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Z [\]^^]_`\a\_b cd a e^^c^ f]_\gh i>j> FA=IIkRKP<S P<<PT:=Q=TG KN Q 9<<K< LPT=HI j j j j j j j j j j j j j j j X
>jV lP<PR KH9J NK<Q KN GA= <=m=JGK< PNG=< GA= JA=IIkRKP<S P<<PT:=Q =TG j j j X
>jn o=RPHPTJ9T: GA= G=H=IJKL = j j j j j j j j j j j j j j j j j j j j j j j j p

q raf^cs\a\_bh bc bt\ uvw xV j> ETIGPHHPG9KT KN P L<Ky =JG9KT IJ<==T KT GA= H9SI j j j j j j j j j j j j j j z
V jV {=|T9G9KT KN GA= oK};=k~PQL LK9TG9T: j j j j j j j j j j j j j j j j j �
V jn BK;TG9T: P G=QLK<P<O FF{ NK< 89T=kNK J;I9T: j j j j j j j j j j j j j �
V jX �=M ~�{ LKI9G9KTI j j j j j j j j j j j j j j j j j j j j j j j j j j j j �
V jp {=G=<Q 9TPG9KT KN GA= CBF FF{ JPQ =<P IJPH= j j j j j j j j j j j j j �
V j� EQL<K�=S ILKG |TS9T: PH:K<9GAQ j j j j j j j j j j j j j j j j j j j j j >W
V jz FAPT:=I GK GA= LPT=HkQ K�=Q=TG JPH9R<PG9KT j j j j j j j j j j j j j j j >W
V j� CTPHOI9I KN JKQQ;T9JPG9KT L<KRH=Q I j j j j j j j j j j j j j j j j j j >W
V j� FK<<=JG9KTI GK GA= NK J;I9T: L<K J=S;<= j j j j j j j j j j j j j j j j j j >>
V j>W �GA=< CBF =TAPTJ=Q=TGI j j j j j j j j j j j j j j j j j j j j j j j j >�
V j>> o=HKJPG9KT KN GA= CBF JKQL;G=< j j j j j j j j j j j j j j j j j j j j >z

i � e^hb ^\h� gbh � ebt bt\ _\� dc ��he_` Z�n j> 8KJ;I PJA9=�=S PNG=< GA= LPT=H <=P<<PT:=Q=TG j j j j j j j j j j j j j >�
n jV FKQLP<9IKT KN GA= =�=JGI JKQL=TIPG=S 9T GA= T=M CBF L<K:<PQ j j >�
n jn CTPHOI9I KN {FkF;<<=TG |H=I R =NK<= PTS PNG=< GA= �;HO 9TIGPHHPG9KT j j j VV

� �\�b hb\fh ]_� eafc^b]_b b]h�h dc^ bt\ d�b�^\ q�X j> �KH� 9T: GA= JKQL9H=< L<KRH=Q NK< GA= C@B�~ C�o B9J<KJKTG<KHH=<I j VX
X jV EQL<K� 9T: GA= S=G=<Q 9TPG9KT KN GA= KLG9JPH P� 9I j j j j j j j j j j j j VX
X jn �=GG=< FF{ JPQ=<P NK< GA= |T= NKJ;II9T: KN Q 9<<K<I j j j j j j j j j j VX
X jX �=GG=< L<=J9II9KT NKJ;I9T: KN GA= Q 9<<K< LPT=HI j j j j j j j j j j j j j Vp
X jp � 9:A=< K<S=< JK<<=JG9KTI 9T GA= CBF IKNGMP<= j j j j j j j j j j j j j Vp
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��=<O L =<9KS M= QK;TG=S T=M LPT=HI PTS NK J;I=S GA= Q 9<<K<I M 9GA GA= oK};=k~PQL
M= KRI=<�=S PT JKTG9T;K;I S=NK J;II9T: KN 9TS9� 9S;PH Q 9<<K<I KT LPT=HI j @K 9QL<K�=
GA= l�8 9G MPI T=J=IIP<O GK |T= NKJ;I GA9I Q 9<<K<I =�=<OG9Q = P:P9T j @A= <=PIKT NK<
GA= S=NK J;II9T: M=<= TKG =TK;:A ILPJ= R =GM==T LPT=HI j {;<9T: GA= Q K�=Q=TGI KN
PJG;PGK<I LPT=HI GK;JA=S T=9:ARK< Q 9<<K<I PTS S=NK J;I=S j �L =J9PHHO MA=T GA= PJG;k
PGK<I M=<= J=TG=<9T: � :K9T: N<KQ GA= HKM=< GK GA= ;LL =< =TSIM 9GJA � GA= JKTI=};=TJ=
R =JKQ= S<PQ PG9J j @A9I 9I GA= <=PIKT MAO 9G MPI TKG PHHKM=S GA= ;I= GA= J=TG=<9T:
L<KJ=S;<= 9T GA= CBF IKNGMP<= PTOQK<= � R;G =�=T GA=T JKHH9S 9T: KN Q 9<<K<I MPI TKG
N;HHO =�JH;S=S j
@A= KTHO IKH;G9KT GK P�K9S GA9I JKHH9I9KTI MPI GK <=P<<PT:= GA= LPT=HI GK JA=IIk

R KP<S IG<;JG;<= PI IAKMT 9T |:;<= >j>j

8 9:;<= >j>? FA=IIkR KP<S IG<;JG;<= KN GA= LPT=HI KT BCDEF G=H=IJKL = j

n
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89<IG KN PHH M= MK;HS H9= GK GAPT GA= JKHHPRK<PGK<I N<KQ �P<J=HKTP � B;T9JA � lPSK�P �
®;<9JA PTS ~KS¯ MA9JA :P�= ;I I;LLK<G 9T NK<Q KN Q PT LKM=< NK< GA= <=P<<PT:=Q =TG
KN GA= LPT=HI j

8 9:;<= >jV ? @=PQ MK<9T: KT GA= JA=IIkRKP<S IG<;JG;<= j 8<KQ H=NG ? CTS<=PI
°=T:=< � ± <I �K<9IR =<:=< � B P;<K �=:<=HHK � @AKQPI oP;R =< � l=G=< �PMPHH9IJA � B PIk
I9QK o=R=IJA9T9 � B P<JK �;<=<G � B P<;I DP<J¯P<J¯O � {P�9S= C::;:9P<K PTS �PT
oPJAKM I9 UMAK ²I S=S9JPG=S GPI MPI GK <=LHPJ= GA= QKGK< JKTT=JGK<I KT GA= CBF
RK�=IY j B 9II9T: KT GA= L9JG;<= P<= ? �KI= 8=<<=< PTS oA=9TAP<S �KNQ PTT j

@K P<<PT:= LPT=HI 9T JA=IIkIG<;JG;<= M= L<KS;J=S nW QQ GA9J C H RHKJI 9T
GA= MK<IAKL KN BlE j @K <9I= LPT=HI M= QK;TG=S GA= C H RHK JI ;TS=< GA= GA<==
Q K;TG9T: L K9TGI MA9JA |� GA= LPT=H GK GA= JP<RKTk|R =<kG;R = IG<;JG;<= j °= M=<=
G<O 9T: GK PJA9=�= P XW QQ S9IGPTJ= R =GM==T Q 9<<K<I KN S9�=<=TG LPT=HI j @A9I 9I GA=
ILPJ= M= P<= I;<= GAPG Q 9<<K<I SKT ²G JKHH9S= M 9GA GA= T=9:ARK<I j
ET GA= |<IG IG=L M= G<9=S GK NKHHKM GA= I;::=IG9KT L<=I=TG=S S;<9T: GA= JKHHPRKk

<PG9KT Q==G9T: 9T @;K<HP j @A= 9S=P MPI GK Q P= GA= JA=IIkR KP<S IG<;JG;<= KTHO 9T
GA= J=TG<PH LP<G KN GA= G=H=IJKL = S9IA PTS <9I= 9T GKGPH �X LPT=HI j
{;<9T: GA9I 9TIGPHHPG9KT M= <=PH9¯=S GAPG =�=T 9T GA= K;G=< <=:9KT MA=<= QK<=

ILPJ= IAK;HS R = P�P9HPRH= NK< GA= LPT=HI � 9G MPI TKG LKII9R H= GK |TS P JKHH9I9KTk
N<== P<<PT:=Q =TG j C NG=< HKT: G<9PHI M= S=J9S=S GK P<<PT:= PHH LPT=HI 9T JA=IIkR KP<S
IG<;JG;<= PI IAKMT 9T |:;<= >j 8 9TPHHO M= <P9I=S >>� LPT=HI j
CSS9G9KTPHHO GA= HPIG V> LPT=HI AP�= R ==T QK;TG=S PTS GA= S9IA 9I ³_eht\� TKM ´

� �µ ¶¢£¢ ¡¬ª· ©¡£§ ¡© ¨�� £�¸�·¨¡£ ¢©¨�£ ¨�� ·�����
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ET K<S=< GK L<K�= GA= K�=<PHH IAPL= KN GA= <=m=JGK< M= Q =PI;<=S M 9GA IL =J9PH HPI=<
9TIG<;Q =TG GA= S9IGPTJ= R =GM==T GA= Q 9<<K< I;<NPJ= PTS GA= J=TG=< KN GA= H9SI NK<

