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1. Introduction ;PICSCHALLILMMO=BM &30 .7:B9 7,@230/?308,9 ;=LIMMNBL??A?
ALIOIM B S?LM B S?LM ;>OFNMH> "P? F,HAO;A?M#HAFCMB

2BCNLA?AN?PL?MNO>S?MNNBL?NBPL?IE;F JLI JIMFM@ILBIQ (;3;H ?M?&CH>&?<L?Q;H>) C=B? ;L NGEHNM,;N?>IH ; ~P? JICHN
=BCHE?H @ILG JLI>ONCPS?N LMNLC=NPEADMC=A?FPLFCTNCIHM  M=;F? =ILL?=N;H> OHAL;GG;NG;F M?N?H=?N+?M=LC&IA?P?HNN@

i ?H G<LC>A?CM.I@?MMEIHNB?HN?LH;NCIHFHNL?@I*;HAO;A? ;H> IGGOHC=;NCP?P?FIJG?HN*O!C" ;N 2B? 3HCP?LMQEIP?LIIIF 2B? MOJJILN@NB#=IHIGC=;H> 1I=C;F
0?M?;L=BIOH=CF¥#1 * : CMLN?@OFEHIQF?>A?>2BCNLID?=8;ML?=?CP?@OH>C@AIGNB#OLIJ?;H 0?M?;L=BIOH=CF#0! OH>?INB#OLIJ?;H 3HCIH MILCTIH
L?M?;L=B4> CHHIP;NCIBLIAL,GG? AL;HNAL??G?HMI *11

¥ HILL?MJIH>CHAONBIL;N 3HCP?LMOEP?LIIF 3HCN?YCHA>IG 1@%L?;NLCN;CHH> ,ILNB?LH'L?F;H>

8,47 [/I=0>> ?H G<LC>A? *CP?LJIIF= OE  G<LC>A?

BNNJM >ICILA D =IAHCNCIH
0?=?CP?> 1?JN?G<?L 0?=?CP?> CH L?PCM?> @{LGB ==?JN?> JLCF
P.CF,<F? IHFCHRRR

[
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= OMNCIH? A %:80:90 7,@2307308,9 %:80:90 8,/0 2308,9 7,@23
%:80:90 -=:60 ?30?7=@.6%:80:90 8,0 ?30?=@.6=0,6 2B? P?L<M?
G;HNC=BSINB?MCIL>C=NNB:N@ILFFF;HAO:A?MKS P?L<>C@7H=?M
CH;==?JNCENS;NCHAIQCFR? JL2>C=N?%S NB??RN?HINI QBC=B\B?
=:OMHAH> =;OM??P?HN? A ;GOMCHAH> F;0ABHAG?LA?=IH=?J
NCFFSCHN] MOKF??P?HNM L:N?><S M?2JL:N?ALIOIM@:>OFNJ:L NC=
Q;HNM 2B? 2HNL?HB?HN;H> JL??GINCIFBSIINBM?NL2>C=N@IL;FF
F:HAO:A?MNB;NCS P?L<>C@7H=?NCH==?J\«CENS;NCHARICFE? JL?
>C=N?%S LMJI?NCP?FSB?P?LML?ENCPIP?LFF@IKO?H=S;H> @L?
KO?H=EHH?;LFSMSHISGIOM=IHMNLEEIHM A 6 G;>? 7 F;0AB@IL
%:80:90 7,@230/2308,9  H;FSMCRIGHAGCR?>?@?=NBI> ?FM.?
P?2;F?>NB;NPHNL?H=B?HNIL?2GINCIH @ ?=NIBC=B=IOF>HIN <? >CM
NCAOCMB2O? NI =IFFCHTINSQ?L? I< M?LP?@ILFF:A? ALIOJMH>
:FFF;HAO;A?MPRE?IN) C=B? QBC=EMQ@PL?®@LIG; NBCHILIOMH>
MBIQ?>IHFSIL7?GINCIHVIIL;>G:FFS FF F;HAO;A?MIBIQ?>?@ ?=NEl
?2P?HNE?LA?MS;H NC=RR=2JN C=BTQBC=BIBIQ?>IHFS?@ ?=NAMOJ
JFB2HN;LSM®:H NCIL2>CNILME? ?H><S JLM?HDHA =IG JONNCIH;F
GI>?F QBC=BVIO="MBIOFFEGF;N?MIBCUNN?LH@LMOFXIM;, MOF?
>CM.C@H; NCPR?;LICHAG?=B HCMG=BC?BHAS P?L<=ILLFNCIHM®
LIOH> = QCNBGG;H DO>B?HN>N;

2. The crosslinguistic acquisition of sentence structure:
grammaticality judgments from adult and child speakers of
English, Japanese, Hindi, Hebrew and K'iche'

*HAO;A?CM KOGKR?PM?NC;FAS35;H <?B;PCIOL ON DOMDB;N CM
CN\B;N>CNICADCMBBGG;H F;HAO;A? @LIGNB?I@?H;NB?IMUBCNIC
=;N?>=IG GOHE; NCIHVSNPGM@ INB?LMJ?=C?M HOG?L |@>CNCH
AOCIZBIA NOLBIP? <??HILIJIM?> CHFOEHA>=OMCIH? A &;,0M?L
IBIGMES $CN=B ;H> MB;L?>CN?INCIHFCNS? A 2IG;M?FFI

<ON?LB;JMNBGIMNCGIL N;HNH> QC>?FRL??>0JIH @NOL?
CMLI>ONGENSHFSBGG;H F;HAO;A?NFFIQ MJ?;E2LNNI A?FPLN? ONI?L
JH=?MNB;NL? ?HNCL?FBP?F NB;NB;P? H?P?1<??H?H=IOHN?L?>CH\B?
BCNILSI@IOL MJ?=C?8PNL? L?;>CFSIG JLB?H>?><S;HS G?G<?LI@
NBL?PP;HNMJ??=BIG GOHCNS A BIGMES &I=E?NN

#RIF,CEHMAIQ =BCH?H;=KOCLRBCMCENS;MFIHA<??HL?4A
HCT?:M; =?HNL;KKO?MCIKCHNBZ=IAHGICPA=EH=?MIQ?LG;H
&I1Q ?P?L CNNOLHI@NNB;NNBCUMI< F?GCMP?HGIL? =IG JF?RNB;HCN
ALMND J?7,L?> S E?L L,CH? .CHE?L 2B? >C@&OFNS
CMIB;N2?Q@NBILI >ONCPAR?FLFCTNCIHNB;N-BC£?HGOMI®ILGL?
NLOF&R=?INCIH?MMBOM-BCE?HGOMMIGBIQ F?;LH9:? NI ;J JFS;
J;LNGF;LA?FPLFCTNCIENI ?R=?INCIFCN?GIQBCFR ;N NBM;G?NCGD
=IHNGBCHANI ;J JFSNBCAPHPLFCTNCIHNI CN?GRICNBBC=EXCMIHMCM
N?HNCHFOSGHAN?GEIIQBC=BIBCAPHPLFCTNCIKCMIP?F

IIH MC>?I@1L?RG JF? NB?F;HAO;A?1@.,@>,74:9 IH? I@NB?GIMN
@OHG?HN;F=IH=?INIEHBGG;H =IAHBICIH;H> IH? NB;NI;MNNN F?;MN
IH? >?>G;N?>AL;GG;NG;F MNLASLETHILI<; <FSFFBG5;H F;HAO;A?M

,7>D;FEIP lIGLC? IIGLC? .IFCHMES &MJI?G;NB
"CRIH #HACMBI?;EEHABCEL?HGOMMN?;LHNB;NG;HS
P?L<MP A -=0,6 8:A0 =:77>;49 =;H <? OM?E€HNB??=,2>24A0@>,?4A0
=IHMNLREIH? A &308,9 -=:60 8:A0/ =:770/>;@9?30A,>0 NI >?
M=LC<s?M=R;LCICHQBC=B\B?%#,2 &308,9 =0M?MB? 2%#.2
?30A,>0 NI OB?LAI MIG? ECHA@ ! 2'-, #4#,2 1& ,%# 'HIL
>?L NI ;=BC?P?2>0OFNCE3JLI >ONCENS-BCH.?HGOMN JFSNBCAPHL
;FCTNCIENI P?L<M@I1LQBC=BCNB;M HIN <??H QCN?MM?>N NB?M;G?
NCG?=BCH.?HGOMNA:4/ ;J IFE€HANBCKW?HPLFCTNCIHNI ?R=?INCIH
P?L<MMO=BM 7,@23.=D 1,77.H> /4>; ;0,= QBC=BIOF>SC?F:H OH
AL;GG;NG;F ON?H=? ? A &30 .7:B9 7,@230/.=40/ 10774>; ;0,=0/
?308,9 'HMN?;>NB?S5OMIR?;LHNI =IHP?SNBCNSJ?2@G?;HCHAOM
CHANB?;0=4;3=,>?4,@>,?4A&IHMNLNEIHQCNB,60 ? A &30.7:B9
8,/0 ?308,9 7,@23=D1,77/4>; ;0,= !IH P?LM?FS;HS #HACMBL<M
?A .@7??40>0B .30B =;H;J J?;L CHNBNL;WKCP2,0M;NCP?A &30
-:D .@7??40/>0B0/ .30B0/ ?30?3=0,/ <ONHINNB2?LCJBL;MNOSM;NCP?

:294?4:9CC CCCCcccc cce

?A &30 -D 8,/0 ?30?3=0,/.@7?40>0B.30B 1NCHIB?LP?L<M;H
;J J?;L CHINB=IHMNLEEIHMONQCNBH ;J J;L ?HNL?@2?H="@IUH? IL
NBINB?L? A %:80:90 -=:60 ?30?=@.6 %:80:90 8,/0 ?30?=@.6-0,6

2BCMIMING?L?FS KOCLER#HA-CMB;HS I@NBQILF>MF;HAO;A?M
1BC<;N;HC .;L>?MBC >CMOMM ?RG JF?M B;P? ;N F?;MNNQI
=;OM;NCIMNLRAOEL?IQPBC=B;L NCF;LP?L<NIL2@?NI; AL?;N?LL F?MM?L
>?AL?? ; 8:=0 ?=,93=09?MNLEELYCNBIBP?L<.,@>08,60 /: IL
; GILJIB?G? NB;NCNI@GN?H BCNILG;FFSAL;GG;NG;FCT?>@ILGI@NB;N
P?L<?A (JH ?M? >>0 ;H> ; 70>2=,93=09?MNLNOLNB;N
G;LEM=;OMNCIHGIL? C>QUSEL;N&;FFS? A <S OI@HA @ILGNB;NCM
?0IB?LCHCNCADCME? @LIG; HIH =;,O0M;NCRR MN?GRILG IL MCG
F;LNI MO=B @ILG<ONQCNB PIQ?FIL =IHMH;HN=B;HA?NB;NCNHFS
J;,LNC;FRIE2>C=N;<F?-OL N?LGMO>>H> 8:=0 ?=,93=09?L2@?NI NB?
NL;HML?H=SI@NB?2@}.0 10,?@=0B;NG;LE =;,OMNCIHH> HIN @I?R
;G JF? NINB'M@;HNCAM JLI >ONCENED?;=B J;NN?LH 2;<F? MBIQM
@I12;=B I@NB?*P? F;HAO;A?MCEFO>?CHNB2ILM?HNINO>8RG JF?M
I@P?L<NIB;NL? AL;GG;NG;FCHH? IL INB?LIL <INB =;0M;NCRMNLO=
NOL?M

#R=NFBIQ NBCEM==IG JFCMB?2)?H>MH NB?F;HAO;A? #HA
FCMBV CIFONL;N?>xS NB??RG JF?M<IP? LFC?M.G;LCF$H MSN;R
(;J;H ?M?&CH>CH> ) C=B2?FILG;LCF# GILJIBIFIAS CH\B?@ILG
1@; GIL? NL;HML ?HN;OM;NCP2LE?L > >0 ,, ;H>D4> 5L MI?=
NCP?F&> P;LEOMNSJI?M@F?MNL;HML ?HNVIN?GB;HA? $IL &?<L?Q
NBZIN CM?"H?>;M; NBL?2IHMH;HN!!'! JNN?LH? A >3- A=@IL
0#) QBC=EDILGM P?L<IHFSQB?HCICMM?LNZHN] <CHS;HN?G
JF;:N? CHNBCHMM??GIB?INB2>?>G;N?>=;0M;<CHS;84 4 ?A 34>3
-4= IL NB?J JLIJLCN? A?HFPL;FNL;ISCPRCHS;H!; ;1 ? A >3,A=
ICI?! IL BG!?!

