5($#%'*#$)F:$#>%=2-#%$..$%$#+%#'(F$,+%1-#$%$,%/:T2(+% .')#5(_',
:+(/-$% -#'.:1$,+% (,% 42#% 'w% (,$%1d1$% #(*#+2,4$% &$(+% #$)F-)% (,$% F2)-:+:% /$% T',4+-',#
#-1(.+2,:1$,+% DG()3!2)/+U% J[ZMn%G.(1U%J[Z\%$+% J[NMn%Q')/.(,/%$+% @$x-#U% J[ZKn%<(TT$PU
J[ZZn%h$./',U%J[NMn%Q')/.(,/U%J[NJn%;2#+$$.#U%J[NL%4-+:#%&2)%h!-+12,U%J[NNH>%8,%1-.-$(
T')$#+-$)%&2)%$V$1&.$U%/$#%#(*#+2,4$#%F:3:+2.$#%4'11$%.$#%):#-,$#%/$#%;-,24:$#%&$(F$,+
23-)%c%.2%T'-#%$,%+2,+%5(_2..'1',$U%?2-)'1',$#%'(%#P,'1',$#>%C$#%#(*#+2,4$#%+$)&",'-/$#
#',+%2++)24+-F$#%&'()%.$#%#4'.P+$#U%4$%#',+%/',4%/$#%?2-)'1',$#%/-+$#%#(*#+2,4$#%2++)24+-F$#
&)-12-)$#%Dh!-+12,U%J[NNH>%C$&$,/2,+U%4$#%1d1$#%#(*#+2,4$#%',+%(,%$TT$+%/-##(2/2,+%F-#R
cRF-#%/$%4$#%#4'.P+$#%$+%#',+%2-,#-%/-+$#%2..'1',$#%DI1-+!U%J[K]%4-+:%&2)%h!-+12,U%J[NNH>
8,T-,U% $,% 2++-)2,+% 4$)+2-,#% $,,$1-#% ,2+()$.#% /$#% #4'.P+$#% Dh''/U% J[NLHU% 4$#% 4'1&'#:#
&$(F$,+%#$)F-)%$,%+2,+%5($%#P,'1',$#>

@$%)0.$%/$%4$)+2-,#%4'1&'#:#%4!2,3$%#:5($,+-$..$1$,+%2(%#$-,%/$%.2%4!2j,$%2.-1$,+2-)$
$,% &2##2,+% /_(,% ,-F$2(% +)'&!-5($% c% (,% 2(+)$>% 9-,#-U% .2% 4(4()*-+24-,$% &)'/(-+$% &2)
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.$#% C(4()*-+24:$#% $#+% (,% &!23'#+-1(.2,+% &'()% .2% 4!)P#'1".$% 124(.:$% /(% 4',4'1*)$U
K$(='6.$2( +):-2$8"+)2.(.(4% 8..$% 23-+% /',4% $,% +2,+% 5($% ?2-)'1',$DC!21*.-##% $+% O',$#U
J[KK%4-+:#%&2)%h!-+12,U%J[NNH>%@2%1d1$%#(*#+2,4$%2%:+:%-#'.:$%c%&2)+-)%/(%#2,3%$+%/$#
+-##(#%/$ K4 +):-2$8"+)2.(.(U%'w%$..$%g'($%F)2-#$1*.2*.$1$,+%.$%)0.$%/_2..'1',$%4',+)$%.$#
&):/2+$()#%DW$)3(#',%$+%=$+42.TU%J[NY%n%W$)3(#',%-. (,>U%J[NYH>

@2% /-F$)#-+:% /_24+-',% /$% +$.#% #:1-'4!-1-5($#% )$,/% /-TT-4-.$% /$% 42.4(.$)% .$()#% F2.$()#
+'+2.$#%,$++$#>%B.%$#+%2-,#-%-1&:)2+-T%5($%4$#%#(*#+2,4$#%#'-$,+%):&2)+-$#%#$(.$1$,+%/2,#%/$#
-,+$)24+-',#%#&:4-T-5($#%$+%*-$,%/:T-,-$#>

QRUO"KA?<T<?<;A

@$#%#-3,2(V%:1-#%&2)%.2%&.2,+$%$,%):&',#$%2(V%2++25($#%/$#%)2F23$()#%#',+%#&:4-T-5($#
&'()%4!25($%-,+$)24+-',%&.2,+$R)2F23$()%$+%&.2,+$R$,,$1-#%,2+()$.#>%C$#%#-3,2(V%&$(F$,+
T'(),-)%2(V%-,#$4+$#%&2)2#-+'k/$#%$+%&):/2+$()#%/$#%-,T')12+-',#%#&:4-T-5($#U%#()%._-/$,+-+:
$+%1d1$%#()%.$%#+2/$%/$%/:F$.'&&$1$,+%/$%._!0+$%'(%/$%.2%&)'-$>

<-4?$%DJ[[[H%2%4-+:%2(##-%*-$,%/$#%$V$1&.$#%-,/-5(2,+%.2%#&:4-T-4-+:%/$#%#-3,2(V%:1-#
&2)%.2%&.2,+$%$,%42#%/_2++25($U%5($%4$(V%'w%$,%2%#(33:)$)%.$%!2#2)/%/$%4$++$%#&:4-T-4-+:>
 2?2*2P2#!-%-. (,>U%DJ[[YH%',+%4',#+2+:%5($%#()%.$#%5(2+)$%#+2/$#%.2)F2-)$#%/$%3%-+:(,-.$(

%-"('(.(% D@$&-/'&+$)2% 7% Q'4+(-/2$HU% #$(.$#% .$#% .2)F$#% /(% &)$1-$)% #+2/$% ',+% -,4-+:% (,$
&)'/(4+-',% #-3,-T-42+-F$% /$% #(*#+2,4$#% F'.2+-.$#% 4!$X% .$% 12k#U% +'(+% $,% #24!2,+% 5($% .$
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<_2&)"#% <-4?$% DJ[[\H% .2% 3)2,/$% #&:4-T-4-+:% /$#% #P,'1',$#% /$% .2% &.2,+$% $#+% .-:$
#()+'(+%2(V%5(2,+-+:#%/:323:$#%/2,#%._2-)%&2)%)2&&')+%2(V%?2k)'1',$#%:1-#%&2)%._-,#$4+$>
C$&$,/2,+U% -.% &$(+% P% 2F'-)% /$#% /-TT:)$,4$#% 5(2.-+2+-F$#% /:+$)1-,:$#% &2)% .$% #+2/$% /$
/:F$.'&&$1$,+%/$%.2%&.2,+$U%.$#%4',/-+-',#%4(.+()2.$#U%.2%&2)+-$%F:3:+2.$%2++25(:$%$+%._$#&"4$
/$%)2F23$()>