X



89:;<= >jn ? l HKG KN GA= S=�9PG9KT KN 9TS9� 9S;PH LPT=HI N<KQ GA= KLG9Q PH NK JPH H=T:GA j

=PJA 9TS9� 9S;PH LPT=H j @A=I= Q =PI;<=Q =TGI APS GK R = SKT= N<KQ GA= JA=<<OkL9J=< �
IK 9G MPI TKG LKII9R H= GK <=PJA GA= ;LL=< APHN KN GA= S9IA j @K Q =PI;<= GA=I= LPT=HI
9G MK;HS R= T=J=IIP<O GK <KGPG= GA= S9IA GK ¯=T9GA kzW S=: j �9TJ= PG GAPG G9Q = � GA=
|T= NKJ;II9T: KN PHH Q 9<<K<I PTS LPT=HI APS PH<=PSO R==T PJJKQLH9IA=S UGP9T: QK<=
GAPT n T9:AGI ´Y � 9G I==Q =S GK <9IO GK <KGPG= K�=< ¯=T9GA PTS LKII9RHO 9TG<KS;J= IKQ =
9<<=�=<I9R H= JAPT:=I KN GA= PH9:TQ =TG j CTOAKM GA= S9IA IAK;HS R = IOQQ=G<9J PTS
S9�=<=TJ=I R =GM==T ;LL =< PTS HKM=< LP<G P<= =�L=JG=S GK R = T=:H9:9RH= UR;G 9G MK;HS
R = T9J= GK Q =PI;<= 9G IKQ =G9Q =Y j
89:;<= >jn IAKM GA= S9�=<=TJ= R =GM==T GA= Q =PI;<=S PTS KLG9Q PH NK JPH H=T:GA

NK< =PJA 9TS9� 9S;PH LPT=H j @A= Q=PI;<=S S9IGPTJ= 9I JK<<=JG=S NK< GA= K�I=G N<KQ GA=
JPQ=<P H9S ;TG9H GA= ° 9TIGKTkFKT= LHPT= j @A=<= P<= GMK <=:9KTI KT GA= LHKG j @A=
<=:9KT P<K;TS kVW QQ JK<<=ILKTSI GK GA= HKM=<k PTS GA= <=:9KT P<K;TS k >WW QQ
JK<<=IL KTSI GK GA= A9:A=< LPT=HI KN GA= JA=IIkIG<;JG;<= j 8<KQ GA9I Q =PI;<=Q =TG M=
:=G GA= Q =PT S9IGPTJ= KN �W QQ R=GM==T GA= GMK HPO=<I KN GA= JA=IIkIG<;JG;<= j
@A= 89:;<= >jX IAKM GA= Q=PI;<=Q =TG KN GA= HKM=< LP<G KN GA= G=H=IJKL = S9IA j

�=<= GA= JA=II IG<;JG;<= 9I � 9I9R H= URH;= JKHK;< JK<<=IL KTSI GK <P9I=S LPT=HIY j lPT=HI
9T GA= K;G=< <9T: U:<==T JKHK;<Y P<= 9T GA= KLG9Q PH S9IGPTJ= NK< GA= LP<PR KH9J IAPL= �
PSy ;IG=S R=NK<= GA= BCDEF JPQ =<P MPI QK;TG=S j @A= K�I=G KN kXWQQ 9I S;=
GK M <KT: S9IGPTJ= R =GM==T GA= BCDEF JPQ=<P PTS GA= KLG9Q PH NK JPH H=T:GA NK<
9TS9� 9S;PH Q 9<<K<I j

� �¹ º� ¢¬¢¥·ª¥¦ ¨�� ¨�¬��·¡«�
�9TJ= Q K<= LPT=HI AP�= R ==T PSS=S PTS GA= FPQ =<P QK�=S nJQ N;<GA=< PMPO N<KQ
GA= S9IA GK :P9T ILPJ= NK< GA= 9TIGPHHPG9KT KN GA= 9TT=< ~�{I PTS J;<GP9T � 9G MPI

p
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89:;<= >jX ? l HKG KN GA= HPI=< Q =PI;<=Q =TGI NK< GA= LPT=HI KT GA= HKM=< LP<G KN GA=
S9IA j

T==S=S GK QKS9NO GA= JK;TG=<M=9:AG GK :=G GA= G=H=IJKL = RPHPTJ=S P:P9T j ° A=T GA=
FPQ =<P 9I 9T oK};=k~PQL LKI9G9KT � GA= G=H=IJKL = 9I L =<N=JGHO RPHPTJ=S » GA9I Q =PTI
MA=T GA= FPQ=<P 9I Q K�=S GK ²>WQ ² KN ²9T|T9GO ² LKI9G9KT U9 j= j JHKI=< GK GA= S9IA Y �
GA= G=H=IJKL = M 9HH G=TS GK <KGPG= GK ¯=T9GA K<9=TGPG9KT 9T JPI= KN JKQLH=G= HKII KN
L KM=< PTS TKT= MK<9T: R<P=I j

�
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@K 9QL<K�= GA= S=G=<Q 9TPG9KT KN GA= HPI=< ILKG L KI9G9KT KT GA= JPQ=<P H9S P mPG
L<Ky =JG9KT IJ<==T 9I T=J=IIP<Oj �9TJ= GA= H9SI N=PG;<= P N<PQ = KT GA= RK<S=<I PTS GA=
N<PQ = L<K|H=I K�=<HPL 9T GA= J=TG<PH LP<G KN GA= H9SI � GA= I;<NPJ= 9I TKG LHPT= MA9JA
Q P=I 9G �=<O S9¾ J;HG GK :=G L<=J9I= HPI=< LKI9G9KTI j
C LHPT= IJ<==T MPI L<KLKI=S PH<=PSO S;<9T: GA= °;=<¯R;<: Q==G9T: 9T VWWV PTS

PJJ=LG=S N<KQ �F j �9TJ= TKRKSO Q PS= PT =�K<G GK R;9HS GA9I L<Ky =JG9KT IJ<==T M=
S=J9S=S GK Q P= GA=Q RO K;<I=HN j
°= ;I=S GMK VQQ GA9J C H LHPG=I M 9GA GA= I9¯= KN pWW�VpW QQ j �PJA LHPG= 9I

Q K;TG=S KT � QQ HKT: ILPJ=RP<I PTS |�=S M 9GA NK;< BX IJ<=M I GK GA= H9S j 8K< GA=
IJ<=M I M= QK;TG=S IQ PHH <9�=GI KT GA= H9S N<KTG I9S= j °= QPS= I;<= GAPG =�=<OGA9T:
IGPO=S MPG=<G9:AG j
@A= L<Ky =JG9KT IJ<==T 9I LP9TG=S M 9GA Q PGG MA9G= JKHK;< GK P�K9S <=m=JG9KTI KN

GA= HPI=<I N<KQ GA= Q 9<<K<I j

8 9:;<= V j>? @A= GMK C HkLHPG=I Q K;TG=S KT GA= JPQ =<P H9SI PJG9T: PI P L<Ky =JG9KT
IJ<==T NK< GA= HPI=<I KN GA= CBF j

z
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°= S=|T=S P T=M oK};=k~PQL LKI9G9KT PI GA= PSS=S M=9:AG KN T=M Q 9<<K<I PTS
JK;TG=<M=9:AGI I9TJ= �JGKR=< Q PO AP�= P�=JG=S GA= IG<;JG;<= KN GA= G=H=IJKL = j @K
S=G=<Q 9T= GA= =�PJG L K9TG9T: L KI9G9KT KN GA= G=H=IJKL = NK< GA= oK};=k~PQL M= <=k
Q K�=S GA= RPJI9S= KN GA= JPQ=<P PTS ;I=S GA= IQ PHH G=H=IJKL = QK;TG=S KT GA=
N<PQ = GK |TS GA= oK};=k~PQL RO HKK9T: GA<K;:A GA= AKH= H=NG RO GA= TKG 9TIGPHH=S
J=TG<PH L 9�=H j ET GPRH= V j> M= JKQLP<= GA= T=M LKI9G9KTI KRGP9T=S M 9GA GA= KHS �PHk
;=I ;I=S I9TJ= �JGKR=< VWWn j @A= IAPNG=TJKS=< LKI9G9KTI P:<== <=PIKTPRHO M=HH M 9GA
GA= KHS LKI9G9KTI j ��k®S > IAKM I IKQ= IG<PT:= R =AP�9K< PI 9G Q PO S9ILHPO >nW > K<
>nW > Ä VÅÆ Ç >nW > Ä >�n�X Ç >z��p j
@PRH= V j>? FKK<S9TPG=I KN GA= oK};=k~PQL R=NK<= PTS PNG=< JA=IIkRKP<S9T: j

� HS �=M
��kC¯ V���X V��� >
��k®S > >nW> >nW > È >z��p
��k®SV ��W� �� >V
®S zp n� ² WWÉ z� >� ² n�É
C¯ >p> >V ² WWÉ >X� pX ² X�É