2B? ?RCNPH=7@; F;LA?HOG?L |@F;HAO;A?M@ILQBC=BVJ?;PLM
GOMR?;LHQBC=P?L<M;H ;H> =;HHIN;J J?;L CHQBC=B@NQI =IG J?N
CHA=;OM;NCR2NLAOL?8;E?MNB?>| G;CHI@=;0M;NCPNTJHH C>?;F
N?MEM? @IL==IOHNNM@BIQ =BCHE?HF?;LHNI ;J JLIJLON?FS_MNLC=N
NB?CGECAOMCA?HPLFCTNCIHNBOMNB?ALF |@NB2JLM?HNINO>GNI
CIR?ME&;N?QB?NB?NBL?RIBPL?IE;FJILI JIM,FMLCA&L;FFS?P?RH?> @IL
D;H> N?MNP D#HACMBO=2?>QB?HN?MNP NB??KOCGHF?HNINLO=
NOL?MLIMM'P? NSI FIAG;FFOH F;N?>F;HAO;A?M#HA-=CMBJ;H ?M?
&CH>@?<L?Q;H>) C=B?; +;S;H F;HAO;A? MJEE?HCH6O;N?G;F;

2B? verb-semantics BSIINB?MCMCHE?L 1BC<;N;HC .;L>?MBC

MN;LN&ILIGNB?;MMOGBICIHNB;NNB?>CNICHCIH?NQ??HP?L<M

NB;NFFIQ IL JL2@7?170>P?IMOBI=0 ?=,93=09?7=;,O0MNCIH? A -=0,6
8:A0 =:77>;49PM7,@23=D 1,77/4>; ;0,= CMIN;L<Q@IL;LS<ON.? ?=NM
NBMG;HNCA@NBIMP?L<M2B? GIMNMNL;CABIND;L> =B;L;=N?0;NCIH
CMIB;N=NCIHM@NBF;W?INSJ?? A 7,@23(B;P? CN?H;F=;0M?NB;N
QIOF>G;E? :HS ?RN?H;FJLI>>CHAHC?=R .CHE?L G?H
CHANB;N=;OMNCIH=H <? ?RIL?MMZHFSPC;; >?7>G;N?> NL;HML ?HN
=;OM;NCP2LE?L 8,60 >>0 ,, 34 4 IL P4>,5 :H> ?P?HNBCGNO
MNCIFCN@N?H;NB?ICHC?=N? A IQ?LG;H JICHNMDNNB;N
:39 8,/0 ?30,-D >?,9/ @;=IOF>CAFSMCEH-SACEHAH IL>?L 'H=IH
NL;MNP?L<M@NB?@IG?L NSJ?? A -=0,6 ;L? GIL? ;G?H;<F? NI ?R
N?H;F =;,OMNCIHJ;L NGF;LFSC?=NJBSI&;F =;,OMNCIH1GCNB
2BOM@ILNB?MP?L<M=;OMNCIH>I?M HIN LKOCL? >?>G;N?>MQ@;=?
G;LE?L B?H=?CF?MNL;HML?HK ? =:OM2=;OMNCIFCNB?[?HNCHNB?
G?;HCHA@NBP?L<CM?F@A -=0,6 ;FL?;>S G?;HM&;OMNI <?=IG?
<LIE?HD NBQOBP;HCHAIG?MMRIL@LPTICH <; MCNL; WIKCPA?N?H="

BNH; F,G<F,;E GB;LC= MB?HCHE; ?FF; !lIF; OLG?M? ;HNIH?M? L,LLC?L
IL??E  #HAFCMBL?H=B %?LG;H %O;L;HX &O;F;J;C &OHA,LC;H (;J;H?M? );GGO
)CHS;LQ;H>; )IL?;H )ISOEIH *OMB;C+;F;S +;H=BO +;H>LCH +,L;NBC +NM?M
,P;DI  -FON?=5/0?=BO; 1BCJC<JIHC<I 1CEO;HCP;H 2;L;M=;H 2C>>CEBCH 20LECMB
7C>CHSCG;MH> 70E;ABCL
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Table 1

0>>7?=,93=09?;H> 8:=0 ?=,93= 09?=;0M;NCRINLROL?MLIMM'P? F;HAO;A?M2B? P?L:
CMMBIQHCH<IF> NB?GIL? NL;HML ?HN=;0M;NCR3;LE?L CNDF-?LFCH?>8HAL;GG;NC
=F @ILGNL? G;LE?> QCNBH ;MN?CME  G;LACH;RQILGNDCNB KO?NCIHG;LE
4?2L<MG;LE?> ; ;L? AL;GG;NG;FCHNBZGIL? NL;HML ?HN=;OM;NCRINLEEOL20NINNB
F?MNL;HBL ?HN=;OM;NCIRINLRIOLA?L<M5;LE?> < ;L? <LI;>FSMJ?;ECHAAL;GG;NG;F
CHINB MNLEOL?MBIOABIH? G;S <? JL2@?LL?4?L<MG;LE?> = ;L? AL;GG;NG;FCI
NBF?MNL;HML ?HN=;OM;NCIINLROLOMNINNBGIL? NL;HML ?HN=;OM;NCRMNLAOL?

:294?4:9CC CCCCcccc cce

*HAO;A? LIIN *?MM NL;HMJ;L?HN =,O0M;NCIH  +IL? NL;HMJ;L?HN =;0M;NCIH
#HAFCMB transitive-causative periphrastic-causative
; F;OAB construction construction
< <L?E< 11G?IH? laughed NB?<IS 1IG?IH? made NB?<IS
= =ON 1IG?IH? broke NB? NLO=E laugh
11G?IH? cut NB? J;J?L 11G?IH? made NB? NLO=E
break
11G?IH? made NB? J;J7L
cut
(;3;H?M? lexical, stem-change -(s)ase
; EO ";,L?E; A; INIEIHIEI | ";,L?E; A; INIEIHIEI |
&I1G?0 kosas-u ko-sase-ru
< QE 91IG?IH? 13 (<IS - ( 91IG?IH? 13 (<IS - (
GIch =IG? -, 12: =IG? 131 ,-,. 12:
= EIQ;L? "L?E; A;ISO | wakas-u "L?E; A;ISO| wak-ase-ru
GL?2:ED 91IG?IH? 13 (Q;N?L - ( 91IG?IH? 13 (Q;N?L - (
= GOMO< <ICF ,-,. 12: <ICF!31,,.12:
[o\ee) ";.L?E; A; NIL,EEO | kowas-u ";.L?E; A; NILEEO |
911G?IH? 13 (NLO=E - ( koware- sase-ru
<L?E . 12: 911G?IH? 13 (NLO=E - (
";,L?E; A; EONOBCGI Imusub- <L?;E!31,-,.12:
u ";L?E; A; EONOBCGI |
911G?IH? 13 (MBI?F;=7 - ( musub-ase-ru
NC? ,-,. 12: 911G?IH? 13 ( MBI?F;=? - (
NC?131 ,-,.12:
&CH>C stem-change only ( CNull O (stem change) -aa
; BW class) ECMCE? F,0E? EI
&;0AB ECMCQH? F;0E? El hc<s- h<s-aa-yaa
< ACLUD;EF aa 91IG?IH? 13 (<IS - (
= 2002 91IG?IH? 13 (<IS - ( F;OAB!31.12:
GL?;ES F;,OAB.12: ECMCEI? F,0E? EI
ECMCGH? F;,0E? EI ger-aa gir- aa-yaa
91IG?IH? 13 (<IS - (@;FF 911G?IH? 13 (<IS - (@;FF
L12: L12:
ECMCEI? 2L;E  El toR-aa ECMCGH? 2LE  EI
911G?IH? 13 (NLO=E - ( TuT-aa-yaa
<L?E.12: 911G?IH? 13 (NLO=E - (
<L?;E!31.12:
&?<L?Q pa‘al (CaCaC), pi‘el (CiCeC) hif il (hiCCiC) binyan
; =RE or hitpa'el (hiCaCeC) binyan +CMB?B@icxik ?N B; S?F?>
&,0AB +CMB?BQ@axak ?N B; S?F?> 9lIG?IH? F;0AB3; 1, - (
<NGH 91IG?IH? F;,0AB,, - ("#2 "#2 <IS:
GoL® <IS: +CMB?B@itmin ?N B; I=;L
= MB<PL +CMB?B@man ?N B; I=;L 91IG?IH? <OLS3; 15 - (
GL?,ED 91IG?IH? <OLS;, - ("#2 "#2 NL?;MOL?:
NL?;MOL?: +CMB?BQ@i shbir ?N B;
+CMB?B6havar ?N B; G;M;CN  G;M; CN

91IG?IH? <L?E 4, - ("#2
NLO=E:

9LIG?IH? <L?2E 5 1, - (
"#2 NLO=E:

Table 1 :9?49@0/

*HAO;A? LIIN *?MM NL;HMJ;L?HN =;,0M;NCIH  +IL? NL;HMJ;L?HN =;0M;NCIH

) C=B? root/derived transitive -(i)sa-j =
; QL x-0-u-war F?;E;FF?;=BC x-0-u-war- tisa-j F? ;E;F F?
MF?8 .12 MA 13 (MF??J "#2 <IS ,=BC
< NT;K "#2 MIG?IH? .12 MA13 (MF??2J!31
&LIo x-0-u-tzaq F? E;R; F?;=BC 20, "#2 <IS "#2 MIG?IH?
LIIN .12 MA13 (>LI "#2 <IR x-0-u-tzag-sa-j F? E;R; F?
NL;HMCNCP? "#2MIG?IH? ,=BC
< MCN@IoL®  x-0-u-suti-j F?;E;FF?;=BC .12 MA13 (>LI 131
>?2LCP?> .12 MA 13 (NOLH "#2 <IS 20, "#2 <IR "#2 MIG?IH?
NL:HMCNCP? "#2 MIG?IH? x-0-u-sutin-isa-j F?;E;FF?
=N CC(M?@ x-0-u-tis F? ;NT S;K F? ;=BC ;=BC
LIIN .12 MA 13 (M?Q "#2 MECLN .12 MA13 (NOLH!31
NL:HMCNCP? "#2 MIG?IH? 20, "#2 <IS "#2 MIG?IH?
= LG GOR x-0-u-rami-j F? QOD F?;=BC *x-0-u-tis-isa-j F?;NT S;KF?
>2LCP?> .12 A 13 (=ON 20, "#2 ;=BC
NL:HMCNCP? J;J7L "#2 MIG?IH? .12 MA13 (M?Q!31

20, "#2 MECLN "#2 MIG?IH?

* x-0-u-ramin-isa-j F? QOD F?
,=BC

.12 MA13 (=ON!31

20, "#2 J;J?L "#2

MIG?IH?

