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@&NL&#SOJW!XD?@Z!S&#KJ'&S! ($!5SS&#(! (O&!GS&#gS!J6&)(J(V! 5)6! N&NL&#SOJW!J)! (O&!D?SP!5)6! ($!
5K$J6!S'O&6GIJ)4!(O&!%$LS!($!SG'O!#&S$G#'&S!(O5(!`$GI6!L&!'5(&4$#J'5IIV!#&%&'(&6!5(!(O&!(JN&!$H!(O&!
&_&'G(J$)*! -O&!W#$($(VW&!GS&S!5)! J)(&4#5(J$)!$H! (O&!=B@! `J(O! (O&!D?@!S&#KJ'&S!SG'O!5S! (O&!
D?",! ($! 'O&'[! (O&! #&S$G#'&S! 545J)S(! (O&! 'G##&)(! D?! W$IJ'V*! -O&! GS&#! )&&6S! ($! W#$KJ6&! (O&!
'#&6&)(J5IS! $L(5J)&6! H#$N! (O&! Y:=! S&#KJ'&S! ($! L&! 5LI&! ($! &_WI$J(! (O&! D?SP! $(O&#`JS&! =B@!
#&%&'(S!(O&!GS&#*!!

!

  ]$L!N$)J($#J)4M! +)! (O&! N$)J($#J)4! SJ6&P! `&! W#$KJ6&! A@9! $G(WG(! H$#! _WSP! S$! J(! `JII! L&! &5SJIV!
W5#S&6! `J(O! &_(&#)5I! ($$IS*! =)! &_5NWI&! JS! (O&! _(#5'&! ($$I! (O5(! '5)! 4&)&#5(&! W5#5K&#! X5!
KJSG5IJc5(J$)!($$IZ!(#5'&S!SO$`J)4!%$L!L&O5KJ$G#*!a&!W#$KJ6&!5IS$!5!S&(!$H!S(5)65I$)&!X)$(!]5K5Z!
'$NN5)6S!5LI&!($!6$!5!S&(!$H!$W&#5(J$)S!IJ[&!%$L!SGLNJSSJ$)P!%$L!N$)J($#Jc5(J$)!5)6!%$L!'$)(#$I*!
a&!`JII!SO$`!(O&N!J)!(O&!GS&#!4GJ6&*!
!

  =6K5)'&6!S&#KJ'&S! H$#! '$)(#$I!%$LS!5#&!5IS$!6&S'#JL&6!J)! 6&IJK&#5LI&! :0*0*0.hP!S&&!d:0*0*0.he*!
a&! W#$KJ6&! (O&! ($$IS! ($! 4&(! %$L! J)H$#N5(J$)! 5)6! ($! '$)(#$I! (O&N! XS&)6! &K&)(SZ*! +)! (OJS!
6&IJK&#5LI&P! `&! J)'IG6&! (O&! J)(&#H5'&! ($! LGJI6! 6&W&)6&)'J&S! L&(`&&)! %$LS!(O5(! '5)! L&! GS&6! LV!
`$#[HI$`!N5)54&#S*!!
!

  aJ(O!#&SW&'(!($!#&S$G#'&!)&4$(J5(J$)!5)6!'$.5II$'5(J$)P!=B@!)&&6S!5)!&HHJ'J&)(!`5V!($![&&W!(O&!
S'O&6GI&!$H!(O&!#&S$G#'&S!5K5JI5LI&!J)!(O&!4#J6*!+(!JS!&SS&)(J5I!(O5(!(O&!S'O&6GI&!JS!L&J)4![&W(!$)!
(O&!4#J6!I&K&I!($!O&IW!J)!(O&!W#$'&SS!$H!)&4$(J5(J)4!(O&!(JN&!SI$(S!5)6!(O&!#&S$G#'&S!($!L&!GS&6!LV!
(O&! %$LS*! ,&'(J$)!1! JIIGNJ)5(&S! (O&! ($WJ'! $H! #&'&JKJ)4P! [&&WJ)4! 5)6! 'O5)4J)4! (O&! #&S$G#'&!
S'O&6GI&*!

  !
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X! K>$;?/-:@":@<(

X2Y! &O$#O:$D(
-O&!&_&'G(J$)!$H!4#J6!5WWIJ'5(J$)S!'5)!L&!6JS(G#L&6!LV!H5JIG#&S*!>$IIL5'[.#&'$K&#V!JS!5!`&II.[)$`)!H5GI(!
($I&#5)'&! S(#5(&4V*! =! 6JS(#JLG(&6! 5WWIJ'5(J$)! JS! W&#J$6J'5IIV! 'O&'[W$J)(&6! X5! 6JS(#JLG(&6! '$)SJS(&)(!
S)5WSO$(!JS!S5K&6!($!6JS[Z*!+)! '5S&!$H!5!H5JIG#&P!(O&!5WWIJ'5(J$)! '5)!L&!#&S(5#(&6!H#$N!(O&!I5S(! 'O&'[W$J)(!
`J(O!)$!)&&6!($!#&S(5#(!H#$N!S'#5('O*!YO&'[W$J)(U#&S(5#(!'5)!5IS$!L&!GS&6!($!#&5IJS&!NJ4#5(J$)*!
!
-O&!4#J6! 'O&'[W$J)(J)4!5#'OJ(&'(G#&!$H!A(#&&N?,!JS!6&SJ4)&6!($!SGWW$#(!5IN$S(!5II! [J)6S!$H!6JS(#JLG(&6!
4#J6!5WWIJ'5(J$)SP!J)'IG6J)4!S'J&)(JHJ'P!LGSJ)&SSP!5)6!J)(&#5'(JK&!5WWIJ'5(J$)S*!<#J6!&)KJ#$)N&)(S!'$))&'(!
O&(&#$4&)&$GS! #&S$G#'&S! XO5#6`5#&! 5)6! S$H(`5#&Z! J)'IG6J)4! 6JHH&#&)(! &_JS(J)4! I$`.I&K&I! 'O&'[W$J)(J)4!
S$IG(J$)S!(5JI$#&6!($!5!SW&'JHJ'!$W&#5(J)4!SVS(&N!$#!#G)(JN&!IJL#5#V*!-O&!'O5II&)4&!JS!($!J)(&4#5(&!5II!(O&S&!
'O&'[W$J)(J)4!S$IG(J$)S!($!LGJI6!5!4#J6.`J6&!'O&'[W$J)(J)4!5)6!#&S(5#(!S&#KJ'&!(O5(!JS!5LI&!($!'$)SJS(&)(IV!
'O&'[W$J)(U#&S(5#(!5WWIJ'5(J$)S*!
YG##&)(IVP! A(#&&N?,! SGWW$#(S! (O&! H$II$`J)4! [&#)&I! 'O&'[W$J)(&#SM! 7&#[&I&V! 95LS! YO&'[W$J)(! >&S(5#(!
X79Y>Z! H$#! "YS! 5)6! (O&! 9J)G_,,+! [&#)&I! 'O&'[W$J)(&#! H$#! 'IGS(&#S*! -O&S&! &_JS(J)4! 'O&'[W$J)(J)4!
JNWI&N&)(5(J$)S!O5K&!6JHH&#&)(!J)(&#H5'&S!5)6!'5W5LJIJ(J&S*!-#5)SI5(J$)!S&#KJ'&S!JNWI&N&)(J)4!5!'$NN$)!
[&#)&I! 'O&'[W$J)(&#! ="+! 5II$`S! (O&! 4#J6! I5V&#! ($! 5''&SS! 5II! (O&S&! JNWI&N&)(5(J$)S! J)! 5! G)JH$#N! 5)6!
(#5)SW5#&)(!H5SOJ$)*!:JHH&#&)(!S&N5)(J'S!NGS(!L&!(#5)SI5(&6!X&*4*!W#$'&SS!SV)'O#$)Jc5(J$)P!W#$'&SS!4#$GW!
566#&SSJ)4Z!5)6!NJSSJ)4!HG)'(J$)5IJ(V!NGS(!L&!&NGI5(&6!X&*4*!'5IIL5'[SZ*!
FG#(O&#N$#&P!'O&'[W$J)(!JN54&!HJI&S!)&&6!($!L&!W#$(&'(&6!545J)S(!G)5G(O$#Jc&6!5''&SS!L&'5GS&!(O&V!S($#&!
S&)SJ(JK&![&#)&I!65(5*!+)!$#6&#!($!L&!S5H&!5)6!S&'G#&!(O&!#&S(5#(!)&&6S!($!(J4O(IV!J)(&#5'(!`J(O!(O&!A(#&&N?,!
S&'G#J(V!S&#KJ'&S*!F$#!N$#&!6&(5JIS!#&H&#!($!dA<Y=e!
!

X2X! P9$(K89$9(
YO&'[W$J)(U#&S(5#(!JS!5!LGJI6J)4!LI$'[!H$#!6JHH&#&)(!JNW$#(5)(!4#J6!HG)'(J$)5IJ(J&S!J)!A(#&&N?,P!&*4*M!

  ]$L! 'O&'[W$J)(J)4M! =! %$L! JS! 'O&'[W$J)(&6! H$#! H5GI(! ($I&#5)'&! #&5S$)S*! -OGSP! (O&! %$L! '5)! L&!
#&S(5#(&6!H#$N!$)&!$H!(O&!W#&KJ$GS!'O&'[W$J)(S!5(!5)V!(JN&*!!

  ]$L!SGSW&)SJ$)M!=!%$L!JS!'O&'[W$J)(&6!L&H$#&!L&J)4![JII&6*!+(!'5)!L&!#&S(5#(&6!I5(&#!$)!(O&!S5N&!$#!
$)!$(O&#!)$6&S!!

  ]$L! NJ4#5(J$)M! =! %$L! `JII! L&! 'O&'[W$J)(&6! `O&)! %$L! NJ4#5(J$)! O5S! L&&)! 6&'J6&6*! -O&! %$L! JS!
'O&'[W$J)(&6P![JII&6!5)6!#&S(5#(&6!H#$N!(O&!'O&'[W$J)(!$)!(O&!S5N&!$#!$(O&#!)$6&S**!

!
-O&S&!HG)'(J$)5IJ(J&S!'5)!L&!GS&6!J)!6JHH&#&)(!'5S&SP!&*4*M!

  ,'O&6GIJ)4M!]$L!NJ4#5(J$)!'5)!L&!GS&6!($!#&5IJc&!S'O&6GIJ)4*!9$`!W#J$#J(V!%$LS!5#&!SGSW&)6&6!($!
#&I&5S&!#&S$G#'&S!H$#!OJ4O!W#J$#J(V!%$LS*!=H(&#`5#6S!I$`!W#J$#J(V!%$LS!5#&!#&S(5#(&6*!!

  ;$6&!6JS'$))&'(J$)M!7&H$#&!6JS'$))&'(J)4!5!)$6&!H#$N!(O&!A(#&&N?,!4#J6P!(O&!%$LS!#G))J)4!$)!
(OJS!)$6&!SO$GI6!L&!NJ4#5(&6!$#!SGSW&)6&6!($!5K$J6!'$NWG(5(J$)!I$SS*!!

  F5GI(!($I&#5)'&M!-$!5K$J6!'$NWG(5(J$)!I$SS!J)!(O&!&K&)(!$H!5!H5JIG#&P!W&#J$6J'!'O&'[W$J)(J)4!'5)!
L&!GS&6*!+H!5!H5JIG#&!$''G#SP!(O&!%$L!`JII!L&!#&S(5#(&6!H#$N!J(S!I5S(!'O&'[W$J)(*!!

  :&LG44J)4M!=!%$L!'O&'[W$J)(!5II$`S!5!6&K&I$W&#!($!#&S(5#(!5!%$L!L&H$#&!5!H5JIG#&!$''G#S!5)6!(OGS!
($!&_5NJ)&!(O&!%$L!L&O5KJ$G#!H#$N!5!'&#(5J)!(JN&!W$J)(!J)!(O&!W5S(*!!

YG##&)(IVP!%$L!'O&'[W$J)(!5)6!#&S(5#(!($!5'OJ&K&!H5GI(!($I&#5)'&!JS!'$K&#&6!LV!(O&!W#$($(VW&*!
!

X21! )#;>:"$;"C#$(
Q*0*T  Y$NW$)&)(S!
-O&! 4#J6! 'O&'[W$J)(J)4! 5#'OJ(&'(G#&! XS&&! HJ4G#&! TZ! '$)SJS(S! $H! 5! OJ&#5#'OV! $H! I$4J'5I! '$NW$)&)(S! (O5(!
(J4O(IV!J)(&#5'(!`J(O!&5'O!$(O&#!KJ5!(O&!,B:=!'$NNG)J'5(J$)!N&'O5)JSNP!S&&!d:Q*Q*0e!5)6!dA<Y=e*!F$#!
(O&!S5[&!$H!'$NWI&(&)&SS!J(S!'$NW$)&)(S!5#&!SO$#(IV!&_WI5J)&6!545J)*!!!
!
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!
M:<C#$(Y6(!"#$$%&'(`#:=(K>$;?/-:@":@<()#;>:"$;"C#$(

!

3A@A1A1!6N'%.(<%IN',B*(:0"'$%
-O&!%$L! 'O&'[W$J)(&#!JS! (O&! '&)(#5I! '$NW$)&)(! $H! (O&!5#'OJ(&'(G#&! (O5(!#&5IJS&S!%$L! 'O&'[W$J)(! 5)6!%$L!
#&S(5#(*!+(!(5[&S!$K&#!(O&!#$I&!$H!(O&! '$$#6J)5($#!J)! '$$#6J)5(&6! 'O&'[W$J)(J)4*!-OGSP!J(!NGS(! '$)6G'(!5II!
J)K$IK&6!4#J6!)$6&S!H$#!%$L.G)J(!SV)'O#$)Jc5(J$)*!
B_JS(J)4![&#)&I!'O&'[W$J)(&#S!'5)!$)IV!S5K&!(O&!S(5(&S!$H!5!SJ)4I&!%$L.G)J(P!SJ)'&!(O&V!5#&!#&S(#J'(&6!($!$)&!
4#J6!)$6&*!+)!(O&!$WW$SJ(&P!(O&!%$L! 'O&'[W$J)(&#!O5S!5!4I$L5I!KJ&`!$)!5II!%$L.G)J(S!(O5(! '$)S(J(G(&!5!%$L*!
-OJS![)$`I&64&!JS!S5K&6!5S!4#J6!'O&'[W$J)(!N&(5.65(5P!`OJ'O!JS!J)6JSW&)S5LI&!5(!%$L!#&S(5#(*!!
=66J(J$)5IIVP!J(!JS!(O&!%$L!'O&'[W$J)(&#S!6G(V!($!J6&)(JHV!5![&#)&I!'O&'[W$J)(&#!(O5(!SGJ(S!5)!5WWIJ'5(J$)Sg!
#&bGJ#&N&)(S!H$#!'$)SJS(&)(!'O&'[W$J)(S*!
-O&!%$L!'O&'[W$J)(&#!5IS$!J)(&#5'(S!`J(O!(O&!'O&'[W$J)(!HJI&!45#L54&!'$II&'($#!($!&HHJ'J&)(IV!N5)54&!6JS[!
SW5'&*!
!