@A= ¯=T9GA S9IGPTJ= Ê Ë PTS P¯9Q;GA ÌÍ AP�= JAPT:=S JKTI9S=<PRHO� S;= GK GA=
T=M LK9TG9T: QKS=H j °= :9�= GA=Q 9T GA9I GPRH= PI GA=O P<= T==S=S GK L K9TG GA=
G=H=IJKL = GK GA= oK};=k~PQL j CI FKIO IG9HH SK =I TKG 9Q LH=Q =TG GA= LKII9R 9H9GO GK
L K9TG GA= G=H=IJKL = ;I9T: IAPNG =TJKS=< �PH;=I � ;I=<I AP�= GK =TG=< GA= ¯=T9GA S9IGPTJ=
PTS P¯9Q;GA GK QK�= GA= G=H=IJKL = GK GA= S=I9<=S LKI9G9KT j C I GA= LK9TG9T: QKS=H
9I JAPT:9T: <=:;HP<HO� 9G 9I 9QL=<PG9�= GK JA=J GA= IAPNG =TJKS=< LKI9G9KTI PNG=< GA=
G=H=IJKL = IGKLL =S QK�9T: PTS JK<<=JG GA= LK9TG9T: ;I9T: GA= Q PT;PH JKTG<KH ;TG9H
GA= <9:AG IAPNG =TJKS=< LKI9G9KTI AP�= R ==T <=PJA=S j

µ �¹ Î¡Â¥¨ª¥¦ ¢ ¨�§«¡£¢£Ï ��¿ ©¡£ Ðª¥��©¡ ·Â�ª¥¦
@A= NK;< Q 9<<K<I KT =PJA LPT=H JPT TKG R = Q K�=S <=QKG=HOj @A=<=NK<= 9G 9I T==S=S
GK Q K�= GA=Q QPT;PHHO GK PT K<9=TGPG9KT 9T MA9JA PHH NK;< <=m=JG GA= H9:AG GK GA=
IPQ= LKI9G9KT j @A9I 9I PJA9=�=S RO S=NK J;I9T: PHH LPT=HI R;G KT= � ;I9T: GA= CBF j
ET GA9I IJ=TP<9K GA= <=m=JG9KT KN GA= oK};=k~PQL N<KQ =PJA 9TS9� 9S;PH Q 9<<K< KT
GA= I9T:H= NK J;I=S LPT=H JPT R= 9S=TG9|=S PTS JK<<=JG=S j �K NP< GA9I APS R==T SKT=
RO ;I9T: KT= KN GA= FF{I QK;TG=S 9T GA= J=TG=< KN GA= S9IA j @A= <=IKH;G9KT PTS
I=TI9G9� 9GO KN GA9I FF{ S9S H9Q 9G GA= L<=J9I9KT GAPG JK;HS R = <=PJA=S j
@K 9QL<K�= GA9I � P IL =J9PH pQ HKT: QPIG JP<<O9T: P FF{ MPI G=QLK<P<9HO QK;TG=S

KT GA= FPQ =<P UGA= Q PIG JPT R = I==T KT 89: j >Y j �9TJ= GA9I FF{ MPI Q;JA JHKI=<
GK GA= <=m=JG9KT IJ<==T P I9:T9|JPTGHO A9:A=< <=IKH;G9KT MPI P�P9HPRH= j @A=<=NK<= 9G
MPI L KII9R H= GK SK GA= |T= NK J;I9T: KN GA= Q 9<<K<I R =GG=< GAPT R=NK<= j C H9Q 9G9T:
NPJGK< MPI GA= IQ PHH SOTPQ 9J <PT:= KN GA= ;I=S FF{ ? IL =J9PHHO GA= JK<T=< Q 9<<K<I
IAKM=S Q;JA NP9TG=< I9:TPHI j �9TJ= 9G MPI =�G<=Q =HO G9Q = JKTI;Q 9T: GK JAPT:= GA=

�



PL =<G;<= KN GA9I FF{ 9G MPI ;TP�K9SPRH= GAPG IKQ = Q 9<<K<I M=<= Q;JA K�=<=�L KI=S
MA9H= KGA=<I PHQKIG 9T�9I9R H= j CTKGA=< L<KRH=Q MPI GAPG GA= <=JAP<:=PRH= RPGG=<O KN
GA= T=M oK};=k~PQL KTHO HPIG=S NK< X AK;<I PTS 9G MPI TKG LKII9R H= GK |TS I;9GPRH=
RPGG=<9=I KT ~P lPHQ P j
@A= IPQ = FF{ MPI PHIK ;I=S GK |TS GA= KLG9Q PH L KI9G9KT KN =PJA LPT=H j
C NG=< GA= NK J;I9T: MPI |T9IA=S � GA= Q PIG PTS FF{ AP�= R==T <=QK�=S P:P9T j

µ �Ñ Ò�Ó ÃÔ¿ «¡�ª¨ª¡¥�
{;<9T: GA= JPQ =<P PJJ=II GA= CBF ~�{kAK;I9T:I AP�= R ==T JAPT:=S j {;<9T: GA9I
KL =<PG9KT GA= ~�{I AP�= R ==T <=Q K;TG=S KTGK GA= JPQ=<P H9S PG IH9:AGHO S9�=<=TG
L KI9G9KTI GAPT L<=�9K;IHO S=|T=S j °= GA=<NK<= APS GK T=M HO S=G=<Q 9T= GA= S=NP;HG
L KI9G9KT KN GA= ~�{I j @A9I API GK R = SKT= 9T P S=|T=S LKI9G9KT j °= S=J9S=S GK ;I=
GA= oK};=k~PQL LKI9G9KT PI GA= S=NP;HG j
@A= T=M ~�{ LKI9G9KTI M=<= NK;TS ;I9T: GA= CBF IKNGMP<= PTS GA= R =GG=< IL KG

|TS9T: PH:K<9GAQ S=IJ<9R =S 9T I=JG9KT V j� j
@PRH= V jV ? lKI9G9KT KN GA= CBF ~�{I MA=T GA= G=H=IJKL = 9I LK9TG9T: GK GA= oK};=k
~PQL j

Õ Ö
~�{ > >Wp j�V zp j�p
~�{ V p�W jnW �� j>p
~�{ n >>>jnW X >� j>n
~�{ X p�X j�� XW� jz�

FPQ=<P J=TG=< nWX jWW Vn� jVW

@K |TS GA= J=TG=< KN GA= JPQ =<P � M= G<9=S GK ;I= P mPIA H9:AG 9TI9S= GA= J=TG<PH
L 9�=H PTS GK S=G=<Q 9T= GA= L KI9G9KT RO GA= L<K:<PQ H9= 9G 9I SKT= NK< GA= ~�{I j
�KM=�=< GA9I MPI KTHO LKII9RH= 9T GA= JPQ =<P PJJ=II L KI9G9KT KN GA= G=H=IJKL = � MA=<=PI
K;< <=N=<=TJ= N<PQ = 9I S=|T=S RO GA= oK};=k~PQL LKI9G9KT j 8;<GA=<QK<= 9G MPI TKG
L KII9R H= GK :=G P IGPRH= PJJ;<PG= ILKG LKI9G9KT M 9GA GA= mPIAH9:AG j °= GA=T S=J9S=S
GK ;I= P Q=PT KN GA= mPIAH9:AG L KI9G9KTI PTS GA= �9I;PH J=TG=< KN GA= JPQ =<P PI I==T
S;<9T: SPOH9:AG M 9GA GA= �9S=K JPQ =<P j
@A9I Q =PTI GAPG GA= <=N=<=TJ= KLG9JPH P� 9I Q PO TKG JK<<=IL KTS =�PJGHO GK GA=

:=KQ=G<9JPH J=TG=< KN GA= G=H=IJKL = JPQ=<P j C I GA9I 9I KT= KN GA= =�=JGI JK<<=JG=S RO
GA= L K9TG9T: QKS=H � M= L<=N=< GK H=P�= GA= =�PJG JK<<=JG9KT KN GA= KLG9JPH P� 9I GK GA=
@klK9TG JK<<=JG9KT PH:K<9GAQ j

µ �× ¿�¨�£§ ª¥¢¨ª¡¥ ¡© ¨�� ØÎ� ��¿ ·¢§�£¢ �·¢¬�
°= Q=PI;<=S GA= S9IGPTJ=I R =GM==T GA= ~�{I KT GA= JPQ=<P ~E{ PTS ;I=S GA9I
Q =PI;<=Q =TG GK:=GA=< M 9GA GA= 9Q P:=I KN GA= ~�{I KT GA= CBF FF{ JPQ=<P GK

�



S=G=<Q 9T= GA= IJPH= KN GA= FF{ �9S=K L9�=H j �PJA L9�=H JK<<=IL KTSI GK V jVz QQ KT
GA= JPQ =<P LHPT= � K< =PJA QQ JK<<=IL KTSI GK W jXX FF{ L9�=HI j

