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;<=> ?@?AB CA>DB=E A> @ >FGHI@BA ?BFCJDH=FK D<@=K CACL
=D@HAC HF AKCLJ>AB> I<=D< M N =OAK @ >APJAKH=@Q ?BFNB@R
HF EA @??Q=AC HF @ >AH FG =KC=O=CJ@Q C@H@ M AK@EQA> AGL
SD=AKH ?@B@QQAQ ?BFDA>>=KN FG <JNA DFQQADH=FK> FG C@H@
FK @ NB=C T ;<=> >U>HAR BAPJ=BA> KF =KOFQOAR AKH FG H<A
J>AB @KC ?BFCJDA> G@=BQU NFFC BA>JQH> T

V WX78YZ[:7\YX

]BAPJAKHQU H<A >@R A DFR?JH@H=FK => R @CA =KCA? AKL
CAKHQU FOAB H<A AQAR AKH> FG @ N=OAK DFQQADH=FK FG C@H@ M
=KCJD=KN C@H@ ?@B@QQAQ=>R ^__` T a > NB=C> ^b M c` @BA NAHL
H=KN RFBA @KC RFBA DFRRFK M =H => H<ABAGFBA =R?FBH@KH
HF EA @EQA HF BJK @??Q=D@H=FK> =KOFQO=KN C@H@ ?@B@QL
QAQ=>R FK >JD< H@BNAH ?Q@HGFBR > T dK FBCAB HF HBU @KC CF
>F M FKA <@> H<A D<F=DA EAHIAAK A=H<AB CA>=NK @ ?@B@QQAQ
@??Q=D@H=FK M I<=D< R @U EA @ <@BC H@>e BA>ABOAC HF >? AL
D=@Q=>H> fJKQA>> J>ABLGB=AKCQU HFFQ> @BA J>ACf FB >=R?QU
IB=HA @ >APJAKH=@Q ?BFNB@R M BAQU =KN FK @JHFR @H=D HFFQ>
HF ?BFCJDA H<A DFBBA>?FKC=KN ?@B@QQAQ DFCA T gFIAOAB M
H< => HAD<K=PJA => R @=KQU CAC=D@HAC HF >URRAHB=D RJQL
H=?BF DA>>FB> FB OADHFB ?BF DA>>FB> M @KC D@K FKQU E A J>AC
FK DQJ>HAB> H<BFJN< >FGHI@BALE@>AC C=>HB=EJHAC ><@BAC
R ARFBU >U>HAR > ^h M _c` T a > >F R @KU DFR?JH=KN BAL
>FJBDA> @??A@B HF EA @O@=Q@EQA EU RA@K> FG NB=C> M IA
GF DJ> FK A@>=KN H<A=B JH=Q=i@H=FK B@H<AB H<@K FK R @e=KN
GJQQ J>A FG H<A @O@=Q@EQA DFR?JH=KN ?FIAB T

jKA D@K DFK>=CAB @KU >FGHI@BA DFR?FKAKH @> DFKL
>JR =KN C@H@ GBFR @ C@H@ >HBA@R M @KC ?BFCJD=KN BA>J QH>
=KHF @ BA>JQH> >HBA@R T ;<ABAGFBA M =K H<A CA>=NK FG @ >AL
PJAKH=@Q =R?QAR AKH@H=FK FG >JD< @ DFR?FKAKH M H<A>A
HIF >HBA@R > RJ>H E A BA>?ADH=OAQU >Q=DAC =KHF @KC NAKL
AB@HAC GBFR C@H@ >HBJDHJBA> kK@R AQU lmnm @KC opqrsnt T
;<J> M H<A C@H@HU?A> lmnm @KC opqrsn <@OA KADA>>AB@QU
HF EA >? AD=SAC I<AK IB=H=KN H<A >APJAKH=@Q DFBBA>?FKCL
=KN DFCA T a > IA CF KFH KAAC @KUH< =KN AQ>A M IA CF KFH
BAPJ=BA @KU AuHB@ AvFBH GBFR H<A J>AB T

wF M QAH x> DFK>=CAB @ >APJAKH=@Q >FGHI@BA DFR?FL

KAKH I<=D< DFKH=KJFJ>QU BA@C> lmnmM D@QQ> >FR A GJKDL
H=FK yzo{ |}~ lmnm� zrn opqrsn� FK A@D< =HAR @KC IB=HA>
H<A DFBBA>?FKC=KN opqrsn @> ><FIK =K ]=N T _T ;<A

Worker
data stream result stream

]=NJBA _� �AKAB=D >APJAKH=@Q >FGHI@BA DFR?FKAKH T

C@H@ >HBA@R => GAC EU R A@K> FG @ C@H@ >FJBDA kS QA >U>L
HAR M C@H@E@>A M >AK>FB KAHIFBe M KAHIFBe DFKKADH=FK M
AHDt M @KC BA>JQH> @BA DFK>JR AC EU @ DFK>JRAB ?BF DA>> T
wJD< @ >FGHI@BA DFR?FKAKH DFJQC EA ?@BH FG @ ?=? AQ=KA
=KOFQO=KN @ I<FQA D<@=K FG >JDDA>>=OA ?BF DA>>=KN >HA?> T
dG FKA KAAC> HF =KDBA@>A H<A �FI H<BFJN< H<A ?=? AQ=KA M
H< => DFR?FKAKH => @ ?FHAKH=@Q E FHHQAKADe � H<J> M =H =>
@ NFFC D@KC=C@HA GFB ?@B@QQAQ AuADJH=FK T �JA HF C@H@
?@B@QQAQ=>R M FKA D@K Au?ADH @ KA@B Q=KA@B >? AACLJ? � >F
=KDBA@>=KN H<A KJREAB FG ?BFDA>>FB> DFJQC @QQFI HF =KL
DBA@>A H<A �FI M ?F>>=EQU QA@C=KN HF @KFH<AB EFHHQAKADe
J?>HBA@R FB CFIK>HBA@R T aCC=H=FKK@QQUM =KHBFCJD=KN
>FR A EJvAB=KN EAHIAAK ?=? AQ=KA >H@NA> D@K <AQ? @EL
>FBEA �FI �JDHJ@H=FK> @KC R @eA DFRRJK=D@H=FK @KC
DFR?JH@H=FK FOABQ@? T �JH =K FBCAB HF E A J>AGJQ HF
AKCLJ>AB> M H<A ?@B@QQAQ AuADJH=FK ><FJQC EA FEH@=KAC
EU RA@K> FG @ >A@R QA>> BA?Q@DARAKH FG >APJAKH=@Q >FGHL
I@BA DFR?FKAKH> EU @JHFR @H=D@QQULNAKAB@HAC APJ=O@L
QAKH ?@B@QQAQ DFR?FKAKH> T