<2,#%.$()%+)2F2-.%#()%.$#%:.-4-+$()#%-,/(-#2,+%._:1-##-',%/$#%#-3,2(V%4!-1-5($#U% ().-,3#
-. (,>% DJ[[]H% ',+% 1',+):% 5($% .$#% &.2,+#% /$% 12k#% 2++25(:#% &2)% L"6:6".-'( &'+*$"-':(

:1-#%*$2(4'(&%&.(#%/_DMHRLR!$V2,'.%5($%4$(V%$,/'1123:#%&2)%L4 -N$*+(>%@$%&2)2#-+'-/$
/$2'6",$.$% 2'62-$"-%% 2% &(% T2-)$% .2% /-TT:)$,4$% $,+)$% .$#% /:3e+#% 42(#:#% &2)% 4!24(,$% /$#
/$(V%$#&"4$#>%Q:2,1'-,#U% -.% )$#+$%c%/:1',+)$)%#-% ._DMHRLR!$V2,'.%$#+%)$#&',#2*.$%/$%4$
)2&&)'4!$1$,+>

<_2&)"#%h2/!21#%-. (,>%DJ[[[H%4-+:%&2)% ().-,3#%$+%hr?$)#%DLMM\HU%.$%&2)2#-+'k/$%/$#
&(4$)',#%!"#$:$+% -'7$%$#+%*$2(4'(&%&.(#%2++-):%2(V%&.2,+#%/$%&'-#%-,T$#+:#%&2)%#',%!0+$
&):T:):%!20'.#6%$"#6) "$%+8%5(_c%4$(V%-,T$#+:#%&2)%!"#$% &(=(->%B1&.-5(:%/2,#%.2%#&:4-T-4-+:
/(%#-3,2.U%.$%KR1$+!P.RYR!$&+$,RLR',$U%$#+%/:+$4+:%#$(.$1$,+%/2,#%.2%1-V+()$%/$#%4'1&'#:#
#$4):+:#%&2)%.$#%&.2,+#%-,T$#+:#%&2)%!4 "$%+8>%C$%4'1&'#:%c%._:+2+%&()%$#+%g(3:%&'()%d+)$
T')+$1$,+%2++-)2,+%&'()%!4%  %-'7$%D<(%-. (,>U%J[[NH>

@_:F-/$,4$%4'1&')+$1$,+2.$%$+% 4!-1-5($%/$%4$++$%#&:4-T-4-+:%/(%#-3,2.%:1-#%&2)% .$#
&.2,+$#% $,/'1123:$#% 2% :+:% 2(##-% :+(/-:$% &2)% <$% =')2#% -. (,>% DJ[[NH>% C$#% 2(+$()#
',+%4',#+2+:%5($%5(':$62#$,-% )$*'$2-"%U%&2)2#-+'k/$%#&:4-T-5($%/_9-,$6.#$% 7$'-%2-)%U%$#+
*$2(4'(&% &.(#% 2++-):% &2)% .$#% &.2,+$#% 2++25(:$#% &2)% #',% !0+$% 4'1&2)2+-F$1$,+% c% 4$..$#
2++25(:$#%&2)%94 1-(>%@_$V21$,%/$#%F'.2+-.#%:1-#%&2)%.$#%&.2,+#%/$%12k#%$+%/(%+2*24%#'(1-#
2(V%2++25($#%/$%4$#%,'4+($..$#%2%):F:.:%/$#%/-TT:)$,4$#%)$.2+-F$#%/$#%/'#$#%/$%4$)+2-,#
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JZ

4'1&'#:#%&)-,4-&2(V>%A$#+$%c%/:+$)1-,$)% #-% 4$#%/-TT:)$,4$#%'*#$)F:$#%&$)1$++$,+%c%54

)$*'$2-"%%/$%)$4',,2j+)$%.$#%&.2,+$#%2++25(:$#%&2)%#',%!0+$>

<$%1d1$U% .$% &2)2#-+'k/$% #&:4-T-5($%/$2'6",$.$% 2'62-$"-%% /',+% .$#%!0+$#% #_2++25($,+
c% (,$%1(.+-+(/$% /_$#&"4$#% F:3:+2.$#% 2%12,-T$#+:% (,$% 2&+-+(/$% $V+)2')/-,2-)$% c% T2-)$% .2
/-TT:)$,4$% $,+)$% .$#% /:3e+#% 42(#:#% &2)% .$#% 4!$,-..$#% /_9-,$267-'"( 1-(% D@$&-/'&+$)2% 7
Q'4+(-/2$H%#()%.$%4'+',U%.2%/'.-5($%$+%.$%#'g2>%C!24(,$%/$%4$#%+)'-#%$#&"4$#%F:3:+2.$#%&)'/(-+
(,%1:.2,3$%/$%4'1&'#:#%4!-1-5($#%&2)+-4(.-$)%D<-4?$%-. (,>U%J[[]H>

QRVO%*ALD46;<C@%9K6;<CO;3:KC>3443

C'11$%+'(+$%2(+)$%T')1$%/$%/:T$,#$%F:3:+2.$U%.2%/:T$,#$%-,/-)$4+$%2%4$)+2-,$1$,+%(,%4'i+
1:+2*'.-5($%2##'4-:%c%.2%&)'/(4+-',%$+%c%._:1-##-',%/$#%#(*#+2,4$#%F'.2+-.$#%&2)%.$#5($.#
.2% &.2,+$U% .2,4$% #',% 4)-% /_2-/$% 2(V% $,,$1-#% ,2+()$.#% /$% #$#% $,,$1-#>% 8+2,+% /',,:% 5($
4$%4'i+%$#+%4',#-/:):%/2,#%.2%&.(&2)+%/$#%42#%4'11$%+)"#%:.$F:U%.$#%&.2,+$#%',+%):3.:%.2
&)'/(4+-',%/$%4$#%F'.2+-.#%2(##-%*-$,%/2,#% .$% +$1&#%5($%/2,#% ._$#&24$>%C$++$% ):3(.2+-',
-1&.-5($% ._:1-##-',%/$%4$#%#-3,2(V%#$(.$1$,+%5(2,/% .$%&2)2#-+'k/$%'(% .$%&):/2+$()%#',+
DJH%&):#$,+#%$+%DLH%c%.2%)$4!$)4!$%/$%.$()#%!0+$#%'(%&)'-$#>%@2%&)'/(4+-',%4',#+-+(+-F$%/$
4$#%#-3,2(V%4'i+$)2-+%2(##-%*-$,%c%.2%&.2,+$%5(_2(V%-,#$4+$#%42),-F')$#>%C$#%/$),-$)#%F',+
&$)/)$%/(%+$1&#%$+%/$%._:,$)3-$%$,%4!$)4!2,+%#()%/$#%&.2,+$#%#2,#%!0+$%'(%&)'-$%D ().-,3#
-. (,>U%J[[YH>