µ �Ù ¼§«£¡Ú�¤ �«¡¨ À¥¤ª¥¦ ¢¬¦¡£ª¨�§
@K 9QL<K�= GA= �LKG |TS9T: PH:K<9GAQ GA= JPHJ;HPG9KTI AP�= R ==T JAPT:=S N<KQ
9TG=:=< GK mKPG9T: LK9TG JPHJ;HPG9KTI j @A= ILKG LKI9G9KT 9I TKM IGK<=S 9T mKPG9T:
L K9TG PJJ;<PJO M 9GA V S=J9Q PH S9:9GI j @A= JPHJ;HPG9KT 9I RPI=S KT P M=9:AG=S Q =PT �
M 9GA M=9:AGI JK<<=ILKTS9T: GK GA= I9:TPH N<KQ GA= FF{ JPQ =<P U9TG=TI9GO KN GA= HPI=<
ILKG È ~�{IY j ET GA=K<O P L<=J9I9KT KN W j> K< R =GG=< IAK;HS R= KRGP9TPRH= j �KM=�=<
S;= GK Q K�=Q =TGI KN GA= JPQ=<P GA9I PJJ;<PJO 9I TKG =�L =JG=S GK R = PJA9=�PRH= j @=IGI
IAKM=S :KKS <=L<KS;J9R9H9GO PG GA= W jV FF{ L9�=H H=�=H 9T HKM M 9TS JKTS9G9KTI j CG
A9:A=< M 9TS IL ==SI GA= <=L<KS;J9R9H9GO MPI <=S;J=S GK W jn FF{ L9�=HI j @A9I M 9HH
PHHKM ;I GK NK J;I GA= Q 9<<K< IL KG M 9GA P L<=J9II9KT KN R =GG=< GA=T > QQ KT GA=
JPQ=<P LHPT= � JKQLP<=S GK p QQ M 9GA GA= KHS I=G;L j

µ �Û ��¢¥¦�� ¨¡ ¨�� «¢¥�¬�§¡Ú�§�¥¨ ·¢¬ª £¢¨ª¡¥
{;<9T: GA= JPH9R<PG9KT L<K J=S;<= PNG=< GA= JA=IIkR KP<S9T: KN GA= Q 9<<K< LPT=HI � HKGI
KN LPT=HI IAKM=S P RPS |G PI GA= H9T=P< <=:<=II9KT GA<K;:A P H9T= LP<PHH=H GK GA=
Ö kP� 9I :9�=I ;TIGPRH= <=I;HGI j @A= JK<<=HPG9KT JK=¾ J9=TG Ü KN GA= <=:<=II9KT PHIK
:9�=I P �=<O HKM �PH;= � PI GA= ;I=S QKS=H Ý Ç Þ Ä ßà 9I TKG PTOQK<= S=IJ<9R 9T: GA=
J;<�= �=<O M=HH j
@K IKH�= GA9I L<KRH=Q � M= <=�=<I= GA= P� 9I PNG=< GA= JPH9R<PG9KT 9N GA= JK<<=HPG9KT

JK=¾ J9=TG Ü á W âp j @A9I Q =PTI GA= Ö kP� 9I R =JKQ =I GA= Õ kP� 9I PTS �9J=�=<IP j ET GA9I
I9G;PG9KT GA= J;<�= R =JKQ =I Ý ã äåæçè PTS GA= |GG=S H9T= :9�=I P Q;JA R=GG=< <=I;HG j
@K 9TS9JPG= GA9I P� 9I <=�=<IPH GA= NK<Q PG KN GA= | H= ÉlPT=HlKI jG�GÉ MPI JAPT:=S GK
9TJH;S= P mP: NK< GA= P� 9I <=�=<IPH j C HH L<KJ=S;<=I 9TI9S= GA= CBF IKNGMP<= MA=<=
JAPT:=S GK APTSH= GA= <=�=<I= P� 9I 9N T=J=IIP<Oj
°= MPTG GK =QLAPI9¯= A=<= GAPG GA9I P� 9I <=�=<IPH JK;HS TKG R = G=IG=S GAK<K;:AHO

PTS QPO AP�= IG9HH IKQ = ;T=�L=JG=S =�=JGI j @A9I Q =PTI GAPG 9N LPT=HI P<= <=k
JPH9R<PG=S P GAK<K;:A G=IG KN GA= <=I;HG9T: JPH9R<PG9KT 9I T==S=S j

µ �é Ø¥¢¬Ï�ª� ¡© ·¡§§Â¥ª·¢¨ª¡¥ «£¡ ¬�§ �
°= L=<NK<Q =S PT PTPHOI9I KN GA= JKQQ;T9JPG9KT L<KRH=Q I PNG=< GA= <=I9IGK< KT GA=
o�kX�p JA9L APS R==T JAPT:=S 9T PHH R K�=I j C };9G= HKM =<<K< <PG= MPI S=G=JG=S NK<
Q KIG LPT=HI j �THO �=<O N=M IK JPHH=S W��W K< W�WC =<<K<I <=Q P9T=S j @A9I GOL = KN
=<<K< MPI PH<=PSO G<PJ=S GK P Q 9II9T: S=HPO 9T GA= CBF JKTG<KHH=< JP<S IKNGMP<= MA=T
IM 9GJA9T: N<KQ GA= <=J=9�=< IGPG= GK GA= I=TS=< IGPG= j C |� QPS= 9T BP<JA IAKM=S
GAPG GA9I GOL = KN =<<K<I JK;HS R = <=QK�=S GKGPHHO RO 9TG<KS;J9T: GA9I S=HPO 9T GA=
CGQ=H C�o Q 9J<KJKTG<KHH=< IKNGMP<= j �KM=�=< � GA= GMK o�kX�p H9T=I GK MA9JA GA=
JKTG<KHH=<I P<= JKTT=JG=S � MA9JA APS GA= RKKGHKPS=< 9TIGPHH=S UPTS GA9I S=HPO 9II;=
|�=SY IAKM=S Q;JA A9:A=< =<<K< <PG=I U NPJGK< nkp Y GA=T GA= KGA=< H9T=I j @A=I= =<<K<I

>W



M=<= PHH KN P T=M GOL= MA=<= LP<G KN GA= <=ILKTI= KN GA= Q 9J<K JKTG<KHH=< :=GI HKIG S;=
GK P GKK HKT: S=HPO R=GM==T I=TS JAP<PJG=<I j @K <=S;J= GA= =<<K< <PG= M= S=J9S=S GK
<=QK�= GA= R KKGHKPS=< PTS 9TIGPHH GA= S=NP;HG IKNGMP<= KTGK GA=I= JP<SI j C NG=< GA9I
<=L<K:<PQQ 9T: GA= G=IGI IG9HH IAKM=S P A9:A =<<K< <PG= KT GA=I= GMK H9T=I j °= |TPHHO
S=J9S=S GK :=G GA= mPIA 9Q P:= N<KQ P HKM =<<K< <PG= JP<S PTS 9TIGPHH GA 9I IPQ = mPIA
9Q P:= KT GA= A9:A =<<K< <PG= JP<SI j C NG=< GA9I L<KJ=S;<= PHH Q 9J<KJKTG<KHH=<I IAKM=S
P HKM JKQQ;T9JPG9KT =<<K< <PG= j
@A= L<KRH=Q MPI GA=T G<PJ=S GK P T=M �=<I9KT KN GA= C�o FkJKQL9H=< UFKS=� 9k

I9KT C�oY MA9JA MPI 9TIGPHH=S =P<HO GA9I O=P< j @A9I T=M JKQL9H=< I==Q I GK KLG9Q 9¯=
GA= :=T=<PG= JKS= 9T I;JA P MPO GAPG 9G R<=PI GA= G9Q 9T: KN GA= J;IGKQ 9QLH=Q =TG=S
JKQ;T9JPG9KT L<KGK JKH j ET ~P lPHQ P M= JK;HS TKG |TS PT KHS N;TJG9KT9T: �=<I9KT KN
GA= JKQL9H=< � GK �=<9NO GA9I AOLKGA=I9I � R;G PHH G=IG 9TS9JPG= GAPG GA= JKQL9H=< 9I GA=
JP;I= KN GA= G9Q =K;G L<KRH=Q I j
@A9I L<KRH=Q 9I QK<= I=<9K;I GAPT =�L =JG=S j @A= Q 9II9T: S=HPO 9T IM 9GJA9T: R=k

GM==T I=TS9T: PTS <=J=9� 9T: QPOR = IKH�=S ;I9T: PT KHS JKQL9H=< �=<I9KT PTS GA;I GA=
JKQQ;T9JPG9KT L<KRH=Q I QPO R= |TPHHO IKH�=S j �KM=�=< � GA= ;I=S Q 9J<K JKTG<KHH=<
C@Q=:P>�n 9I TKG 9T L<KS;JG9KT PTOQK<= PTS GA= T=M HO L<KS;J=S ILP<= JP<SI ;I= P
T=M � L9T JKQLPG9RH= � Q 9J<K JKTG<KHH=< UC@Q=:P>�Y j @A= IKNGMP<= KN GA9I T=M Q 9J<Kk
JKTG<KHH=< 9I T=P<HO 9S=TG9JPH GK GA= KHS IKNGMP<= � R;G GK L<K:<PQ GA9I JA9L GA= T=M
JKQL9H=< �=<I9KT 9I T=J=IIP<Oj {;<9T: K;< IGPO 9T ~P lPHQ P 9G MPI TKG L KII9R H= GK
:=G KT= KN GA= T=M JP<SI MK<9T: M 9GA P HKM =<<K< <PG= j F;<<=TGHO PHH P�P9HPRH= C@k
Q =:P >�n JKTG<KHH=< R KP<SI P<= 9TIGPHH=S 9T GA= G=H=IJKL = M 9GA TK KHS JP<S <=Q P9T9T:
PI P ILP<= j
u hcg�bec_ bc bteh f^cêg\a eh �^`\_bgë _\\�\� ì