JIN? NB;NNB?QLINOCM FCHAOCMM@ORL;=NCINB;N @ILGIMNF;HAO;A?M>1?M HIN
<?=1G? ; L?=IAHCT<FQIL> OHNTRCMIG<CH?>QCNB<FCANILSSILIB?G?MG;LECH
N?HMRL;HMCNCREGNS

< &CH>CFMI B;M ; MG;FFHOG<?LI@ CHNL;HMCNRZMNB;N>I HIN OH>?LAI;HS
GILIBIFIAC=;F =B;HA?MMN?G=B;HA?ML MO'R;NCIH QB?H =;0M;NCPCT2A -/,7
GB;HAD -3,= OF® $OLNB?NBD, G;LE?LCMINIHFSOM?:NI =;0M;NCPGINL;HMC
P2L<M<ONCNFMIOM?QCNECHA?MN?_?RCENL;HMCNERIXNNB;NCHPIFPMIH FCN?|
CHA?MNCMO=BM 0,7 9, 80,7: 70,=99, 70>>:9 >009, ;49?492 NI ?RIL?MM@?;HCH#
MO=BV 100/9>:80:90 , 80,7: (0,.3 9>:80:90 , 70>>:9IL &3:B 9>:80:90 , ;497492C
2B?MP?L<MFCEMS INB?L>C NL;HMCNEPE< =;H NB?HIDJAL;>DONI BA,, NB?MI=;FF?
>0.:9/ .,@>24A0QB?H G;LECHACH>CL?=}OM;NCIHD?JF;=CHA), QCNHA, ;>>M ;H
;>>CNCIH;MN?LHNB?=B;CHI@=,0M;NCIH? A ?:$-aa &;0M?>MIG?NBCHW <?=IG?
<LIE?HD ?@%aa D, G;0M?>MIG?<I>S NI <L?;E MIG?NBCBA &IQ?P?L ; @2
>C NL;HMCNE®PR<M=H =IHP?S CH>CL?=NOM;NCIKOMCH2CNB?NB?M?=IH>=;0M;NC
MO'RBA,, IL NB?>CL?=K,OM;NCRAO'RB, ?A 7463, 7463A, G;OM?MIG?<I>S NI
QLCNQIG?NBCHA,=,, 6,=A,, G;OMMIG?<I>S NI>I MIG?NBCBAH> MIG? 4NL;HMC!
OH?LANCPR?L<NN;E?NBEA,, MO'R>CL?=NP3A 2, MICHA 2,A, G;OMMIG?<I>S
NIMCKDH> =0923L;QEp =092A,,&;0OMMIG?<I>S NI =L;Q

= "2LCP?>NL;HMCNEPIXNCH=FO>CIfAD4>, @ILGMFQ;SML?KOCINBMO R E5 OIIN
NL;HMCNERXMIIG?NCGAMKOCINBN?LGCH;NGBLE?LEH3 <ONH?P?LQB?HD ;M @I
:FANBM?HN?H=CNNBIL?M?HUNOB@IFFIQ?%S ; >CL?=ND?=N

2B? JLM?HNINO>S?MNBCM.>CNCIFOI@HA =LIMMACHINC &7,
MOL?@ >C?=N?MN@ =;OMNCIHILIJIM?> <S 1BCK;HCH> .;L>?MBC
3H>?LNBCMIJIM;F

¥ More-direct causation CPHN;CFM MJNCN?GI L;F IP?LF;J 1@ NB?
=;0M?M;=NGCGENFH> NB?=;0M?P?HNNI NB??RN?HNB;NNBNQI L?F
2P;HN?P?HNj? HIN=F?;LFSCNICADCME 20 ;H> B?H="CNVMECN?>
QCNERsstransparent causative mark ing

¥ |essdirect causation ?HN;CFM ?P?HNCHQBC=BXINB NB?=;0OMCHA
:H> NB?=:0M?>?P?HNPHDISMIG? >?AL??I@;ONIHGS E 2B? =;0M?>
?P?HE G;S B;P? CNIQH MINC;H> N?GI L;FILI"F?M-CNICH-®ILIG
NBIMP@NB2Z=;OMHAP?HA ;H> B?H=CNMWWMEM?>QCNBore-trans-
parent causative mark ing

5?7 NB?L@ILN ?L; NCIHETNBGHP; MOLZS I< N;CAEHA ;NCHANENB?
?RN?HNI QBC=B\B>=,0NLHAH> =;,0M?*?P?HNMMEN?>QCNB;L NC>
F;LP?L<NL? >CNICH=N

L?POM#HACMBNCE@2NM@INB?L=IHMNLENEIHB;P? MBIQHNB;N;M
JL?>C=N?=S NBP?L<MS;H NCBEINB?MCNtL NG3;HNML;NCHAN®NB?
?RN?HNI QBC=B?L<MRBC<OW®;H NC3LIJ ?INCMRP;HN@ILJ;L NG

M ; L?PC?Q?HIN?> NBCAPH?L;FC>?; CMKOCNF> >;NCHA;=E ;N F?;MNI $I>IL

2;FGS ;H> %CPIH H> &1JJ?L ;H> 2BIGIMIH
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F;L=IHMNLAEIHNM A NL;H®@?LMN;N2B;HA? MBIOF3L?>>C=NB?;N?>
;==2INKCEN$@NB?MP?L<MCHNB?M2IHMNLREIHNB?M7?CHFO>2.?

=?HNVIN@2N@FI=;NCP?M5<LC>A? .CH?  O0IQF;H> >, NCP?M
G<LC>A?.CH? 0IQF;H> $L?0O>?HNB;F !B;HA P?Is;F @IL?
"R; NCIH G<LC>A? FSNBCH&<LC>A? *C?P?H H> P;L

COM=IHMNLREIHMG<LC>A??N;F FFI@NB?MVWIN@YNDMZH
;==2JNCENSO>B?HNN; ME)BC=BOH-CE?FC=CN+>0O-NCIHSC?F>M
AL;>?>G?; MOLROM?N?H=2==?JNKkCENZP?H@I>OFNM5 <LC>ATH
JL?MM

3H>?L NB?entrenchment BSJINB’MCM L;CH?  LIIEM L?
J?;N?>I1==0OL?H="M®; J;LNG3ZF;LP?L<LIIN ? A 7,@23=IHNLC<ONIRPH
?P?LMNL?HANBHALI< ; <CFREEKD AH=?NB;NCN:;HHIN<? OM?AL;G
G;NG;FFEHVNLROLBHOBC=EB;MHINS?NJ J?;L?> ? A &30.7:B9
7,@2307308,9 NBNL;HECP2,0M;NCP? ECH#@L;NCH;F ;S?MC;HCH
@2AH=?@LIG< M?H=?2A &MO&ILHA %LC'NBM !B;N?L 'HNO
CNCP?FS Q:S NI CNI?0L?N?HNL?H=B?HNCNIB ZCI® ZAH=?NB;NJACP?H
BIQ I@GN?H P? B?;L> NBCRPL<LIIN CHA?HL;F C@NQ?L?J?LGCN?>CH
NBCMNLEOL? QIOF>B;P? B?;L> CNS HIQO 2BCNE=IOHNIL2>C=NM
H?ANCPALLFNCIK?NQ??HNB2==2INckCENE; J;L NGEF;L?LLIL ? A
&30 .7:B9 7,@2307308,9 ;H> NBAP?LFF=ILJOM@IKO?H=8BaNB21L?F
?P;HNP?L<LIIN LA;L>F?MINBMNLASOLECHOBC=EN==0OLM JL?>C=
NCIHMOJILN?> @I#HA-CMBS NB2=ILJOMDO>E?HNVINOABIN®;HIQ
CN=B

3H>?LNBpreemption BSIINB?MCRbIF><?LA NBOMP@; J;L
NCF;LP?L<CH J;LNGF;LN;IA?NVINLAOL? A 7,@2TH\NBF?MNL;HM
J;L?HNMINLROL?MCH%:80 :90 7,@230730-:D CM??G?>CHL?;MHAFS
OHAL;GG;NG;FIH NBX; MCI@I==0L?H="MINBORPL<CH H?;LFSVISH
IHSGIOM=IG J?NCHAVINLBOL?? A NB?GIL? NL;HIML ?HNVINLAOL?M
CH* 8,/0 + 7,@23 2BCNE=IOHNIL>C=NMH?ANCP2ILLFNCIHK?
NQ??HNB?==?JNCENED; J;LNG3F;L?LLIL ? A &30.7:B9 7,@230730
8,9 ;H> NBZ=ILIOM@KO?H=BANBL?PP;HNP?L<LIIN CH =IG J?NCHA
MNLEEL?? A * 8,/0 + 7,@23; JL2>CNCIHMOJILN?> @II#HACMBS
NB2=ILJIOMH> DO>A?HNVIN@2M%IF><?LA :H> OI<?H;FN;H>
%IF><?LA

2B? =F?;2PMNMOJILN @IINBP?L<MG;H NC=PHNL?H=*B?HNH> JL?
?GINCIFBSIINBM?MIG?M @LIG; L2=?HN.?2H;FSMCN®"P? DO>A?HN
MN@2MG <LC>A?;L:E 5IH H;=INNMO&CN?> 'H A?FPL;F NBCM
H;FSMC&IOH2PG?H=?@ILFFNBL??@ ?=N®IILFF=IHMNLREINSJI?M
@ILFF;A? ALIOJMMN@®> D S?LIF>M B S?L IF>MH> ;>OFNM
A;CH BIQ ?P?L ;FF@NB?MANT@2ID?L? I @#HA-CMBBCMM;L NCF;LFS
JLI<KF?GNC-ACP?NB;NNSI FIAG;FFS#HA-CMBVY;NB?IOHDMO;EHS;E
CHAQNFOMP@IP?LNGIL JBIFIAS QB?HG;LECHA;OM;NCRIS

2B? AlLF I@NB?2ILM?HNINO>SNNB?L@ILNI OMNB?2IB?HIG ?HIH
1@=;0M;NCRZ,LECHAM ; Q;S I@N?NMIKABP?L<MG;H NC=KWHNL?H=B
G?HNH> JL??GINCIHBSIINBM?MLIMNCAO QW FFSCHHACMBJ;H
?2M?&CH>®&?<L?Q;H> ) C=B?2B?M7F;HAO;A?MD?L?=BIM?H?=;0M?
NB?SL? NSI FIAG;FFSOHLF;N?> ;H> <?NQ??HNB?G?RGIFC@IMN
I@NB?>C@7HNQ;SM NB;NF;HAO;A?M5;LE =;OMNCIHF?R;FFSI@N?H
QCNBPIQ?F =IHMH;HN=B;HA? GIL JBI FIAG;FFSH> MSN;-NEFFSM??
2:<F? +IMN=L&GC;FFILUOL JOLIM?M?;=B ?RBC<CNIQ| >C@7HN
=;,OM;NCRINLAOL?MLLMJIIHXCHAII 70>2=,93= 09?2H> 8:=0 ?=,93=
09?=;OMNCIHH?@B?UL@QBC=B-;H <? ;J JFC?>SC?FEHA @OFAS;G
G;NG;FON?{H=? NI ;FFP?L<M2BON;=B I@NB?MASNPGMIHMNON?M
MOGR? N?MNM?@ ILNBLM?;L=B<O?MCIHON-CH?;N NBMN;LNONBCM
J; J?L BIQ =BCHE?HF?;LHI9:? NI ;J JFS; J;L NG ;LA?FPLFCTNCIHNI ?R
=?INCIKCN?GIQBCFRN;CBHA JLI>ONCPR?HPLFCTNCIH

$IL NB?M;E? 1@ =F;,LCN®? MBIOF>?GJB;MCTNB;NQB;N Q? ;L? =FFCHMCGJFS
09?=09.3809CNDB;NIN?@;HIQCNM=B  =;FFMI02,74A09?7=09.3809H> QB;N%IF><?LA
=,FFM9>0=A,?4>8PC; 09?=09.3809?2B;N CMQ? OM??HNL?H=BG?H\ L?@?}H
CH@?L?HBRIG<M?H=?;H> HIND ;M CNOHLCACHA?HM?;HA;=E?L D NIMCGJIF?
@L?KO?H=S

:294?4:9CC CCCCcccc cce

-OL ONG;N? Al;F CMII <OCF> =LIMMKCHNE FF P GF? ;==IOHNDH
>?L QBC=B< M?LP?2@?=N@?HNL?H*B?HN JL??GINCIHH> P?L<M?
G;HNC=®@;ABPNI@; MCGHFOHR;LSF?;LKEHA?=B HCMGCLMBIQ ?P?L
CICNA?2NU;LSNI <OCFOJ; JCANOLRANB=IH>MICIHME-?LQBC=R;=B
?2@?=N?M;H> >I?M HIN I==OL=LIMMPKODNEFFS2BOM@IL?;=B F;H
AO;A? =BCHE?H;A?> B ;H> B ;H> ;>OFNMN?>; 70>2=,93=09?
JH> 8:=0 7=,93=09?7=,0M;NCRAI?’N?H=®IL?;=B |@ P?L<MQCNBCH
GIMN=;M?MH? IL INB?L@ILEBSIINB?MCT M <? F?MNB;H@ OFES?IN
i<F? 5?7 NB?HCIR?ME;N?>NB??RN?HNI QBC=BL?>CHILP;LF?MCH
MN;NBSICHABP?L<MG;H NC=MHNL?H=B?HNH> JL??GINCIHBSJINB?
M?MIOF>?RIF;CHNBJ;NN?LH@DO>A?HNKICNBCHB F;HAO;A? -H NB?
;MMOGBICIHNB; NNBF?;LKEHAG?=B HCMGNB;NSC?FNB?MNBL??@ ?=NM
;L? OHE?IM;F IOL JL?>CNCIHCNNB;NFFNBL? 2@ ?=NQCFR? I< M?LP?>
@I?P?LSA? ALIOJCHP?LS;HAO;A? ILIMMFBBMNC=C@AH=?NCHNB?
G;AHBIO>1@7?;=B ?@?=NHHIN <? JL2>C=N?EH> P;H=? >0? NI NB?
;< M?H=P@NB?H?2N;;LSM®;H NC:H> >CNIONCIH;FEEKIG; NCIH=IF
F?=N?:M J;LNI@NBMNO>S? P?H G?HN;FCHEL?;M?@HNB?G;A HBIO>?
1@?;=B ?@7?=s0\? ;HNG3N?> <ONA;CH=;HHIN<? JL?>C=N7SH> P;H="?
iMNB?SL? FCE?R8 >C@?:?J?H>CHAH NB?2>?N;CF?MG;HNC;:H> >CM
NLONCIH;BLIJ ?2INC2@?;=B MSNPG 2BOMIMMEF?=LIMM AN >
>?P?H G?HN;P?@?=NN CR?MEN?>0HARIFIL;NILS OH_?ACNP?L?>
;H;FSM?M