3A@A1A3!.(< F/0:"%,N',B*(:0"'$ %
-O&! %$L! 'O&'[W$J)(&#! '$)(5'(S! 5II! %$L.G)J(! 'O&'[W$J)(&#SP! (O5(! O5K&! L&&)! S&I&'(&6! H$#! %$L.G)J(!!
'O&'[W$J)(U#&S(5#(*!B5'O!%$L.G)J(!'O&'[W$J)(&#!'$)(5'(S!5)!5WW#$W#J5(&!G)6&#IVJ)4![&#)&I!'O&'[W$J)(&#*!!
F$#!(O&!%$L.G)J(! 'O&'[W$J)(&#.S&#KJ'&!($!L&!GS&6!G)N$6JHJ&6!$)!&5'O! '$$W&#5(J)4!4#J6!)$6&P!(O&!S&#KJ'&!
W#$KJ6&S! 5)! 5LS(#5'(J$)! I5V&#P! (O&! '$NN$)! [&#)&I! 'O&'[W$J)(&#! ="+*! -O&! ="+! 5II$`S! (O&! %$L.G)J(!
'O&'[W$J)(&#!($!(#5)SW5#&)(IV!5''&SS!6JHH&#&)(![&#)&I!'O&'[W$J)(&#S*!!
!

3A@A1A@!6$#029#":(0%O:<$#$7%
-$! L#J64&!(O&! 5LS(#5'(! %$L.G)J(! 'O&'[W$J)(&#P! #G))J)4! $)! 5! 5II! 4#J6! )$6&SP! `J(O! 5)! J)6JKJ6G5I! [&#)&I!
'O&'[W$J)(&#P!5!(#5)SI5(J$)!'$NW$)&)(!NGS(!L&!W#$KJ6&6*!-OJS!(#5)SI5(J$)!IJL#5#V!JNWI&N&)(S!(O&!'$NN$)!
[&#)&I! 'O&'[W$J)(&#!="+!$H!(O&!GWW&#!I5V&#!H$#!5)!G)6&#IVJ)4! [&#)&I! 'O&'[W$J)(&#*!+(!#&S$IK&S!S&N5)(J'!
6JHH&#&)'&S! L&(`&&)! (O&! =B@! `$#I6! 5)6! 6JHH&#&)(! [&#)&I! 'O&'[W$J)(&#S! #&45#6J)4! '5IIJ)4! S&N5)(J'SP!
W#$'&SS!4#$GWS!X%$L.G)J(!KS*!8)J_!S&SSJ$)SP!8)J_!W#$'&SS!4#$GWSP!W#$'&SS!(#&&SP!9J)G_,,+!5WWIJ'5(J$)SZP!
W#&W5#&S!5)!&)KJ#$)N&)(!H$#!GSJ)4!5!'O$S&)![&#)&I!'O&'[W$J)(&#!XS&(!'5W5LJIJ(J&SP!&('*Z!5)6!#&S$IK&S!J)(&#.
%$L!6&W&)6&)'J&S*!
!

3A@A1AP!Q'$0'9%,N',B*(:0"'$2%
i&#)&I!'O&'[W$J)(&#S!5#&!(O&!I$`.I&K&I!'$NW$)&)(S!J)!(OJS!5#'OJ(&'(G#&!(O5(!'O&'[W$J)(!5)6!#&S(5#(!W#$'&SS!
4#$GWS*!!
!
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Q*0*Q  YO&'[W$J)(!FJI&!@5)54&N&)(!
-`$!L5SJ'!(VW&S!$H!'O&'[W$J)(!65(5!&_JS(*!FJI&S!'$)(5J)J)4!(O&!'O&'[W$J)(!JN54&!J(S&IH!5)6!HJI&S!6&S'#JLJ)4!
(O&!S)5WSO$(M!4#J6!'O&'[W$J)(J)4!N&(5.65(5*!<&)&#5IIVP!'O&'[W$J)(!JN54&S!5#&!LJ44&#!(O5)!(O&!N&(5.65(5*!
=!45#L54&!'$II&'($#!O5S!($!6&'J6&!`OJ'O!HJI&S!L&'5N&!G))&'&SS5#V!5)6!(OGS!'5)!L&!#&N$K&6*!F$#!&_5NWI&!
'O&'[W$J)(SP! '#&5(&6!J)! (O&! '$)(&_(!$H!5! NJ4#5(J$)P! '5)! L&!6&I&(&6!JNN&6J5(&IV!5H(&#! (O&! NJ4#5(J$)! O5S!
HJ)JSO&6*!!
YO&'[W$J)(S!'#&5(&6!J)!(&#NS!$H!H5GI(!($I&#5)'&!NGS(!L&!5)5IVS&6!W#$W&#IV!L&H$#&!#&N$KJ)4*!
:&W&)6&)'J&S!L&(`&&)!'O&'[W$J)(!JN54&S!'5)!$''G#!XJ)'#&N&)(5I!'O&'[W$J)(SZ*!+)!(O&!`$#S(!'5S&!JH!$)&!
JN54&!O5S!L&&)!#&N$K&6P!(O&!#&N5J)J)4!$)&S!'5)!L&'$N&!GS&I&SS*!!
7$(O! (VW&S! $H! 'O&'[W$J)(! HJI&S! 5#&! WI5'&6! G)6&#! A(#&&NF,! K$IGN&S! ($! N5[&! (O&N! 5K5JI5LI&! 5(! #&S(5#(!
J)6&W&)6&)(!$H!(O&!6&S(J)5(J$)!)$6&*!
!

Q*0*0  ,&'G#J(V!
,&K&#5I!S&'G#J(V!(O#&5(S!&_JS(!J)!(O&!4#J6! 'O&'[W$J)(J)4! '$)(&_(*!YO&'[W$J)(J)4!%$L.G)J(S!J)'IG6&!WG((J)4!
W#$'&SS&S! 5SI&&WP! `OJ'O! JS! 5! S&'G#J(V.S&)SJ(JK&! 5'(J$)*! 8)5G(O$#JS&6! %$L! J)(&##GW(J$)S! NGS(! )$(! $''G#*!
-O&#&H$#&P!$)IV!5G(O&)(J'5(&6!5)6!5G(O$#JS&6!GS&#S!5#&!5II$`&6!($!JSSG&!%$L!'O&'[W$J)(J)4*!
FG#(O&#N$#&P!J(! JS! )$(!&)$G4O! ($! J6&)(JHV!5! GS&#!5S!5)! A(#&&N?,! GS&#!5(!#&S(5#(*! -O&!GS&#! NGS(!L&! (O&!
$`)&#!$H!(O&!'O&'[W$J)(!HJI&S!($!SG''&SSHGIIV!#&S(5#(!.!(O&!GS&#.J6&)(JHJ'5(J$)!NGS(!N5('O!(O&!$`)&#!$H!(O&!
'O&'[W$J)(! HJI&S*! -O&! GS&#.J6&)(JHJ'5(J$)! NGS(! 5IS$! N5('O! (O&! GS&#.J6&)(JHJ'5(J$)! $H! (O&! (5S[! XW#$'&SSZ*!
?(O&#`JS&P!S&'G#J(V!N&'O5)JSNS!5(! [&#)&I! I&K&I!6&)V! (O&!#&S(5#(!6G&! ($!J)SGHHJ'J&)(!HJI&!5''&SS!5)6! (5S[!
W&#NJSSJ$)S*!
YO&'[W$J)(S!5#&!HJI&S!(O5(!`JII!L&!(#5)SH&##&6!$K&#!)$6&S!5)6!(O5(!5#&!S($#&6!$)!6JS[S*!:5(5!J)(&4#J(V!NGS(!
L&!&)SG#&6!($!GS&!5)!G)N$6JHJ&6!JN54&!5(!#&S(5#(!(JN&*!BK&)(G5I!65(5!'$##GW(J$)S!6G#J)4!JN54&!(#5)SH&#S!
NGS(!L&!6&(&'(5LI&*!!
!

Q*0*h  F5GI(!-$I&#5)'&!a$#[HI$!̀
3A@APA1!IN',B*(:0"%!'R/'0,' %
-O&!S&bG&)'&!'$)SJS(S!$H!(O&!H$II$`J)4!WO5S&SM!

!
T! i&#)&I! 'O&'[W$J)(&#! S&I&'(J$)M! aO&)! (O&! %$L! 'O&'[W$J)(&#! #&'&JK&S! (O&! %$L! 'O&'[W$J)(! '$NN5)6P! J(!
HJ4G#&S!$G(!(O&!L&I$)4J)4!%$L.G)J(S!5)6!4#J6!)$6&S*!-O&)P!5)!5WW#$W#J5(&![&#)&I!'O&'[W$J)(&#!W&#!J)K$IK&6!
4#J6!)$6&!`JII!L&!J6&)(JHJ&6!5)6!(O&!N5('OJ)4!(#5)SI5(J$)!S&#KJ'&!`JII!L&!'5II&6*!
!
Q! "#&W5#5(J$)! $H! [&#)&I! 'O&'[W$J)(&#! &)KJ#$)N&)(M! =H(&#`5#6S! (O&! W#&W5#&! WO5S&! JS! &)(&#&6*! -O&! %$L!
'O&'[W$J)(&#!566#&SS&S!&5'O!%$L.G)J(! 'O&'[W$J)(&#!J)!$#6&#!($!S&(!GW!5)!&)KJ#$)N&)(!`O&#&!(O&!S&I&'(&6!
[&#)&I!'O&'[W$J)(&#!'5)!L&!GS&6*!FG#(O&#N$#&P!(O&!%$L.G)J(!'O&'[W$J)(&#!NGS(!&K5IG5(&P!`O&(O&#!(O&!%$L.
G)J(S!W#$'&SS&S!'5)!L&!#&H&#&)'&6!LV!5!W#$'&SS!4#$GW!(O&![&#)&I!'O&'[W$J)(&#!GS&S!H$#!'O&'[W$J)(U#&S(5#(*!
+H! (OJS! '5))$(! L&! &)SG#&6P! (O&! %$L.G)J(! 'O&'[W$J)(&#! NGS(! )$(JHV! (O&! %$L! 'O&'[W$J)(&#! 5L$G(! (O5(!.!
'O&'[W$J)(J)4!$H!5II!%$L.G)J(S!NGS(!L&!5L$#(&6!($!5K$J6!J)'$)SJS(&)(! 'O&'[W$J)(S!$#!6JS(G#L5)'&!$H!$(O&#!
W#$'&SS&S*! =(! (O&! &)6! $H! (OJS! WO5S&! #&S(5#(.#&I&K5)(! N&(5.65(5! W&#! %$L.G)J(! 5#&! #&(G#)&6! ($! (O&! %$L!
'O&'[W$J)(&#!($!S5K&!$)!6JS[*!
!
0! X]$L! ,V)'O#$)Jc5(J$)! 5)6Z! ]$L! YO&'[W$J)(M! -O&! )&_(! WO5S&S! 6&W&)6! $)! (O&! 'O&'[W$J)(! W$IJ'V*! +)!
'$$#6J)5(&6!'O&'[W$J)(J)4!(O&!%$L!'O&'[W$J)(&#!5S[S!5II!J)K$IK&6!%$L.G)J(!'O&'[W$J)(&#S!($!S($W!(O&!%$L.
G)J(S*! 7&H$#&! (O5(P! (O&! %$L.G)J(! 'O&'[W$J)(&#! #&bG&S(S! (O&! [&#)&I! 'O&'[W$J)(&#! ($! &_&'G(&! GS&#.6&HJ)&6!
'5IIL5'[!HG)'(J$)S*!+)! (O&! 'O&'[W$J)(!WO5S&P! (O&!%$L! 'O&'[W$J)(&#!#&bG&S(S! (O&!%$L.G)J(! 'O&'[W$J)(&#! ($!
(5[&! 5! S)5WSO$(! $H! &5'O! %$L.G)J(*! -O&! %$L.G)J(! 'O&'[W$J)(&#! W#$W545(&S! (O&! #&bG&S(! ($! (O&! [&#)&I!
'O&'[W$J)(&#*! i&#)&I! S(#G'(G#&S! #&W#&S&)(J)4! N&N$#V! W54&SP! #&4JS(&#SP! SJ4)5I! S(#G'(G#&SP!&('*! 5#&! S5K&6!
$)($!6JS[*!
!
h!>&SGN&!%$L!&_&'G(J$)M!=H(&#!5II!%$L.G)J(S!O5K&!HJ)JSO&6!`J(O! 'O&'[W$J)(J)4P!(O&!%$L! 'O&'[W$J)(&#!O5S!
(O&!%$L.G)J(!'O&'[W$J)(&#S!#&SGN&!(O&!%$L.G)J(S*!
!