G$2(4'(&%/_:+(/$#U%,'+211$,+%4$..$#%/$%<-4?$%DJ[[\Hn%<-4?$%-. (,>%DJ[[]Hn%A'#$%-. (,>
DJ[[KHn% 2?2*2P2#!-%-. (,>%DJ[[YHn% ().-,3#%$+% (1.-,#',%DJ[[LH%',+%):F:.:%5($%._:1-##-',%/$
4$#%F'.2+-.#%&2)%.$#%&.2,+$#%$#+%#P#+:1-5($>

QRVRQO%*ALD46;<C@%26@9%4W39K6?3

@2%):3(.2+-',%#&2+-2.$%/$%._:1-##-',%/$#%#P,'1',$#%$#+%(,$%4',#-/:)2+-',%+)"#%-1&')+2,+$
&'()%.2%&.2,+$>%G$2(4'(&%/$%4$#%1:/-2+$()#%4!-1-5($#%#',+%:1-#%#$(.$1$,+%/$%.2%&2)+-$
$,/'1123:$>%=2-#U%12.3):%.$%4'i+%:,$)3:+-5($%:.$F:U%4$++$%/$),-")$%:1$+%#P#+:1-5($1$,+
4$#%F'.2+-.#U%2(31$,+2,+%2-,#-%.$%F'.(1$%/(%*'(5($+%4!-1-5($%$+%2++-)2,+%1-$(V%.$#%-,#$4+$#
&2)2#-+'k/$#%$+%&):/2+$()#>%I$.',%<-4?$%DJ[[\H%.$#%4'1&'#:#%F'.2+-.#%:1-#%$,%):&',#$%2(V
2++25($#%/_(,%)2F23$()%#',+%&)'/(-+#%2(##-%*-$,%&2)%.$%#-+$%/$%._2++25($%5($%&2)%.$#%2(+)$#
&2)+-$#% #2-,$#%/$% .2% &.2,+$>%A2P2,% DJ[N]H% #(33")$%5($% 4$#% 4'1&'#:#% #',+% &)'/(-+#% 2(
,-F$2(%/$#%#-+$#%/$%._2++25($%$+%+)2,#&')+:#%$,#(-+$%2(V%2(+)$#%&2)+-$#%/$%.2%&.2,+$%/_'w%-.#
#$)',+%/:323:#>

 ().-,3#%$+% (1.-,#',%DJ[[LH%',+%12)5(:%._:1-##-',%#P#+:1-5($%/$%4$#%F'.2+-.#%4!$X%.$
12k#>%<$%1d1$U%$,%:+(/-2,+%._:1-##-',%/$#%4'1&'#:#%F'.2+-.#%c%&2)+-)%/$#%T$(-..$#%#2-,$#
/$#%&.2,+#%/$%4'+',%2++25(:#U%A'#$%-. (,>U% DJ[[KH%#',+%2))-F:#%2% .2%1d1$%4',4.(#-',%/$
 ().-,3#%$+% (1.-,#',%DJ[[LH>%9(+)$1$,+%/-+U%/"#%5($%5($.5($#%T$(-..$#%#',+%$,/'1123:$#U
$..$#%-,4-+$,+%.2%&.2,+$%$,+-")$%c%(,$%):24+-',%#P#+:1-5($%T):,:+-5($%$,%):&',#$%c%4$.2>

QRVRSO%*ALD46;<C@%26@9%43%;3:K9
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JN

C',4$),2,+%._:F'.(+-',%/$%4$#%:1-##-',#%/2,#%.$%+$1&#U%@'(3!)-,%-. (,>U%DJ[[\H%',+%#(33:):
5($%4$#%F'.2+-.#%#',+%#$4):+:#%#$(.$1$,+%&$,/2,+%._2++25($>%@$()%#:4):+-',%/:4.-,$%.$,+$1$,+
2&)"#%._2++25($>

8,%4'1&2)2,+% .2%4'1&'#-+-',%4!-1-5($%/$#%#-3,2(V%F'.2+-.#%:1-#%&2)%/$#%&.2,+#%/$
4'+',% #2-,#% 2F$4% 4$..$% /$#% &.2,+#% T)2j4!$1$,+% $,/'1123:#% $+% /_2(+)$#% &):4:/$11$,+
$,/'1123:$#U%=4%C2..%-. (,>%DJ[[\H%',+%4',#+2+:%/$%3)2,/$#%/-TT:)$,4$#>%B.#%',+%)$12)5(:
5($%4$)+2-,#%4'1&'#:#%#',+%:1-#%#$(.$1$,+%&2)%.$#%&.2,+$#%&):4:/$11$,+%$,/'1123:$#>
@2%&)'/(4+-',%/$%4$#%4'1&'#:#%&'())2-+%d+)$%/:4.$,4!:$%&2)%5($.5($#%#+-1(.-% #&:4-2(V
&)'/(-+#%&2)%._-,#$4+$>

 ().-,3#%$+%2.>%DJ[[YH%',+%:32.$1$,+%2++-):%._2++$,+-',%#()%.$%T2-+%5($%._:1-##-',%/$%4$#
#(*#+2,4$#%F'.2+-.$#%&2)%.2%&.2,+$%2++25(:$%$#+%):3.:$%/2,#%.$%+$1&#>%<_2&)"#%4$#%2(+$()#U
.$#%#P,'1',$#%',+%+$,/2,4$%c%d+)$%:1-#%&$,/2,+%.$%g'()%5(2,/%.$#%$,,$1-#%,2+()$.#%/$#
-,#$4+$#%)2F23$()#%#',+%c%.2%)$4!$)4!$%/$%.$()#%!0+$#%'(%/$%.$()#%&)'-$#>%<$%1d1$%@'(3!)-,
$+% 2.>% DJ[[\H% ',+% $V21-,:% ._:F'.(+-',% /$% 4$++$% :1-##-',% /()2,+% +'(+$% .2% g'(),:$>% B.#% ',+
)$12)5(:%5($% ._:1-##-',%/$%4$#%#:1-'R4!-1-5($#%2++$-,+% .$#%,-F$2(V% .$#%&.(#%:.$F:#%2(
/:*(+%/$%._2&)"#%1-/->