3. Methods
" =74.4;,97>

5L NGEHNMR?L? @112;=B F;HAO;A?  =BCH?HA?> D =BCF
>L?H;A?> D H> ;>OFNVINGHNM.=LOCN?ZH> N?MNZTHNB?CL
M=BIIFL OHR?IMCNSHCPLIIIF #HAFCMRIESI (;J;H ?M? (; <;FJOL
&CH>C (?LOM;F?G&?<L?Q ;H> 5?MRLH%O;N?G;F; ) C=B? 2B?M?
;A? ALIOIMQ?L? =BIM?H@IL=IG J;NGCENRCNBIB2ILPTCOMDO>B?HN
MN@2NFCMNCHNB?HNLPONCIH H ;> >QICIH;F  ;>OFNVJ?;RLM@
?;=B F;HAO;A?=I1G JF?N?ANBM&;H NCE;NCHAM,ME ;L NGZHNMB;> HI
EHIQH F;HAO;A? CQ;CIG?HNMH> Q?L? LMN;HAO;A?F?;,LRLM@NB?
F;HAO;A?CHKO?MCIH<ONCIR;LC<FSB;> B;> ;N F?;MNIG? 7RIl MOLRI
#HAFCMBL NCF;LFSBRCH>®J?;PLMIL 1J;HCMB C=BMJ?;PLM

,20=4,7>
(0=->
5? ME?=N?@LIGNB?= NCIHLI=?MM:;NPAILSI@BNNJ =IH=?INC=IH
=FFHA *CMNSMIOQ  S$ILE?F CN?GMBN; L? F?R:F

CT?>M=IG GIH P?L<NCH?;=B I@NB?P? F;HAO;A?M< ;L? @GCE;LNI
SIOHA=BCH?H = MJ;H; L;HA?I@>C?=N?RN?H;F ;H> CBC?=NCHN?L
H;F =,OMNCIH;H> > =H <? ?2;,MCFS?JC=N?€HHG; NCIHNIO=BIB;N
H;Y? J;,LNGEHNML? ;<F? Nl AO?MNBCINI?H>?P?L<IL ; =FIMMSH
IHSG 2BCND;M ;=BC?P?*NBLIOABIO="MICPRAOH>M@JEINCHAOIZHA
CHILL?=MO?MMRM.7"H? NB2H@G; NCIHM> >CHL> OHMORN? =;H>C
> N?P?L<M? N;CH@NBP?L<AO?NMACIN=;H <? @IOHEHJ J?H>CR

%09709.0>

$IL ?;=B P?L< Q? A?FPLN?>; 70>2=,93=09?;H> 8:=0 ?=,93=09?
=,O0M;NCRRILG@IL?;=B F;HAO;A? M??BNNIJMIM@I M =D  %7?HL
NCIH@NB?GIL? NL;HML ?HN@ILGQ;M MNL;CABND;L> MCH=B<S >?
@OCIHD NBCRILGMCEH-S=IG <CH?MB?P?L<LIIN ;H> NB?L?EP;HN
=,OM;NCRZLE?LIL <CHS;HM?2NBLCABNMN=IFOGHI@2;<F?  %7?H
?L, NCIH@ NB?F?MNL;HML ?HN@ILGQ;M MNL;CABID;L> @IL#HACMB
QB?L?NBC®&ILCCNFQ;SM; MSN;-NCHKL;WIRCP2,0M;NCP#IL &?<L?Q
(J;H ?M?&CH>CH> ) C=BQ? OM?2?RCNINA-CIN NOL? ?LG;H
1BC<;N;HC .;L>?MBC +;NMOGINI B;NN #G<C=E
.S? NI C>?NC@BOL?AF;IANC?NEIHAMNNB?P?L<M@ILQBC=B
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MO=B @ILG?ZRCMMIM\BF;HAO;A? ;H> ;J JFC?AB?MAOL?A0F;LANC M
NBLG;CHCHAR?L<N®IIQBC=B{l MO=BILG?RCMNM

$IL ?;=B P?L<@ILGF?MML;HML ?HNH> GIL? NL;HML ?HN Q? =L?
N?>; M?N?H=9CNB0:80:90 ;MNB?%#,2 !31#0 H> ;. JF,OWEF?
131## MNB?2 2#2 ?A %:380:90 -=:60 ?30?=@.6%:80:90 8,/0
?307=@.6=0,6 %:80:90 7,@230730-:-D %:80:90 8,/0 ?30--D 7,@23
'‘NQ;MHINJIMMEF?NI =IHNLIFHG;=S |@NB?>=;,0M??2=LIMMP?L<MMCH="?
MIG? ? A -:47 ;L? H;NOL;AHFSQCNB HIHBGG;H =,0M??? A B, ?0=
;H> INB?LM BGG;H =,0M??? A 7,@23 'H>??>NBILIJ?HMCNGJ;LNC=
OF;LP?L<NNI I==OLQCNBEH@G;N? P?IMOKZIH; 5;N? =,0M??KINILI< ; <FS
;H CQILN;HMG;HNC@;NILNB;N>?N?GCH?IMBAL?FNCP2=?INcCENS
I@F?MNL;HML ?HNH> GIL? NL;HML ?HN-;OMNCIH, @;NILCIN?H>?XNI
<? =,JNOL?x=S IOL MG;HNC3L?>CHNIL 2B? M;G? %#,2 !31#0 F
Q;SM%:80:90 ;H> NBM;G?. 2#%#2 !31## Q?L?OM?>=LIMMINB
G?G<?LM@7?;=B F?MNL;HML ?HNGIL? NL;HML ?HNP?L<J;CL ;H> CH
NL;HMNCIH;=LIMMFFF;HAO;A?M

948,?4:9>

$IL ?;=B J;CL I@ F?MNL;HML ?HNGIL? NL;HML ?HNM?N?H=?NQ?
=L2N?> OIBHA+IBI "? <ON BNNJ GS MGCNBGC=LE ;HCG?
MNO>EP<OMBNGF ; MOW?H@G; NCIH-2JC=BHAB?=;0M?>=NCIH<ON
HINNB?2=;0M?IL =;,0OMHAP?HN2BCID;MH?2N;LS<?=;0MNBIL?>=CM?
JLIJ ?2INC2A@NB2=;,0M?LH> =;,ONHARP?HNCHO?H=?<INBNBM®;HNC=
L;NCHAM;MEM??<?FIQ ;H> NBZL?FNCP2=?JN&CENS@70>2=,93=
09?7P?IMOBt=0 ?=,93=09?=;O0MNCIH? A NBL?FNCP2Z=?JN\kCEN&D
%:80:90 -=:60 ?30?=@.4H> %:80:90 8,/0 ?30?=@.6-0,6 >C@?NAI?H>
CHAH QB?NB?NBNLO=EMG;MB?8CNB B;G G?L CMOMB?x?SIH>
CNMCGNM. <L?;EMVIIINH?IOMFSO?NI CMO@C?HN;CHNM;H=? 'H
IL>?L NI >?2JC=MNB?=;0M?>=NCIFKONHINNB?=;0M?IL =;0ONCHARP?HN
?;=B ;HG; NCIKK?AOHQCNBIB?=;0M??? A ; NLO=E); N?L;FIH? IH
MN;A2B? =ON;CHNB?HFIM?>H> L2J?H?> NI MBIQNB2;0M?2P?HN
?2CIB?I=1G JF?N?3 IHAICHA? A ; <LIE?HNLO=KICEHA; N?L #;=B
H@G; NCIHCHFO>?> MOEN? MIOH>?@?=R A <L?;ECHANLO=KO<
<FCHR; N?L I==OLCHAL <?ACHCHA?BCH-NB?>=FIM?>=ON;CHN>?H
NEF ;HG; NCIHR?L?OM?CHNB?AL;GG;NG;FCN®O>B?HNN;MEH> D
QCNBN;==IG J; HCHAVI?N?H=?BINB?MG;H NC£;NCHAM;ME5? ;FMI
=L2N?> MCRH@G; NCIH@ILIL;=NC=RILEM@ILINB?M®;H NC+;NCHA\;ME
H> M?P?KRILAL;GG;NG;FCNBO>B?HNNL;CEHA FF;H@G; NCIHMH <?
PC?Q?3 FCHNBNNJMIM@I J;PG

"=:..0/@=0

=,88,74.,74?D 5@/2809?,>6

2B? AL;GG;NG;FCN®O>E?HNN; MEOM?>NB?JLI =2>0OL?IONFCH?€H
G<LC>A??N;F b 'H <LC?@L NGHHNMVIE?=IRCIB?L;
L?>=I0HN?LNI CHG;N?OHAL;GG;NG;F IL ; AL??H=IOHN?LNI CHC
=N?AL;GG;NG;F NB?HF;=? NBCMOHN?IH ; "P? JICHN\MGE?S@;="?
M=;FL;HACHAQLIGM;> L?> NI B;JJS AL??H NI CHG;N?NB?>?AL??
1@ OH AL;GG;NG;FCNB? JLI=2>0OL?CML™M?HN?M; A;G? CHQBC=B
NB?=BCHYN;MEENKI B?FJ; NIS>IA QBI JLI>O0=?NBM?N?H="?RC;;
FIOMJ?;E?L NI MJ?,E#HACMBI;H ?M??N= <S JLIPCEHAD?%*3=E
IH BCM?M=LGICIHMONB?H@G; NCIHW =;0M?  NLEMQ;M=IHMC2L.?>
NI <? NIl G;HS @ILSIOHA=BCH.?H ?;=B J;LNGEHN CHFOEHA>OFNM
=1G JF?N?B;F@ANBNIN;F;==IL>CHANI IH? 1@?CABNC@7AHN-IOHN?L
<;FEH=? FCMEBMFMQ?L?ILM?HNBMHAMS-BI.S .?CL=" ?
@ILNBDO>B?HNN;MEJ;L NGZHNMIG JF?N?> NL; CEHM?MCIEOICHA
QBC=BIB?3.2=?CP?@7?%3=E @IIM?P?IM?N?H="QICNB;LSCHA?AL??M
1@;==2INCENSNL;HMNCIHM®NBIMFCMNCH G<LC>A??N;F

%08,9?4=,74923,>6>
2B? ;CG I@NBCNtMEQBC=BQ;M =IH>0=N?%)CNB>OFNMFS Q;M
NI >?LCP? JL?>CHIL P;LCG<F? NB;NCIMN;NBI?MNB?P?L<M®&;H NC=BB
JINB?MARINF-CH?GHLBC<;N;HE> .;L>?MBC NB;N P?L<M.?FNCP?
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JL?@2H=?@170>2=,93= 09?GIL? >C?=NP?IMOBI=0 ?=,93=09? F?MM
>C?=N=;OMNCIH.?_?=NMB?>?AL??NI QBC=B\B?=;O0MHAH> =,0M?>
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J P;FO?M_G?L2?MN >LIJ ;L?GIL? ==Q:ND