dK H<=> ?@?AB M IA ?BF?F>A @ >FGHI@BA ?BFCJDH=FK
D<@=K � a d�� k�JHFR @H=D �KHANB@H=FK GFB �@B@QQAQ
�uADJH=FK t HF CA@Q I =H< @ Q@BNA O@B=AHU FG @??Q=D@H=FK> T
ad�� AK@EQA> AKCLJ>AB> HF NAH ?@B@QQAQ AuADJH=FK FG @K
@??Q=D@H=FK FK NB=C> I =H<FJH IB=H=KN @KUH<=KN RFBA
H<@K =H> >APJAKH=@Q DFCA T

jJB R AH<FC <@> EAAK >JDDA>>GJQQU J>AC HF @JHFL
R @HA H<A ?BF DA>>=KN FG @ <JNA DFQQADH=FK FG >? ADHB@ GFB
=CAKH=SD@H=FK FG >AR =LKJDQAFH=CA ?FQURFB?<=>R > =K @
C@H@E@>A FG ��a >@R?QA> T dH D@K EA J>AC A=H<AB GFB
R @>> ?BFCJDH=FK FG BA>JQH> FB GFB B@?=C ?BFHFHU?=KN T
dKCAAC M =H @QQFI > H<A CAOAQF?AB HF DFKDAKHB@HA FK CAL
H@=Q> FG @QNFB=H<R > I =H<FJH CA@Q=KN I =H< @KUH<=KN AQ>A



H<@K >APJAKH=@Q ?BFNB@RR =KN T � FBAFOAB M H<A CAOAQL
F? AB D@K NAH PJ=De GAACE@De I<AK RFC=GU=KN @K @QNFL
B=H<R M @> <A D@K @D<=AOA >=NK=SD@KH BA>JQH> EU DFK>=CL
AB=KN =R?FBH@KH >@R?QA> I =H<FJH =KDJB=KN C=>>J@>=OA
CAQ@U> T ;<ABAGFBA H<A CAOAQF?R AKH ?<@>A FG H<A @??Q=L
D@H=FK D@K @Q>F EAKASH GBFR ?@B@QQAQ=>R M I =H< KF >? AL
D=SD ?BFNB@RR =KN AvFBH M @> IA ?BFO=CA @ HB@K>?@BAKH
DFR?FKAKH >JE>H=HJH=FK M KFH @ ?BFNB@RR =KN HFFQ T

;<=> ?@?AB => FBN@K=iAC @> GF QQFI > T ;<A KAuH >ADL
H=FK N=OA> @K FOABO=AI FG AKO=BFKR AKH> <AQ?=KN J>AB>
<@OA H<A=B @??Q=D@H=FK> AuADJHA FK @ NB=C T wADH=FK �
?BA>AKH> H<A >FGHI@BA @BD<=HADHJBA IA CA>=NKAC HF @QL
QFI A� D=AKH ?@B@QQAQ AuADJH=FK T wADH=FK c GFDJ>A> FK
<FI ad�� R@eA> =H> J>@NA @QRF>H HB@K>?@BAKH HF @K
AKCLJ>AB T wADH=FK � ?BA>AKH> ? ABGFBR @KDA SNJBA> T wADL
H=FK � DFR?@BA> FJB KAI @??BF@D< HF BAQ@HAC BA>A@BD<
IFBe> M FJHQ=KA> GJHJBA IFBe @KC DFKDQJCA> H<A ?@?AB T
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aRFKN H<A AKO=BFKR AKH> I<=D< <@OA EAAK CAOAQF? AC
=K FBCAB HF CF ?@BH FG H<A �FE GFB H<A AKCLJ>AB I<F
KAAC> HF CA>=NK ?@B@QQAQ @?? Q=D@H=FK> M >FR A @BA CAOFHAC
HF ?@B@RAHAB >IAA? @??Q=D@H=FK> M >JD< @> � =R BFCL� ^_`
FB d�@E ^_�` M I<ABA@> FH<AB> DFJQC E A J>AC =K RFBA NAKL
AB@Q >AHH=KN> ka??�Aw ^�` M ;j�L ^�` FB � =KGL� ^_h`t T
�@B@R AHAB >IAA? D@K =KCAAC EA DFK>=CABAC @ ?@BH=DL
JQ@B GFBR FG C@H@ ?@B@QQAQ=>R M @> =H =HAB@HA> =CAKH=D@Q
DFR?JH@H=FK> FK @QQ H<A AQARAKH> FG @ >AH FG KJR AB=D@Q
?@B@RAHAB> M @KC A@D< FG H<A =KC=O=CJ@Q DFR?JH@H=FK>
FG @ ?@B@R AHAB >IAA? @??Q=D@H=FK D@K EA BJK =KCA? AKL
CAKHQU FG H<A FH<AB> M @> @ C=vABAKH ?BF DA>> T ;<ABAGFBA M
@ J>AB D@K DBA@HA @ DFBBA>?FKC=KN >AH FG @C <FD >DB=?H>
@KC >D<ACJQA H<A=B AuADJH=FK FK FKA FB RFBA ?BF DA>L
>FB> T