3A@APA3!J'2"#$"%2'R/'0,'%
F$#! %$L.#&S(5#(! 5! %$L! J6&)(JHJ'5(J$)! 5)6! 5! 'O&'[W$J)(! K&#SJ$)! 5#&! W#$KJ6&6*! ?(O&#! #&S(5#(.#&I5(&6!
J)H$#N5(J$)!X&*4*!)&&6&6![&#)&I!'O&'[W$J)(&#P!#&S$G#'&S!($!L&!#&5II$'5(&6P!&('*Z!5#&!#&(#J&K&6!H#$N!(O&!W&#!
%$L.G)J(! N&(5.65(5!LV! (O&!%$L! 'O&'[W$J)(&#*! -O&!%$L! 'O&'[W$J)(&#!#&LGJI6S! (O&! I$4J'5I! '$NW$)&)(S! (O5(!
'$)S(J(G(&!5!%$L*! -O&!%$L! 'O&'[W$J)(&#!#&bG&S(S!(O&!%$L.G)J(! 'O&'[W$J)(&#!($!#&'#&5(&!(O&!L&I$)4J)4!%$L.
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G)J(S*! -O&! W&#! %$L.G)J(! #&S$G#'&SP! 5S! K5IJ6! L&H$#&! 'O&'[W$J)(J)4P! `JII! L&! #&5II$'5(&6! LV! (O&! %$L.G)J(!
'O&'[W$J)(&#*!!
=H(&#! O5KJ)4! S&(GW! (O&S&! 4#J6! ?,! J)O&#&)(! '$NW$)&)(SP! )5(JK&! ?,! &)(J(J&S! SG'O! 5S! W#$'&SS&S! NGS(! L&!
#&'#&5(&6*!-O&#&H$#&P!(O&!%$L.G)J(! 'O&'[W$J)(&#S!566#&SS!(O&!G)6&#IVJ)4! [&#)&I! 'O&'[W$J)(&#S*!Y$)(#$I!JS!
(OGS!SOJH(&6!($!(O&![&#)&I!'O&'[W$J)(&#S!H$#!#&LGJI6J)4!W#$'&SS&S*!
=H(&#!5II!%$L.G)J(S!W#$'&SS&S!O5K&!L&&)!#&LGJI(P!(O&!%$L!'O&'[W$J)(&#!56KJ'&S!(O&!%$L.G)J(!'O&'[W$J)(&#S!($!
O5K&!(O&![&#)&I!'O&'[W$J)(&#!#&SGN&!(O&!)&`IV!#&'#&5(&6!W#$'&SS&S*!-O&!I$'5I!?,!S'O&6GI&#!6&'J6&S!`O&)!
(O&V!W#$'&&6!`J(O!&_&'G(J$)*!
FJ)5IIVP!(O&![&#)&I! 'O&'[W$J)(&#!'5GS&S!5!%$L.G)J(!($!&_&'G(&!(O&J#!#&S(5#(.'5IIL5'[S!X&*4*!($!#&56!J)!HJI&SP!
#&'#&5(&!'$NNG)J'5(J$)!'O5))&ISZ*!
!

X2[! T%/E$%$@"8":-@(
Q*h*T  Y$NW$)&)(S!
3APA1A1!.(<%,N',B*(:0"'$%CIJ.(<S0LD%
-O&! Y>]$L@)4! JS! 5! )&`! =B@! S&#KJ'&! JNWI&N&)(J)4! (O&! %$L! 'O&'[W$J)(&#P! S&&!Q*0*T*T*! -O&! %$L!
'O&'[W$J)(&#!JS!5)!&_(&)SJ$)!$H! (O&!%$L!N5)54&#!X^-F+@<Z! ($!#&5IJS&!H5GI(! ($I&#5)'&!5)6!NJ4#5(J$)!H$#!
%$LS*!!
-O&!%$L!'O&'[W$J)(&#!'#&5(&S!4#J6.'O&'[W$J)(J)4!N&(5.65(5!5(!'O&'[W$J)(!(JN&!5)6!S5K&S!(O&N!W&#!%$L.G)J(!
J)! (O&! 4#J6! 'O&'[W$J)(! _NI! X'W_Z! HJI&*! -O&! 'W_! HJI&! JS! L5S&6! $)! 5! S&IH.6&HJ)&6! _NI! S'O&N5(5! (O5(! JS!
$W(JNJc&6!H$#!'O&'[W$J)(U#&S(5#(!GS&.'5S&S*!@&(5.65(5!`JII!L&!S5K&6!J)!5!6J#&'($#V!S(#G'(G#&!$W(JNJc&6!H$#!
%$L!#&S(5#(!X%$L+6U'O&'[W$J)(jK&#SJ$)U%$L.G)J(UZ!G)6&#!A(#&&NF,*!
=(!%$L!#&'#&5(J$)P!(O&!%$L!'O&'[W$J)(&#!#&bGJ#&S!5''&SS!($!(O&!%$L!N5)54&#!J)!$#6&#!($!566!5!%$L!($!(O&!%$L!
IJS(!5)6!(O&!%$L!6J#&'($#V*!!
FG#(O&#N$#&P! #&S$G#'&! #&5II$'5(J$)! JS! #&5IJS&6! LV! &_JS(J)4! '$6&! $)! =B@*! F&`! N$6JHJ'5(J$)S! 5#&! S(JII!
)&&6&6! ($! S&I&'(! 4#J6! )$6&S! (O5(! SGJ(! 'O&'[W$J)(U#&S(5#(! #&I5(&6! W5#5N&(&#S! X#&S$G#'&! #&5II$'5(J$)! JS! )$(!
L5S&6!$)!%S6I!HJI&P!LG(!$)!(O&!'W_!HJI&Z*!=!)&`!J)(&#H5'&!($!(O&!#&S$G#'&!5II$'5(J$)!HG)'(J$)5IJ(V!JS!)&&6&6!
(5[J)4!'W_!HJI&!K5IG&S!J)($!5''$G)(*!
-O&! %$L! 'O&'[W$J)(&#! #&IJ&S! $)! (O&! %$L! N5)54&#! H$#! S&((J)4! 5)6! #&I&5SJ)4! 5! %$L! I$'[! (O5(! O56! ($! L&!
J)(#$6G'&6*!+(!JS!GS&6!($!W#&K&)(! (O&!%$L!H#$N!J)(&#N&6J5(&! 'O&'[W$J)(SU#&S(5#(S!(#J44&#&6! `OJI&!SG'O!5)!
5'(J$)!JS!J)!W#$4#&SS*!!!
!

3APA1A3!.(< F/0:"%,N',B*(:0"'$%CIJTM',S0LD%
-O&!Y>B_&'@)4!JS!(O&!S&#KJ'&!JNWI&N&)(J)4! (O&!%$L.G)J(! 'O&'[W$J)(&#P!S&&!Q*0*T*Q*!+(! (5[&S!5!%$L.G)J(!
'O&'[W$J)(P! 5)6! #&'#&5(&S! 5! %$L.G)J(*! -O&! %$L.G)J(! 'O&'[W$J)(&#! W#&S&)(S! 5)! 5LS(#5'(! ="+! (O5(! NGS(! L&!
JNWI&N&)(&6!J)6JKJ6G5IIV!LV!&5'O!G)6&#IVJ)4![&#)&I!'O&'[W$J)(&#!(#5)SI5(J$)!IJL#5#V*!
-O&!];+!(&'O)$I$4V!JS!GS&6!($!L#J64&!(O&!]5K5!4#J6!S&#KJ'&!`$#I6!($!(O&!Y![&#)&I!'O&'[W$J)(&#!`$#I6*!!
-O&!%$L.G)J(!'O&'[W$J)(&#!#&IJ&S!$)!5''&SSJ)4!(O&!&_&'G(J$)!N5)54&#!($!5'OJ&K&M!#&(#J&K5I!$H!%$L!W#$'&SS!
J6S! X[&#)&I! 'O&'[W$J)(&#! JS! G)5`5#&! $H! (O&! %$L! '$)'&W(ZP! #&'#&5(J$)! $H! 5! %$L.G)J(! XN&NL&#S! $H! (O&!
&_&'G(J$)! N5)54&#! )&&6! ($! L&! 5''&SS&6P!&*4*! %$L.G)J(! O5SO(5LI&Z! 5)6! #&5SSJ4)N&)(! $H! W#$'&SS&S! ($! 5!
#&S(5#(&6!%$L*!
-O&!%$L.G)J(! 'O&'[W$J)(&#!W#$KJ6&S!5)!J)(&#H5'&!H$#!5WWIJ'5(J$)S!($!#&4JS(&#!HG)'(J$)S!(O5(! '5)!L&! '5II&6!
L&H$#&!'O&'[W$J)(J)4P!5H(&#!#&S(5#(P!J)!5![&#)&I!'O&'[W$J)(&#!(#5)SW5#&)(!H5SOJ$)*!!
!

3APA1A@!6$#029#":(0%O:<$#$7%
-O&!Y>-#5)S9JL!JS!(O&!(#5)SI5(J$)!IJL#5#VP!S&&!Q*0*T*0*!+(!#&5IJS&S!(O&!'$NN$)![&#)&I!'O&'[W$J)(&#!="+!H$#!
5! SW&'JHJ'! [&#)&I! 'O&'[W$J)(&#*! -O&! (#5)SI5(J$)! IJL#5#V! JS! '5W5LI&! $H! 566#&SSJ)4! GS&#.SW5'&P! OVL#J6! 5)6!
WG#&![&#)&I! 'O&'[W$J)(&#S*!+(!L#J64&S!'5IIJ)4!W#JNJ(JK&S!$H!K5#J$GS![&#)&I! 'O&'[W$J)(&#S*!FG#(O&#N$#&P!J(!
S&(S!GW!5!SW&'JHJ'!&)KJ#$)N&)(!H$#!5![&#)&I!'O&'[W$J)(&#!($!L&!GS5LI&*!-O&!(#5)SI5(J$)!IJL#5#V!NGS(!&)SG#&!
(O5(!(O&![&#)&I!'O&'[W$J)(&#!'5)!#&H&#&)'&!(O&!&_5'(!W#$'&SS&S!(O5(!=B@!6&(&'(S!5S!5!%$L.G)J(*!?(O&#`JS&P!
'O&'[W$J)(J)4!`JII!)$(!`$#[P!S&&!dY"<<Be!H$#!N$#&!J)H$#N5(J$)*!!
!

3APA1AP!Q'$0'9%,N',B*(:0"'$%
-O&! 9J)G_,,+! 5)6! 9J)G_A?,! [&#)&I! 'O&'[W$J)(&#S! O56! ($! L&! &_(&)6&6! J)! $#6&#! ($! L&! 566#&SS5LI&! LV!
=B@!($!#&5IJS&!'$$#6J)5(&6!'O&'[W$J)(U#&S(5#(!$H!5!%$L!`J(O!NGI(JWI&!%$L.G)J(S*!
!
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Q*h*Q  9JNJ(5(J$)S!$H!(O&!'G##&)(!W#$($(VW&!
>&S$G#'&!#&5II$'5(J$)!5(!#&S(5#(!JS!V&(!L5S&6!$)!(O&!%S6I!HJI&!X5S!%$L!SGLNJSSJ$)Z*!-OGSP!#&S$G#'&!5II$'5(J$)!
JS!6$)&!`J(O$G(!(5[J)4!5!SGJ(5LI&![&#)&I!'O&'[W$J)(&#!J)($!5''$G)(P!5S!'5)!L&!6$)&!`O&)!GSJ)4!(O&!'W_!HJI&*!
-O&! 'G##&)(! N5WWJ)4! $H! 5! 4I$L5I! GS&#! J6&)(J(V! ($! 5! I$'5I! GS&#! J6&)(J(V! JS! )$(! S(5(J'*! +H! 5! GS&#! 4&(S!
5G(O&)(J'5(&6!5(!#&S(5#(P!O&!4&(S!5)$(O&#!GJ6U4J6!5SSJ4)&6*!-O&S&!#&SGI(S!J)!(O&!5L$#(J$)!$H!#&S(5#(!SJ)'&!(O&!
S5N&!GS&#!`J(O!5)$(O&#!GJ6U4J6!6$&S!)$(!4&(!HJI&!5''&SS!W&#NJSSJ$)!5)6!'5))$(!L&!J6&)(JHJ&6!5S!$`)&#!$H!
(O&!(5S[!S($#&6!J)! (O&! 'O&'[W$J)(*!=S! I$)4!5S!(OJS!JSSG&!JS! )$(!S$IK&6P!S&'G#J(V! '5))$(!L&!5WWIJ&6!($!%$L!
'O&'[W$J)(U#&S(5#(*!!
>&S$G#'&!'$)HIJ'(S!5(!#&S(5#(!H$II$`J)4!5!#&L$$(!O5K&!($!L&!566#&SS&6*!
(
(

1! 789:;(B&('C//-#" (

12Y! &O$#O:$D(
=WWIJ'5(J$)!B_&'G(J$)!@5)54&N&)(!JS!5!'$NWI&_!S&(!$H!S&#KJ'&S!(O5(!SW5)S!(O&!`O$I&!SW&'(#GN!$H!(O&!4#J6!
)$6&SM!
!

  ;E:$@"(@-=$9P!`O&#&!(O&!GS&#!S&(S!GW!(O&!%$LS!5)6!SGLNJ(S!(O&NP!J)SW&'(S!(O&!%$LgS!W#$4#&SSP!5)6!
&_5NJ)&S!(O&!#&SGI(S!$H!(O&!HJ)JSO&6!%$LSP!

  ;-#$(@-=$9P!`OJ'O!#G)!(O&!&SS&)(J5I!=B@!S&#KJ'&SP!5)6!

  D-#?$#(@-=$9P!`O&#&!(O&!%$LS!&_&'G(&!J)!(O&!H$#N!$H!(O&!W#$'&SS&S*!

-O&!GS&#!(O&#&H$#&!5WW&5#S!$)!(O&!'IJ&)(!&)6P!9CF%:"":@<((O&!%$L!#&bG&S(!($!(O&!'$#&!S&#KJ'&S!$H!(O&!=B@*!
=B@!(O&)!9$E$;"9(">$(D-#?$#(@-=$9!($!S'O&6GI&!(O&!%$L!&_&'G(J$)!$)*!=(!(O&!S'O&6GI&6!(JN&P!=B@!)$6&!
S&#KJ'&S!$L$;C"$!(O&!%$L*!-O&!'IJ&)(!&)5LI&S!(O&!GS&#!($!;>$;?(">$(/#-<#$99!$H!(O&!%$L!5)6!8;;$99$9(">$(
#$9CE"9*! -O&!%$L! '$)SGN&S!#&S$G#'&SP!L&J)4!5!SGL%&'(! ($! I$'5I! 5)6!4I$L5I!W$IJ'J&S*! -OJS!N&5)S! (O5(! (O&!
=B@!S&#KJ'&S!)&&6!5!(J4O(!'$$W&#5(J$)!$H!(O&!DJ#(G5I!?#45)Jc5(J$)!@&NL&#SOJW!XD?@Z!S&#KJ'&S!($!5SS&#(!
(O&!GS&#gS!J6&)(J(V!5)6!N&NL&#SOJW!J)!(O&!D?SP!5)6!($!5K$J6!S'O&6GIJ)4!(O&!%$LS!($!(O$S&!#&S$G#'&S!(O5(!
`$GI6!L&!'5(&4$#J'5IIV!#&%&'(&6!5(!(O&!(JN&!$H!(O&!&_&'G(J$)*!!
+)!(OJS!S&'(J$)P!`&!`JII!H$'GS!$)!(O&!N&5SG#&S!(5[&)!J)!=B@!($!&)SG#&!(O&!L5SJ'!D?!SGWW$#(*!
!