$IL NB?G;CH ;H;FSMCMIGORHAOMLAL?MCIH Q? <OCFN GI>
2FMH? @I1?;=B =IG <®&; NCIH@F;HAO;A? #HAFCMBI;H ?M?&CH>@.?
<L?Q) C=B? ;A? ALIOJ;H> M?N?H=RISJ?F?MML;HL ?HN=;OM;NCP?
GIL? NL;HML ?HN=;OM;:NCPBIFFIQCHAG<LC>A??N;F Q? ;FMI
<OCAMOJFG?HN;LSHIH J;,LNC;BI> ?FM?;=B QCNB MOM?JL2>CHIL
NI ;C>CHN?IL NNCIKCH; M?M@GOREFFCHTINSHNB%G;CH; H;FSM?M
H> GI> 2FNDIBHAC@7AH="M=IL?NL?@?H="@I118:=0 ?=,93= 097P?L
70>9=,93= 09?@>0>MIJ JIM?>NIL;Q M?N?H=2;NCHAMINB?4

FFGI> ?2FNDM?>FGIMN G;R@G;FFSMJ?€7?> L;H>IG ?@?=NAMLO=
NOL?:LL ?N:F QCNR;H>IG CH?E?2INN®ILA?L< ;H> ;L NG=
JHN ;H> D ?R?2IN@IL B;:H>@O0R ?R=?INCIHMD <S J;L NGZHN L;H
>IG MFIJ?NRILFRIL2>CHNILP;LGF?M&IQ ?P?L NBMGORHIOMGI>
2FND?L?HINKOCN®;R@;F CHNB;NCHL>?LNI ;PIC> =IHP?IA?H=2@;CF
OL? Q? >C>HIN CHFO>NB2=ILLF;NCIH?NQ??HNB?MFIJ?H> NB?CH
N?E?2IN FF ;H;FSM?MDM?:NBXI<SK; 1J NGCT?LQBC=BFMIB?FJ?>NI
L20=7=IHP?IMCIH®;OE.? 2BCMNLMSQ; M MO=?MEBIGEHPIC>CHAIH
P?IA?H=7@;CE? NBIOABV?PL;FGI> ?FNEC?F>2MCGKT;L"NOQ;LHCHAM
MOA?MBHAP?L ANNCHAPP ?INBE?M@HNBTTIN?2MNIROIBHAH C>?NC
=;FGI>?F ?;=B ;H;FSMCK? >C>HINMCEHC @80T L "NGI> ?FN DIB?L
$IL ?RG JF? @IL?;=B F;HAO;A? NB?G:CH ;H;:FSMCEIM?:NB?@IAQCHA
FG? MSN;R

NB?$ N?MNING

Rating ~ (1 + Preemption + Entrenchment + Semantics||Participant) + (1|Vert

1CAF2L2>CHILGI> ?FNDM?NB@IHQCHAMSN;R @ILNBCARG JF?
NBMGCKFIL?>CHNIL?P;FON?>CNML?7?GINCIH

Rating ~ (1 4+ Preemption||Participant) 4 (1|Verb) 4+ Preemption.

FF NBL?JL2>CHNIL P;LGF?MQ?L? MN;»L>CT?>CHNB M=IL?M2B?
17G;HNC=M?>CHILL@7?LLM B?L?CNWB?G;CHP?L<M®;H NC=M?>C=
NIL 0A0980=20 NBNBL??> >@ICIH;M®;HNC=M2>CNILM,@?:9:8D
=G@4=0@>0=;H> /4=024A08D>4,7 Q?L?:MV?MMZS G?;HMI@?R
JFIL;NILS OH.?ACNIPL?>;H;FSM?M2B? >?2J?H>?HNP;LC<F? @IINB7G;CH
:H:FSMOMM J;L NGEHNM_;Q M?N?H=2;NCHAM NB? JICHNDO>@&?HN
M=:F?

$CA D #HAFCMB?<L?Q &CH>C(;J;H ?M?;H> ) C=B? MOG;
LCTRBMOAFZIL2>CNIL OHIR?> P;FO?MNIJ ;H> MGORHAOM <IR?>
P:FO?M<INNIG ?@?=N@ JL??GINCIHJOLIF? ?HNL?H=B?HN ?G?L
:F> ;H> ?P?HNB?LA?MG;HNC=FKIHS CHNB2>C@7H=?M=IL?H;FS
M?MQBC=B_?1L M?HNB??;M?MND;S NI A?N; B;H>F?IH NB?J;NN?LH
|@LMOFNMAFIL2>CHIL 2@ ?=N@NB?NBL?MOJIFG?HN;LSMB:H
NC3L2>CNILM O NIHGS ;0<OLH "CL?NCP?;LE <FO?;H> 0?KOCL?M
L?> ;L? JLM?HNTSHJ J?H>CR  2B? =ILLMJIIHXCHA;Q M=IL2H;FS
M?MFNBIOAB>?NCA;N?>NB?05;CHD ;H;FSM?ML? GIL? >?N;CF?3H>
:L? NB?L@ILILM?HNTSHI J?H>CR  F?MML;HIL ?HN@ILGMH> J
J?H>CR  GIL? NL;HML ?HN@ILGMLMJI?NCP?FE. LFNCIHM?NQ??H
JL2>CHNILMQBC=ECHMIG? =;M?NL? CHC=NCPROMGACEHN=IFFCH?2L

2B? @IFFIQCHS J;,LNC=CJ;HNH>IG MFIJ?NB;> NI <? L?GIP?> CHL>?L NI ?H;<F?
NB?GI>?FMNI =IHP?LA? ; #HAFCMB  S?;L IF>MMCHAR??>C=NI#P?HN-?LA? GI>?F
@IL>Ca?L?H=®=IL?M¢P?HN-?LA? < #HAFCMB S?;L IF>MMCGOFN;H?IGM?F @IL
F?MNL;HMJ;L?HN@ILGM .L??GINCIH =  #HAFCMBD  S?;LIF>M MCHARZ?>C=NIL
.L??GINCIHGI>?F @ILGIL? NL;HMJ;L?HBILGML??GINCIH > #HAFCMB  S?;LIF>M
MCGOFN;H?IO®I>?F  @IL GIL? NL;HMJ,L?HN@ILGM #HNL?H=BG?HN?  (;J;H?M?
b S?LIF>MMCHAR??>C=NIONIHIGS GI>?F @ILGIL? NL;HMJ;L?HRILGMONIHIGS
@ (;;H?M? B S?,LIF>MMCHAR??>C=NI0?KOCLM>?F @ILGIL? NL;HMJ;L?HR®ILGM
0?KOCL?M A &?<L?Q D S?LIF>M MCHARZ?>C=NIL .L??GINCIH GI>?F @IL
F?MNL;HMJ;L?HRILGML??GINCIH B &?<L?Q B S?;LIF>MMCGOFN;H?IGM?F @IL
F?MNL;HMJ;L?HBILGMP?HN-2LA?
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Fig. 1.
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MOG; LCT?€R2;<F? ;H> CHNBL7G;CH-?LI@NBOWNPNCIH GIL? NL;HML ?HN=;0M;NCP@ILGM2B? F;=E |@ .L??GINCIH;H> #H
NL?HLB?HN?@?=Nbl) C=BALMOFRNA?F&LIGNB2@;=NB;NOL =IL
4.30 JOM=IOHNM®;CRI =;J NOL?HIOABCIIN;H=DNB?N;A?NP?L<MHIN?

CHFCA BIQ <INBJIL?>CNILM-FONVPINCABNE®H> T?LI 2B? HOFF@
$IL ) C=B?NBAHFSIH? I@NBNBL?%;CHIL?>CNILMNI MBIQ; MCA  @?=I@#P?HN-?LA? 17G;H NC=0MIIGQB;N GSNN@SHAACP?HIB;N;
HCE&HN?@?=Q;M .L??GINCIH;H> IHFS@IL B S?;L IF>M MCAF?;H> ) C=B?A?FPLFFSJI;NN?LHM ?RI?=N?>;H> FCERNB?INB?LF;HAO;A?M

QCNB LA L> NI
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Fig. 2.
NBNBL?MOJFG?HN;LSMG;HNC3L2>CNILM?;=B |@QBC=B-;J NOL?M %08,974.>
MOMC>C;L,B0?=NI@NBHINCIH@?P?HNE?LA? ;H> < ;M Q? QCFM??
MBILNFE&P?HN-?LA?L;NCHAM N;CH?®@LIG C=BMJ?;RLMICGACEHNFS 5CNB NB? ?R=?INCIHI@ ) C=B? NB? G;CH M%&;HNC=JL?>>CHIL
JL2>C=RC@2H="M=IL?@I,;FANB?LF;HAO;A?M2BOMOL N?NNCP2H Event-Merge CMFGIMN;FQ;SM MGACEHN CHMGKF2IL?>>CHIL GI> ?FM
=FOICIKCMIB;N>?MJICNB HOFE@ ?@#P?HN-?LA? ) C=B?>I?MHIN GI> ?FM ;=LIMMF;HAO;A?M;A? ALIOIM;H> @ILGMF?MML;HM

IP?LFF M??GNI <? L;>G;FFS-C@7HNNI NBANB?L@IOE;HAO;A?MQCNB  J;L ?HN GIL?NL;HML ?HN >@AH="M=IL?M2B? IHFS?R=?INCIHNNB~?L
LA;L> NIM&;HNC2@?=NM



8-=4/200? ,7 :294?4:9CC CCCCcccc cce

Fig. 3.
NB;H) C=B?;L? &?<L?Q F?MNL;HM}L ?HN@ILGM@ILFF;A? ALIOIM'H =BCHE?H;H> IL @IL&?<L?Q 2B? HOFF@ ?=NMINB?SIOHA?MNBCH.?H
NB?G;CH NBCM@ ?=NMRCP?NMB?GIL? MNLEPHNVGORNHIAOM;H;FS ;L? =IHMGHNDCNBNB?JIMMEOENSIB;NNB?SB;P? S?NNI @OFFS;LH
MCM GI> ?FM QCNBIB?IHFS ?R=?INCIHNNB?LNB;H) C=B? ; NB?L?RPP;HNM®@;H NC3LIJ ?2INC?NR NB?P?L<MH> IL NB?GIL? ;H>

F2MNL;HIML ?HN@ILGMBIL&?<L?Q ;FF;A? ALIOIMH> #HAECMED S?,L  F?MNL;HML ?HN-IHMNLREIHMONFMIQCNERBE2 MM 72MSHAIMMECF
IF>M < GIL? NL:HML ?HN@ILGMBIL#HACMR?<L?Q :H> (;:J;H ?M?  CNEB;NB?3ICESMBIQHICRI?U?L@IG;H=? IH NBDO>BE?HN\;ME

D S?:L IF>M:H> &CH>CG-OFNNH> = >C@7AH=?M=IL?N®IL&?<L?Q 2B? MOJFB?HN;LSM®;HNC3L2>CHNILMD ; Autonomy I@OH?L

:FF;A? ALIOJM 2B;N CM;FF<ONH? I@NB?MRIOFP@?=NM=OLM@IL ~ Al?L < Directive P?I<;F HINJBSME;F =;,OMNCIH;H> = Requires

NB? SIOHA?MN
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Fig. 4.

?2RN?H;F =;,0M?@IL?P?HNNI I==0LQ?L? MGACEHN @IL >C@?L  NB;NHIH? I@NB?INB?LF;HAO;A?MIBIQ?>;HS MOA?MCIH@3 MB;J?>
?2H=?M=IL?GI> ?FMNB?M3L?>CHNILML? BCABFSFFCH?,QCNEH? ;H >?P?H G?HN 2B? <S M?N?H=RISJ?;H;FSM?NVBIQ?>NB;NNB?MCGAC®
INB?L ;H> MI Q?L?;MU?MMEHVIGHF AL 2>CHILGI> ?FNHFS 2B? HOFF  =;HN?@ ?=NtIM?LP?+ MOFNZCHFS@LIG?@?=N@NB?MOJFG?H
AH>CHAND?L? ;FFI< M?LP?2:@IL) C=B? B S?;L IF>M 2B? @;=NNB;N  N;LSM®@;HNCIL>CHNILMH F?MNL;HL ?HN=;0M;NCP@ILGM

<INB NB?SIOHA?LH> IF>?L) C=B?MJ?;PLVMH?PINBE?MMBIQ?>NB?  MCGACEHN?@?=NQCNBIB?MCRIOFP@?=NFM @ILNB?NQI SIOHA?MN
JL2>C=N?3@?=NMDA?MNNB;N\NB?HOFFH>CHA@ILNB? B S?,L IF>M ) C=B?ALIOIM L;NB?INB;HGIL? NL;HML ?HN=;OM;NCRRILGM

Q;M; <FCJJ?LB;JM LF;N?>NI NB?J;LNGF,;L =BCE?HMN@?> J;L LE>FS MI?EEHA#HAECMB> ((3;H ?MMI?PLMBIQ?>NB?M2@?=NM
NQE;LFS ACP?H
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Fig. 5.