� =R BFCL� ^_` => @ NB=C OAB>=FK FG @ HFFQ CAL
>=NKAC GFB C=>HB=EJHAC ?@B@R AHB=D R FCAQ=KN M I<=D< <@>
E AAK AK<@KDAC GBFR DQJ >HAB> HF NB=C> T �J=QH FOAB H<A
�QFEJ> ^�` NB=C R =CCQAI@BA M =H => CAC=D@HAC HF ?@B@R AHL
B=D >HJC=A> @KC ?BFO=CA> @ NB@?<=D@Q J >AB =KHABG@DA HF
<AQ? H<A J>AB >? AD=GU H<A ?@B@R AHAB >?@DA> FG <=> @??Q=L
D@H=FK @KC H<A DFR?JH@H=FK HF E A CFKA T � =R BFCL� D@K
H<AK ?BA?@BA H<A DFBBA>?FKC=KN =KCA?AKCAKH �FE> M DFKL
HBFQ H<A=B AuADJH=FK @KC R @K@NA H<A BA>J QH> T jK J>AB
BAPJA>H M � =R BFCL� PJAB=A> H<A ��w ^_�` DFR?FKAKH FG
� QFEJ> HF QFD@HA BA>FJBDA> M H<AK >AQADH> H<AR @DDFBCL
=KN HF >FR A DB=HAB=@ =KDQJC=KN EFH< H@>e> CA@CQ=KA> @KC
DF>H J>@NA CA? AKC=KN FK >FR A ADFKFR =D RFCAQ T ;F FJB
eKFI QACNA M KF FH<AB HU?A FG @??Q=D@H=FK> D@K EAKASH
GBFR �=R BFCL� T

dK H<A >@R A I@U @> � =R BFCL� M d�@E ^_�` => CAC=L
D@HAC HF H<A AuADJH=FK FG ?@B@RAHAB >HJC=A> FK NB=C> T

dH @Q>F ?BFO=CA> @ NB@?<=D@Q J>AB =KHABG@DA M HF R @eA
H<A DBA@H=FK FG =K?JH S QA> A@>=AB M @KC EJ=QC> @JHFR @HL
=D@QQU @ >DB=?H GFB A@D< BJK T � =vABAKH R AH<FC> @QQFI
H<A AuADJH=FK FG H<A>A >DB=?H> M A=H<AB O=@ � BD?� @KC � B><�
DFRR@KC> FB H<BFJN< @ �FE >D<ACJQAB T

;<A a??�Aw ^�` k��� Q=D@H=FK �AOAQ �D<ACJQ=KN t
AKO=BFKR AKH M @> =H> K@R A >JNNA>H> M GF DJ>A> R @=KQU FK
>D<ACJQ=KN T � <AK CA@Q=KN I =H< @K @??Q=D@H=FK M @K
a??�Aw @NAKH NFA> H<BFJN< H<A GFQQFI =KN >HA?> � BAL
>FJBDA C=>DFOABUM BA>FJBDA >AQADH=FK M >D<ACJQA NAKAB@L
H=FK M >D<ACJQA >AQADH=FK M @??Q=D@H=FK AuADJH=FK I =H< =HL
AB@H=OA >D<ACJQA @C@?H@H=FK =K H<A D@>A FG QFKNLBJKK=KN
@??Q=D@H=FK> T ;<A R @=K CB@IE@De => H<@H H<A FB=N =K@Q
@??Q=D@H=FK <@> HF E A @ ?@B@QQAQ FB @ C=>HB=EJHAC FKA M
@KC =H RJ>H E A RFC=SAC =K FBCAB HF E A >D<ACJQAC EU
@K a??�Aw @NAKH T ;<ABAGFBA M HAR?Q@HA> <@OA E AAK ?BFL
?F>AC =K FBCAB HF R @eA H<=KN> A@>=AB GFB H<A AKCLJ>AB M
@H QA@>H GFB H<A HIF DQ@>>=D@Q ?@B@C=NR > FG ?@B@R AHAB
>IAA? @KC � @>HABL�FBeAB � J >=KN >JD< HAR?Q@HA> M H<A
J>AB R ABAQU <@> HF ?BFO=CA @K ��� CA>DB=?H=FK FG <=>
H@>e> @KC a??�Aw @JHFR @H=D@QQU NAKAB@HA> @K @??Q=D@L
H=FK =H D@K >D<ACJQA T � <=QA a??�Aw I@> AuHAKCAC GBFR
KAHIFBe> FG IFBe>H@H=FK> HF NB=C> M =H> >D<ACJQ=KN HAD<L
K=PJA> <@OA EAAK ?BFNBA>>=OAQU @C@?HAC HF CA@Q I =H<
H<A <AHABFNAKA=HU FG NB=C> T

;j�L ^�` k� @>e � B=AKHAC �@B@QQAQ ���� t <@>
E AAK CA>=NKAC HF <AQ? H<A AKCLJ>AB ?@B@QQAQ=iA @ >AL
PJAKH=@Q @??Q=D@H=FK T dH J >A> @ � @>HABL�FBeAB ?BFL
NB@RR =KN RFCAQ @KC ?BFO=CA> @ <=N< QAOAQ a�d I<=D<
<@> EAAK =R?QAR AKHAC FK O@B=FJ> @BD<=HADHJBA> M GBFR
><@BAC R ARFBU RFCAQ HF NB=C> E@>AC FK H<A �QFEJ>
?BFHFDFQ> T ;<A =KHAKH => HF eAA? H<A KJREAB FG Q=KA>
H<@H <@OA HF EA RFC=SAC =K H<A >FJBDA DFCA @> >R @QQ @>
?F>>=EQA T a QH<FJN< H<A @O@=Q@EQA ?B=R =H=OA> @BA <=N<AB
QAOAQ H<@K ��d FKA> M H<A J>AB => BAPJ=BAC HF IB=HA @
?@B@QQAQ @??Q=D@H=FK T