!

12X! P9$(;89$9(8@=(=$"8:E9(
0*Q*T  8S&#!'#&6&)(J5IS!
+)!A(#&&N?,P!`&!&NWI$V!(O&!GS&#!5G(O&)(J'5(J$)!5)6!5G(O$#Jc5(J$)!GSJ)4!5)!A*1/\! '&#(JHJ'5(&*!-O&!GS&#!
)&&6S! ($! $L(5J)!(O&! K5IJ6! '&#(JHJ'5(&! XA?,.Y&#(Z! H#$N! (O&! Y:=! S&#K&#*! =B@! (O&)! #&IJ&S! $)! (O&!
(#GS(`$#(OJ)&SS!$H!(O&!'&#(JHJ'5(J$)!5G(O$#J(V!`OJ'O!SJ4)&6!(O&!GS&#gS!A?,.Y&#(*!F$#!W&#H$#N5)'&!#&5S$)SP!
=B@!6$&S!)$(!'O&'[!`J(O!5)V!S&#K&#S!H$#!(O&!5G(O&)(J'J(V!$H!(O&!GS&#P!LG(!#5(O&#!'O&'[S!(O&!K5IJ6J(V!$H!(O&!
A?, .Y&#(P!5)6!$L(5J)S!(O&!)&&6&6!6&(5JIS!$)!(O&!GS&#!H#$N!(O&!'&#(JHJ'5(&gS!&_(&)SJ$)S*!!
-O&!GS&#gS!'&#(JHJ'5(&!JS!5!#&bGJ#&6!W5#5N&(&#!H$#!5II!%$L.#&I5(&6!=B@!'IJ&)(!5'(J$)S*!-O&!J)(&#)5I!="+!5IS$!
5SSGN&S!(O5(!`J(O!=B@!S&#KJ'&!'5IIS!(O&!S&#KJ'&!$L(5J)S!(O&!WGLIJ'!'&#(JHJ'5(&!W5#(!$H!(O&!A?,.Y&#(*!=B@!
S&#KJ'&S! GS&S! (OJS! '&#(JHJ'5(&! ($! 'O&'[! J(S! K5IJ6J(VP! 5)6! &_(#5'(S! (O&! '&#(JHJ'5(&gS!K-%%-@( V8%$! `OJ'O!
'$)(5J)S!(O&!G)JbG&!4I$L5I!+:!$H!(O&!GS&#*!=B@!GS&S!(OJS!+:!($!N5W!(O&!%$L!5)6!(O&!'$##&SW$)6J)4!5'(J$)S!
($!(O&!GS&#*!-O&!HG#(O&#!GS&!$H!(O&!'&#(JHJ'5(&!JS!($!W5SS!J(!$)!($!(O&!$(O&#!D?@!S&#KJ'&SP!S$!(O5(!(O&V!'5)!
(5[&!56K5)(54&!$H!(O&!'&#(JHJ'5(&!&_(&)SJ$)S!5)6!(O&J#!K5IG&S*!
K>$;?:@<(">$(;$#":J:;8"$a9(O8E:=:".!J)!=B@!J)K$IK&S!(O&!H$II$`J)4M!
!

  'O&'[J)4P!`O&(O&#!(O&!'G##&)(!65(&!5)6!(JN&!JS!5(!$#!5H(&#!(O&!'&#(JHJ'5(&gS!0("%<')($'!HJ&I6!K5IG&P!

  'O&'[J)4P!`O&(O&#!(O&!'G##&)(!65(&!5)6!(JN&!JS!L&H$#&!$#!5(!(O&!'&#(JHJ'5(&gS!0("%#)"'$!HJ&I6!K5IG&P!

  5SS&#(J)4!(O5(!(O&!'&#(JHJ'5(&!`5S!SJ4)&6!LV!$)&!$H!(O&!(#GS(&6!'&#(JHJ'5(J$)!5G(O$#J(J&S*!

0*Q*Q  >&S$G#'&!,&I&'(J$)!
=B@gS!>&S$G#'&!@5)54&N&)(!#&IJ&S!$)!$(O&#!S&#KJ'&S!($!$L(5J)!(O&!IJS(!$H!(O&!#&S$G#'&S!SGJ(5LI&!H$#!(O&!
GS&#gS!%$L*! -O&!W$IJ'J&S!#&I5(&6! ($!6JHH&#&)(!D?S!W&#NJ(!$#!6&)V! (O&!5''&SS! ($!SW&'JHJ'!)$6&Sk!(O&#&H$#&!
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=B@!SO$GI6!HJ#S(!&)SG#&!(O5(!(O&!#&S$G#'&!S'O&6GIJ)4!5SSJ4)S!#&5IJS(J'!#&S$G#'&S!($!5!%$L*!-O&!GS&#!S&I&'(S!
`OJ'O!D?!($!GS&!H$#!(O&!%$L!SGLNJSSJ$)P!LG(!(O&!SGLNJSSJ$)!O5S!5!'O5)'&!($!SG''&&6!$)IV!JH!(O&!GS&#!O5S!
(O&!W#$W&#!'#&6&)(J5IS!H$#!(O&!D?*!=B@!'$)SGI(S!B&,' !5)6!)H' !J)!(OJS!W#$'&SS*!
)H' *! -OJS! S&#KJ'&! W#$KJ6&S! (O&! #&S$G#'&! 6JS'$K&#V*! =B@! SGLNJ(S! 5! bG&#V! J)! (O&! H$#N! $H! 5! ],:9!
6$'GN&)(!(O5(! '$)(5J)S!(O&!#&S$G#'&!#&bGJ#&N&)(S!H$#!(O&!%$L*!?W(J$)5IIVP!J)!5!N$#&!56K5)'&6!S'&)5#J$P!
(O&!bG&#V!5IS$!J)'IG6&S!(O&!W$IJ'V!HJI(&#!$L(5J)&6!H#$N!D?",!($!W#$KJ6&!5!L&((&#!&5#IV!#&S$G#'&!S&I&'(J$)*!
B&,' *!-OJS!S&#KJ'&!S($#&S!(O&!W$IJ'J&S!H$#!(O&!D?S*!=B@!N5[&S!5!S&#KJ'&! '5II!($!D?",P!W#$KJ6J)4!(O&!
$G('$N&!$H!(O&!#&S$G#'&!6JS'$K&#V!5)6!(O&!GS&#gS!'#&6&)(J5IS*!D?",!W&#H$#NS!566J(J$)5I!HJI(&#J)4!L5S&6!$)!
(O&!D?gS!5)6!GS&#gS!6&(5JISP!5)6!#&(G#)S!5!SJ4)&6!6&'JSJ$)! '$)(5J)J)4!(O&!'&#(JHJ&6!#&S$G#'&S!(O5(! '5)!#G)!
(O&!GS&#gS!%$L*!
-O&#&H$#&P!=B@!6$&S!)$(!&)H$#'&!5)V(OJ)4!#&45#6J)4!(O&!D?S!&_WIJ'J(IVP!LG(!#5(O&#!GS&S!$(O&#P!SW&'J5IJS&6!
S&#KJ'&S!5S!6&'JSJ$)!W$J)(S*!!

0*Q*0  ]$L!B_&'G(J$)!5)6!>&SGI(!Y$II&'(J$)!
=B@gS!B_&'G(J$)!@5)54&#!#G)S!(O&!W#$'&SS&S!L&I$)4J)4!($!5!%$L*!-O&!W#$'&SS&S!)&&6!($!#G)!$)!L&O5IH!$H!
(O&!GS&#*!!
!"#$$%&'(,)+(%-=CE$9 !W#$KJ6&!5!S&SSJ$)!$)!5!I$'5I!)$6&!($!#G)!(O&!%$LgS!W#$'&SS&S*!=B@!W5SS&S!($!
(O&!N$6GI&S! (O&!GS&#gS! '&#(JHJ'5(&P! I&((J)4! (O&!%$LgS!W#$'&SS&S!L&!#G)!5S!JH! (O&!GS&#! I$44&6!J)($! (O&! )$6&!
GSJ)4!(O&!4I$L5I!GS&#!+:*!=B@!5IS$!S&(S!(O&!W$IJ'J&S!5)6!IJNJ(5(J$)S!#&bGJ#&6!LV!(O&!D?.I&K&I!W$IJ'J&S!5)6!
(O&!S'O&6GI&!'$)S(#5J)(SP!5)6!(O&!"=@!N$6GI&S!&)H$#'&!(O&NP!'$NLJ)&6!`J(O!(O&!I$'5I!W$IJ'J&S*!
!"#$$%M' !S&#KJ'&!W#$KJ6&S!(O&!6JS(#JLG(&6!S($#54&!5)6!)&(`$#[&6!5''&SS!($!(O&!`$#[J)4!HJI&S*!=B@!6$&S!
)$(!J)(&#5'(!`J(O!A(#&&NF,!6J#&'(IVP!LG(!(O&!%$LS!&_&'G(&6!LV!=B@!'5)!I$56!(O&!J)WG(!65(5!H#$N!$#!S($#&!
(O&!$G(WG(!J)($!5!D?!K$IGN&!$H!A(#&&NF,*!!
!

121! )#;>:"$;"C#$(
+)! (O&!W#$($(VW&P! =B@!#&W#&S&)(S! (O&! '$)SGN&#!SJ6&!$H! (O&!DJ#(G5I!?#45)Jc5(J$)!@5)54&N&)(!XD?@Z!
S&#KJ'&S*!FJ4G#&!Q!SO$`S!5!SJNWIJHJ&6!6J54#5N!$H! (O&! `$#[HI$`! H$#! (O&!%$L!SGLNJSSJ$)P!JIIGS(#5(J)4! (O&!
$K&#5II! 5#'OJ(&'(G#&! $H! (O&! D?! SGWW$#(! H$#! (O&! %$L! SGLNJSSJ$)*! -O&! JIIGS(#5(J$)! J)K$IK&S! (O&! H$II$`J)4!
S(&WSM!

T*  K$#":J:;8"$( #$bC$9"2! -O&! GS&#! $L(5J)S! O&#! '#&6&)(J5IS! H#$N! (O&! Y:=! S&#K&#! $#! (O#$G4O! (O&!
<=@';"7)$ :"A$ '0/"6;.("$ B0&/$ ),&:0$ &0$ /,"$ ;'536"C*$ +,')$ '0#&!#")$ /,"$ 3)"6$ ;'6)/$ .3/,"0/'(./'05$
:'/,$ /,"$ ("6/';'(./"$ '))3'05$ )"6#'("$ "'/,"6$ 3)'05$ .$ ),"!!$ !&5$ '0$ &6$ /,"$ :"A$ .((&30/*$ +,"$ 3)"67)$
J)(&#5'(J$)!O&#&!JS!WG#&IV!`J(O!(O&!D?@!S&#KJ'&SP!LG(!(O&V!5#&!5!W#&#&bGJSJ(&!H$#!`$#[J)4!`J(O!(O&!
=B@*!

Q*  "#$%&#'($%)*+*(,)$!5"/)$'0)/.!!"8$&0$/,"$3)"67)$(!'"0/$(&9%3/"6$"'/,"6$.3/&9./'(.!!?$BDE-$(!'"0/C$
&6$9.03.!!?$B<=@';"$:"A$'0/"6;.("C*$+,"$DE-$(!'"0/$'0)/.!!)$/,"$("6/';'(./"$'0$/,"$3)"67)$,&9"$
6J#&'($#V!XW#$HJI&Z!`O&#&!(O&!=B@!'IJ&)(!W#$4#5NS!&_W&'(!J(!($!L&*!

0*  ^-F(#$bC$9"P!H$#N&6!LV!(O&!GS&#P!JS!5)!J)WG(!($!(O&!=B@!'IJ&)(!W#$4#5N!X&*4*P!!"#$ Z*!-O&!'IJ&)(!
%6&56.9$ .!)&$6".8)$ /,"$3)"67)$("6/';'(./">$ .08$)"08)$ '/$ .!&05$ :'/,$ /,"$F&A$6"G3")/>$ /&$/,"$ -14$
'$ #&!S&#KJ'&S*!

h*  =B@!$L(5J)S!(O&!#$9-C#;$(;8@=:=8"$9!GSJ)4!#&S$G#'&!6JS'$K&#V!W#$KJ6&6!LV!(O&!=:,!S&#KJ'&*!
-O&!#&S$G#'&!'5)6J65(&S!'$)H$#N!($!(O&!#&bGJ#&N&)(S!&_W#&SS&6!J)!(O&!%$L!6&S'#JW(J$)*!!

1*  -O&!#&S$G#'&!'5)6J65(&S!(O&)!)&&6!($!L&!'O&'[&6!H$#!(O&!D?!W$IJ'J&S*!=B@!S&)6S!(O&!'5)6J65(&!
IJS(!($!(O&!D?",!5)6!$L(5J)S!(O&!'&#(JHJ&6!IJS(!GSJ)4!(O&!B&(/-E:;.(J:E"$#*!-O&!#&SGI(!JS!5!IJS(!$H!
(.08'8./")$/,./$.6"$A&/,$(.%.A!"$&;$6300'05$/,"$3)"67)$F&A>$.08$/,"$<=$%&!'('")$%"69'/$/,"$3)"6$/&$
5'(G5IIV! #G)! (O&! %$L*! -OJS! JS!5)! JNW$#(5)(! S(&W! J)! GSJ)4! (O&! D?S! L&'5GS&! J(! N5[&S! H$#! 5! OJ4O!
IJ[&IJO$$6!(O5(!(O&!%$L!S'O&6GI&6!$)!(O&!)$6&!`JII!5'(G5IIV!L&!5LI&!($!#G)!$)!(O&!)$6&*!