QBCF&?<L?Q &CH>C?R=?JN @ILO?KOCL?NH> ) C=B? ?R=?IN@IL

b S?L IF>M >C>HIN 2BCM;NN?LHILI<; <FSL? ?=NMNB?@;=NNB;N
GIL? NL;HML ?HN=; MONCPQICIHCNF?MEBEBIIMSONB; HF?MNL; HOAL ?HN
=;0M;NCPRT]HQCNBA;L> NI NBP?L<NiIl QBC=ENI JFC?M
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5CNBNB??R=?INCIH@) C=B?<INBI@NB?MR.>>CHILML? ;FGIMNF
Q;SMMGACEHNCHVGHFIL2>CNILGI> ?FM GI> ?FM ;=LIMMF;H
AO;A?M;A? ALIOIMH> @ILGMF?MNML;HJL ?HN GIL?NL;HML ?HN >C@
@7AH=?M=IL?M2B? IHFS?R=?INCIHNNB?LNB;H) C=B? ;L? ?HNL?H=B
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Table 4 *?MM NL;HMJ;L?HN @ILGM MOJJF?G?HN;LS M?G;HNC= JL?>C=NILM M?? JJ?H>
1CAGEHN?@ ?=NW?LP?=LIMM-;HAO;A?NH> ;H;FSM?M >?N;CFM
"Ca?L?H=? M=IL?M MCM b @IL >?N;CFM *HAO;A? #a?=N 1CHAF? JL?>C=NIL GI>?
*HAO;A? #a?=N 1CHAF? JL?>C=NIL GI>?F 1CGOFN;H?IOM GI>?F b b >OFNM
b b >OFNM D 12} >OFNM #HAFCMB ONIHIGS |@ OH>?LAI?L 7 7 7
"CL?=NCP? P?L<;F HIN JBSMC=;F 7 7 7
#HAFCMB .L??GINCIH 7 7 7 s s , =0M;NCIH
#HNL?H=BG?HN 7 7 7 s s , 0?KOCL?M ?RN?LH;F =,0M? @IL ?P?HN NI7 7 7
#P?HN +?LA? 7 7 7 7 7 7 ==0OL
&?<L?Q .L??GJINCIH 7 7 7 7 7 7 &?<L?Q ONIHIGS |@ OH>?LAI?L 7 7 7
#HNL?H=BG?HN 7 7 7 s s , "CL?=NCP? P?L<;F HINJBSMC=;F 7 7 7
#P?HN +?LA? 7 7 7 s s , =,0M;NCIH
&CH>C .L??GINCIH 7 7 7 s s , 0?KOCL?M ?RN?LH;F =,0M? @IL ?P?HN NI7 7 7
#HNL?H=BG?HN 7 7 7 s s , ==0L
#P?HN +?LA? 7 7 7 7 7 7 &CH>C ONIHIGS |@ OH>?LAI?L 7 7 7
(;;H?M? .L??GJINCIH 7 7 7 s 7 7 "CL?=NCP? P?L<;F HIN JBSMC=;F 7 7 7
#HNL?H=BG?HN 7 7 7 s s , =,0M;NCIH
#P?HN +?LA? 7 7 7 7 7 7 0?KOCL?M ?RN?LH;F =,0M? @IL ?P?HN NI7 7 7
) C=B? .L? ?GINCIH s s s s s , ==0L
#HNL?H=BG?HN , s s s s , (;3;H?M? ONIHIGS @ OH>?LAI?L 7 7 7
#P?HN +?LA? s s s s , "CL?=NCP? P?L<;F HIN JBSMC=;F 7 7 7
=,0M;NCIH
0?KOCL?M ?RN?LH;F =,0M? @IL ?P?HN NI7 7 7
10JIF?G?HN;LS M?G;HNC= JL?>C=NILM M?? JJ?H>CR @IL >?N;CFM ==0L
) C=B? ONIHIGS |@ OH>?LAI?L s , 7
*HAO;A? #a?=N 1CHAF? JL?>C=NIL GI>% "CL?=NCP? P?L<;F HIN JBSMC=;F X , 7
=;0M;NCIH
b b >OFNM 0?KOCL?M ?RN?LH;F =;0M? @IL ?P?HN NI, , 7
1==0L
#HAFCMB ONIHIGS |@ OH>?LAI?L 7 7 7
"CL?=NCP? P?L<;F HINJBSMC=;F =;,OM;NCIH 7 7
0?KOCL?M ?RN?LH;F =,0M? @IL ?P?HN NI ==OL 7 7 +IL? NL;HMJ;L?HN @ILGM G;CH JL?>C=NILM M?? JJ?H>CR @IL >?N;CFM
&?<L?Q ONIHIGS |@ OH>?LAI?L 7 7 7
"CL?=NCP? P?L<;F HINJBSMC=;F =;,0M;NCIH 7 7 *HAO;A? #a?=N 1CHAF? JL?>C=NIL GI>?F 1CGOFN;H?IOM GI>?F
0?KOCL?M ?RN?LH;F =;,0M? @IL ?P?HN NI ==0L 7 7
&CH>C ONIHIGS |@ OH>?LAI?L 7 7 7 b b >OFNM D b >OFNM
"CL?=NCP? P?L<;F HINJBSMC=;F =;,OM;NCIH 7 7
0?KOCL?M ?RN?LH;F =,0M? @IL ?P?HN NI ==OL 7 7 #HAFCMB .L??GJINCIH 7 7 7 s s ,
(;;H?M? ONIHIGS |@ OH>?LAI?L 7 7 7 #HNL?H=BG?HN 7 7 7 s 7 ,
"CL?=NCP? P?L<;F HINJBSMC=;F =,OM;NCIH 7 7 #P?HN +?LA? 7 7 7 s 7 7
0?KOCL?M ?RN?LH;F =;,0M? @IL ?P?HN NI ==0L 7 7 &?<L?Q .L??GJINCIH 7 7 7 7 7 7
) C=B? ONIHIGS |@ OH>?LAI?L 7 , 7 #HNL?H=BG?HN 7 7 7 s s ,
"CL?=NCP? P?L<;F HINJBSMC=;F =,OM;NCIH , 7 #P?HN +7LA? s s s 7 7
0?KOCL?M ?RN?LH;F =,0M? @IL ?P?HN NI ==0OL , 7 &CH>C .L??GJINCIH 7 7 7 7 s ,
#HNL?H=BG?HN , 7 7 s 7 ,
#P?HN +?LA? 7 7 7 7 7 ,
*?MM NL;HMJ;L?HN @ILGM G;CH JL?>C=NILM M?? JJ?H>CR @IL >?N;CFM (J;H?M? L??GJINCIH 7 7 7 7 s ,
#HNL?H=BG?HN , 7 7 s s ,
*HAO;A? #a?=N 1CHAF? JL?>C=NIL GI>?F 1CGOFN;H?IOM GI>?F #P?HN +?2LA? 7 7 7 s 7 7
) C=B? .L? 2GINCIH 7 s s 7 s 7
b b >OFNM D b >OFNM #HNL?H=BG?HN , s ) s B )
#P?HN +?LA? s s s s ,
#HAFCMB .L??GINCIH 7 7 7 s s ,
#HNL?H=BG?HN 7 7 7 7 7 7
#P?HN +?LA? 7 7 7 X 7 7 +IL? NL;HMJ;L?HN @ILGM MOJJF?G?HN;LS M?G;HNC= JL?>C=NILM M?? JJ?H>C
&?<L?Q .L??GINCIH 7 7 7 4 s , >?N;CFM
#HNL?H=BG?HN 7 7 7 7 7 7
#P?HN +?2LA? 7 7 7 , s , *HAO;A? #a?=N 1CHAF? JL?>C=NIL GI>?I
&CH>C .L??GINCIH 7 7 7 7 7 7
#HNL?H=BG?HN 7 7 7 s s , b b >0OFNM
#P?HN +?LA? 7 7 7 7 7 7
(;;H?M? .L??GINCIH 7 7 7 s s , #HAFCMB ONIHIGS |@ OH>?LAI?L 7 7 7
#HNL?H=BG?HN 7 v 7 s 7 7 "CL?=NCP? P?L<;F HIN JBSMC=;F 7 7 7
#P?HN +?LA? 7 7 7 7 7 7 =,0M;NCIH
) C=B? .L? ?GINCIH s s s s s , 0?KOCL?M ?RN?LH;F =;,0M? @IL ?P?HN NI7 7 7
#HNL?H=BG?HN , 4 s s s , ==0L
#P?HN +?LA? s s s s , &?<L?Q ONIHIGS |@ OH>?LAI?L s , s
"CL?=NCP? P?L<;F HIN JBSMC=;F s , s
=,0M;NCIH
0?KOCL?M ?RN?LH;F =,0M? @IL ?P?HN NI, , s
==0L
&CH>C ONIHIGS |@ OH>?LAI?L 7 , s
"CL?=NCP? P?L<;F HIN JBSMC=;F s , s
=0M;NCIH
0?KOCL?M ?RN?LH;F =;,0M? @IL ?P?HN NI7 7 s
==0L
(;;H?M? ONIHIGS |@ OH>?LAI?L 7 7 7
"CL?=NCP? P?L<;F HIN JBSMC=;F 7 7 7
=0M;NCIH
0?KOCL?M ?RN?LH;F =;0M? @IL ?P?HN NI7 7 7
==0L
) C=B? ONIHIGS |@ OH>?LAI?L 7 , s

"l 2=NCP? P?| <'E HIN IJBRSMC="F 7
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NBAL??GINCIHH> ?HNL?H=EB?HNIL?>CKILML? ?RNL?G?FBCABFSL
LFN?>M??2J J?H>CR  MIGO=BMI NB;NQ? =;H B;P? FONF@;CNBNB?
;<CENE@NBMGONHAOMGI> ?FNNI M?JL;N?NB?G M >?GIHMNL;N?>
<S5?MN@;f> 7;LEIHC QB?HJIL?>CHNILML? BCABFSLLF;N?>
NB?S;H <? M?JL;N?>0@HA AL?MCIHN?=BCKOAMFSQB?HNB?SL?
G?; MOL?2?NI?NC;FF8=10.?7DH NB?JL"M?HNINO>SINB .L??GJINCIH
;H> #HNL?HLB?HNL? G?; MOL?2RNL?G?FR88,0=10.77X?=;O0MXINB;L?
?NIG;N?> IH NBX; MCNMR=ILJOM>;N; L;NB?INB;HNB2CHONF;HAO;A?
NI QBC=BNB?J;L NG:HNM?L?;=NCFFS?RIIM?> M IH? QIOF>?RI?=N
NB?HNBMGONHAOMGI>?F >;N; MOA?MNI =F?;LQCHI?L .L??GJINCIH
CWIGACEHNCH  GI> ?FMEHNL?HLB?HNCH ~ H?P?L<INBCHNBM;G?
GI>?F QCNBI =F?;LJ;NN?LICHN?LGM2F;HAO;A?MA? ALIOJML @ILGM
&IQ ?P?L CICNEGIIL N;HNNI ?GJB; MCTNB;NNBCMPMHING?;H NB;N
NBAL7?GINCIHH> ?HNL?HZB?HNBSIINBM?M.? HINMOJILN?><S NB?
JLM?HKN;M?N6B;N NB2=IG J;L BIIH<?NQ??HNBMCKHFIL?>CHIL;H>
MGONHAOMGI> ?FNCMI?FFCERD NIA?NB?QCNBIBIL?>CHNIL=ILLF;
NCIF;N; MBIQHCHJ J?H>CR DCMIB;NINBJIL??GINCIHH> ?HNL?H=B
G?HN;L? MGACEHNJIL?>CHNILM@ J;L NGHNMDO>B?HNM<ON=;H=?F
?,=B INB?LONCHNB'MGORNHIOMGI> ?FM2B;NCM?=;0M'NB?F;LA?FS
?RIF,CHNBM;G? P;LCH=? CHJ;L NG3;HNMDO>B?HNMINB JL??GINCIH
;H> 2ENL?HEB?HNL? LI<<?> I@NB?1J JILNGICNEI ;==IOHN@ILP;LC
;H=? ;==I0HN?>@IL<S NB?INB?L 2| =IH"LG NBCEWNGNCIH? L;H ;
MRC?M@OHIF;HH?> HIH L?ANPL?>H;FSM?MH NB?>C@7H=?M=IL?M
IHFS QCNBAFSIH? I@NBNQI MNNQIE FIL?>CHNILMD ?@IB?UL7?GINCIH
IL ?HNL?HEB?HNDL'N;CH?€EINBMGONHAOMGI>?F ;FIHAMC>2P?HN
+?LA? M&;HNC=NB?M?H;FSM?M1??J J?H>CR =IH"LG?> NB;NQCNB
NB??R=?INCIH@) C=B?JL??GINCIHCNFQ;SMMGAC&HN ; CH
; NQIIL?>CHILGI>?F QCNBHNL?HLB?HNLGIP?> ;H> PC=P?LM;'H
>??> ?P?H@IL) C=B? JL??GINCIHH;LLIQFS L?;=B?> MGAC&EH=? @IL
;>OFNM 2BOMNB?J JLIJLON? =IH=FOICIKCNIB;N?R=?IJN@IL
) C=B?JL??GJINCIHL ?HNL?H=B?HNCNFQ;SMIJ ?L, NCIH;FCH;>>@ICIH
NI M&;HNC=MONNB;N>0?NI =IFFCHTINS?NQ??HNB?MR?>>CHNILMQ?
=;HHINN?RRBC=B2B? LF;NCIMBCI?NQ??HNBNQI CBIQ ?P?L=F;IC?>
=IHMC2,<FS<SNB>=IG JONNCIH; B> ?FEHARILE ILM?HNZ2FIQ