� =KGL� ^_h` M ?BFO=CA> @ BJKK=KN AKO=BFKR AKH GFB
�B=C�� M @ NB=C =R?QARAKH@H=FK FG H<A �� ?BFHFL
DFQ T aRFKN H<A @??Q=D@H=FK> GFB I<=D< �B=C�� <@>
?BFOAK HF E A AvADH=OA M FKA => ?@B@R AHAB >IAA? I<=D< =>
IAQQL>J =HAC GFB AuADJH=FK EU RJQH=?QA >ABOAB> FK @ NB=C T
gFIAOAB M =H => FEO=FJ> H<@H =K FBCAB HF J>A � =KGL� M @K
@??Q=D@H=FK <@> HF E A BALI B=HHAK J>=KN H<A �B=C��
a�d T

jK H<A FKA <@KC M H<A>A AKO=BFKR AKH> R @eA H<A
J>A FG NB=C> A@>=AB T ;<AU >FRAH=R A> @QQFI KFK HB=O =@Q
?@B@QQAQ=>R M I<ABA@> H<A HFFQ ?BA>AKHAC =K H<=> ?@?AB
CFA> KFH M @KC H<A=B R @=K GF DJ> => FK >D<ACJQ=KN M >F @>
HF @D<=AOA H<A EA>H J>@NA FG BA>FJBDA> T

jK H<A FH<AB <@KC M H<AU A=H<AB BAPJ=BA @ >=NK=SL
D@KH Au?ABH=>A =K ?@B@QQAQ @KC C=>HB=EJHAC ?BFNB@RR =KN
kFB @H QA@>H >FR A =KOFQOAR AKH FG H<A J>AB HF CA>DB=E A
H<A DFKC=H=FK> GFB ?@B@QQAQ AuADJH=FK t M FB H<AU @BA AuL



?Q=D=HAQU Q=R =HAC HF ?@B@R AHAB >IAA? @??Q=D@H=FK> @KC
D@KKFH CA@Q I =H< RFBA >F?<=>H=D@HAC C@H@HU?A> T ]JBL
H<ABRFBA M H<A C=vABAKH BJK> AKH@=Q H<A BA? A@HAC DBAL
@H=FK FG ?BF DA>>A> M HFNAH<AB I =H< BA?A@HAC HB@K>GAB FG
AuADJH@EQA DFCA S QA> fA=H<AB H<BFJN< �]w ><@B=KN ^�`
FB H<BFJN< H<A J>A FG >FR A NB=C DFR?FKAKH ^_h` >JD<
@> H<A �aww ^� ` DFR?FKAKH FG � QFEJ>f =K FBCAB HF NAH
@ DF?U FG H<A AuADJH@EQA DFCA ?B=FB AuADJH=FK FG A@D<
=KC=O=CJ@Q H@>e T ;<A>A HB@K>GAB> D@K BA>J QH =K DF>HQU
>FGHI@BA =KHAB@DH=FK> I<=D< R =N<H EA @K FOAB<A@C HF
E A DFK>=CABAC M A>? AD=@QQU GFB ><FBHLBJKK=KN =KC=O=CJ@Q
Au? AB=R AKH> T jK H<A DFKHB@BUM @> => ><FIK =K H<A KAuH
>ADH=FK M IA >AH J? @ >FGHI@BA @BD<=HADHJBA GFB H<A I<FQA
CJB@H=FK FG H<A AuADJH=FK @KC CF KFH DFK>=CAB BA?A@HAC
S QA DF?U FB HB@K>GAB T a > H< => >FGHI@BA @BD< =HADHJBA J>A>
KA=H<AB �]w FB �dw M =H => IAQQ >J=HAC GFB H<A NB=C T

� �Y �7	98� 98:� \7�:7[8�

�A E@>AC FJB >FGHI@BA @BD<=HADHJBA FK H<A � @>HABL
�FBeAB ?@B@C=NR M I<=D< R @eA> >D<ACJQ=KN A@>=AB
H<@Ke> HF DAKHB@Q DFKHBFQ T ;<A �FBeAB => @?? Q=D@H=FK
>?AD=SD M I<ABA@> H<A � @>HAB => eA?H @> NAKAB=D @> ?F>L
>=E QA T a > ><FIK =K ]=N T h M H<A � @>HAB => >?Q=H =KHF
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]=NJBA h � wFGHI@BA @BD<=HADHJBA T

H<BAA ?BFDA>>A> � ?BF DA>>A> �@H@wD@KKAB @KC �A>JQHL
�B=KHAB AK>JBA H<A =KHABG@DA I =H< EFH< >HBA@R > M J>=KN
BA>?ADH=OAQU lmnm @KC opqrsn GFBR@H> DFBBA>?FKC=KN HF
J>ABLCASKAC C@H@HU? A> M I<ABA@> H<A H<=BC ?BF DA>> M � =>L
HB=EJHFB M =KHAB@DH> I =H< H<A ?FFQ FG �FBeAB> AuADJH=KN
H<A GJKDH=FK yzo{ |lmnm� opqrsn� T �BAD=>AQUM H<A �=>HB=EL
JHFB ?BF DA>> R @=KH@=K> @ Q=>H FG GBAA �FBeAB> T � <AK @
C@H@ =HAR => @O@=Q@EQA M FKA FG H<A GBAA �FBeAB> => D<FL
>AK @DDFBC=KN HF H<A DJBBAKH >D<ACJQ=KN ?FQ=DUT ;<AK M @
R A>>@NA DFKH@=K =KN H<A C@H@ HF EA ?BFDA>>AC => >AKH HF
H<A D<F>AK �FBeAB T � =vABAKH >D<ACJQ=KN ?FQ=D=A> @BA
?F>>=EQA M A@D< @=R =KN @H @ ?@BH=DJQ@B DB=HAB=FK @EFJH
BA>FJBDA J>@NA FB AuADJH=FK H=R A T � <AK @ BA>JQH R A>L
>@NA => @O@=Q@EQA M � =>HB=EJHFB DFRRJK=D@HA> H<A BA>JQH
HF �A>JQH�B=KHAB @KC ?JH> H<A DFBBA>?FKC=KN �FBeAB
E@De =KHF H<A Q=>H FG GBAA �FBeAB> T dG BA>JQH> @BA KFH