µ �í �¡££�·¨ª¡¥� ¨¡ ¨�� ©¡ ·Â�ª¥¦ «£¡·�¤Â£�
�;< S=NP;HG NK J;I9T: L<KJ=S;<= ;I=I GA= oK};=k~PQL PG P S9IGPTJ= KN ��WQ GK NKJ;I
GA= 9TS9� 9S;PH Q 9<<K< LPT=HI KT P IJ<==T 9T N<KTG KN GA= LH=� 9:HPII M 9TSKM KN GA=
JPQ=<P j °= ;I=S S;<9T: GA9I NK J;I9T: JPQLP9:T P pQQ GA9J IGO<KLK<= IJ<==T KT
MA9JA M= |�=S P LPL =< M 9GA PT 9Q P:= KN GA= A=�P:KTI KN GA= J=TG<PH L 9�=HI j C NG=< GA9I
L<KJ=S;<= � M= JHKI= GA= JPQ=<P H9S PTS IP�= GA= HPI=< IL KG LKI9G9KTI KT GA= JPQ=<P
H9S PTS GA= QKGK< IG=LI � <=HPG9�= GK GA= J=TG=<=S �PH;= j {;<9T: P HPI=< PSy ;IGQ =TG
L<KJ=S;<= � M= S=G=<Q 9T= GA= L KI9G9KT KN GA= HPI=< ILKG KT GA= JPQ =<P H9S PTS JPHJ;HPG=
GA= T==S=S QKGK< IG=LI GK Q K�= GA= Q 9<<K< PTS GA;I GA= HPI=< ILKG ;TG9H 9G P:<==I
M 9GA GA= IGK<=S LKI9G9KT j
@A9I L<KJ=S;<= 9TG<KS;J=I GMK QP9T =<<K<I
>j @A= NKJPH LHPT= M= ;I=S NK< GA= oK};=k~PQL PSy ;IGQ =TG SK =I TKG JK<<=ILKTS
GK GA= NK JPH LHPT= KN GA= JPQ=<P � =�=T 9N GA= JPQ =<P MPI QK�=S GK oK};=k~PQL
NK J;I L KI9G9KT j @A9I 9I S;= GK GA= NPJG � GAPG GA= NK JPH LHPT= KN GA= JPQ =<P U;LL =<
LHPT= KN GA= ° 9TIGKTkFKT=IY 9I n JQ R=A9TS GA= GKL KN GA= LH=� 9:HPII M 9TSKM j
ET PSS9G9KT M= AP�= GK PSS GA= W jp JQ KN GA= GA9JT=II KN GA= IGO<KL K<= IJ<==T
;I=S GK |� GA= <=N=<=TJ= LHPT= j ET GKGPH GA= GMK NK JPH LHPT=I P<= PLP<G np QQ j
ET |:;<= V jV M= IAKM GA= =�=JG KN GA9I =<<K< NK< =PJA 9TS9� 9S;PH Q 9<<K< LPT=H j

>>



89:;<= V jV ? �<<K< 9TG<KS;J=S RO GA= S9IGPTJ= KN GA= oK};= NK J;I9T: LHPT= GK GA= <=PH
JPQ =<P NK JPH LHPT= S=|T=S RO GA= M 9TIGKT JKT=I j �PJA LK9TG IAKM I GA= S9ILHPJ=Q =TG
NK< KT= Q 9<<K< LPT=H j

8K< JKQLP<9IKT M= PHIK 9TS9JPG= GA= I9¯= KN GA= J=TG<PH L 9�=H j @A= =�=JG 9I
H9T=P< GK GA= S9IGPTJ= KN GA= Q 9<<K< LPT=H N<KQ GA= KLG9JPH P� 9I j

V j ET JKTG<PIG GK P ILA=<= � P LP<PRKHP JPT KTHO NK J;I PT 9Q P:= PG 9T|T9GOj EQ P:=I
KN T=P<=< KRy =JGI JPT KTHO R = NK J;I=S RO =HH9LI=I MA=<= GA= KRy =JG 9I 9T KT= NK JPH
L K9TG PTS GA= 9Q P:= 9T GA= KLLKI9G= NK JPH LK9TG j C I GA= Q 9<<K< S9IA 9I LP<PR KH9J
M= JPT ²G S=NK<Q 9G GK GA= T==S=S =HH9LI= MA=T NKJ;I9T: GK GA= oK};=k~PQL PG
��W Q S9IGPTJ= j @A= =�=JG KN P LP<PRKH9J Q 9<<K< 9Q P:9T: P |T9G= S9IGPTJ=
KRy =JG 9I GAPG PHH L K9TGI KT GA= Q 9<<K< I;<NPJ= M 9GA S9�=<=TG S9IGPTJ=I N<KQ GA=
KLG9JPH P� 9I AP�= S9�=<=TG NK JPH H=T:GAI j �K � MA=<=PI P Q 9<<K< I=:Q =TG y ;IG 9T
GA= J=TG=< KN GA= S9IA MK;HS AP�= P NKJPH H=T:GA KN >znWW QQ P LPT=H PG GA=
=S:= KN GA= Q 9<<K< M 9GA P S9IGPTJ= KN GA= J=TG=< KN GA= LPT=H GK GA= KLG9JPH P� 9I
KN � Q API P NK JPH H=T:GA KN >znnX jn QQ j
@A= =�=JG 9TG<KS;J=S RO GA9I =<<K< KT GA= l�8 9I IAKMT 9T |:;<= V jn j 8K<
J=TG<PH Q 9<<K< LPT=HI GA= =�=JG 9I };9G= IQ PHH � R;G PG HP<:=< S9IGPTJ=I N<KQ GA=
KLG9JPH P� 9I GA= =�=JG R =JKQ =I JKQLP<PRH= GK GA= lB@kJPQ=<P L9�=H I9¯= j
�KGA =�=JGI PSS H9T=P<HO PTS QP= PT =<<K< 9T GA= IPQ = S9<=JG9KT � GA;I 9Tk
J<=PI9T: GA= GKGPH =<<K< j @A= GKGPH =�=JG KT GA= l�8 9I 9HH;IG<PG=S 9T |:;<=
V jX j

@A= |<IG =�=JG JK;HS R = JK<<=JG=S RO <=S=|T9T: GA= FPQ=<P LKI9G9KT 9T P MPO
GA= S9�=<=TJ= R =GM==T ²oK};=k~PQL ² PTS ²9T|T9GO ² LKI9G9KT 9I =THP<:=S RO PTKGA=<
np QQ j @K PJA9=�= GA9I � IKQ = AP<SMP<= QKS9|JPG9KTI MK;HS R = T==S=S j �;G GA=
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89:;<= V jn ? �<<K< 9TG<KS;J=S RO ;I9T: GA= S9�=<=TG NK JPH H=T:GA KN P LP<PR KHP 9N TKG
NK J;I=S GK 9T|T9GOj �PJA LK9TG IAKM I GA= S9ILHPJ=Q =TG NK< KT= Q 9<<K< LPT=H j

8 9:;<= V jX ? @KGPH =<<K< 9T GA= l�8 9TG<KS;J=S RO GA= GMK L<=�9K;I =<<K<I j �KG= GAPG
R KGA =<<K<I PSS ;L H9T=P<HO PTS P<= 9T GA= IPQ = S9<=JG9KT j �PJA LK9TG IAKM I GA=
S9ILHPJ=Q =TG NK< KT= Q 9<<K< LPT=H j
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89:;<= V jp ? EHH;IGP<G9KT KN GA= NK J;I9T: L<KJ=S;<= M 9GA GA= oK};= ~PQL j

I=JKTS =�=JG RO S=|T9G9KT JPT TKG R = JK<<=JG=S R= FPQ=<P QK�=Q =TGI j @A=<=NK<=
M= S=J9S=S GK JK<<=JG R KGA =�=JGI RO QKS9NO 9T: PHH GA= LPT=H K<9=TGPG9KTI �9P CBF
PJJK<S9T:HOj @MK IH9:AGHO S9�=<=TG PH:K<9GAQ I MA=<= 9QLH=Q =TG=S RO CS<9PT PTS
BP<G9T GK JPHJ;HPG= GA= Q P:T9G;S= KN GA= =�=JG KN GA= LP<PR KH9J IAPL= KT GA= l�8 j
�KGA :P�= GA= IPQ= <=I;HG j
ET |:;<= V jp M= =�LHP9T GA= JK<<=JG9KT T==S=S NK< GA= LP<PRKH9J IAPL = KN GA=