%@;;70809?,=[@®9;7,990/ ,9,7D>4> 77,92@,20:9,7D>4>

,?RN CHH OHIF;HH?> HIH JLA?ANPL?>H;FSMCIQ? =IR-;JM?>FF
F;HAO;A?MPR=?JN@IL) C=B?@ILQBC=R)? ;FL?;>S EHIQ HI JL?>CHNILM
;L? MGAG&EHN CHNj MCHF2H;FSMCIZHFOSHA;HAO;A? ;H> CNEIN?L
;=NCIHRCNBL? ?GINCIH#HNL?HLB?HN,H> #P?HN-?LA? ;M "R?> 7@
@7?=N®=;,O0MTICHML?;>S =F?;LNB;NQCNB?LS@?QR=?INCIHNMFFNBL??
JL?>CHILNL? ;FQ;SMMCGACEHNCHVIGKHFIL?>CNILGI> ?2FMNBCM;FSMCM
OM?MGORNHAOMGI> ?FNHFS 2B?M%GI> ?FNL? MOG; LCT?EH2;<F?

'H N?LGM@ G:CH ?@?=NNB?*H>CHAM?HPLFFS?=B| NB?CH®C>
O;F <SF;HAO;A? :H:FSM?MSC?FEHAD CHGIMN=;M?MD :H ?@?=N@
#PPHN-?LA? ;H> ?@GIB?LL??GINCIHL #HNL?H=B?HN NBIOABOMBFS
HIN<INB >0? NI =IFFCHTINS'H N?LGMAC M= NCIHMEEOMMAHA-C@
@7AH=?M=IL?M QBC=ECM All> Q:S NI H?QIL;ET2C@7H=?NCH.<
MIFON2NCHAR I L=ILL MIIHCHAB ILG ML IMM-C@THNF; HAO; A?ND L2
2GINCIHEHNL?HEBHNH> #P?HN-?LA? 2@ ?=IQ9L?=IG J;L?> NI#HA
FCMBIB?,L<@IL;CFSBIM?HL?@2H=?=;\PAILS M =IG J;L?> NI #HA
FCMBEL??GINCIH?@?=NDPL? F,LA?L@IL&?<L?Q D S?LIF>M;H>
SOFNNH> (([J:H ?M? D S?iLIFSMHFS #HNL?HB?HN? @ ?=K)IL?
MG:FF?CH:J:H ?M? B S?:LIF>MH> ;>OFNMHN?2MSHAF®IL<INB

D S?LIF>MH> ;>OFNMP?HN-?LA? ?2@?=RIML?MG;FF2@I.FFNBL??
F:HAO;A?ND &?<L2Q &CH>GH> (;J;H ?M NB;H@I#HACMB> FCE?
QCM®@I1&?<L?Q B S?LIF>M 'NQIOF><? OH)CMRI >L;Q MNLIHNB?
| L?K8:;F =F;CGNH NBX; MCKBNB?MRHIF;HH?>;H;FSM?M@ILQBC=BHI
MJ2ZCAIL2>CNCIHRPL?G;>? &IQ ?P?LCIQIOF>M??GM; @91 M;SNB:N
:FNBIOAB? @?=NE1.L? 2GINCIH#HNL?HB?HN;H> 12G;HNC=M? A?H
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?LFFS< M?LP?:=LIMMF;HAO; A?M>C@7AHN-;HAO;A?ML? @L7RI >L;Q
>C@AHNIOH>LC?NMPCNBR=NFBIQ GO=B_?RZCENEMFIQ?>CH\B?
MSNPG

'H NBAMA;L> CICNN?EMBHAII HIN?NB;ND;MCHG;N?><SNB7'R?>
?2@?=NMLF;HAO;A?D (;J;H ?M?H> &CH>CN F?;MMILNB?NQI IF>?L
ALIOJMB;P? LMJI?NCP?F3.A?H> MG;FF22C@2AH="M=IL?M-LIMNNB?
<l;L> NB;H#HA-CMB@ =IOLM?Q? =;HHIN LOF?ONNB?JIMMCCENSIB;N
NB?M2C@7HNIIJ OFNCIHMC@-S;J JLI;=B NBL;NCHAN;MEC@ZAHNFS
'@N;E?H;N @;=P;FO? BIQ ?P?L NB?M?H>CHAMOA?MNB;N;J;H ?M?
CNBIL? LCAQNB;H#HA-CMB?HLFFSFFIQCHAHFSNB?GIL? NL;HML
?HNL IHFSNBZF?MNL;HML ?HN=;0M;NCRBILG @7?;=B P?L<LIIN !lH
P?LM?F&CH>CNGIL? _?RZF?NB;H#HA-CMBAN?H FFIQCHAINB NB?
GIL? ;H> F?MNL;HML ?HN;OM;NCRRILA@7?;=B P?L<LIIN &?<L?Q ;N
F?;MNH NBX; MCI@NB?2>0OFNL;NCHANCNAHAMC>2HA-CMBH?NQ??H
(;J;H ?M2H> &CH>C

%@;;70809?,=@9;7,990/ ,9,7D>4>A09? 0=20 ,>,
>08,9?4.@94A0=>,7

=>>7492@4>74.

M ; M?H> OHF;HH?>H;FSMCIQ? >?=C>?NI CR?MN&N?QB?NB?L
;MJILIJIM?><S 1BC<;N;HEI> ,;L>?MBC #P?HN-?LA?1J ?LN?MM
; M&;HNC=IHMNL;CHNLIMMF;HAO;A?MQ? CIR?MAE;N?>NB?,<CENE&D
#P?HN-?LA? LNCHAMIFF?=N?®@IL?;=B F;HAO;A? NI JL2>C=NB?AL;G
G;NG;FCNBO>B?HNM>OFN-C@7H="M=IL?M@I[?;=B I@NBANB?LF;H
AO;A?MLCH=RBABNWHFS;H ?RIFIL;NILS;H;FSMCR? =IH>O=N?=ILLF;
NCIHM NBG?;H M=IL?M®IL?;=B P?L< L;NB?INB;HLOHICHA @ONOCN?
1@ @OIB?IGCR?2@?=\# ?FM2B? LMOFNIM MOG; LCT?ER2;<F?

2BCNH;FSMCMP?;F?>NB;NCH?P?LS=;M? ?P?HNE?LA?L;NCHAM
N;CH?®@LIGMI?;PLM@IH? F;HAO;A?MGACEHNF3L?>C=N?>0OFN-C@
@2AH=?M=IL?Nk N;CH?>=LIMMFF@IOINB?LF;HAO;A?M$OINBGIL?
NB?CHL;F;HAO;A? =ILLFNCIHM?L? C@HSNBCHAA?HPLFFSMFCABNFS
F;LA?LNB;HNB?CHN?LF;HAO;A? =ILLF;NCIHVH>??> NB?IHFS=ILLF;
NCIHHINNI L?;=B MGAC&EH=?Q;M <?NQ??H C=B?#P?HN7?LA? L;NCHAM
;H>) C=B?>C@7H=?M=IL?M?P?HNBIOAB C=B?#P?HN-?LA? L;NCHAM
Q7L’7 ILLF;N?>QCNBC@7AH=?M=IL?N®LIGFF@IOINB?LF;HAO;A?NN
; FNBIOABNB?) C=B?"H>CHANL? >C@&OFNI ?RIF;CHIP?L,FF
NBCW;FSMCHMHMNON?MG?H=?@IL1BC<;N;HC4> .;L>?MB®/
=F;CGNB;NQCNRBA;L> NI =;,0M;NCRS#P?HN-?LA? =IHMNONWG?
NBCHAJLI;=B CHA M%&;HNCEOHR?IM;FNBIOABI@=IOLM?, QC>?IM;G
JF? 1@ OH F;N?>F;HAO;A?MQIOF> <? H??>?>NI N?MNBC#-;CGGIL?
@OFFS

? @ILBIP CHAH CICIEGIL N;HNNI;=EHIQP>A?NBL?3I N?NC;K
D?NCIHMINBAJ ?L; NCIHETNCIH@NBIL?>CNILNCHNBILM?HMNO>S
$CLMA? =IH=?INGFCT?JIL??GINCIH,;NB?LH;LLIQFS;M CIRIFFCHAHFS
NQI @ILGM@NBM;G?LIIN ? A -=0,6 ;H> 8,60 -=0,6 @II#HA-CMB:$
H> &@,, @II&CH>C'H L?;FFC@PR?LA?FPLFCT?X®@ILGM A %30/40/
348 ;L? ;FMIJL??GIN?><S @ILGNM)CNBC@ZAHNLIINM ? A %3064770/
348 'NQ;MHINJIMMKF?QCNBGHBNCG2IHMNL; CHENBMNO>S A?H
?LN? ;H> =IOHNFFMO=BIMMKF?;FN?H; NCP2IG J?NRILMO;NB?L Q?
MIOABNI GCHECTNB2LI< F?G<S ME?=CHAHFSP?L<MIB;Ns;H JI N?H
NC;FE$J?;L CHGIL? ;H> F?MNL;HML ?HN@ILGIQCNBIB™M;G? LIIN CH
;FRRHAO;A?MC ? Q7 ;PIC>?>J;CLNFCE@47740

1?4dH> @ILKINBNB2IL??GINCIHH> ?HNL?H=B?HNIL?>>CNILMNB?
<;M?L;N?MMBIQH CH2;<F?M D ;M QFFINB?LP?L<M ;L? =F=C;N?>
HIN @ILFFINB?LP?L<MNCHNB?F;HAO;A?;M; QBIF? <ONHFS;FFINB?L
P?L<NMCHOL P?L<M?NFNBIOABNB@IG?L QIOF>B;P? <??HIL?@AF?
MO=BIOHNM.? CGIMMLF?NI I< N;CHOI@HAONIG;N?> JLI=2>0L?NMb?
iNN?GIN?NI GCE\;N?;A;CHMNBCMI< F?G<S ME?=CHA?L<N\IB;NL?
@IL?;=B F;HAO;A? MIFANENCP?PFR?HFS?NQ??HGIL? NL;HML ?HN