C$#%4',#+2+2+-',#%#'(."F$,+%&.(#-$()#%5($#+-',#>%8#+%4$%5($U%4_$#+%.$#%&.2,+$#%5(-%#$
#',+%2g(#+:%2(%&)'3)211$%/$%4$#%-,#$4+$#%y%6(%&2)%4',+)$U%4$%#',+%4$#%/$),-$)#%5(-%',+%&(
#$%/:F$.'&&$)%&'()%1$,$)%.$()%)$4!$)4!$%&$,/2,+%5($%4$#%#-3,2(V%#',+%:1-#U%&)'T-+2,+%/$
.2%&):#$,4$%/_2(+)$#%#+-1(.-%DF-#($.#%#()+'(+H%y% ().-,3#%-. (,>%DJ[[YH%#$1*.$,+%d+)$%4',F2-,4(
5(_-.%$#+%/-TT-4-.$%/$%4'1&)$,/)$%$+%/$%4',4.()$%#()%.2%4':F'.(+-',%/$#%-,+$)24+-',#%$,+)$%.2
&.2,+$%$+% ._-,#$4+$%*2#:$%#()%/$#%:+(/$#%2F$4%/$#%4(.+()$#%5(-%',+%:+:%1'/-T-:#%&2)%/$#
#:.$4+-',#%)$4!$)4!:$#>

QRXO%0C:KC9<;<C@%?5<:<MD3%239%BC46;<49%A:<9%K6>%46
K46@;3

=2.3):%.$()%/-F$)#-+:%$+% .$()#%&2)+-4(.2)-+:#%*-'.'3-5($#%+)"#%/-TT:)$,+$#U%+'(+$#%.$#%&.2,+$#
c%._:+2+%#2-,%12-,+-$,,$,+%c%/$#%4',4$,+)2+-',#%/$%*2#$#%.$()#%1:+2*'.-+$#>%C$#%):#$)F$#
4!-1-5($#%4',#+-+(+-F$#%4'1&')+$,+%#'(F$,+%/$#%1','+$)&",$#U%/$#%#$#5(-+$)&",$#U%/$#
2)'12+-5($#U%/$#%2.4''.#%c%CK%#2+():#%$+%,',%#2+():#U%/$#%2./:!P/$#%$+%/$#%$#+$)#>%8..$#

#',+%244(1(.:$#%$,%3)2,/$#%5(2,+-+:#%/2,#%/$#%#+)(4+()$#%&2)+-4(.-")$#%#:4):+'-)$#%'(%/$
#+'4?23$U%+$.#%5($%.$#%#'-$#U%.$#%+)-4!'1$#U%.$#%42F-+:#%3.2,/(.2-)$#%$+%.$#%42,2(V%D;2):%$+
 (1.-,#',U%J[[ZH>

8,% ):&',#$%2(V% 2++25($#%/$#% -,#$4+$#% $+% 2(+)$#% )2F23$()#U% .$% )0.$% /:T$,#-T% /$% 4$#
#(*#+2,4$#%&$(+%d+)$%24+-F:U%23-##2,+%2-,#-% /-)$4+$1$,+% #()% .$#%&2)21"+)$#%*-'+-5($#%/(
)2F23$()>%C$#%#(*#+2,4$#%&$(F$,+%2(##-%$V#(/$)%$+%#_:4!2&&$)%#'(#%T')1$%/$%1'.:4(.$#
F'.2+-.$#%&'()%23-)%-,/-)$4+$1$,+%c%(,$%/-#+2,4$%&.(#%'(%1'-,#%3)2,/$U%$+%4$.2%$,%2++-)2,+%.$#
$,,$1-#%,2+()$.#%/$%4$%)2F23$()%DG2./x-,%$+%;)$#+',U%J[[[H>

;.(#-$()#%2(+$()#%',+%&(%-#'.$)%.$#%#(*#+2,4$#%F'.2+-.$#%:1-#%&2)%.$#%&.2,+$#%$,%):&',#$
2(V%2++25($#%/$#%)2F23$()#%D<$=')$2#%-. (,4U%LMMJn%;2):%$+% (1.-,#',U%J[[Zn% 2?2*2P2#!-
-. (,>% J[[Yn%  ().-,3#%-. (,>U% J[[YH>% z($.5($#% (,#% ',+% #$(.$1$,+% 4!$)4!:% .$#% 4'1&'#:#
&)'/(-+#%2&)"#%._2++25($U%/_2(+)$#%',+%$V&:)-1$,+:%.$#%1:.2,3$#%/$%4'1&'#:#U%2.')#%5(_(,
+)'-#-"1$% 3)'(&$% 2% $V21-,:% ._$TT$+% /$% 4$)+2-,#% 4'1&'#:#% -,/-F-/($..$1$,+>% C$&$,/2,+
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J[

2(4(,$%4'1*-,2-#',%/$%4'1&'#:#%,_2%:+:%:+(/-:$>%C$#%2(+$()#%',+%1',+):%5($%4$#%F'.2+-.#
',+%/$#%#+)(4+()$#%/-F$)#$#%$+%#',+%-##(#%c%&2)+-)%/$%/-TT:)$,+$#%F'-$#%*-'#P,+!:+-5($#%DW-3()$
LH>

@$#%4'1&'#:#%F'.2+-.#%:1-#%&2)%.$#%&.2,+$#%$,/'1123:$#U%-/$,+-T-:#%g(#5(_-4-%-,4.($,+%7
/$#%F'.2+-.#%c%CK%D@-&'VP3$,2#$%{% .2%F'-$%/$%._!P/)'&$)'V-/$R.P2#$HU%._-,/'.$%$+%.$%1:+!P.$

#2.-4-.-5($%=$I9%D.2%F'-$%/$%._24-/$%#!-?-1-5($%{%.2%F'-$%/(%+)P&+'&!2,$HU%/$#%+$)&",'-/$#
4P4.-5($#%$+%24P4.-5($#%D.2%F'-$%/$%._-#'&)$,'-/$H%$+%/$#%'V-,$#%$+%,-+)-.$#%D/:)-F:#%/$#%24-/$#
21-,:#H>%@$#%3.(4'#-,'.2+$#%#',+%/$#%F'.2+-.#%&2)+-$.#%:1-#%&2)%(,%,'1*)$%.-1-+:%/_$#&"4$#
F:3:+2.$#%$,+)$%2(+)$%.$#%G)2##-424$2$>

L-K*$&(M(<(<-% 76$-% =$6%0).#A.$;+-% 8-)(). O ,PA8$%%$6)