@O@=Q@EQA I =H< =K >FR A CAQ@UM =H => ? F>>=EQA HF BAL>D<ACJQA
H<A DFBBA>?FKC=KN IFBe FK @ C=vABAKH �FBeAB M R @e=KN
H<A >FQJH=FK RFBA G@J QHLHFQAB@KH T

dK FBCAB HF @E>FBE >? AAC O@B=@H=FK> =K EFH<
�@H@wD@KKAB @KC �A>J QH�B=KHAB M EJvAB> @BA J>AC HF
>HFBA C@H@ @KC BA>JQH =HAR > � H<=> <AQ?> eAA? �FBeAB>
EJ>UT wF @> HF @OF=C AuHB@ DF?=A> =K>=CA H<A � @>L
HAB M @QQ H<BAA ?@BH> FG H<A � @>HAB ?BF DA>> @BA BJK FK
H<A >@R A <F>H kKFHA H<@H H<=> @Q>F @QQFI > DFRRJK=L
D@H=FK H<BFJN< ><@BAC R ARFBUM @> ><FIK =K ]=N T �t T
;<ABAGFBA M I<AK @ C@H@ =HAR => BA@C FK H<A C@H@
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]=NJBA � � �@B@QQAQ =R ?QAR AKH@H=FK T

>HBA@R M =H => I B=HHAK FKQU FKDA =K J>AB >?@DA EAGFBA
=H => >AKH HF @ �FBeAB � >=R =Q@BQU BA@>FK=KN @??Q=A> HF
BA>JQH> T �A>=CA> @OF=C=KN J>AQA>> DF?=A> M H<=> R @eA>
>UKD<BFK=i@H=FK EAHIAAK � =>HB=EJHFB @KC H<A =KHABG@DA
?BF DA>>A> >Q=N<HQU QFF>AB @> H<AU �J>H DFR?AHA ><FBHQU
HF J?C@HA =KCAuA> HF ><@BAC R ARFBU >QFH> T a NBA@HAB
KJREAB FG >QFH> N=OA> RFBA Q@u =HU I<=D< => J>AGJQ =K
D@>A FG Q@BNA �JDHJ@H=FK> =K H<A C@H@ >HBA@R FB =K H<A
?BF DA>>=KN H=R A FG =HAR > T

� =H< KF =KGFBR @H=FK @EFJH �JDHJ@H=FK> R @NK=L
HJCA M H<A KJREAB FG >QFH> => @>>JR AC HF EA Q@BNAB
AKFJN< >F @> HF @OF=C �FBeAB> GBFR I@=H=KN T �JA HF
?F>>=EQA O@B=@H=FK> =K H<A=B ?BF DA>>=KN H=R A M H<A FBCAB
FG =KDFR =KN C@H@ R =N<H EA C=vABAKH GBFR H<A FBCAB
FG H<A DFBBA>?FKC=KN BA>JQH> CAQ=OABAC EU H<A ?@B@QQAQ
DFR?FKAKH T ;<ABAGFBA M ?BF DA>> �@H@wD@KKAB @HH@D<A>
=CAKH=SAB> HF C@H@ =HAR > H<BFJN<FJH H<A � @>HAB � =G H<A
FBCAB => >=NK =SD@KH GFB H<A BA>H FG H<A @??Q=D@H=FK M H<A>A
=CAKH=SAB> DFJQC ?F>>=E QU EA CAQ=OABAC HFNAH<AB I =H<
H<A BA>JQH> EU >Q=N<HQU @C@?H=KN H<A BA>JQH >HBA@R T dK
D@>A H<A � @>HAB E ADFR A> @ EFHHQAKADe I<AK =KDBA@>=KN
H<A KJREAB FG �FBeAB> M >AOAB@Q � @>HAB> DFJQC E A J>AC M
@> >JNNA>HAC EU ^�` T

a > H<A >FGHI@BA @BD< =HADHJBA FG ad�� => E@>AC FK
H<A � @>HABL�FBeAB RFCAQ M =H => KFH >AK>=H=OA HF R @L
D<=KA <AHABFNAKA=HUT �FBeAB> @BA Q@JKD<AC FKQU FKDA M
N=O =KN @ D<@KDA HF @E>FBE H<A >H@BH J? FOAB<A@C T jK
H<A DFKHB@BUM R F>H Au =>H=KN AKO=BFKR AKH> DFK>=CAB H<A
C=vABAKH H@>e> @> =KCA? AKCAKH �FE> M I<=D< R A@K> H<@H



A@D< FG H<AR <@> HF EA Q@JKD<AC =KCA? AKCAKHQUT ;<ABAL
GFBA H<A ? AK@QHU =KDJBAC GFB SKAB NB@=K ><FJQC EA QA>>
=R?FBH@KH I<AK J>=KN FJB >U>HAR T