3*  ?)'&!(O&!G-F9(8#$(899:<@$=("-(">$(@-=$9P!(O&!=B@!&_&'G(&S!(O&N!$)!(O&!`$#[&#!)$6&S*!-$!6$!
(OJSP!J(!W5SS&S!/,"$3)"67)$(6"8"0/'.!)$/&$/,"$H-4$9&83!")$'0)/.!!"8$&0$/,"$:&6I"6$0&8")*!
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h*!#&S$G#'&!'5)6J65(&S

1*!D?!W$IJ'V!HJI(&#

3*!%$LS!5SSJ4)&6!($!)$6&S

Client

!
M:<C#$(X6(B&(9C//-#"(:@(">$()*+2 (

!

!

12[! T%/E$%$@"8":-@(
-O&!'$)SJ6&#5(J$)S!(O5(!`&)(!J)($!(O&!JNWI&N&)(5(J$)!$H!(O&!W#$($(VW&!#&I5(J)4!($!(O&!D?!SGWW$#(!J)K$IK&!
(O&!H$II$`J)4M!

  -O&!=B@!'IJ&)(!W#$4#5NS!GS&!'$)HJ4G#5(J$)!HJI&S!($!I&5#)!(O&!-,).')/').$'0#$%&#'($%)*+*(,)$*!-O&!
6&H5GI(! '$)HJ4G#5(J$)! W$J)(S! ($!%&'()*+!,"*-.#"-"-,./*0/.-"*#"/.+0.- P! 5)6! (O&!
W#JK5(&![&V!J)*%&'()*+!,"*-.#"-"-,./*1.234-/*#"/.+5/6 *!!

  -O&!'IJ&)(!W#$4#5NS!5IS$!W#$KJ6&!5!`5V!($!W5SS!(O&!W5(O!($!5!GS&#![&V!5I(&#)5(&!($!(O&!$)&!J)!(O&!
'G##&)(!'$)HJ4G#5(J$)*!

  -147)$J")&36("$4.0.5"6$3)")$/,"$-HK$&;$/,"$<=47)$<=HL$/&$,.#"$/,"$%&!'(?$8"(')'&0)$8&0"*!
  H-4$ 9&83!")7$ -HK$"2%"(/)$ /,"$ 3)"67)$ ("6/';'(./"$ (&0/"0/>! .08$ /,"$ -147)$ 0&8".I&K&I!S&#KJ'&S!

%.))$/,"9$/,6&35,$/,"$M.#.7)$MNK*!
!

[ ! )=O8@;$=('$#O:;$9("-(;-@"#-E(G-F9(

[2Y! &O$#O:$D(
A(#&&N?,! 5S! J)!4OP$ %6&#'8")$ /,"$ 3)"6)$ :'/,$ .$ 8""%"6$ (&0/6&!$ &;$ F&A7)$ "2"(3/'&0*! -O&! (`$! N5J)!
'$)(#JLG(J$)S!(O5(!5WW&5#!5#&!(O&!H$II$`J)4M!
!
Q8#' @*#4+&P+9*4#8@9+P&%+$01+A&B9+%(##*#4+*#+$01+R%*'*!=B@!$HH&#S!(`$!N&'O5)JSNS!$H!SJ4)5IS!H$#!(O&!
%$LS!#G))J)4!J)!(O&!<#J6P!$)!$)&!O5)6!`&!&_W$#(!(O&!&_JS(J)4!5G($N5(J'!SJ4)5IS!J)!9J)G_!($!(O&!4#J6!%$L*!
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?)!(O&!$(O&#!`&!W#$KJ6&!5!S&(!$H!4#J6!SJ4)5IS!(O5(!'5)!L&!S&)(!($!(O&!%$LS*!?)!L$(O!'5S&S!(O&!=B@!SVS(&N!
`JII!W#$KJ6&!(O5(!5II!W#$'&SS&S!$H!5!%$L!#&'&JK&!(O&!S&)(!SJ4)5I*!
!
D1@8$*&#90*3+&P+'131#'1#) *19+B1$S11#+A&B9,++)!$#6&#!($!$HH&#!(O&!)&&6&6!($$IS!H$#!(O&!JNWI&N&)(5(J$)!$H!
`$#[HI$`S!LV!(OJ#6!W5#(J&S!=B@!$HH&#S!5)!J)(&#H5'&!($!N5)54&!(O&!#&I5(J$)SOJWS!$H!%$LS*!

[2X! P9$(K89$9(

-O&!GS&!'5S&S!(5#4&(&6!LV!(OJS!(5S[!'5)!L&!6JKJ6&6!J)!(`$!4#$GWSM!($!JNW#$K&!(O&!'$O&SJ$)!$H!(O&!W#$'&SS&S!
$H!5!%$L!#G))J)4!J)!(O&!4#J6P!5)6!($!&)5LI&!(O&!#&I5(J$)SOJW!L&(`&&)!6JHH&#&)(!%$LS!#G))J)4!J)!(O&!SVS(&N*!!

-O&!L5SJ'!GS&!'5S&S!5#&M!

  ,&)6!(O&!A?,j,+<jYf9:!($!(O&!W#$'&SS&S!$H!5!]$L!`O&)!5!W#$'&SS!HJ)JSO&S*!

  =66!5!#&I5(J$)SOJW!$H!6&W&)6&)'&!L&(`&&)!%$LS!5SS$'J5(&6!($!5!(54*!

  <&(!5II!(O&!%$LS!(O5(!6&W&)6!H#$N!5!%$L!4JK&)!H$#!5!SW&'JHJ'!(54*!

B_5NWI&S!$H!N$#&!'$NWI&_!GS&!'5S&SM!

  Y#&5(&!5!`$#[HI$`!N5)54&#!H$#!%$LS*!

  ,&)6!5!SJ4)5I!($!5II!(O&!%$LS!(O5(!5#&!6&W&)6&)(!H#$N!$)&*!

[21! )#;>:"$;"C#$(8@=(:%/E$%$@"8":-@(
h*0*T  ,J4)5IS!
-O&!=B@!JNWI&N&)(S!5!)&`!SJ4)5I!A?,j,+<jYf9:*!-OJS!SJ4)5I!`JII!L&!S&)(!($!5II!(O&!W#$'&SS&S!$H!5!
%$L!S(JII!5IJK&!`O&)!$)&!$H!(O&!W#$'&SS&S!$H!(O&!%$L!&)6S*!-OJS!H&5(G#&!`JII!)&&6!($!&_(&)6!(O&![&#)&I!($!566!
(OJS!)&`!SJ4)5I*!!F$#!(OJS!W#$($(VW&!`&!'O5)4&!(O&!SJ4)5I!($!,+<>-@+;*!!
!
aO&)! 5! W#$'&SS! $H! 5! %$L! #G))J)4! J)! A(#&&N?,! HJ)JSO&S! X$#! 5) ! ,+<jY f+9:! JS! #&'&JK&6ZP! 5!
A?,j,+<jYf9:!SJ4)5I!`JII!L&!S&)(!($!5II!(O&!W#$'&SS&S!$H!(O&!%$L!J)!5!(#5)SW5#&)(!N5))&#!J)6&W&)6&)(IV!
$H! `O&#&! (O&V! 5#&! #G))J)4*! =)V! A(#&&N?,.5`5#&! 5WWIJ'5(J$)! '5)! '5('O! (OJS! SJ4)5I! ($! N5)54&! J(S!
W#$'&SS&S*!
!
F$#!(O&!#&S(!$H!(O&!SJ4)5IS!(O&!H$II$`J)4!J)(&#H5'&!JS!W#$KJ6&6!($!S&)6!5)V!SJ4)5I!($!5!%$L*!!
!
;(:&%2'0&T;'0"C2"$:0L%+(<U&V%:0"%2:L0#9V%:0"%(*'$#":(0V%W$$#7O:2"X:0"Y%9:2"V%ZE4GI'$":):,#"'%/2'$I"MD%
!
!

h*0*Q  :&W&)6&)'J&S!
-O&! J)(&#H5'&! ($! N5)54&! 6&W&)6&)'J&S! L&(`&&)! %$LS! `JII! W#$KJ6&! (O&! W#$4#5NN&#S! `J(O! (O&! ($$IS! ($!
JNWI&N&)(!`$#[HI$`S*!-O&!6&W&)6&)'J&S!`JII!L&!$#45)Jc&6!LV!"#L2!(O5(!`JII!&5S&!(O&!GS&!$H!6&W&)6&)'J&S!
LV!6JHH&#&)(!I5V&#S*!-O&!(54S!`JII!L&!#&W#&S&)(&6!5S!5!S(#J)4P!5)6!&5'O!#&I5(J$)SOJW!$H!6&W&)6&)'&!`JII!L&!
5SS$'J5(&6!`J(O!5!(54*!
!
:&W&)6&)'J&S!5#&!5''&SSJLI&!J)!L$(O!6J#&'(J$)S*!-OJS!J)H$#N5(J$)! `JII!L&!S($#&6!`J(O!(O&!J)H$#N5(J$)!$H!
(O&!%$LP!J)!(O&!]$L!@5)54&#*!
!
-O&!=B@!$HH&#S!5)! J)(&#H5'&! (O5(!5II$`S!566J)4!6&W&)6&)'&!L&(`&&)! (`$!%$LS!$#!6&I&(J)4!5)!&_JS(J)4!
6&W&)6&)'&*!-O&!J)(&#H5'&!W#$KJ6&6!($!N5)54&!6&W&)6&)'J&S!JS!5S!H$II$`SM!
!
#&&8'*'0&'0,'C 2"$:0L%.(<U&1V%2"$:0L%.(<U&3V%2"$:0L%6W[V%ZE4GI'$":):,#"'D%%
!
&'9'"'8'*'0&'0,'C 2"$:0L%.(<U&1V%2"$:0L%.(<U&3V%2"$:0L%6W[V%ZE4GI'$":):,#"'D%%
!
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-O&!J)(&#H5'&!($!$L(5J)!(O&!6&W&)6&)'&S!)&&6S!5!%$L+6!5)6!(O&!-=<!5SS$'J5(&6!($!(O&!6&W&)6&)'&*!a&!'5)!
SW&'JHV!(O&!I&K&IS!5)6!(O&!6J#&'(J$)!J)!`OJ'O!($!S&5#'O!(O&!#&I5(J$)SOJW*!!
%
L'"O:2"\)8'*'0&'0,'2C.(<U&1V%6W[V%9';'92V%&:$',":(0V%ZE4GI'$":):,#"'D%%

!

3! Q$9-C#;$(V$<-":8":-@(8@=(;-48EE-;8":-@(

32Y! &O$#O:$D(
,&#KJ'&! H$#! #&S&#K5(J$)S! $H! #&S$G#'&SM!GS&#! JS! 5II$`&6! ($! 5II$'5(&! #&S&#K5(J$)S! H$#! SJ)4I&! #&S$G#'&! $#! 5!
4#$GW!$H!#&S$G#'&S*!>&S&#K5(J$)S!5#&!N56&!H$#!5!(JN&!J)(&#K5I!5)6!JH!)&&6&6!(O&!5N$G)(!$H!(O&!#&S$G#'&!JS!
5IS$!W#$KJ6&6!XH$#!&_5NWI&P!O$`!NG'O!>=@!JS!)&&6&6Z*!,&#KJ'&!W#$KJ6&S!(#5)S5'(J$)5I!#&S&#K5(J$)S!5)6!
NJ4#5(J$)SP!5II$`J)4!H$#!S5H&!4#$GW!#&S&#K5(J$)S*!=IS$P!(O&!S&#KJ'&!5#'OJ(&'(G#&!JS!L5S&6!$)!S(5(J'!(VW&S!Q!
&5'O!5((#JLG(&!$H!5!#&S&#K5(J$)!NGS(!L&!#&W#&S&)(&6!LV!5)!$L%&'(P!N5[J)4!O5)6IJ)4!$H!&##$#S!J)!#&S&#K5(J$)!
#&bG&S(S!&5SJ&#*!>&bG&S(S!H$#!5II$'5(J$)!5#&!bG&G&6P!5II$`J)4!'$)'G##&)(!`#J(&SP!O$`&K&#P!(O&!L5'[.&)6!JS!
SJ)4I&!(O#&56&6*!

32X! P9$(;89$9(
  L5SJ'! $W&#5(J$)SM! 566J)4P! #&N$KJ)4! X$G(IJ)&! $H! (O&! JN54&M! 5'($#P! (O&)! 5! L$_! `J(O! $W&#5(J$)SP!

S(5(J)4!(O5(!5'($#!S&I&'(S!5)!$W&#5(J$)P!5)$(O&#!5'($#!Q!&_&'G(J$)!G)J(P!W&#H$#NS!(O&!$W&#5(J$)!$)!
(O&!(JN&.(5LI&P!)$(JHJ&S!(O&!GS&#!5L$G(!#&SGI(SZ!

  4#$GW!#&S$G#'&S!XGS&#!N5[&S!5!#&S&#K5(J$)P!S&K&#5I!(JN&.(5LI&S!5#&!'O&'[&6!LV!(O&!&_&'G(J$)!G)J(P!
#&SGI(!JS!#&(G#)&6Z!

  (#5)S5'(J$)S!X&_&'G(J$)!G)J(!N5[&S!5)!$W&#5(J$)!$K&#!(JN&.(5LI&P!NJ4#5(J$)S!N5)54&#!#&'$#6S!(O&!
'O5)4&SZ!

321! )#;>:"$;"C#$(
!
FJ4G#&!0!SO$`S!(O&!5#'OJ(&'(G#&!$H!(O&!#&S&#K5(J$)S!S&#KJ'&M!O5KJ)4!(O#&&!W5#(SP!H#$)(.&)6P!&_&'G(J$)!G)J(!