:-% 76,(.$,% "(' ,-% ",().-% B3('A -. Q+8,$)%6)> DEEEG4

8,%J[[ZU%;2):%$+% (1.-,#',%',+% -#'.:%c%&2)+-)%/$#%&.2,+#%/$%4'+',%2++25(:#%&2)% .$#
.2)F$#%/$%L"6:6".-'( -N$*+(U%/$#%1','+$)&",$#U%/$#%#$#5($+$)&",$U%/$#%!'1'+$)&",$#U
/$#%&)'/(-+#%.-&'VP3$,2#$%$+%/$#%-,/'.$#%D 2*.$2(%JH>%<$%1d1$U% ().-,3#%-. (,>%DJ[[MH%',+
&):#$,+:%(,%&)'T-.%4!)'12+'3)2&!-5($%#&:4-T-5($%/$#%4'1&'#:#%F'.2+-.#%:1-#%&2)%/$#%&.2,+#
/$%12k#%$,/'1123:#%&2)%.$#%4!$,-..$#%/$%4$++$%1d1$%,'4+($..$4%@_:1-##-',%/$%4$#%F'.2+-.#
/:&$,/%/$#%/:3e+#%42(#:#%&2)%.$%)2F23$()>%@$#%*.$##()$#%1:42,-5($#%#$(.$#%,_-,4-+$,+%&2#
4$++$%:1-##-',>

8,%4'1&2)2-#',%2F$4% .$#% 4!$,-..$#%$+% .$#%242)-$,#U% 4_$#+% )$.2+-F$1$,+%&$(%4$%5(_',
4',,2j+%#()%.$#%#-3,2(V%F'.2+-.#%:1-#%&2)%.$#%&.2,+$#%$,/'1123:$#%&2)%.$#%-,#$4+$#%5(-%#$
,'())-##$,+%/(%&!.'"1$%D.$#%&(4$)',#%$,%&2)+-4(.-$)H>%I$.',%<(%-. (,>% DJ[[NHU% .$#%&.2,+$#
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LM

-,T$#+:$#%&2)%.$#%&(4$)',#U%:1-#%(,%1:.2,3$%/$%4'1&'#:#%F'.2+-.#U%5(-%$,%&.(#%/$%.$()%)0.$
/2,#%.2%):3(.2+-',%/$%.2%/$,#-+:%/$%4$#%)2F23$()#U%2++-)$,+%.$()#%$,,$1-#%,2+()$.#>

@_-,+$)24+-',% &(4$)',% /(% 12k#% ?#6"(,6%$6#+8 8($:$% s% 12k#% -,/(-+% ._:1-##-',% &2)
4$% /$),-$)U% /$#%1d1$#% +$)&",'k/$#% :1-#% 2&)"#% 2F'-)% :+:% 2++25(:% &2)% /$#% 4!$,-..$#% '(
/$#% 242)-$,#>% C$#% #(*#+2,4$#% #',+% bR'4-1$,$U% .-,2.''.U% \UNR/-1:+!P.RJU]UZR,',2+)-$,$U
|RT2),$#$,$U% bRT2),$#$,$U% \UNUJLR+)-1:+!P.RJU]UZUJJR+)-/$42+$+)2$,$% $+% /$#% F'.2+-.#% c% CK
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4!$,-..$#%/$%L4 -N$*+(>%;'()%4$+%2(+$()U%4_$#+%4.2-)U% ._24-/$% g2#1',-5($%$#+% -1&.-5(:%/2,#
._:1-##-',%/$#%F'.2+-.#%2++)24+-T#%&'()%.$#%&2)2#-+'k/$#>

9)-1()2% -. (,>% DLMMMH% ',+% ,'+:% 5($% .$#% F'.2+-.#% $(V% 1d1$% &$(F$,+% #$)F-)% $,% +2,+
5(_:.-4-+$()#%$,%24+-F2,+%.$#%3",$#%/$%/:T$,#$%4!$X%.$#%T$(-..$#%F'-#-,$#%$+%&2)%4',#:5($,+
-,/(-#2,+% /$% ,'(F$..$#% :1-##-',#>% <2,#% #$% 4',+$V+$U% .$% D}HRg2#1',$% #_$#+% 1',+):% &'()
d+)$% (,% :.-4-+$()% &(-##2,+% /:4.$,4!2,+% ._:1-##-',% /$% ._DMHRbR'4-1$,$% 4!$X% .2% T"F$% T$2$(

&(=(%DG-)4?$++%-. (,>U%LMMM%4-+:#%&2)% ().-,3#%$+%hr4?$)#U%LMM\H>%C$#%$V$1&.$#%/$%F'.2+-.#
/',+% ._:1-##-',%$#+% -,/(-+$%&2)%/_2(+)$#%F'.2+-.#U% -1&.-5($%4.2-)$1$,+%4$#%#-3,2(V%/2,#% .2
4'11(,-42+-',%-,+$)R&.2,+$#>

QR\O%-]K4C<;6;<C@%23%46%2AT3@93%<@2<>3?;3%239%K46@;39
26@9%439%K>CL>6::39%23%4D;;3%1<C4CL<MD3

@$#%/-F$)#%$V$1&.$#%/_-,+$)24+-',#%+)-+)'&!-5($#%t%&.2,+$#%s%)2F23$()#%s%$,,$1-#%,2+()$.#%u
&):#$,+:#% g(#5(_-4-U% -..(#+)$,+% 4.2-)$1$,+U% 4'11$,+% .$#% &.2,+$#% &$(F$,+% 4',+)-*($)% /_(,$
12,-")$%$TT-424$%/2,#%.2%.'42.-#2+-',%/$%._!0+$%&2)%.$#%-,#$4+$#%&2)2#-+'k/$#>%C$%1:42,-#1$
-,/-)$4+%/$%.2%/:T$,#$%,2+()$..$%/$#%&.2,+$#%$#+%(,$%5(2.-+:%/',+%._!'11$%/'-+%$V&.'-+$)%/2,#
#',%4'1*2+%4',+)$%.$#%)2F23$()#%/$#%4(.+()$#>