FRRJK=D@H=FK EAHIAAK ?BF DA>> � =>HB=EJHFB @KC
�FBeAB> BAQU FK H<A ��d BADFNK=iAC >H@KC@BC I<=D<
@QQFI > }�� pl}mnp qp~lq @KC op�p}�pq� H<=> @OF=C> J>AL
QA>> I@=H=KN> M A>? AD=@QQU GFB � =>HB=EJHFB T ]FB =R?QAL
R AKH@H=FK FOAB @ NB=C M IA D<F>A HF J>A �QFEJ> I<=D<
FvAB> @QQ H<A BAPJ=BAC >ABO=DA> M >JD< @> @JH<AKH=D@H=FK M
=KGFBR @H=FK >ABO=DA N=O=KN DB=HAB=@ @EFJH BA>FJBDA> GFB
>D<ACJQ=KN ?FQ=D=A> @KC >F FK M HFNAH<AB I =H< H<A R?=D<L
�h =R?QAR AKH@H=FK FG ��d T � FBAFOAB M ��d @QQFI > H<A
CASK=H=FK FG CUK@R =D C@H@HU? A> M I<=D< <AQ?> eAA? H<A
� @>HAB NAKAB=D T dKCAAC M NAKAB=D R A>>@NA> E AHIAAK �=>L
HB=EJHFB @KC �FBeAB> @BA ?F>>=EQA I =H<FJH @KU J>AB
@>>=>H@KDA M @> QFKN @> H<A >FGHI@BA ?BFCJDH=FK D<@=K
=> @EQA HF NAKAB@HA @JHFR @H=D@QQU H<A @??BF?B=@HA ��d
GJKDH=FK> M CASK=KN ��d C@H@HU? A> GBFR EFH< lmnm @KC
opqrsn C@H@HU?A> ?BFO=CAC EU H<A J>AB T a > ��d ?BFL
NB@RR =KN >HUQA BAPJ =BA> eKFI QACNA @KC Au?ABH=>A M IA
BAQ=AOA H<A AKCLJ>AB GBFR H<A EJBCAK FG I B=H=KN @KC CAL
EJNN=KN @KU ��d DFCA M @> ><FIK =K H<A KAuH >ADH=FK T
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;<A �=>HB=EJHFB @KC �FBeAB> <@OA HF AuD<@KNA ��d
R A>>@NA> GFB EFH< C@H@ =HAR > BA@C GBFR H<A C@H@
>HBA@R @KC BA>JQH> HF E A IB=HHAK HF H<A BA>JQH >HBA@R T
;<J> M H<A NAKAB=D ?BFHFHU? A> GFB ��d RA>>@NA> <@OA
HF E A @C@?HAC HF =KDQJCA J>ABLCASKAC C@H@ @KC BAL
>JQH> I<=D< CA?AKC J?FK H<A @??Q=D@H=FK T �AN@BC=KN
H<A FBN@K=i@H=FK FG ad�� M H<BAA ?=ADA> FG =KGFBR @H=FK
RJ>H EA ?BFO=CAC EU H<A AKCLJ>AB � C@H@HU? A> GFB EFH<
H<A C@H@ >HBA@R @KC H<A BA>J QH >HBA@R M HFNAH<AB I =H<
H<A GJKDH=FK HF AuADJHA FK H<A �FBeAB T ;<=> GJKDH=FK
H@eA> HIF @BNJR AKH> I<=D< HU?A> @BA H<F>A FG H<A C@H@
>HBA@R @KC H<A BA>JQH >HBA@R BA>?ADH=OAQUT

a > IA =KHAKC FJB ? =ADA FG >FGHI@BA HF E A FG HB@K>L
?@BAKH J>A GFB H<A AKCLJ>AB M =H => =R?FBH@KH H<@H @KU
e=KC FG C@H@ DFJQC E A HB@K>GABBAC GBFR H<A �=>HB=EJHFB
HF �FBeAB> T � FBAFOAB M IA CF KFH I@KH H<A AKCLJ>AB
HF E A DFKDABKAC I =H< FJB C=vABAKH >HBJDHJBA> T dK FBL
CAB HF CF >F M @ >? AD=SD DFR?=QAB <@> E AAK CAOAQF? AC HF
DFKOABH  C@H@HU?A> HF ��d C@H@HU?A> @JHFR @H=D@QQUT

�FBe> <@OA E AAK CFKA ^_�` @QBA@CU HF ?BFCJDA
��d C@H@HU? A> GBFR  C@H@HU?A> T gFIAOAB M H<A>A >FL
QJH=FK> Au?ADH H<A CAOAQF? AB HF =KHBFCJDA >?AD=SD DFR L
R AKH> =K ?BFNB@R >FJBDA> >F @> HF =KC=D@HA I<=D< HU?A
HF NAKAB@HA T dK H<A ?BA>AKH D@>A M IA Au?ADH H<A J>AB
HF N=OA @ >? AD=S D K@R A HF >HBJDHJBA> J>AC HF HB@K>GAB
C@H@ GBFR H<A C=>HB=EJHFB HF �FBeAB> @KC O=DALOAB>@ T
;<J> M =K FJB >FQJH=FK M KF >? AD=SD DFRRAKH => BAPJ=BAC T

;<=> => =R?FBH@KH @> =H @QQFI > Au =>H=KN @??Q=D@H=FK> HF
E A AuADJHAC J>=KN FJB >FQJH=FK T dK H<=> D@>A M H<A J>AB
FK QU KAAC> HF ?BFO=CA @K @Q=@> HF C@H@HU? A> J>AC GFB
EFH< C@H@ @KC BA>JQH >HBA@R > T

a QRF>H AOABU C@H@HU?A D@K EA HB@K>Q@HAC GBFR 
HF ��d @JHFR @H=D@QQUT aH ?BA>AKH M HIF D@>A> k?F=KHAB>
@KC JK=FK>t QA@C HF ?BFEQAR > @> H<AU <@OA KF APJ=OL
@QAKDA =K ��d T ]FB H<A SB>H D@>A M BAN@BC=KN H<A G@DH
H<@H @ ?F=KHAB => H<A @CCBA>> FG @KFH<AB O@B=@EQA =KL
>=CA H<A O=BHJ@Q @CCBA>> >?@DA FG H<A ?BF DA>> =K I<=D<
=H <@> E AAK CADQ@BAC M ?F=KHAB> ><@QQ KFH E A HB@K>GABBAC
GBFR FKA ?BF DA>> HF @KFH<AB FKA @> H<A=B R A@K=KN =>
Q=R =HAC HF H<A ?BF DA>> H<AU EAQFKN HF T ;<J> M H<A J>A
FG ?F=KHAB> =K C@H@ >HBJDHJBA> HF EA HB@K>Q@HAC BA>J QH>
=K @K ABBFB T dG M GFB @KU BA@>FK M H<=> IFJQC EA =KHABL
A>H=KN GFB @K @??Q=D@H=FK M ?F=KHAB> DFJQC E A HB@K>Q@HAC
A=H<AB HF @K �	 
�
� FB @K @BB@U FG �	 
���� T ]FB H<A
>ADFKC D@>A M FKA <@> HF BAR =KC H<@H @ �� ��� =K  BA?L
BA>AKH> O@B=FJ> I@U> HF @??BA<AKC H<A >@R A RARFBU
@BA@ T FK>=CAB=KN H<@H H<A NAKAB@HAC ��d ?BFNB@R
R@U BJK FK @K <AHABFNAKAFJ> ? Q@HGFBR M =H => KFH ?F>L
>=E QA HF CAHABR =K @H DFR?=Q@H=FK I<=D< BA?BA>AKH@H=FK
><FJQC E A J>AC GFB DFRRJK=D@H=FK T ;<J> M IA QAGH H<A
HB@K>GFBR @H=FK FG �� ��� >HBJDHJBA> GFB H<A GJHJBA @KC
H<A=B DFR?=Q@H=FK BA>JQH> =K @K ABBFB T