M:<C#$(16(&O$#O:$D(-J(">$(#$9$#O8":-@9(8#;>:"$;"C#$2(
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5)6!(JN&.(5LI&*!F#$)(.&)6! '$)(5J)S!5!bG&G&!$H!#&bG&S(SP!`OJ'O!5#&!(O&)!WGII&6!LV!&_&'G(J$)!G)J(!$)&!LV!
$)&P!W#$'&SS&6!5)6!(O&)!#&bGJ#&6!$W&#5(J$)S!5#&!W&#H$#N&6!$)!(O&!(JN&.(5LI&*!-O&!$W&#5(J$)S!5#&!#&'$#6&6!
($! (O&! NJ4#5(J$)S! N&'O5)JSN*! ! +)(&#5'(J$)! `J(O! (O&! S&#KJ'&! JS! SO$`)! $)!c*##-#d( V-( 9$( $@;C$@"#8( $E(
-#:<$@(=$(E8(#$J$#$@;:82*!

32[! T%/E$%$@"8":-@(
-O&!'$NW$)&)(S!5#&!6JKJ6&6!J)($!(O&!H$II$`J)4!4#$GWSM!

  5((#JLG(&S!
  5((#JLG(&!O5)6I&#S!
  L5SJ'!&I&N&)(S!
  N5)JWGI5($#S!$H!(O&!L5SJ'!&I&N&)(S!
  4#$GWS!
  NJ4#5(J$)S!
  H#$)(.&)6!

!
=((#JLG(&S!#&W#&S&)(!(O&!$L%&'(!(O5(!JS!N5WW&6!H#$N!(O&!#&S&#K5(J$)!6$'GN&)(*!-OJS!5II$`S!H$#!S(5(J'!(VWJ)4!
5)6! W#$KJ6&S! 4#&5(&#! '$)(#$I! $K&#! (O&! &_&'G(J$)! 5)6! N5WWJ)4! (O5)! GSJ)4! SJNWI&! N5WS! `J(O! S(#J)4S*!
f$`&K&#P! SG'O! #J4J6! &)KJ#$)N&)(! 5IS$! 6&N5)6S! 5)! 5'(JK&! J)K$IK&N&)(! `O&)! )&`! 5((#JLG(&S! 5#&!
J)(#$6G'&6*!

M:<C#$([ 6()F9"#8;"(C9$(;89$(J-#(">$(9$#O:;$2(
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!

M:<C#$(36(P9$(;89$(J-#(-/$#8":-@9(
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B5'O!5((#JLG(&!O5S!5!6&6J'5(&6!O5)6I&#P!`OJ'O![)$`S!`O5(!($!6$!`J(O!5)!5((#JLG(&*!-O&S&!O5)6I&#S!W#$KJ6&!
$W&#5(J$)S!(O5(!5#&!5II$`&6!$K&#!6JHH&#&)(!5((#JLG(&S!5S!SO$`)!$)!c*##-#d(V-(9$($@;C$@"#8($E(-#:<$@(=$(E8(
#$J$#$@;:82*!
75SJ'!&I&N&)(S!5#&!(O&!L5SJ'!LGJI6J)4!LI$'[S!$H!(O&!S&#KJ'&*!9J[&!5)!&)(#V!J)!(O&!(JN&.(5LI&P!(JN&.(5LI&P!&('*!
B5'O!$H!(O&S&!&I&N&)(S!O5S!5!6&6J'5(&6!N5)JWGI5($#!`OJ'O!#&W#&S&)(S!5)!$W&#5(J$)!$K&#!(O&!&I&N&)(!XH$#!
&_5NWI&!566J)4P!#&N$KJ)4P!5)6!S&5#'OJ)4!J)! (O&!(JN&.(5LI&Z*!Y$II&'(JK&!#&S&#K5(J$)S!5#&!O5)6I&6! `J(OJ)!
/,"$56&3%)7$%.(I.5"*!

!
@J4#5(J$)S!GS&!SJNWI&!$L%&'(!N5WWJ)4!N&'O5)JSNS!(O5(!W#$KJ6&!5($NJ'!$W&#5(J$)S!$K&#!(O&!N5)JWGI5($#S!
5S!SO$`)!J)!c*##-#d(V-(9$($@;C$@"#8($E(-#:<$@(=$(E8(#$J$#$@;:82c*##-#d(V-(9$($@;C$@"#8($E(-#:<$@(=$(
E8(#$J$#$@;:82*(

I ! ^-F(+-@:"-#:@<(

I2Y! &O$#O:$D(
+)!5)V!$W&#5(J)4!SVS(&N! `&!O5K&!5!S&(!$H!$W&#5(J$)SP! '$NN5)6S!5)6!&K&)!W#$4#5NNJ)4!J)(&#H5'&S!(O5(!
W#$KJ6&S!(O&!GS&#!`J(O!(O&!5LJIJ(V!($![)$`!`O5(!JS!O5WW&)J)4!$)!(O&!SVS(&N*!+)!A(#&&N?,!`&!`JII!W#$KJ6&!
(O&N!J)($!(O&!%$L!N$)J($#J)4!J)(&#H5'&*!!
!
-O&!%$L! N$)J($#J)4! '5W5LJIJ(V! $)! A(#&&N?,! 5S! @0/! `JII! W#$KJ6&! J)H$#N5(J$)! 5L$G(! (O&! %$LSP! 5)6!
W#$'&SS&S!#&I5(&6!($!(O&S&!%$LSP!$H!(O&!'5II&#!GS&#*!
!
=I(O$G4O!`&!`JII!W#$KJ6&!L5SJ'!H&5(G#&S!)$`P!N$#&!56K5)'&6!$)&S!(O5(!`JII!L&!6&S'#JL&6!$)!:0*0*1!`JII!
L&! 6&K&I$W&6! J)! (O&! )&_(! N$)(OS*! -O&S&! H&5(G#&S! 5#&! N$)J($#J)4! '5IIL5'[S! 5)6! (O&! 5LJIJ(V! ($! 566! 5)V!
N$)J($#J)4!K5IG&!LV!(O&!GS&#!GSJ)4!(O&!'$)'&W(!$H!@&(#J'*!

I2X! P9$(K89$9(
]$L!@$)J($#J)4!`JII!O5K&!(O&!)&_(!5JNM!

  -$!5G($N5(J'5IIV!W#$KJ6&!(VWJ'5I!J)H$#N5(J$)!5SS$'J5(&6!($!%$LS!SG'O!5S!&_&'G(J$)!(JN&!
  -$!W#$KJ6&!N&'O5)JSN!($!IJNJ(!(O&!(VW&!5)6!(O&!4#5)GI5#J(V!$H!J)H$#N5(J$)!'$II&'(&6!!
  -$!W#$KJ6&!N&'O5)JSN!($!&5SJIV!566!)&`!J)H$#N5(J$)!($!(O&!4&)&#5(&6!LV!(O&!SVS(&N!

M:<C#$(I 6(P9$(;89$(J-#(%:<#8":-@92(
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  -$!W#$KJ6&!N&'O5)JSN!($!L&!)$(JHJ&6!`O&)!'&#(5J)!N$)J($#J)4!&K&)(S!HJ#&!!X'5IIL5'[SZ!

a&!'5)!6&S'#JL&!S&K&#5I!GS&!'5S&S!GSJ)4!(O&!N$)J($#Jc5(J$)!(O5(!`&!`JII!W#$KJ6&!$)!(OJS!W#$($(VW&M!

  <&(!J)H$#N5(J$)!5L$G(!(O&!&_&'G(J$)!$H!5!%$L!X(VWJ'5I!9J)G_!WS!'$NN5)6Z!
  <&)&#5(&!(#5'&!J)H$#N5(J$)!5L$G(!(O&!L&O5KJ$G#!$H!5!%$L!X(#5'J)4!U!W#$HJIJ)4!($$IZ*!

!

I21! )#;>:"$;"C#$(
-O&!5#'OJ(&'(G#&!$H!%$L!N$)J($#Jc5(J$)!JS!W#$KJ6&6!LV!^-F+@<!5)6!*L$;+@<!J)SJ6&!=B@*!+(!GS&S!!)0T !
5)6!J(S!K4!)0T !XY.J)(&#H5'&Z!($!&_W$#(!N&(O$6S!($!(O&!3)"6)*$+,"$.6(,'/"(/36"$;&6$/,"$%6&/&/?%"$8&")07/$
J)'IG6&!5)V! `$#[!$)! '5IIL5'[S!&_W$#(! ($! (O&!GS&#!5)6!LGHH&#J)4!N&'O5)JSN*!<&((J)4!LGHH&#J)4! `$#[J)4!
$K&#!S$N&!N&(#J'S!`JII!)&&6!($! '#&5(&!S&K&#5I! 'J#'GI5#!bG&G&S!(O5(!`JII!L&!HJII&6!GW!`J(O!(O&!K5IG&S!X5)6!
(O&J#!(JN&S(5NWZ*!a&!`JII!)&&6!($!W#$KJ6&!&K&)(S!($!)$(JHV!`O&)!5!LGHH&#!JS!HGII*!
!
+)!FJ4G#&!2!`&!'5)!S&&!5!6J54#5N!SO$`J)4!#&I5(J$)S!L&(`&&)!'$NW$)&)(S!($!&)5LI&!N$)J($#J)4*!
!

!
M:<C#$(Z(4(+-@:"-#:@<(H:8<#8%(SH12Y2ZU(

3*0*T  ]$L@)4!
^-F+@<! W#$KJ6&S!GS! `J(O! %$L! #&I5(&6! J)H$#N5(J$)P! `&! 4&(! J)($! '$)(5'(! `J(O! (O&! %$L! N5)54&#! (O5(!
R(&0/6&!)S$/,"$F&A$.08$.)I$;&6$'0;&69./'&0$&;$/,"$)/./3)$&;$/,"$F&A$B!'I"$)3A9'/$/'9">$&6$)/./3)C*!
aO&)! `&!&)5LI&!LGHH&#J)4!$H!N&(#J'S!J)!(O&!HG(G#&P!^-F+@<!`JII!S($#&!(O$S&!W&#!%$L!J)! '5S&!$H!N&(#J'S!
#&I5(&6!($!(O&!%$L*!
!

3*0*Q  B_&'@)4!
*L$;+@<!W#$KJ6&S!GS!`J(O!J)H$#N5(J$)!5L$G(!(O&!&_&'G(J$)!$H!5!]$Lk!'0$(&0(6"/"$:"$(.0$5"/$%6&("))")7$
%$L! J)H$#N5(J$)*! ,$! (O&! 6JHH&#&)(!*L$;+@<! 5#&! '$)(5'(&6! ($! 4&(! 5II! (O&! J)H$#N5(J$)! $H! (O&! #G))J)4!
W#$'&SS&S*!!=S!J)!(O&!^-F+@<!LGHH&#J)4!H$#!N&(#J'S!#&I5(&6!($!(O&!*L$;+@<!`JII!L&!S($#&6!O&#&!W&#!%$L.
G)J(*!
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I2[ ! T%/E$%$@"8":-@(
a&!O5K&!(O&!)&_(!S&(!$H!$W&#5(J$)S!#&56V!($!GS&M!
!
:0"%L'".(<2]2'$CZE4GI'$":):,#"'%/2'$I'$"V^\]6%9:2"X!"$:0LY%+(<U&2D_%%
%
:0"%L'".(<2U0)(C9:2"X!"$:0LY%+(<U&2V%:0"%"7*'\)U0)(V%:0"%:0)(O';'9V%9:2"X!"$:0LY%?'"$:,2V%%
% % ZE4GI'$":):,#"'%/2'$I'$"V%^\]6%ZSO!"$:0L%+(<U0)(O:2"D_%%
%
:0"%L'".(<U0)(C2"$:0L%%+(<U&V%:0"%"7*'\)U0)(V%:0"%:0)(O';'9V%9:2"X!"$:0LY%?'"$:,2V%%
% % ZE4GI'$":):,#"'%/2'$I'$"V%^\]6%ZSO!"$:0L%+(<U0)(O:2"D_%%
!
-O&S&! $W&#5(J$)S! 5#&! #&I5(&6! ($!^-F+@<*!L'".(<U0)(! '5)! 5S[! H$#! &_(#5! J)H$#N5(J$)! X5L$G(! #G))J)4!
W#$'&SS&SZ! ($!*L$;+@<! XGSJ)4!4&("#$'S+)H$Z*! ;$`P! (O&! $G(WG(! J)H$#N5(J$)! JS! HJ_&6! LG(! J(! `JII! L&!
'GS($NJc5LI&! `J(O! (O&! J)WG(!W5#5N&(&#S! X"7*'\)U0)( P!:0)(O';'9 ! 5)6! (O&! IJS(! $H! N&(#J'SZ! ($! #&6G'&!
N$)J($#J)4!$K&#I$56!W#$KJ6&6!`O&)!'$)(5'(J)4!$(O&#!'$NW$)&)(S*!YG##&)(IV!`&!W#&S&)(!(O&!#&SGI(S!5S!5)!
A@9!`J(O!(O&!)&_(!S(#G'(G#&M!
!
FJ)5IIV!_'$NN5)6SP!M*2!5)6!M"$#,'!5#&!LGJI(!GSJ)4!(O&!W#&KJ$GS!J)(&#H5'&S!X`J(O!!)0T 4KZ*!-O&!56K5)'&6!
K&#SJ$)! $H!M"$#,'! `JII! L&! LGJI(! GSJ)4! '5IIL5'[S! 5)6! N&(#J'S! HG)'(J$)5IJ(VP! )$`! `&! 5#&! W#$KJ6J)4! 5! W$II!
K&#SJ$)*!-O&!_'$NN5)6S!SO$GI6!L&!(5[&)!5S!&_5NWI&S!$)!O$`!($!GS&!(O&!!)0T 4K!J)(&#H5'&*!
!

Z! P9$#(<C:=$(
Y$6&!!JS!5''&SSJLI&!(O#$G4O!A(#&&N?,!,D;!#&W$SJ($#V!5(!O((WSMUUS'N*4H$#4&*J)#J5*H#USK)U_(#&&N$SUa"0*0U!