@_$TT-424-+:%/$%4$#%-,#$4+$#%&2)2#-+'k/$#%4'11$%23$,+#%*-'.'3-5($#%/$%.(++$%&$(+%d+)$
2(31$,+:$%$,% .$#%2&&)'F-#-',,2,+%2F$4% .$%12V-1(1%/$%#'()4$#%2.-1$,+2-)$#>%;.(#-$()#
$V$1&.$#%1',+)$,+%5($%.$%+2(V%/$%&2)2#-+-#1$%$#+%&.(#%:.$F:%#()%/$#%&.2,+$#%#:4):+)-4$#
/(%,$4+2)%$V+)2T.')2.%D )24P%-. (,>U%J[NK%n%;$1*$)+',%$+%.$$U%J[[KH>%<$#%2(+$()#%',+%#'(.$F:
):4$11$,+% .2% &'##-*-.-+:% /_2g(#+$)% .2% &)'/(4+-',% /(% ,$4+2)% $V+)2T.')2.% /$#% &.2,+$#% /2,#
._$#&'-)%/_2(31$,+$)%._$TT-424-+:%/$%4$#%-,#$4+$#%(+-.$#>%C$&$,/2,+U%(,%+$.%4!'-V%/'-+%&)$,/)$
$,%4',#-/:)2+-',%.$%)-#5($%5($%4$%,$4+2)%#'-+%$V&.'-+:%2(##-%&2)%.$#%-,#$4+$#%)2F23$()#>

9&)"#% .2% 1-#$% $,% :F-/$,4$% /(% )0.$% $##$,+-$.% 5($% &(-##$,+% g'($)% .$#% #(*#+2,4$#
F'.2+-.$#%:1-#$#%&2)%.$#%&.2,+$#%/2,#%.2%.'42.-#2+-',%/$%._!0+$%&2)%/-F$)#%$#&"4$#%/_-,#$4+$#
&2)2#-+'k/$#U%-.%2%:+:%#(33:):%/_$V&.'-+$)%4$#%#-3,2(V%&'()%T24-.-+$)%c%4$#%$,,$1-#%,2+()$.#
.2%/:4'(F$)+$%/$% ._!0+$%$+%2(31$,+$)%2-,#-% .$()%$TT-424-+:%/2,#% .$#%&)'3)211$#%/$% .(++$>
O(#5(_-4-U%(,$%+$..$%2&&)'4!$%)$#+$% -,$V&.'):$U%12-#%/$#%:+(/$#%1$,:$#%$,%&.$-,%4!21&
',+%&)'(F:%#2%T2-#2*-.-+:>%8TT$4+-F$1$,+U%.$%+)2-+$1$,+%/$#%&.2,+#%/$%+'12+$#%2F$4%/$%._24-/$
g2#1',-5($%&2)% !2.$)%DJ[[[H%2%2(31$,+:%.$%+2(V%/$%&2)2#-+-#1$%4!$X%.$#%4!$,-..$#%/$%L4

-N$*+(>%832.$1$,+%&)'1$++$()#U%#',+%.$#%):#(.+2+#%+)'(F:#%&2)%f$##.$)%$+%G2./x-,%DLMMJH>
C$#%2(+$()#%',+%&(%2(31$,+$)% .$%+2(V%/$%&):/2+-',%/$#%'$(T#%$+%/$#%.2)F$#%/$%/4 %-N.(

2&)"#%2F'-)%+)2-+:%.$#%&.2,+#%/$%+2*24%&2)%.$#%g2#1',2+$#%/$%1:+!P.$>

8,T-,U% .$#% &'##-*-.-+:#% 'TT$)+$#% &2)% .2% *-'+$4!,'.'3-$% &$)1$++)',+% 4$)+2-,$1$,+
/_'&+-1-#$)% ._:1-##-',%/$%4$#%#-3,2(V%&2)% .$#%&.2,+$#>%@$%3)2,/%/:T-% #$)2%/$%/:+$)1-,$)



0C:KC>;3:3@;%2D%K6>69<;C_23%(c9<K5431D9%;39;6?3<K39%d0>399C@e%Qffgh%d/c:3@CK;3>6%i
&K5<2<<263h%B<9OjOB<9%23%+ckD9%K3>9<?63%d"D4k3>e%Q\\Yh%d/C:CK;3>6%i%&K5<2<263h%9D>%?<@M%B6><A;A9
23%KC::3%23%;3>>3%"C46@D:%;D13>C9D:%(R

L\

.$% *'(5($+% /$% #(*#+2,4$#% 2&&)'&)-:% &'()% ._2++)24+-',% /$% +$..$% '(% +$..$% $#&"4$% /_-,#$4+$
&2)2#-+'k/$>%<$%1d1$U%-.%,$%T2(+%#()+'(+%&2#%5($%4$#%#-3,2(V%g'($,+%.$%)0.$%/$%?2-)'1',$#
&'()%/_2(+)$#%)2F23$()#>
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LY

056K<;>3%  O%+6;A><34%3;%:A;5C239

SRQO%+6;A><34

SRQRQO%+6;A><34%BALA;64

^ ;'11$%/$%+$))$%L6,()+8 .+=-'6%+8%@>

C-,5%F2)-:+:#%/$%&'11$%/$%+$))$%L6,()+8 .+=-'6%+8%@>%#',+%(+-.-#:$#%/2,#%4$++$%:+(/$>%C$#
F2)-:+:#%#',+%&2)1-%.$#%&.(#%4(.+-F:$#%$,%9.3:)-$>%;2)1-%4$..$#R4-U%JA9<>A3%$+%oC@2C>%#',+%c
&$2(%)'(3$U%+2,/-#%5($%&><@26U%'134<]%$+%"KD@;6%#',+%c%&$2(%*.2,4!$>%@$#%42)24+:)-#+-5($#
/$#4)-&+-F$#%/$%4$#%F2)-:+:#%#',+%1$,+-',,:$#%/2,#%.$%+2*.$2(%L>

@$#%4-,5%F2)-:+:#%#$%42)24+:)-#$,+%&2)%/$#%,-F$2(V%/-TT:)$,+#%/$%):#-#+2,4$%2,+:V-,'+-5($
$+% 2,+-*-'+-5($% F-#% c% F-#% /$%/4 "-'%$2(->%C_$#+% 2-,#-% 5($%&2)% ')/)$% /_2,+-*-'#$% 4)'-##2,+U
JA9<>A3% $#+% 4.2##:$% 4'11$% .2% &.(#% #$,#-*.$U% '134<]% $+% oC@2C>% #',+% 1'P$,,$1$,+
):#-#+2,+$#U%2.')#%5($%.2%F2)-:+:%&><@26%$#+%.2%&.(#%):#-#+2,+$%DA'(2*2!U%LMM]H>%8,%+$)1$
/_2,+-V:,'#$U%.2%F2)-:+:%JA9<>A3%):F".$%.2%&.(#%#(#4$&+-*.$%c%d+)$%4'.',-#:$%&2)%/4 "-'%$2(->