Q 9<<K< j C <PO N<KQ 9T|T9GO M 9HH R = NK J;I=S GK GA= NK JPH LK9TG KN GA= LP<PRKHP PI
IAKMT j C <PO N<KQ P |T9G= S9IGPTJ= � H9= GA= oK};= ~PQL � M 9HH R = NK J;I=S GK P LK9TG
PG P :<=PG=< NK JPH S9IGPTJ= j U@A9I 9I PHMPOI G<;= TKG KTHO NK< P LP<PRKH9J Q 9<<K< IAPL=
R;G PHIK NK< GA= ILA=<9JPH Q 9<<K< IAPL= U{P�9IkFKGGKT S=I9:T YY j
ET |:;<= V jp M= ;I= GA= NKHHKM 9T: S=|T9G9KTI ?
î ïð ñòòóò ? 8K JPH H=T:GA KN GA= LP<PR KHP U>zWWW QQ Yj
î ôõóö÷ø ? { 9IGPTJ= GK oK};= ~PQL U��WWWW QQ Yj
î ùú ûüøý ? o PS9PH S 9IGPTJ= KN P 9TS9� 9S;PH Q 9<<K< LPT=H N<KQ GA= S9IA J=TG=< j
î þú ûüøý ? �=9:AG KN GA= LPT=H PR K�= GA= GPT:=TG9PH l HPT= KN GA= Q 9<<K< S9IA j
î ÿ ? CT:H= PG MA9JA P <PO N<KQ 9T|T9GO� <=m=JG=S N<KQ P LPT=H PG <PS9;I ùú ûüøý �9TG=<I=JGI GA= KLG9JPH P� 9I 9T GA= NK JPH LK9TG j CT:H= PG MA9JA P LPT=H PG <PS9;I
ùú ûüøý I==I GA= oK};= ~PQL j

î � ? CT:H= PG MA9JA P LPT=H PG <PS9;I ùú ûüøý I==I GA= oK};= ~PQL j
î � ? CT:H= PG MA9JA P <PO N<KQ GA= oK};= ~PQL � <=m=JG=S N<KQ P LPT=H PG<PS9;I ùú ûüøý � 9TG=<I=JGI GA= KLG9JPH P� 9I 9T GA= NK JPH LK9TG j
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8<KQ GA= |:;<= V jp M= JPT JPHJ;HPG= GA= PT:H=I ÿ � � PTS � ;I9T: GA= NKHHKM 9T:=};PG9KTI ?

ÿ Ç P<JGPT � ùú ûüøý
ïð ñòòóò � þú ûüøý � UV j>Y

� Ç P<JGPT � ùú ûüøý
ô õóö÷ø � þú ûüøý � UV jVY

� Ç ÿ � � UV jnY
@A= NKJPH H=T:GA NK< P LPT=H MA=T NKJ;I9T: GK GA= oK};= ~PQL 9I TKM :9�=T PI ?

ïõóö÷ø Ç ùú ûüøýGPT U� Y Ä þú ûüøý UV jX Y
@A= A=9:AG KN GA= lPT=H JPT R = JPHJ;HPG=S ;I9T: GA= NK<Q;HP NK< GA= LP<PRKHP ?

Ý � Ç X Þ à UV jpY
MA=<= P 9I GA= S9IGPTJ= N<KQ GA= �=<G=� GK GA= NK JPH LK9TG K< GA= NK JPH H=T:GA j
�KM GA= A=9:AG 9I JPHJ;HPG=S PI ?

þú ûüøý Ç ù �ú ûüøýX ïð ñòòóò UV j�Y
±I9T: GA9I =};PG9KT GA= T=M NKJPH S9IGPTJ= JPT R = JPHJ;HPG=S NK< PT P<R9G<P<O

LPT=H PG P <PS9PH S 9IGPTJ= ùú ûüøý j {;<9T: GA= NK J;I9T: M 9GA GA= oK};=k~PQL M= IA9NGGA= JPQ=<P RPJ RO nWW j> QQ GA;I JAPT:9T: GA= NK JPH H=T:GA GK >znWW j> QQ j @A9I
JK<<=IL KTSI GK GA= =�PJG JAPT:= T==S=S NK< P ILA=<9JPH Q 9<<K< � PI 9T GA9I J9<J;Q IGPTJ=
PHH LPT=HI MK;HS AP�= GA= IPQ = NKJPH H=T:GA j 8K< GA= LP<PRKHP GA= NK JPH H=T:GA KN
=PJA LPT=H M 9HH S=L =TS KT GA= <PS9PH S 9IGPTJ= KN GA9I LPT=H N<KQ GA= Q 9<<K< S9IA j
C I M= NK<J= 9G 9T GA= L<KJ=S;<= GK NK J;I PG >znWW j> QQ M= AP�= GK JK<<=JG NK< GA=
S9�=<=TJ= 9T NK JPH H=T:GA NK< GAPG LPT=H JKQLP<=S GK GA= >znWW j> QQ j @A9I 9I IAKMT
9T |:;<= V j� j
@A= JK<<=JG9KT 9I TKM JPHJ;HPG9KT RO I9QLH= <;H= KN GA<== GK ?� åùùËïõóö÷ø Ç

ùú ûüøý�ïõóö÷ø�ú ûüøý � þú ûüøý	 UV jzY
ET P I9Q 9HP< =PIO JPHJ;HPG9KT RO <;H= KN GA<== GA= JK<<=JG9KT NK< GA= S9�=<=TJ= 9T

NK JPH LHPT= GK GA= LHPT= KN GA= M 9TIGKT JKT=I JPT R= JPHJ;HPG=S ?
>p
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89:;<= V j� ? FK<<=JG9KT S;= GK LP<PR KH9J IAPL= KN GA= Q 9<<K< j

� åùù VË
 ñü ��óü óüø� Ç ùú ûüøý�ïõóö÷ø�ú ûüøý Ä Ë
 ñü ��óü óüø� � þú ûüøý	 UV j�Y
MA=<= Ë
 ñü ��óü óüø� 9I np QQ j
@A= CBF IKNGMP<= MPI ;LSPG=S GK JK<<=JG NK< GA9I =<<K<I j 8 9<IG KN PHH GA= Q P:k

T9G;S= KN GA= IA9NG KN GA= NK JPH ILKG KT GA= NK JPH LHPT= 9I JPHJ;HPG=S NK< =PJA LPT=H
;I9T: GA= LPT=H J=TG=< L<Ky =JG=S KT P LHPT= � PI GA= S9IGPTJ= GK GA= KLG9JPH P� 9I U@A9I
L<KJ=S;<= IG9HH 9TG<KS;J=I P IQ PHH =<<K< PI GA= S9IGPTJ= KN GA= LPT=HI N<KQ =PJA KGA=<
KT GA9I LHPT= 9I TKG >WWWQQ R;G S=L =TSI KT GA= LP<PRKH9J IAPL = KN GA= Q 9<<K<Y j ET
P I=JKTS IG=L GA= <=N=<=TJ= HPI=< LKI9G9KTI IGK<=S NK< =PJA LPT=H P<= JK<<=JG=S RO APHN
KN GA= S9ILHPJ=Q =TG T==S=S NK< GA= Q 9<<K< ILKG PI JPHJ;HPG=S PRK�= j UC QK�=Q=TG KN
GA= HPI=< KT GA= JPQ =<P LHPT= JK<<=ILKTSI PHMPOI GK P QK�=Q =TG KN GA= 9Q P:= IL KG
RO SK;RH= GA9I Q P:T9G;S=Y j @A= Q 9<<K<I P<= TKM PSy ;IG=S S;<9T: GA= HPI=< PSy ;IG
L<KJ=S;<= GK GA= T=M <=N=<=TJ= L KI9G9KT j

µ ��� �¨��£ ØÎ� �¥�¢¥·�§�¥¨�
°= PHIK 9TG<KS;J=S IKQ= KGA=< IQ PHH JAPT:=I GK GA= CBF IKNGMP<= j
BKIG 9QLK<GPTG � GA= CBF IKNGMP<= PTS PHH | H=I ;I=S RO GA= CBF P<= TKM

Q PTP:=S K�=< GA= F� � <=L KI9GK<Oj ET GA9I MPO KHS <=�9I9KTI KN GA= CBF IKNGMP<=
PTS GA= JKT|:;<PG9KT | H=I UH9= lPT=HI jG�G PTS lPT=HlKI jG�GY P<= PHMPOI P�P9HPRH= j
@A9I JAPT:= API GA= I9S= =�=JG GAPG GA= HK JPG9KT KN GA= CBF L<K:<PQ API JAPT:=S j
@A= PJG;PH �=<I9KTI KN L<K:<PQ PTS JKT|:;<PG9KT |H=I P<= HK JPG=S 9T GA= CBF
I;RS9<=JGK<O KN GA= PQJ ;I=<I AKQ= S9<=JGK<Oj ETI9S= GA9I S9<=JGK<O� GA= S9<=JGK<O
PJG9�=Q 9<<K<JKTG<KH JKTGP9TI GA= �{=�=HKL L<Ky =JG PTS PHH I;RNKHS=<I KN GA= Q P9T