Z2Y! K>$;?/-:@":@<(
!
-`$! )&`! '$NN5)6S! '5)! L&! JSSG&6! $)! (O&! '$)S$I&! ($! 566#&SS! H5GI(! ($I&#5)'&! HG)'(J$)5IJ(J&S*! -O&! %$L!
'O&'[W$J)(!'$NN5)6!JSM!
M,N',B*(:0"%+(<U8*!
-O&!Y>]$L@)4!JNWI&N&)(S!(O&!'$NN5)6!KJ5!(O&!J)(&#H5'&M!
*/<9:,%;(:&%,N',B*(:0".(<C!"$:0L%+(<U8V%ZE4GI'$":):,#"'%/2'$I'$"D%
%
-O&!%$L!#&S(5#(!'$NN5)6!JSM!
M$'2"#$"%+(<U8%,N',B*(:0"`'$2:(0%
-O&!Y>]$L@)4!JNWI&N&)(S!(O&!'$NN5)6!KJ5!(O&!J)(&#H5'&M!
*/<9:,%;(:&%$'2"#$".(<C!"$:0L%+(<U8V%!"$:0L%,N',B*(:0"`'$2:(0V%ZE4GI'$":):,#"'%/2'$I'$"D%
!
!
=!%$L!'O&'[W$J)(!'5)!L&!(5[&)!LV!JSSGJ)4!g_'O&'[W$J)(!%$L+:g!5(!(O&!_'$)S$I&*!
:G#J)4! 'O&'[W$J)(J)4! (`$! (VW&S! $H! 65(5! `JII! L&! S&(! GWM! 4#J6! 'O&'[W$J)(J)4! N&(5.65(5! 5)6! [&#)&I!
'O&'[W$J)(&#!4&)&#5(&6!JN54&!HJI&S*!YG##&)(IVP!(O&!4#J6!'O&'[W$J)(J)4!N&(5.65(5!`JII!L&!S5K&6!G)6&#!(O&!
A(#&&N?,! 'O&'[W$J)(!W5(O!gU&('U_$SU%$Lj'O&'[W$J)(jJN54&j6J#&'($#VU! `OJ'O!JS! '#&5(&6!5G($N5(J'5IIV!JH!
)$) .&_JS(&)(*! =H(&#!JSSGJ)4!5! 'O&'[W$J)(! '$NN5)6P!(O&!6J#&'($#J&S!%$L+:U'O&'[W$J)(D&#SJ$)U]$L8)J(jTU!
`JII!L&!'#&5(&6!G)6&#!(O&!A(#&&N?,!'O&'[W$J)(!W5(OP!'$)(5J)J)4!5)!_NI!HJI&!`J(O!(O&!N&(5.65(5*!!
+)! 9J)G_,,+! (O&! [&#)&I! 'O&'[W$J)(&#! S($#&S! JN54&! HJI&S! G)6&#! UK5#U'O[W(U*! +)! '5S&! $H! 5! SG''&SSHGI!
'O&'[W$J)(P! (O&! H$II$`J)4! HJI&S! `JII! L&! '#&5(&6M! 4I$L5IjDB>,+?;*LJ)P! )$6&j;?:B+:jDB>,+?;*LJ)P!
(5S[j=""+:jDB>,+?;*LJ)P!(5S[jNNj=""+:jDB>,+?;*LJ)*! !
F$#! 9J)G_A?,! (O&! 6J#&'($#V! U&('U_$SULI'#U! NGS(! &_JS(! `J(O! #&56U`#J(&! 5''&SS! W&#NJSSJ$)! H$#! 5)V! GS&#*!
FG#(O&#N$#&P!(O&!79Y>! [&#)&I!N$6GI&S!XLI'#P!LI'#jKN56GNWP!LI'#jJNW$#(SZ!NGS(!L&! I$56&6!LV!JSSGJ)4!
gN5[&!J)SN$6g!5WWIJ&6!($!(O&!79Y>!J)S(5II5(J$)!6J#&'($#V*!+)!$#6&#!($!'O&'[W$J)(!5!%$L!GSJ)4!79Y>P!(O&!
5WWIJ'5(J$)!O5S!($!L&!IJ)[&6!S(5(J'5IIV!`J(O!79Y>!GS&#!IJL#5#V!X4''!.$!(&S(!(&S(*'!.I'#Z*!-OJS!$K&#O&56!`JII!
L&!#&WI5'&6!J)!5!I5(&#!=B@!K&#SJ$)*!+)!'5S&!$H!5!SG''&SSHGI!'O&'[W$J)(P!(O&!H$II$`J)4!HJI&S!`JII!L&!'#&5(&6M!
"+:*DB>,+?;*LI'#P!"+:*DB>,+?;*_$SP!W#$'*(_(P!bG&G&P!(O#&56jH$#jW#$'&SSj"+:*(_(*!
-$!#&S(5#(!5!%$L!$)&!O5S!($!JSSG&!g_#&S(5#(!%$L+6!K&#SJ$)g!5(!(O&!A'$)S$I&*!F$#!5!#&S(5#(!($!L&!SG''&SSHGI!(O&!
4#J6!'O&'[W$J)(J)4!N&(5.65(5!5)6!(O&![&#)&I!'O&'[W$J)(&#!JN54&!HJI&S!NGS(!I$'5IIV!L&!5K5JI5LI&!G)6&#!(O&!
L&H$#&.N&)(J$)&6!I$'5(J$)S*!
!

https://scm.gforge.inria.fr/svn/xtreemos/WP3.3/


+,- ./00123! ! ! !

XtreemOS ­ Integrated Project! ! 21/26 

Z2X! 789:;(B&('C//-#" (
-$! '$)HJ4G#&! ]$L! @5)54&#! ($!W#$W&#IV! 'O&'[! `O&(O&#! (O&! '&#(JHJ'5(&! JS! (#GS(&6P! (O&! )$6&! (O5(! #G)S! ]$L!
@5)54&#! I$'5IIV! )&&6S!5!H$I6&#! '$)(5J)J)4! (O&!WGLIJ'! '&#(JHJ'5(&S!$H!(O&! '&#(JHJ'5(J$)!5G(O$#J(J&S!(O5(! `&!
(#GS(*!YG##&)(IVP! (OJS!J)'IG6&S! (O&!WGLIJ'! '&#(JHJ'5(&S!$H! (O&!Y:=!S&#KJ'&S!$H!&5'O!$#45)JS5(J$)! (O5(!$G#!
$#45)JS5(J$)! (#GS(SP! 5S! `&II! 5S! (O&J#! #$$(! '&#(JHJ'5(J$)! 5G(O$#J(V! WGLIJ'! '&#(JHJ'5(&S*! 7V! 6&H5GI(P! (O&S&!
'&#(JHJ'5(&S! 5#&! WI5'&6! J)($! U&('U_$SU(#GS(S($#&U'&#(SU*! -O&! ]$L! @5)54&#! #&56S! (O&! W5(O! H#$N! J(S!
'$)HJ4G#5(J$)!HJI&!a'",aM(2a,(0):La.(<S0LA,(0)P!6&HJ)&6!5S!(O&!K5IG&!$H!(O&!"#C9"'"-#$!$W(J$)*!
-O&!'IJ&)(S!GSJ)4!!)0T !)&&6S!($!(5[&!'5#&!$H!I$56J)4!(O&!GS&#gS!'&#(JHJ'5(&!5)6!(O&!W#JK5(&![&VP!W#$NW(J)4!
(O&!GS&#!($!&)(&#!(O&!W5SS`$#6!($!$L(5J)!(O&!W#JK5(&![&V!'$)(&)(S*!-O&!=B@!'IJ&)(!W#$4#5NS!W#$KJ6&6!J)!
(O&!A(#&&N?,!9J)G_!6JS(#JLG(J$)P!SG'O!5S!L;-@9-E$!5)6!'$NN5)6 .IJ)&!M2/<P!MB:99!&('*P!O$`&K&#P!5I#&56V!
(5[&!'5#&!$H!I$56J)4!(O&!)&'&SS5#V!HJI&S*!7V!6&H5GI(P!(O&!'$NN5)6.IJ)&!Y:=! 'IJ&)(!WI5'&S!(O&!'&#(JHJ'5(&!
HJI&S!J)!(O&!H$I6&#S!`O&#&!(O&!=B@!'IJ&)(!&_W&'(S!(O&NM!
!

  lU*_$SU(#GS(S($#&U'&#(SU'65*W&N!JS!(O&!GS&#gS!WGLIJ'!'&#(JHJ'5(&P!

  lU*_$SU(#GS(S($#&UW#JK5(&U'65*W&N!JS!(O&!W#JK5(&![&V!'$##&SW$)6J)4!($!(O&!GS&#gS!'&#(JHJ'5(&*!

+H!(O&!GS&#!W#&H&#S!5!6JHH&#&)(!I$'5(J$)!H$#!(O&!'&#(JHJ'5(&SP!(O&)!(O&!!)0T !'$)HJ4G#5(J$)!XH$G)6!LV!6&H5GI(!
J)! lU*_$SUZW6UI(0):LA,(0)Z!5)6!K4!)0T !'$)HJ4G#5(J$)!XH$G)6!LV!6&H5GI(!J)! lU*_$SUZW6UIWI(0):LA,(0)Z!
)&&6!($!L&!N$6JHJ&6M!
!

  C9$#K$#":J:;8"$!$W(J$)!'$)(5J)S!(O&!W5(O!($!(O&!GS&#gS!WGLIJ'!'&#(JHJ'5(&!HJI&P!5)6!

  C9$#R$.M:E$!$W(J$)!'$)(5J)S!(O&!W5(O!($!(O&!GS&#gS!W#JK5(&![&V*!

!

Z21! )=O8@;$=('$#O:;$9("-(;-@"#-E(G-F9(
a&!`JII!&_WI5J)!(O&!6JHH&#&)(!N&(O$6S!5)6!J)(&#H5'&S!W#$KJ6&6!KJ5!!)0T !5)6!K4!)0T !J)(&#H5'&S*!
!
-O&!)&`!J)(&#H5'&S!W#$KJ6&6!($!N5)54&!SJ4)5IS!5)6!'$)(#$I!%$LS!JS!(OJS!$)&M!
;(:&%2'0&T;'0"C!"$:0L%+(<U&V%U0"'L'$%2:L0#9V%U0"'L'$%(*'$#":(0V%>$(,'22O:2"%9:2"V%ZE4GI'$":):,#"'%/2'$I"MD%
%
-OJS!N&(O$6!5II$`S!'O$$SJ)4!(O&!W#$'&SS&S!$H!(O&!%$L!(O5(!`JII!#&'&JK&!(O&!SJ4)5I*!-O&!$W&#5(J$)!W5#5N&(&#!
J)6J'5(&S!JH!(O&!SJ4)5I!SO$GI6!L&!S&)(!($!5II! (O&!W#$'&SS&S!$H!5!%$LP!%GS(!($!(O&!N5S(&#!W#$'&SS!$H!(O&!%$LP!
$)IV!($!(O&!W#$'&SS&S!(O5(!5WW&5#!J)!(O&!IJS(!$#!5II!(O&!W#$'&SS!$H!(O&!%$L!&_'&W(!(O&!$)&S!(O5(!5WW&5#!J)!(O&!
IJS(*!
!
a&!O5K&!5IS$!5)!_'$NN5)6P!_WS!5LI&!($!S&)6!&K&)(S!6J#&'(IV!`J(O$G(!%5K5!'$)S$I&*!!
!
-O&!J)(&#H5'&!W#$KJ6&6!($!N5)54&!6&W&)6&)'&S!JS!5S!H$II$`SM!
!
#&&8'*'0&'0,'C.(<U&1V%.(<U&3V%6W[V%ZE4GI'$":):,#"'D%!
! aJII!566!(O&!6&W&)6&)'&!H#$N!]$L+6T!($!]$L+6Q!5SS$'J5(&6!($!(O&!-=<*!
%
&'9'"'8'*'0&'0,'C.(<U&1V%.(<U&3V%6W[V%ZE4GI'$":):,#"'D%!
! aJII!6&I&(&!(O&!6&W&)6&)'&!H#$N!]$L+6T!($!]$L+6Q!5SS$'J5(&6!($!(O&!-=<*!
%
L'"O:2"\)8'*'0&'0,'2C.(<U&1V%6W[V%9';'92V%&:$',":(0V%ZE4GI'$":):,#"'D%!
! aJII! #&(G#)! (O&! IJS(!$H! ]$L+6S! (O5(! O5K&!5!6&W&)6&)'&!#&I5(J$)SOJW! `J(O! (O&!%$L! `J(O! (O&! ]$L+6!
4JK&)!5)6!(O&!-=<!SW&'JHJ&6*!-O&!6J#&'(J$)!W5#5N&(&#!J)6J'5(&S!JH!`&!`5)(!(O&!6&W&)6&)'&S!H#$N!(O5(!%$L!
$#!($!(O5(!%$L*!-O&!I&K&I!W5#5N&(&#!`JII!J)6J'5(&!O$`!N5)V!I&K&IS!$H!6&W&)6&)'&S!`&!`5)(*!+H!(O&!I&K&I!JS!/!
`&!`JII!$)IV!4&(!(O&!%$L+6S!6J#&'(IV!#&I5(&6!($!(O&!$)&!`&!5#&!J)6J'5(J)4*!
!

Z2[! ^-F(+-@:"-#:@<(
a&! W#$KJ6&! (O&! )&_(! N&(O$6S! H$#! (O&! %$L! N$)J($#J)4P! (O&V! 5#&! SO$`)! (O#$G4O!!)0T ! 5)6! K4!)0T !
J)(&#H5'&S!L&J)4!5LI&!($!GS&!(O&N!(O#$G4O!]=D=!'$6&!5)6!Y!'$6&*!
!
:0"%L'".(<2]2'$CZE4GI'$":):,#"'%/2'$I'$"V^\]6%9:2"X!"$:0LY%+(<U&2D_%%
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!
:0"%L'".(<2U0)(C9:2"X!"$:0LY%+(<U&2V%:0"%"7*'\)U0)(V%:0"%:0)(O';'9V%9:2"X!"$:0LY%?'"$:,2V%%
% % ZE4GI'$":):,#"'%/2'$I'$"V%^\]6%ZSO!"$:0L%+(<U0)(O:2"D_%%
!
:0"%L'".(<U0)(C2"$:0L%%+(<U&V%:0"%"7*'\)U0)(V%:0"%:0)(O';'9V%9:2"X!"$:0LY%?'"$:,2V%%
% % ZE4GI'$":):,#"'%/2'$I'$"V%^\]6%ZSO!"$:0L%+(<U0)(O:2"D_%%
%
@$#&! J)H$#N5(J$)! 5L$G(! (O&S&! J)(&#H5'&S!'5)! L&! H$G)6! $)! :0*0*1! d:0*0*1e*! -O&! $G(WG(! &_W&'(&6! $)!
L'".(<U0)(UL'".(<2U0)(!JS!(O&!A@9!SO$`)!J)!c*##-#d(V-(9$($@;C$@"#8($E(-#:<$@(=$(E8(#$J$#$@;:82*!
!