$..$%12,-T$#+$%(,$%2++)24+-F-+:%-1&')+2,+$%&'()%4$%&(4$)',DG'(##22/U%LMMMH>

8,%&.(#%/$%.$()#%/-TT:)$,+#%,-F$2(V%/$%):#-#+2,4$%c%/4 "-'%$2(-U%.$#%4-,5%F2)-:+:#%+$#+:$#
12,-T$#+$,+%/$#%/$3):#%/$%+'.:)2,4$%/-TT:)$,+#%2(V%&)-,4-&2(V%F-)(#%/$%.2%&'11$%/$%+$))$U
$+%5(-%#',+%+)2,#1-+%&2)%4$++$%1d1$%$#&"4$%/$%&(4$)',%D 2*.$2(%]H>

@$#%4-,5%F2)-:+:#%(+-.-#:$#%&):#$,+$,+%:32.$1$,+%/$#%42)24+:)-#+-5($#%23)','1-5($#
/-TT:)$,+$#%D 2*.$2(%\H>

@2%#$1$,4$%/$#%F2)-:+:#%&><@26U%'134<]%$+%"KD@;6%(+-.-#:$%/2,#%4$++$%:+(/$%&)'F-$,+
/(%C$,+)$%Q2+-',2.%/(%C',+)0.$%$+%/$%C$)+-T-42+-',%/$#%I$1$,4$#%DC>Q>C>C>H>% 2,/-#%5($
4$..$%/$#%F2)-:+:#%JA9<>A3%$+%oC@2C>%$#+%'*+$,($%&2)% ._-,+$)1:/-2-)$%/_(,%F$,/$()%&)-F:
23):$>

W"F$%`-4-2%T2*2%@>

@2%T"F$%T$2$( &(=(%@>%$#+%(+-.-#:$%4'11$%&.2,+$%R!0+$U%/2,#%._:.$F23$%/(%&(4$)',%/$
.2%.(X$),$%!"#$% 2'(22$76'( f'4!U%)$+$,(%.(-R1d1$%4'11$%&(4$)',%!0+$%/2,#%._:.$F23$%/(
&2)2#-+'k/$>%@2%F2)-:+:%(+-.-#:$%/2,#%4$+%:.$F23$%$#+%&LD62D4?3>
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&K5<2<<263h%B<9OjOB<9%23%+ckD9%K3>9<?63%d"D4k3>e%Q\\Yh%d/C:CK;3>6%i%&K5<2<263h%9D>%?<@M%B6><A;A9
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LK

N+32&+*(M I 5('(2.A'$%.$;+-% :-%2'$".$7-% :-% U 7('$A.A% :- "688- :- .-''- A.+:$A-%4
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LZ

N+32&+*(O(<(L-)%$=$,$.A -. 'A%$%.()2- :-% U 7('$A.A% :-

"688- :- .-''- A.+:$A-% (+N 8(,(:$-% -. (+N )A8(.6:-%4

"CD>?39%7

^ @$%&.2,+%/$%&'11$%/$%+$))$>%<-% "'$)2$"(,-% 7('$A.A% "'6:+$.-% -) V'()2->%!++&%7{{
xxx>&.2,+/$&'11$/$+$))$>')3{&23$#{&.2,>!+1>

^ A2&&')+%/$%._B C=B%/$%I+2'(2.-U%DJ[[JH%t%!'1'.'32+-',%/$#%F2)-:+:#%/$%&'11$%/$
+$))$>



0C:KC>;3:3@;%2D%K6>69<;C_23%(c9<K5431D9%;39;6?3<K39%d0>399C@e%Qffgh%d/c:3@CK;3>6%i
&K5<2<<263h%B<9OjOB<9%23%+ckD9%K3>9<?63%d"D4k3>e%Q\\Yh%d/C:CK;3>6%i%&K5<2<263h%9D>%?<@M%B6><A;A9
23%KC::3%23%;3>>3%"C46@D:%;D13>C9D:%(R

LN

N+32&+*(P(<(5('(2.A'$%.$;+-% (*'6)68$;+-% :-% U 7('$A.A% :- "688- :- .-''- A.+:$A-%4

I'()4$#%7

^ @$%&.2,+%/$%&'11$%/$%+$))$>%<-% "'$)2$"(,-% 7('$A.A% "'6:+$.-% -) V'()2->%!++&7{{
xxx>&.2,+/$&'11$/$+$))$>')3{&23$#{&.2,>!+1>

^ A2&&')+%/$%._B C=B%/$%I+2'(2.-U%DJ[[JH%t%!'1'.'32+-',%/$#%F2)-:+:#%/$%&'11$%/$
+$))$>

SRQRSO%+6;A><34%6@<:64

SRQRSRQO%`D?3>C@9

^ ;(4$)',%F$)+%/(%&d4!$)%/01+% "-'%$2(-%I(.X$)

@_$#&"4$%2&!-/-$,,$%(+-.-#:$%/2,#%4$++$%:+(/$%$#+%.$%&(4$)',%F$)+%/(%&d4!$)%/01+% "-'%$2(-

I(.X$)%DS'1'&+$)2%7%9&!-/-/2$H>%C_$#+%#2,#%/'(+$%._$#&"4$%/$%&(4$)',%.2%&.(#%/2,3$)$(#$
&'()%(,%+)"#%3)2,/%,'1*)$%/$%4(.+()$#U%,'+211$,+%.2%&'11$%/$%+$))$>%I$.',%G2.24!'x#?P
$+%=$#,-.%DJ[]YHU%.2%&'11$%/$%+$))$%4',#+-+($%._!0+$%#$4',/2-)$%.$%&.(#%T):5($,+%&'()%/01+%

"-'%$2(->

@$% &(4$)',% F$)+% /(% &d4!$)% $#+% (,$% $#&"4$% 4'#1'&'.-+$% $+% +)"#% &'.P&!23$>% I',
-1&')+2,4$%$#+%.-:$%c%._:+$,/($%/$%#2%/-#+)-*(+-',%3:'3)2&!-5($U%c%4$..$%/$%#2%3211$%/$
&.2,+$#R!0+$#%$+%2(V%/:3e+#%5(_-.%&)'F'5($U%&2)+-4(.-")$1$,+%$,%+2,+%5($%F$4+$()%/$%F-)(#>
B.% +)2,#1$+%&.(#%/$%JNM%&!P+'F-)(#% DI+'$+X$.% $+%=-..$)U% LMMJH%c%/$#%&.2,+$#%/_-1&')+2,4$
:4','1-5($%12g$()$%4'11$%.2%&'11$%/$%+$))$U%.$%!2)-4'+U%.2%*$++$)2F$%#(4)-")$U%.$%4!'(U%.$
+2*24%$+%.$#%23)(1$#%DF2,%81/$,%$+%2.>U%J[K[%4-+:#%&2)%I2(3$U%J[[[H%$+%.$#%2)*)$#%T)(-+-$)#
c%,'P2(V%D<(,$XU%J[[]H>