>�



CBF L<K:<PQ j ET GA= S9<=JGK<O IAP<=ÈPQJ GA= JKT|:;<PG9KT | H=I � HKK;L GPRH=I
PTS 9JKTI KN GA= PLLH9JPG9KT P<= IGK<=S j
�GA=< JAPT:=I 9TJH;S= GA= :<PLA9JPH 9TS9JPG9KT KN GA= I=H=JG=S LPT=H PTS P :<PLAk

9JPH � 9=M KN PHH LPT=HI M 9GA GA= HPI=<I R =9T: G;<T=S KT j @A= L<K:<PQ �=<I9KT T;QR=<
PTS GA= R;9HS SPG=ÈG9Q = P<= PHIK 9TS9JPG=S KT GA= Q P9T CBF M 9TSKM j �KQ = PSy ;IGk
Q =TG APS PHIK GK R = SKT= GK PJJK;TG NK< GA= JAPT:=S NK<Q PG KN GA= <=LK<G I=TS RO
J=TG<PH JKTG<KH j
C HH GA 9I JAPT:=I SKT ²G P�=JG GA= KL=<PG9KT KN GA= CBF IKNGMP<= j @K IGP<G GA=

L<K:<PQ OK; IG9HH AP�= GK GOL = ²PQ J ² 9T PTO G=<Q 9TPH KN L Jz j

µ ��� º�¬¡ ·¢¨ª¡¥ ¡© ¨�� ØÎ� ·¡§«Â¨�£
°= QK�=S L Jz � S=S9JPG=S NK< GA= CBF � N<KQ GA= °;=<¯R;<: JKTGP9T=< GK GA= JK;TGk
9T: AK;I= j @A= T=J=IIP<O JPRH9T: KN GA= SPGP PTS �9S=K JPR =HI API PHIK R ==T JP<<9=S
K;G j

>z
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CNG=< GA= <=P<<PT:=Q=TG KN GA= Q 9<<K< LPT=HI GK GA= JA=IIkRKP<S JKT|:;<PG9KT � M=
APS GK <=JPH9R<PG= PHH LPT=HI PTS <=SK GA= oK};=k~PQL NKJ;I9T: L<KJ=S;<= j C NG=<
NK J;I9T: PHH LPT=HI NK< GA= oK};=k~PQL M= <=IGP<G=S GA= L<K:<PQ � <=9T 9G9PH9¯=S PHH
LPT=HI � S=NK J;I=S PHH LPT=HI PTS <=NK J;I=S GA=Q ;I9T: GA= IGK<=S QKGK< LKI9G9KTI j
°= GKK IKQ= 9Q P:=I KN GA= <=I;HG9T: l�8 MA9JA P<= IAKMT 9T |:;<= n j>j ÖK;

JPT T9J=HO I== GAPG Q KIG KN GA= H9:AG 9I JKTJ=TG<PG=S 9TI9S= GA= A=�P:KT S<KMT KT
GA= NK J;I9T: IJ<==T � IAKM 9T: GA= I9¯= PTS HK JPG9KT KN GA= J=TG<PH L 9�=H j
89GG9T: P VkS9Q =TI9KTPH :P;II M 9GA JKTIGPTG RPJ:<K;TS PTS PHHKM 9T: NK< IPG;k

<PG9KT �
Uà � Ý Y Ç Q 9T UVpp â� � � ��� �� � ��� ! "# �� �� � $ �$ ! "# " Ä % & Y Un j>Y

GK GA= J=TG<PH <=:9KTI KN |:;<= n jV R Y PTS JY IAKM I GAPG GA= V' kJ;<�= JK<<=IL KTSI
PLL<K� 9Q PG=HO GK GA= R K<S=< KN GA= J=TG<PH L 9�=H j @A9I Q =PTI GAPG ;TS=< R =IG J9<k
J;Q IGPTJ=I M= JPT =�L=JG �Wk�p( KN GA= H9:AG GK R = M 9GA9T KT= L9�=H j ° APG l�8 M=
<=PJA ;TS=< <=PH JKTS9G9KTI API GK R = JA=J=S N<KQ IGP<k9Q P:=I PTS Q;KTk<9T:I j

¹ �µ �¡§«¢£ª�¡¥ ¡© ¨�� �)�·¨� ·¡§«�¥�¢¨�¤ ª¥ ¨��
¥�Ó ØÎ� «£¡¦£¢§

@K G=IG GA= 9Q L<K�=Q=TGI PJA9=�=S M 9GA GA= T=M NK J;I9T: L<KJ=S;<= PTS GA= JK<<=Jk
G9KTI 9QLH=Q =TG=S 9T GA= CBF L<K:<PQ M= QK�=S GA= JPQ =<P RPJ GK 9GI TKQ 9TPH
NK J;I9T: PG >W Q j °= HKM=<=S GA= �@� J;<GP9T � MA9JA IAK;HS R= HK JPG=S PG n JQ
N<KQ GA= M 9TIGKT JKT= LHPG= PTS GA;I JK<<=ILKTS GK 9T|T9GO NK J;I9T: j
°= |<IG I=H=JG=S �=:P UP W Q P: IGP<Y PI K;< G=IG JPTS9SPG= PTS LK9TG=S GA=

G=H=IJKL = GK GA9I IGP< j C NG=< I=GG9T: GA= Q 9<<K< LPT=HI GK GA= IGK<=S oK};=k~PQL
LKI9G9KT � M= ;I=S GA= l�E�@E�D �9S=K JPQ =<P PTS QPS= PT 9Q P:= � 9TG=:<PG9T: pW
� 9S=K N<PQ =I j ET |:;<= n jn UPY GA= <=I;HG9T: IL KG KT GA= J;<GP9T JPT R = I==T j
ET P T=�G IG=L M= NK J;I=S GA= Q 9<<K< ;I9T: GA= KHS HPI=< PSy ;IGQ =TG L<KJ=S;<= j ET

|:;<= n jn UR Y M= JPT JH=P<HO I== IKQ = 9QL<K�=Q=TG R;G GA= 9Q P:= 9I IG9HH };9G= RH;<<=S j
°= TKM G;<T=S KT GA= JK<<=JG9KT NK< GA= np QQ NKJPH LHPT= IA9NG j @A= <=I;HG 9I IAKMT

>�



89:;<= n j>? EQ P:=I Q PS= M 9GA S9:9GPH LAKGK JPQ=<P KT= Q=G=< 9T N<KTG KN GA= LPL =<
;I=S NK< NK J;II9T: M 9GA GA= oK};=k~PQL j @A= I9� 9Q P:=I M=<= Q PS= M 9GA S9�=<=TG
=�L KI;<= G9Q =I <PT:9T: N<KQ G=TGA KN P I=JKTS U;LL=< H=NG L 9JG;<=Y ;L GK GMK I=JKTSI
UHKM=< <9:AG L9JG;<=Y j CG GA= n<S L9JG;<= GA= 9Q P:= 9I PH<=PSO 9T IPG;<PG9KT j
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a) b) c)

d) e) f)

89:;<= n jV ? EQ P:=I N<KQ |:;<= n j> IAKMT PI A9IGK:<PQ I j 8<KQ GA9I LHKGI GA= IPG;k
<PG9KT KN GA= S9:9GPH JPQ =<P 9I JH=P<HO � 9I9R H= j
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*+, - ./01 232/2+425+/263 /6 76890:;+<= =6:>2/263> *? , -./01 4+>01 +@A 9>/< 03/

*B, - ./01 B6110B/23C .61 D163C .6 B+4 =4+30 *@ , -./01 B6110B/23C .61 =+1+?642B 0E0B/ +3@.6 B+4 = 4+30
89:;<= n jn ? EQ P:=I KN �=:P PNG=< S9�=<=TG <=|T=Q=TGI KN GA= PSy ;IGQ =TG j

9T |:;<= n jn UJY j @A= |TPH |:;<= n jn US Y IAKM I GA= ILKG PNG=< PJG9�PG9T: PHIK GA= I=JKTS
JK<<=JG9KT NK< GA= LP<PR KH9J IAPL = KN GA= Q 9<<K< S9IA j 89GG9T: P:P9T P VS9Q :P;II GK
GA= IGP< 9Q P:= � KT= :=GI ' Ç >>j>� � jV � � jp � p jz UFF{ L9�=HIY <=IL =JG9�=HOj
C I �=:P 9I P �=<O R<9:AG IGP< PTS GA= 9TG=TI9GO KN GA= J=TG<PH LP<G KN GA= ILKG 9I