08FE$((Y(4(!+N(-C"/C"(J#-%(<$"^-FT@J-(

m%$L+)H$9JS(n!
m%$L+)H$!%$L+:oT/////.///// .////// ./////n !
mN&(#J'n!
! m)5N&nSGLNJ(-JN&mU)5N&n!
! m(VW&n(JN&mU(JN&n!
! mK5IG&!(JN&S(5NWoTQ/Q/Q/Q/nTUTU/\!T/M//mUK5IG&n!
! mUN&(#J'n!
mU%$L+)H$n!
m%$L+)H$!%$L+:oQ/////.//0h/ .//0 Qh/./////n !
mN&(#J'n!
! m)5N&nS(5(GSmU)5N&n!
! m(VW&nS(#J)4mU(JN&n!
! mK5IG&!(JN&S(5NWoTQ/Q/Q/Q/n<>+:!,87@+--B:mUK5IG&n!
mUN&(#J'n!
mU%$L+)H$n!
mU%$L+)H$9JS(n!
-O&#&!5#&!5! (`$!_'$NN5)6S! #&I5(&6! ($! ]$L!@$)J($#J)4!5S! (O&V! GS&! (O&!ZW6UIW!J)(&#H5'&P! (O&V! )&&6!5!
ZW6UIWI(0):LA,(0)!HJI&!SJNJI5#!($!(O&!$)&!J)!c*##-#d(V-(9$($@;C$@"#8($E(-#:<$@(=$(E8(#$J$#$@;:82*!
!

08FE$((X(4('8%/E$(T>U"/>/&#P*4,)&#P(J:E$(

_$S6566#&SS*O$S(oA?,:f?,-!
_$S6566#&SS*W$#(o11///!
566#&SS*O$S(o9?Y=9+"!
566#&SS*W$#(oT///T!
'&#(JHJ'5(&9$'5(J$)oU&('U_$SU(#GS(S($#&U'&#(SU_5(Jj6GNNV*W&N!
W#JK5(&i&V9$'5(J$)oU&('U_$SU(#GS(S($#&UW#JK5(&U_5(Jj6GNNV*W&N!
(#GS(,($#&,,9oU&('U_$SU(#GS(S($#&U'&#(SU6J_JjSSI!
GS&,,9oH5IS&!
'65566#&SS*O$S(oY:=f?,-!
'65566#&SS*W$#(o3////!
GS&#Y&#(JHJ'5(&FJI&oUO$N&U#)$GU*_$SU(#GS(S($#&UGS&#Y&#(*W&N!
L/9!'$NN5)6!O5S!(OJS!SJ4)5(G#&M!

xps [­a] [­A] [­c userCert] [­j jobid] 

!
.5!,&I&'(S!5II!(O&!%$LS!$H!(O&!'G##&)(!GS&#!
.=!=;,+! $G(WG(!X'$I$#!'$)S$I&Z!
.'!GS&#Y&#(JHJ'5(&FJI&!aJII!GS&!(O&!GS&#!'&#(JHJ'5(&!W#$KJ6&6*!a&!`JII!4&(!ZW6UIWI(0):LA,(0) !5S!6&H5GI(!
.%!%$L+:!aJII!45(O&#!J)H$#N5(J$)!5L$G(!(O&!%$L!`J(O!(O&!SW&'JHJ&6!%$L+:!
.-!-=<*!:JSWI5VS!(O&!%$LS!#&I5(&6!($!(O&!%$L+:!SW&'JHJ&6!`J(O!(O&!-=<!X?)&!6J#&'(J$)!$)IVP!1!I&K&IS!6&&WZ!
!
a&!'5)!S&&!5!S5NWI&!$G(WG(!J)!c*##-#d(V-(9$($@;C$@"#8($E(-#:<$@(=$(E8(#$J$#$@;:82!`O&#&!`&!'5)!S&&!(O&!
%$LP! (O&! #&S$G#'&! `O&#&! J(! JS! &_&'G(J)4! 5)6! (O&! J)H$#N5(J$)! $H! (O&! #&I5(&6! W#$'&SS&S*! -O&! $G(WG(! JS!
4&)&#5(&6!H#$N!(O&!W#&KJ$GS!A@9!HJI&!S$!(O&!GS&#!'5)!565W(!J(!($!5)V!GS&!O&!`5)(S*!
(

08FE$((1(4(L/9(-C"/C"(
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R2/H1\/T./66&.h/H3.L\'5 .&5L6H0'\\\/R!p!TQQh1R\2hQ103!M!!!!!!
!!!!!!!!!!!!!!!%$L+6!o!R2/H1\/T./66&.h/H3.L\'5 .&5L6H0'\\\/R!
!!!!!!!!!!!!!!!S(5(GS!o!9$'5I,GLNJ(&6!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!SGLNJ(-JN&!o!-G&!?'(!QT!T0MhRM1R!YB,-!Q//R!!!!!
!!!!!!!!!!!!!!!#&S$G#'&+:!o!A?,:f?,-UT\Q*T3R*/*T/TM3////!!!!!!
!!!!!!!!!!!!!!!"+:!o!Q/1Th!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!GS&#-JN&!o!//M//*0R!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!SVS(&N-JN&!o!//M//*//!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!S(5(GS!o!>!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!"+:!o!Q/1Q3!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!GS&#-JN&!o!//M//*0h!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!SVS(&N-JN&!o!//M//*//!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!S(5(GS!o!>!!!
!
-O&!M"$#,'!JS!SJNJI5#!($!M*2P!LG(!J(!J)'IG6&S!$)&!W5#5N&(&#!QJ!mJ)(n!`O&#&!`&!'5)!WG(!(O&!(JN&!L&(`&&)!
S(5(GS!GW65(&!$)!(O&!(#5'&*!
_(#5'&!d.%!%$L+:e!d.'!GS&#'&#(JHJ'5(&e!d.J!J)(&#K5Ie!d.$!$G(WG((#5'&e!d.H!%S6Ie!
!
M"$#,'!4&)&#5(&S!5!(#5'&!HJI&!(O5(!'5)!L&!$W&)!(O#$G4O!*#$#;'$!KJSG5IJc5(J$)!($$I!d>BFeP!J(!'5)!5IS$!5''&W(!5!
],:9!HJI&!($!I5G)'O!5)6!4&(!(O&!(#5'&!J)!$)&!SO$(*!]$L+:!$#!%6SI!HJI&!JS!N5)65($#V*!
!
=S!5)!&_5NWI&!'5IIJ)4!M"$#,'!`J(OM!

xtrace ! j <JobID> ­i 1 ! o testTrace 

<&)&#5(&S!(&S(-#5'&*W#KP!(&S(-#5'&*W'H!5)6!(&S(-#5'&*#$`!*#$#;'$!HJI&S!H$#!%$L!`J(O!%$L+:!5)6!5)!GW65(&!
J)(&#K5I!$H!T!S&'$)6*!+)!(OJS!HJ#S(!W#$($(VW&!`&!`JII!SGWW$#(!S(5(GS!N&(#J'!$)IV*!
!
-O&!#&SGI(!J)!>#$#;'$!JS!SO$`)!$)!FJ4G#&!RM!

!
M:<C#$(] (4(L"#8;$(-C"/C"(-@(,8#8O$#(

Z23! &">$#(L;-%%8@=9(
aJ(O! (O&!K4!)0T !J)(&#H5'&! `&!W#$KJ6&!5!S&(!$H! GS&#! '$NN5)6S!XIJ[&!M*2!$#!M"$#,'P! SO$`)! L&H$#&Z! ($!
&_&'G(&!S&K&#5I!$W&#5(J$)!`J(O$G(!(O&!)&&6!$H!5!]D@*!-O$S&!'$NN5)6S!XH#$N!)$`!_'$NN5)6SZ!'5)!L&!
GS&6!$)!S&K&#5I!S'#JW(J)4!5)6!(&S(J)4!%$LS*!F$#!&_5NWI&P!$)&!'5)!&_&'G(&!5)!M*2!'$NN5)6!5)6!W#$'&SS!J(S!
$G(WG(!($!S&&!JH!5!#&'&)(IV!SGLNJ((&6!%$L!JS!#G))J)4*!!c*##-#d(V-(9$($@;C$@"#8($E(-#:<$@(=$(E8(#$J$#$@;:82!
'$)(5J)S!5!IJS(!$H!(O$S&!_'$NN5)6S!'G##&)(IV!5K5JI5LI&!J)!(O&!W#$($(VW&*!!
(

08FE$([ (1(!K-%%8@=9(8O8:E8FE$(-@(">$(/#-"-"./$(

!K-%%8@=( M$8"C#$(e(*bC:O8E$@;$(
L9CF( ]$L!,GLNJSSJ$)!U!_SGL!
L9CF29>( ]$L!,GLNJSSJ$)!`J(O$G(!W#$KJ6J)4!],:9!
L/9( ]$L!N$)J($#Jc5(J$)!X%$L!5)6!W#$'&SS!S(5(&Z!U_WS!
L?:EE( ,&)6!%$L!&K&)(S!U!S&)6BK&)(!U!%$LY$)(#$I!
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LD8:"( a5J(S!U!#&'&JK&S!%$L!&_J(!S(5(GS!U!%$La5J(!
L"#8;$( <&)&#5(&S!5!"5#5K&#!(#5'&!
+(!JS!WI5))&6!($!O5K&!5!`J6&#!SGLS&(!($!L&!5LI&!($!O5K&!5)!@"+>G)!L&J)4!5LI&!($!&_&'G(&!$)!A(#&&N?,*!
-O$S&!_'$NN5)6S!`$#[!`J(O!ZW6UIWI(0)A,(0)!'$)HJ4G#5(J$)*!
!

2*1*T  _SGL!
M2/<! _'$NN5)6! W#$KJ6&S! 5! )$).%5K5! `5V! ($! SGLNJ(! 5)6! &_&'G(&! 5! %$L! W#$KJ6J)4! 5! ],:9*! -O&#&! JS! 5!
SJNWI&#!K&#SJ$)!L5S&6!$)!5!SO&II!S'#JW(!(O5(!'#&5(&S!J(S&IH!(O&!],:9*!

xsub [­h] [­V] [­v] [­c cert] [­f jsdl] 

!
.O!O&IW!$G(WG(!
.K!K&#L$S&!5)6!6&LG4!N$6&!
.'!GS&#Y&#(JHJ'5(&FJI&!`JII !GS&!(O&!GS&#!'&#(JHJ'5(&!W#$KJ6&6*!a&!`JII!4&(!ZW6UIWI(0):LA,(0)!5S!6&H5GI(!
.H!%S6I!`JII!SGLNJ(!(O&!%S6I!
!
M2/<A2N!'5IIS!M2/<!LG(!(O&!GS&#!)&&6S!($!SW&'JHV!$)IV!(O&!&_&'G(5LI&!HJI&P!(O&!W5#5N&(&#S!JH!5)V!5)6!QJ)!Q$G(!
Q&##!HJI&S!($!#&6J#&'(!(O&!6JHH&#&)(!'O5))&IS*!

xsub.sh <executable> <parameters> ­in <input> ­out <output> ­err <error> 

!

2*1*Q  _[JII!
MB:99!W#$KJ6&S!5!`5V!($!S&)6!&K&)(S!($!%$LS!W#$KJ6J)4!(O&!%$L+:!5)6!(O&!)GNL&#!$H!(O&!&K&)(!X$#!SJ4)5IZ*!
!

xkill [­h] [­v] [­j jobID] [­c cert] [­e event] 

!
.O!O&IW!$G(WG(!
.K!K&#L$S&!5)6!6&LG4!N$6&!
.'!GS&#Y&#(JHJ'5(&FJI&!`JII !GS&!(O&!GS&#!'&#(JHJ'5(&!W#$KJ6&6*!a&!`JII!4&(!ZW6UIWI(0):LA,(0)!5S!6&H5GI(!
.%!%$L+:!
.&!BK&)(*!BK&)(!($!L&!S&)(!($!(O&!%$L!`J(O!(O&!SW&'JHJ&6!%$L+:!
!
!

2*1*0  _`5J(!
Mb#:"!`JII!LI$'[!G)(JI!(O&!%$L+:!JS!6$)&UHJ)JSO&6*!

xwait [­h] [­v] [­c cert] [­j jobID]  

.O!O&IW!$G(WG(!

.K!K&#L$S&!5)6!6&LG4!N$6&!

.'!GS&#Y&#(JHJ'5(&FJI&!*aJII!GS&!(O&!GS&#!'&#(JHJ'5(&!W#$KJ6&6*!a&!`JII!4&(!ZW6UIWI(0):LA,(0)!5S!6&H5GI(!

.%!%$L+:*!]$L+:!$H!(O&!%$L!($!`5J(*!
!

] ! H$/$@=$@;:$9(e(Q-8=%8/(
+)! (OJS! S&'(J$)! `&! `JII!SO$`! (O&! #$56N5W! H$#! (O&! '$NW$)&)(S! $H! (O&! W#$($(VW&! 5)6!J)(#$6G'&! (O&!
6&W&)6&)'J&S!`J(O!$(O&#!'$NW$)&)(S*!!
!

]2Y! K>$;?/-:@":@<(
>&'&)(IVP!(O&!9J)G_,,+!'O&'[W$J)(&#!O5S!L&&)!&_(&)6&6!($!'O&'[W$J)(!U!#&S(5#(!5!SGLS&(!$H!NGI(J(O#&56&6!
5)6! NGI(JW#$'&SS! 5WWIJ'5(J$)S*! -OJS! (#5)SI5(J$)! IJL#5#V! NGS(! L&! #&HJ)&6! ($! `$#[! W#$W&#IV! `J(O! (O&! )&`!
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