/01+% "-'%$2(-%$#+%4',,(%&'()%#',+%2&+-+(/$%c%/:F$.'&&$)%/$#%&'&(.2+-',#%):#-#+2,+$#
2(V%-,#$4+-4-/$#%D=2##',-$%-. (,>U%J[[\H>%;.(#-$()#%42#%/$%):#-#+2,4$%2(V%-,#$4+-4-/$#%#()
&d4!$)%',+%:+:%#-3,2.:#%$,%W)2,4$%D@$4.2,+U%J[[M%4-+:%&2)%=2##',-$%-. (,>U%J[[\HU%$+%$,%B+2.-$
DC)2F$/-%$+%C$)F2+'%4-+:#%&2)%=2##',-$%-. (,>U%J[[\H>%I()%&'11$%/$%+$))$%(,$%):#-#+2,4$
/$%/4 "-'%$2(-%2(V%-,#$4+-4-/$#%c%:+:%1-#$%$,%:F-/$,4$%/2,#%._'($#+%/$%._~4'##$%$+%/2,#
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L[

.$%,')/%/$%._9,3.$+$))$%&2)%W'#+$)%DJ[ZZH%n%<$F',#!-)$%-. (,>%DJ[[ZH%n%I2x-?-%-.%(,>%DJ[ZNH%n
I2x-?-%$+%A-4$%DJ[ZNH%4-+:#%&2)%A'*$)+%DJ[NLH>%C$++$%):#-#+2,4$%-,+$)F-$,+%4',+)$%.2%&.(&2)+
/$#%-,#$4+-4-/$#%24+($.#%DA'*$)+U%J[N\H>

^ <$#4)-&+-',%1')&!'.'3-5($

s W')1$%2&+")$

@$%4')&#%$#+%'F'k/$U%F$)+%4.2-)%c%F$)+%g2(,e+)$>%B.%1$#()$%/$%JUY%c%LUJ%11%/$%.',3($()>%@$#
2,+$,,$#%#',+%.',3($#U%&'##:/2,+%K%#$31$,+#>%@$%&)'4$##(#%+$)1-,2.%:32.%]ULY%c%\UYM%.2
*2#$%/(%#$31$,+%`B>%@$#%4'),-4(.$#%#',+%2##$X%.',3($#U%4.2-)$#%2F$4%._2&$V%5(-%$#+%#'1*)$
DW-3()$%]2H>%@2%42(/2%$+%$,%T')1$%/$%/'-3+%$+%&')+$%+)'-#%&2-)$#%/$%#'-$#%DI+'$+X$.%$+%=-..$)U
LMMJH>

^ W')1$%2-.:$

@$%4')&#%1$#()$%/$%JU\%c%LUL%11%/$%.',3($()U%F$)+%c%F$)+%g2(,e+)$%$+%2F$4%(,$%.2)3$%+24!$
#'1*)$%#()%._2*/'1$,>%@$#%2,+$,,$#%c%K%#$31$,+#%#',+%.',3($#%$+%&-31$,+:$#U%#2(T%c%.2
*2#$%/(%#$31$,+%BBB>%@$%&)'4$##(#%+$)1-,2.%:32.%LUZY%c%\UKK%.2%*2#$%/(%#$31$,+%`B>%@$#
+(*$)4(.$#%T)',+2(V%#',+%*-$,%/:F$.'&&:#%$+%4',F$)3$,+#>%@$#%4'),-4(.$#%#',+%.',3($#%$+
#'1*)$#U%._2&$V%$#+%&.(#%#'1*)$%DW-3()$%]*H>%@2%42(/2%$#+%$,%T')1$%/$%/'-3+%$+%&')+$%+)'-#
&2-)$#%/$%#'-$#%DI+'$+X$.%$+%=-..$)U%LMMJH>



0C:KC>;3:3@;%2D%K6>69<;C_23%(c9<K5431D9%;39;6?3<K39%d0>399C@e%Qffgh%d/c:3@CK;3>6%i
&K5<2<<263h%B<9OjOB<9%23%+ckD9%K3>9<?63%d"D4k3>e%Q\\Yh%d/C:CK;3>6%i%&K5<2<263h%9D>%?<@M%B6><A;A9
23%KC::3%23%;3>>3%"C46@D:%;D13>C9D:%(R

]M

L-K*$&(O(<(<-% :-+N &6'8-% :- /01+%

"-'%$2(-4 5+:( (".H'- -. 53:  ($,A- B?(8()> DEFWG4

^ ;(4$)',%,'-)%/$%.2%.(X$),$%!"#$% 2'(22$76'( f'4!

@$%&(4$)',%,'-)%/$% .2% .(X$),$!"#$% 2'(22$76'( f'4!% DS'1'&+$)2% 7%9&!-/-/2$H%$#+%(+-.-#:
4'11$%!0+$%/$%#(*#+-+(+-',U%&'()%._:.$F23$%/(%&2)2#-+'k/$>%@$#%)2-#',#%&'()%.$#5($.#%,'(#
2F',#%(+-.-#:%/2,#%,'+)$%:.$F23$%/(%&2)2#-+'k/$#U%!4 2'(22$76'(%$+%,',%&2#%.2%1d1$%$#&"4$
/$%&(4$)',#%#()%.25($..$%,'(#%2F',#%+)2F2-..:%D/4 "-'%$2(-H%#',+%7

^ 8F-+$)%5(_-.%P%2-+%(,$%244'(+(12,4$%/(%&2)2#-+'k/$%2F$4%.$#%#(*#+2,4$#%F'.2+-.$#
:1-#$#%&2)%/4 "-'%$2(-U%5(-%&$(+%2F'-)%(,$%-,T.($,4$%#()%#',%4'1&')+$1$,+%.')#%/$#
$##2-#%'.T24+'1:+)-5($#%DQ-,?'F-4%-.%(,>U%LMMJH%n

^ !4 2'(22$76'(%$#+%._(,%/$#%!0+$#%&'+$,+-$.#%/$%<4 .-%.(2-$"-%%DI+2)P%-. (,>U%J[NN%n
C2),$F2.$%$+%G($,'U%LMMJH>

@2%&)$1-")$%#'(4!$%/_!4 2'(22$76'((+-.-#:$%/2,#%4$+%:.$F23$%$#+%):4'.+:$%c%&2)+-)%/_(,%&.2,+
/$%1')$..$%,'-)%L6,()+8 )$*'+8%@>
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