;<A @JHFR @H=D NAKAB@H=FK FG ��d C@H@HU? A> GBFR
 C@H@HU?A> <@> EAAK R @CA ?F>>=EQA EU =KHBFCJD=KN AuL
HB@ >HA?> =K H<A J>J@Q DFR?=Q@H=FK D<@=K @> ><FIK =K
]=N T c FK H<A KAuH ?@NA T ;U?=D@QQUM =K FBCAB HF R @eA
>JBA H<A CASK=H=FK FG @ N=OAK HU?A => DFR?QAHA M H<A SB>H
>HA? =K H<A DFR?=Q@H=FK D<@=K k��� GFB H<A ?BA?BFDA>L
>FBt => AuADJHAC T a > H<A NAKAB@HAC S QA => HF E A DFR L
?=QAC EU H<A AvADH=OA  DFR?=QAB k��t M =H RJ>H DFKH@=K
@QQ H<A =KGFBR@H=FK BAPJ=BAC EU @KU HU?A =K H<A S QA k=G
KFH M H<=> S QA DFJ QC KFH E A DFR?=QAC ?BF?ABQU EU ��t T
;<J> M =K>HA@C FG GAAC=KN �� I=H< H<A =KHABR AC=@HA S QA
NAKAB@HAC EU ��� M H< => =KHABRAC=@HA S QA => HB@K>GFBR AC
EU �� ��� k@ >? AD=SD ?@B>AB IA IBFHAt HF ?BFCJDA @ KAI
 SQA =K I<=D< H<A CASK=H=FK FG ��d C@H@HU? A> <@OA
E AAK @JHFR @H=D@QQU @??AKCAC HF H<A FB=N=K@Q S QA T ;<=>
KAI >FJBDA S QA => H<AK ?BFO=CAC HF ��� T ;<A =KHABR AL
C=@HA S QA I<=D< BA>J QH> => H<AK ?BF DA>>AC EU H<A J>J@Q
DFR?=Q@H=FK D<@=K T

;<A Q=>H FG  C@H@HU?A> GBFR H<A FB=N=K@Q S QA M HF
E A HB@K>GFBR AC HF ��d C@H@HU? A> M => ?BFO=CAC FK H<A
DFRR@KC Q=KA I<AK =KOFe=KN �� ��� T aH ?BA>AKH M H<=>
Q=>H => <@BC DFCAC @KC R @HD<A> H<A BAPJ=BARAKH> FG
FJB >FGHI@BA >J=HA T gFIAOAB M F?H=FK> @BA >D<ACJQAC
HF @QQFI RFBA �Au =E=Q=HU @KC BAJ>A EU FH<AB ?=ADA> FG
>FGHI@BA T

;<A AKCLJ>AB R @U KFH E A @I@BA FG @QQ H<=> @> =H
=> <=CCAK EU H<A DFR?=QAB >J=HA ?BFO=CAC GFB ad�� T dK
G@DH M =K FBCAB HF DFR?=QA <=> @??Q=D@H=FK M H<A CAOAQL
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F? AB >=R?QU J>A> H<A ������ DFR?=QAB I<=D< => RABAQU
@ IB@??AB @BFJKC H<A ���  DFR?=QAB =K I<=D< HIF
AuHB@ >H@NA> <@OA E AAK @CCAC GFB H<A @JHFR @H=D HB@K>L
GFBR @H=FK FG  C@H@HU?A> HF ��d C@H@HU? A> T
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;<A >APJAKH=@Q DFR?FKAKH D<F>AK GFB H<A AO@QJ@H=FK FG
H<A >FGHI@BA ?BFCJDH=FK D<@=K =HAB@HA> H<A Au?FKAKH=L
@H=FK FG >PJ@BA R @HB=DA> FG =KHANAB> BA@C FK @ >HBA@R T
wF H<A =K=H=@Q DFR?FKAKH =KDQJCA> H<BAA GJKDH=FK> � H<A
GJKDH=FK yzo{ |}~ lmnm� zrn opqrsn� I<=D< R @eA> H<A
DFR?JH@H=FK M H<A GJKDH=FK H<@H BA@C> @ R@HB=u FK H<A
>H@KC@BC =K?JH @KC >HFBA> =H =K @ lmnm >HBJDHJBA M @KC
H<A GJKDH=FK H<@H IB=HA> H<A DFKHAKH> FG @ opqrsn >HBJDL
HJBA FK H<A >H@KC@BC FJH?JH T ;<A lmnm C@H@HU? A =>
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]=NJBA � � � QQ@? >AC H=R A T
@ >HBJDHJBA =KDQJC=KN H<A DFKHAKH> FG H<A R @HB=u @KC
H<A Au?FKAKH O@QJA M I<ABA@> H<A opqrsn C@H@HU?A => @
>HBJDHJBA =KDQJC=KN FKQU H<A DFKHAKH> FG H<A BA>J QH R @L
HB=u T ]BFR H<A>A AQAR AKH> M H<A ?@B@QQAQ DFCA I@> NAKABL

@HAC @JHFR @H=D@QQU =K FKA >HA? M I =H<FJH GJBH<AB AvFBH T
;<A HAD<K=PJA <@> EAAK >JDDA>>GJQQU @??Q=AC HF O@B=L
FJ> Au@R?QA @??Q=D@H=FK> =KOFQO=KN RFBA >F?<=>H=D@HAC
C@H@HU? A> T