K�=< =�L KI=S 9T GA= 9Q P:=I KN |:;<= n jn � M= S=J9S=S GK ;I= �Q 9J<KTkCTS<KQ=SP P
n j� Q P: IGP< GK R =GG=< PII=II GA= I9¯= KN GA= l�8 j ET |:;<= n jX UPY GA= IGP< 9I RP<=HO
� 9I9R H= KT GA= IJ<==T PI TK JK<<=JG9KTI AP�= R ==T PLLH9=S GK GA= HPI=< PSy ;IGQ =TG j
C NG=< PLLHO 9T: GA= JK<<=JG9KTI M= JH=P<HO I== GA= 9Q P:= KN GA9I IGP< 9T |:;<= n jX UR Y j
C HH GA=I= 9Q P:=I MA=<= GP=T S;<9T: BKKTH9:AG JKTS9G9KTI MA9JA 9TG<KS;J=S P };9G=
TKG9J=PRH= RPJ:<K;TS j 8<KQ GA=I= |<IG IG;S9=I M= JPT JKTJH;S= GAPG M= =PI9HO JPT
;I= IGP<I SKMT GK QP:T9G;S= X jW S;<9T: QKKTH9:AG PTS =�=T S9QQ=< IGP<I S;<9T:
SP< T9:AGI � NK< GA= LK9TG9T: QKS=H JK<<=JG9KT j C |<IG =IG9Q PG= PHIK 9TS9JPG=I GAPG
�W( KN GA= H9:AG 9I JKTJ=TG<PG=S 9T GA= J=TG<PH L 9�=H MA=T NKJ;I9T: PG 9T|T9GOj C

VW



*+, F0.610 B6110B/263> *? , -./01 B6110B/263>
89:;<= n jX ? EQ P:=I KN �Q 9J<KT CTS<KQ =SP= � P n j� Q P: IGP< j
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180

140

100
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89:;<= n jp ? � 9IGK:<PQ I KN �Q 9J<KT CTS<KQ =SP= 9Q P:= UJ=TG<PH <=:9KT Y R =NK<= PTS
PNG=< JK<<=JG9KTI
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Entries  1

Mean   0.9098

RMS    0.3274

189mm
°0.6 0.0

0.3
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*+, G930 HIIJ

Entries  1

Mean   0.8111

RMS    0.5531

189mm
°0.6 0.2
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8.6
9.1

*? , -9C9>/ HIIJ
89:;<= n j� ? {F F;<<=TGI KRGP9T=S MA9H= LK9TG9T: GK n�D �>zVzÄWXV� j

NK J;I9T: PG >W Q M 9HH IQ =P< GA= 9Q P:= QK<= K< H=II RO GA= IPQ= PQK;TG PI S;=
GK GA= M <KT: NKJPH LHPT= PTS JPT R = =IG9Q PG=S N<KQ |:;<= V jV GK R = KN GA= K<S=< KN
W âXK j
¹ �¹ Ø¥¢¬Ï�ª� ¡© ¿���Â££�¥¨ À ¬��  �©¡£� ¢¥¤ ¢©¨�£

¨�� LÂ¬Ï ª¥�¨¢¬¬¢¨ª¡¥ �
@K JA=J GAPG GA= 9Q L<K�=Q =TG 9I PHIK I==T 9T GA= <=PH SPGP M= SKMTHKPS=S IKQ=
JPQ=<P JKTG<KH | H=I JKTGP9T9T: GA= {FkJ;<<=TGI KN GA= lB@ JPQ=<P L9�=HI � MA9JA
MA=<= GP=T KT GA= >nGA KN C;:;IG GA9I O=P< j °= I=H=JG=S GA= |=HS KN n�Dk >zVzÄWXV�
MA9JA JKTGP9TI GA= IGP< X�k�9:Q P �LA9;JA9 j @A9I 9I P �=<O <=S � n GOL= IGP< M 9GA
� 9I;PH Q P:T9G;S= K� X jn j
@A= IPQ = |=HS MPI PHIK KRI=<�=S 9T �;T= IK M= I=H=JG=S NK< GA= JKQLP<9IKT P I=G

KN KRI=<�PG9KTI L =<NK<Q =S KT GA= VXGA KN �;T= j 8K< RKGA SPGPI=GI M= JPH9R<PG=S GA=
{FkJ;<<=TGI ;I9T: JPH9R<PG9KT <;TI GP=T M 9GA GA= JKTIGPTG H9:AG IK;<J= j �KM=�=< �
TKG GK 9TG<KS;J= =<<K<I � M= S9S TKG ;I= GA= F~ <;TI GP=T NK< GA9I |=HS KN � 9=M R;G
F~ <;TI GP=T GA= IPQ= T9:AG K� GA= |=HS ��kl�o >�pzk > NK< GA= �;T= SPGP PTS
��kl�o >�p>k > NK< GA= C;:;IG SPGP j �KGA |=HSI P<= KT };9G= R<9:AG :PHPJG9J LPGJA=I
KN GA= IO� R;G SKT ²G JKTGP9T R<9:AG IGP<I 9T GA= 9TT=< LP<G KN GA= JPQ=<P j
ET |:;<= n j� M= JKQLP<= GA= {F J;<<=TG 9Q P:=I KRGP9T=S 9T RKGA JPI=I j F H=P<HO

GA= P;:;IG 9Q P:= 9I Q;JA QK<= JKTJ=TG<PG=S PTS QKIG KN GA= H9:AG 9I 9T P N=M L9�=HI j
@P=T 9TGK PJJK;TG GA= RH;<<9T: S;= GK GA= >W Q A=9:AG NK J;I9T: � GA9I JKT|<Q I K;<
=IG9Q PG= GAPG GA= l�8 9I TKM R=GG=< GA=T > lB@ L9�=H NK< 9T|T9GO NK J;I9T: j
°= PHIK <=IJPH=S GA= C;:;IG 9Q P:= � GK IAKM GA= GP9HI KN GA= LIN j @A9I JPT R=
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Entries  1

Mean   0.8111

RMS    0.5531

189mm
°0.6 0.2
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89:;<= n jz ? {F F;<<=TGI KRGP9T=S MA9H= LK9TG9T: GK n�D �>zVzÄWXV� j �=<= M=
<=IJPHH=S GA= C;:;IG SPGP GK P QP�9Q;Q KN X GK IAKM GA= GP9HI KN GA= l�8 j

I==T 9T |:;<= n jz j �KQ = APHK � PI I==T KT GA= FF{ 9Q P:=I JPT TKM R= I==T 9T GA=
{FkJ;<<=TG 9Q P:= j C HIK JH=P< 9TS9JPG9KT KN IKQ = JKQP =�=JGI P<= �9I9R H= KT GA=
9Q P:= j
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@A= T=M FKS=� 9I9KT C�o JKQL9H=< 9TG<KS;J=I IKQ = G9Q =K;G =<<K<I 9T GA= CBF JKTk
G<KHH=< JP<SI � MA9JA <P9I= GA= =<<K< <PG= NK< GA= LPT=HI JKTT=JG=S GK GA=I= JKTG<KHH=<I
GK ;TPJJ=LGPRH= H=�=HI j �T GA= KT I9S= � M= JPT ²G <=L<K:<PQ GA= JKTG<KHH=<I M 9GA P
T=M �=<I9KTI KN GA= JKTG<KHH=< IKNGMP<= � MA9JA M= TKM IKH�=I PG H=PIG IKQ = 9N TKG PHH
GA= JKQQ;T9JPG9KT L<KRH=Q I IG9HH NK;TS M 9GA IKQ= JP<S JKTGP9T9T: GA= KHS IKNGMP<= j
�T GA= KGA=< I9S= � M= JPT ²G ;I= GA= T=M HO L<KS;J=S ILP<= JP<SI MA9JA JKTGP9T P
T=M Q 9J<KJKTG<KHH=< UC@Q=:P>�Y MA9JA JPT ²G R = L<K:<PQQ=S M 9GA GA= KHS JKQL9H=<
�=<I9KTI j

Ñ �µ ¼§«£¡Úª¥¦ ¨�� ¤�¨�£§ ª¥¢¨ª¡¥ ¡© ¨�� ¡«¨ª·¢¬
¢S ª�

@A= S=G=<Q 9TPG9KT KN GA= =�PJG J=TG=< KN GA= JPQ=<P GK I;RkFF{kL9�=HI MPI TKG
L KII9R H= 9T GA= J;<<=TG JKT|:;<PG9KT j °= L<KLKI= GK R;9HS P ²NK J;I9T: J=TG<PH L 9�=H ²
MA9JA JKTGP9TI P =�PJGHO LKI9G9KT=S ~�{ I;<<K;TS=S RO <=m=JG9�= MA9G= Q PG=<9PH PG
GA= M 9TIGKT JKT= LHPT= j @A= ~�{ JPT R= ;I=S GK S=G=<Q 9T= GA= JPQ =<P J=TG=< GK
A9:A PJJ;<PJOj

Ñ �¹ T�¨¨�£ ��¿ ·¢§�£¢ ©¡£ ¨�� À¥� ©¡ ·Â��ª¥¦ ¡©
§ ª££¡£�

C FF{ JPQ =<P M 9GA R =GG=< SOTPQ 9J <PT:= QK;TG=S KT GA= G=QLK<P<O JPQ=<P QPIG
9I T==S=S GK R = PRH= GK |T= PSy ;IG GA= 9TS9� 9S;PH Q 9<<K<I KT =PJA LPT=H GK P A9:A=<
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