;<A ?Q@HGFBR J>AC GFB ? ABGFBR @KDA R A@>JBAR AKH>
=> DFR?F>AC FG A=N<H �AKH=JR d� BJKK=KN @H h T� �gi
I =H< �_h �� FG �a� RARFBUT ;<ABA => KF �]w
SQA ><@B=KN @RFKN H<A>A DFR?JHAB> M @KC KF �dw J>AB>
C@H@E@>A T � QFEJ> h Tc T� => J>AC HF R @? H<A J>AB FK @
QFD@Q @DDFJKH FK A@D< DFR?JHAB T
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dK FBCAB HF @OF=C <@BCI@BA F?H=R =i@H=FK AvADH>
=K H<A DFR?JH@H=FK M FCC =KHANAB> @BA J>AC GFB R@HB=u
AQAR AKH> @KC H<A R @HB=u >=iA M @> H<A J>A FG AOAK =KHAL
NAB> IFJQC QA@C HF iABFA> H<BFJN< FOAB�FI > GFB Q@BNA
KJREAB> FG =HAB@H=FK> M I<AK =KDBA@>=KN H<A O@QJA FG H<A
Au?FKAKH T ;<A >=iA D<F>AK GFB H<A R @HB=DA> => _� _M @KC
O@QJA> GFB Au?FKAKH> @BA H@eAK =K H<A B@KNA GBFR h��
HF ���� T ] =N T � ><FI > H<@H H<A AQQ@?>AC H=R A O@B=A>
Q=KA@BQU I<AK H<A Au?FKAKH O@QJA =KDBA@>A> T dK G@DH M =K
H<A ?BFNB@R IA <@OA D<F>AK @> @K Au@R?QA M H<A <=N<AB
H<A Au?FKAKH FG H<A R @HB=u M H<A Q@BNAB H<A @RFJKH FG
DFR?JH@H=FK � <FIAOAB M H<A @RFJKH FG DFRRJK=D@H=FK
BAR @=K> H<A >@R A @> H<A >=iA FG H<A BA>J QH R @HB=u =>
DFK>H@KH T ;<J> M H<=> DJBOA ><FI > H<@H FJB R AH<FC D@K
C=>HB=EJHA DFR?JH@H=FK> A� D=AKHQU FOAB H<A KAHIFBe T
] =N T � ?BA>AKH> H<A >? AAC J? OAB>J> H<A Au?FKAKH J>AC
HF AO@QJ@HA H<A BA>JQH R @HB=DA> T dH <=N<Q=N<H> H<@H OABU
NFFC >?AACLJ? D@K EA ?BFO=CAC k@K A� D=AKDU FG J?
HF ��� => @D<=AOAC GFB A=N<H ?BF DA>>FB>t AOAK I<AK H<A
@RFJKH FG DFR?JH@H=FK => B@H<AB QFI kA TN T @K A� D=AKDU
FG ��� => @D<=AOAC FK A=N<H ?BF DA>>FB> GFB @K Au?FKAKH
FG h��� =K I<=D< D@>A H<A DFR?JH@H=FK H=R A GFB @ >=KNQA
R @HB=u => � Tb >ADFKC>t T
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dK H<=> ?@?AB M IA <@OA ?BA>AKHAC H<A >FGHI@BA ?BFCJDL
H=FK D<@=K ad�� T �=OAK @KU >APJAKH=@Q >FGI@BA DFR L
?FKAKH M =H AK@EQA> H<A AKCLJ>AB HF FEH@=K @ ?@B@QQAQ
AuADJH=FK FK @ NB=C @KC Au?QF=H H<A C@H@ ?@B@QQAQ=>R
=KOFQOAC =K < => @??Q=D@H=FK T � >=KN ad�� M H<A AKCLJ>AB
CFA> KFH <@OA HF R @eA @KU ?@B@QQAQ ?BFNB@RR =KN AvFBH
HF @C@?H H<A @??Q=D@H=FK =K FBCAB HF E AKASH GBFR H<A
>U>HAR T �u?AB=R AKH> <@OA DFKSBR AC H<@H H<A ?@B@QQAQ
AuADJH=FK D@K EA A� D=AKH T

�AH M J? HF KFI M H<A D<F=DA FG H<A GBAA �FBeAB
EU H<A � =>HB=EJHFB ?BF DA>> <@> E AAK eA?H OABU >=R L
?QA M R FBA >F?<=>H=D@HAC >D<ACJQ=KN RJ>H E A DFK>=CL
ABAC =K H<A GJHJBA T ;<A DAKHB@Q=iAC DFKHBFQ FG H<A
� @>HABL�FBeAB ?@B@C=NR R@eA> H<A =KHANB@H=FK FG @KU
>D<ACJQ=KN >HB@HANU =K �=>HB=EJHFB PJ =HA >HB@=N<HGFBL
I@BC T ;<A J>AB R =N<H AOAK EA N=OAK H<A F??FBHJK=HU HF
CAD=CA H<A HB@CA Fv EAHIAAK ?ABGFBR @KDA @KC BA>FJBDA
J>@NA H<@H E A>H >J =H> <=> KAAC> T

a?@BH GBFR >D<ACJQ=KN M FH<AB IFBe> @BA =K
?BFNBA>> HF =R?BFOA H<A >D@Q@E=Q=HU FG H<A >FGHI@BA @BL
D<=HADHJBA T ]FB =K>H@KDA FK H<A ?ABGFBR @KDA >=CA M =K
D@>A H<A � @>HAB E ADFR A> @ EFHHQAKADe I<AK =KDBA@>=KN
H<A KJREAB FG �FBeAB> M >AOAB@Q � @>HAB> DFJQC E A J>AC T
]@JQHLHFQAB@KDA => @ C=BADH=FK GFB GJHJBA IFBe M HFNAH<AB
I =H< ?FBH@E=Q=HU H<BFJN< H<A J>A FG @ O=BHJ@Q R @D<=KA T
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a DFQQ@EFB@H=FK EAHIAAK H<A AKHBA �@H=FK@Q CA ��KFL
HU?@NA k��t @KC H<A dK>H=HJH �@H=FK@Q CA> ;� Q�DFR L
RJK=D@H=FK> kd�; t >H@KC> @H H<A =KDA?H=FK FG H<A ad��
?BF� ADH T ;<ABAGFBA M IA IFJQC Q=eA HF @DeKFI QACNA H<A
>H@v FG H<A �� E=F=KGFBR @H=D> NBFJ? T � >? AD=@QQUM
IA I =>< HF H<@Ke �=KF � @BNAH=D M �FR =K =PJA �@K �AK
�BFADe @KC ]ABK@KCF �F> w@KHF> GFB H<A=B >J??FBH T
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