FNBIOABNB?F;HAO;A?NCHNB?JL?M?HNINO>%.? G;CHFS@LIG>Ca?L?HI®;GCFC?M
#HAFCMB> &CH>@.? KOCNSCMN;HNEZ-;N?:NNBF?P?KQ.LINI 'H>l #OLIJ?;H
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Table 5
FFF;HAO;A?;H;FSMCM
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"Ca?L?H=? M=IL?M A? D >@ N J A? D >@ N J >0OFNM >@ N J
#MN 1# #MN 1# #MN 1#
'HN?L=?JN 0.00
.L??GINCIH 0.00 0.00
*HA  &?<L?Q 0.00 y y
*HA  &CH>C y y 000 vy y 000 vy y 0.00
*HA  ((J;H?M? 0.00 0.00
#HNL?H=BG?HN 0.00 0.02
#P?HN +?LA? 0.00 0.00 0.00
L? &?<L?Q 0.00 0.00
L? &CH>C % y % % % %
L? (;;H?2M? y y 003 y y
#HN &?<L?Q
#HN &CH>C y y
#HN (;J;H?M? y y y y 000 vy y 0.00
#+&?<L?Q y y 001 vy y 000 y y 0.00
#+ &CH>C y y 000 vy % 0.00
#+ ((JH?M? y y y y 002 vy y 0.00
*?MM NL;HMJ;L?HN
'HN?L=?JN 0.00 0.00 0.00
L??GJINCIH y y y y y ¥y
*HA  &?<L?Q y y y y 000 vy y 0.00
*HA  &CH>C y y 001 vy y 004 y y 0.00
*HA  (;J;H?M? 0.02 0.00 0.00
#HNL?H=BG?HN 0.00 0.00 0.00
#P?HN +?LA? 0.00 0.00
L? &?<L?Q
.L? &CH>C 0.00 0.00 0.00
L? ((J;H?2M? 0.00 0.01
#HN &?<L?Q 0.00 0.00
#HN &CH>C y y 000 vy y 000 vy y 0.00
#HN (;J;H?M? y y 000 vy y 000 vy y 0.00
#+&?7<L?Q y y y y 000 vy y 0.00
#+ &CH>C 002 vy y
#+ (;J;H?2M? y y 003 y y 0.02
+IL? NL;HMJ;L?HN
'HN?L=?JN 0.00 0.00 0.00
.L??GJINCIH 0.00 0.00 0.00
*HA  &?<L?Q y y y y 000 vy % 0.00
*HA &CH>C 0.01 0.00 0.00
=HA  ((J;H?M? y y 000 vy y
#HNL?H=BG?HN y 0.02
#P?HN +?2LA? y y 001 vy y 000 vy y 0.00
L? &?<L?Q 0.00 0.00
.L? &CH>C y y y y
L? ((JH?2M? y y y y
#HN &?<L?Q 0.00
#HN &CH>C y y 0.01
#HN (jJ;H?M? y y 0.01
#+&?<L?Q 0.00 0.00 0.00
#+ & CH>C 0.00
#+ ((J;H?M?
Table 6 JL2@ ACHAR?MNL;HML ?HNIL2@ ICHAH> ;G <CPE?HNH> NBONV L?J
ILIMMFEB Q2P ?HIE?LAZHFSMCM LM?NNCPMJIIMMEE?1@P?L<NBIL? A?HPLFFS2BCNI 2L NCIHETNCIH
HIAECMB &7<L70  GCHSC (JIHIM?  )C=B? :FMI<FOLMIGQB;NNB2CNICHEIK?NQ??HL??GINCIHH> ?HNL?H=B
"Ca "Ca "Ca "Ca "Ca G?HNMNB7F;M?LIL2>CHNILCRILII L;N?MHINIHFSNBAP?LFF@IKO?H=S
I@NBP?L<<ONNBHINCIH@?RI?=N?>@IKO?H=EH J;L N@GF;LN;IA?N
zgi\foM:PﬁE?NHf{;Lj? =IHMNLEEIH2B;N M;C>:M Q? ;LAO?CHNB26?HPL;F"CMOMCIHCNG;S
QLG £PPHN +7LA7 CB??2><?;J JLIJLEN?NIM?IL??GINCIEH> ?HNL?HLB?HNGIL? ;MNQI
(IH?M? #P2HN +2LA? MC>@NBM;G?=ICH
) C=B? #P?HN +?LA? 2BCL>CICMC@OFNI <? MOL?R=NF®)B;NQ;M>LECHA;L NGFHNM
<?B;PCIOLCHNBM®;H NCE;NCHA;MEMM HIN?><S ;H ;HIHSGIOML?
JIN? ILCNC=tF>@ P;FO2@IL @IL IH? N;CF?>

PC?Q?INBP?LS=NI@JLIPCEHA L;NCHAS;S =;0MT;LNEEHNMNI @I

=OMH J;LNGF;LJILIJ ?INC?M®;H ?P?HNNB;NL? HIN;FQ;SMM;FC?HNH
GIL? H;NOL;FCNC=IHN?RNBDINB?GIL? ;FNBIOABQ? G;CHN;CHNB;NCN
Q;M CGIL N;HNHIN NI MBIQ NB?=;0M?LMI ;M NI ;PIC> <QMCHAJ;L NG=
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JHNM_MJIIHM?1D? ;= EHIQFR>A?NB;NF?;FCHAIB2;0M?DJ NI NBZ;L
NGZ:;HNMCG; AB; NCIHBIMCE ?RBB; P? F2>NI MIG? C>MSEL;NCENCHAM
2B;N M:C>NB?'H>CHANB;NNB?MWIS:H NCE:NCHARI?L? :<F? NI JL2>C=N
J:L NGZHNMAL;GG;NG;FCNSO>B?HNIAP?H: =LIMMF; HAO; A?MEHALGM
NB;NDB;N?P?2LM®;H NCWB?M2NCHARIPL ?=;0 NOCHA;H> BIQ ?P?LCH
>C?=NABNB?)?L?CH??> GIL JBI MSN:NEFFS?RP;HN
$E1;FFSCICIDILNB=IHMCACHAIBZRN?HNI QBC=BIB?MZMOFE?
CGEFENCIH@IL; Q?:E P?IMCIH@ NB2@GIOM1;JCL5BIL@ BSIINB?
M?MB;NF;HAO;A?MB;J?MIBIOABNI  MJ?;EPLM@; J;L NQF:LF;HAO;A?
PC?Q JLNG@FEL J,CLI@=0MHA =0M?>?P?HNM G?LA?>-0.,@>0
NB;NF;HAO;A?G?LA?NUBNQI QCNBIl H??>@ILH IP?LN=;OM;NCRZIL
JB?G? -L PC=P?LM:>l F;HAO;A?MG?LA?; J:LNGGF;L J;CLI@=;0M
CHA =,0M?>?P?HNEHN| F?MNL;HIL ?HN=;OM;NCR?=;,0MBA5;HM
CHA?HPL;F =IH=?NCGFCTNB?GM I[H? M ; =LIMMI?NCIH;F=ILLF;
NCIH;MNO>SIBALM?HNA>CHAMJI?;EIHFSCHE ?=NAS NBAKD?MCIH
-H 10L PC?QBIQ ?P?LNB?SL? GIL? =IHMOGMHRICNEBM?iH> (57;H
CHALMEPC?QACP?NB?H>CHAB;NNB#P?HN-?LA? L;NCHABLIG?;=B
F;HAO:A? JL2>C=MIB?AL;GG;NG;FCNDO>E?HNMI=IL?NBLIGNB?INB
2LMIH MOMHRCNBIBORC?QHIN?NB;N;J;H ?M2J J?,LMNI <? CHNB?
GC>F?1@; F?R:;FCTNCIHILI=?MMPCBIF?CHNB?@;=NB;NGIMNF?R:;F
F?MML;HUL ?HN=;0M:NCP2MN;CHIIG? L>0=?>@ILA@NB2;0M:;NCP?
GLE?L >,>0 2BCMIOA?MNEB;NIP?L NCGP?L<NDCNBP?HN-?LA? M?
G;H NC=RM7P?LN=;OM;NCRRLECHA ;NB?INB;HNB7L;JCL5BIL@;FN?L
H;NCPZ ? P?L<NL<®IL;CFSINCHAP?LN=;0M;NCRRLECHA=;ONCHAH
CHL?:MTH?L=?CP?#P?HN-?LA? M®;H NC=M

%@88,=D1 5@/280920>@77?>

'H MOG;LS NB?2ILM?HN;N; MOA?MNB;NHS MO="MBIOf.IMMFCH
AOQIC==IOHN@BIQ =BCHE?HF?;LHNI G;LE =;,0M;NCRYBCFZ?P?H
NGFFS ;PIC>CHAP?LA?FPLFCTNCIFPLLILMGOMBC?F2@ ?=N&@P?L<1?
G;HNC=MP?HN-?LA? ;H> IL CNMOMC>C;L1B2>CNILMVBIQ?>MGACD
= HN?@?=IQ@NBCH> ;=LIMMF;HAO;A?M;H> |@.L??GINCIHH> IL #H
NL?H=B?HN MCACEHN@IL FFF;HAO;A?MNBIOABHFSMJIIL;>G;FFS@IL
) C=B? ;FNBIOAB®>O?NI=IFFCHTINS?NQ??HNBIL?>>CHNILNDQ? =;H
HINN?FEBC=B2B? ;CG I@QILE >?M=LC<Z2FIQ Q;M NB?L@ILNI >?
P?FIIMO=BH ;==IOHNCIMIN;NBI?>;M; =IG JONNCIH;BI>?F

:8;@7?,74:9,7 8:/07492

-OL MN;I(MHAIICHNRB?HM??EHANI >?P?FI1J; =IG JONNCIH;I>?F
Q;M NB?>CM.CGH;NCP#?;LKEHAQL,;GQILE IONFCH?E€H @IL?RG JF?
0;GM=;L ;H> 7;LF?NN -H? ;> P;HN;A?I@NBCEL;GQILE CNNB;N
CMB;M;FL?;>S <??HOM?NI GI>?F ; HOG?LI@CGIL N;HNIB?HIG ?H;
CHNB2=BCFF;HAO;A?;=KONIECIHFGN NOLTTHFOSGHMAL;GG;NG;FA?H

>?L LHIH 0;GM=;L QIL> F?,LKKHA? A ;;S?H IBO;HA

1B;@;?CD?MN;H  F?PCHM 0;GM=;L "S? )F?CH H>

<INB CH?=NCIH;FH> >?LCANCIH;BSILIBIFIAS ? A ;;S?H 1GIFE;
+CFCHCPD;E "CGCNLCD?PC ;;S?H 0;GM=;L "S?

+=1;,0F?S 0;GM=;L  7;LF?NN M?H> ;> P;HN;A?I@NB?
@L;GQILE CMCNMCEHCENS3HFCE?@IL?RG JF? NBL?F;S?L=IHH?=
NCIBMAPRILEM? A #HA?FG;HHN;F >CHLCGH;NCPR?;LKCHA
GI> ?FM| HINCHILJI L;N?BC>?HOHCNM>??> @IINB2IL"M?HNICQ
FNCIHMD? @IOHMNB;N>>CHA BC>?HF;S?LG;>? PONGFFSHI >C@?L
?H=?NI NBZL™MOFNNCNGIL N;HNI HIN? BIQ ?P?L NB;N\MO=B MCG
JF?GI>?F CNIMMKFAHFS<?=;,0MR? =IH=?INGFCTNBN;MEN ; L;NB?L
BCAE-?P?R2B? GI>?F MN;MERINICE-SNI F?;LH @I1?;=B P?L< QBC=B@
NQIJL? ACP?H;OM;NCRRILGIZML?@?LL?BCPL?H |@=I0LM?@;=NB?
;> >0ICIH;N;MEQF?;LIEHAB2@ILGMB?@®1?FP?N2P ?LINBE?MMNB0OM?
1@; BCAB?P?R;MENGILN;HN?=;0MZTNFIQMOMNI OM?H C>?NEF
GI>?F ;L=BA?NOL®@ILFFF;HAO;A?M NBCL> P;HN;A?I@NBC@L;G?
QILE CMIB;NCICND?FRALIOH>?>CHNB?| G;CHM@<INBBGG;H ;H> ;HC
G;F F?,LIEHA?FPLFFS? A 0?M=ILF; 5;AH?L 0?M=ILF;
%OL?=ECMIP? ;H> MI ?HDISMIMSBIFIAG;F JF;OVKOENSM
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GI>?F |@F?;LKHAOH-CE@IL?RG JF? GI> ?FMNB;N=IH=?INGFCTNB?
JLIKF?GCHN?LGM@BCAB-?P?ES?MC;HCI®AH=? ? A &MO !B;N?L

-H? >?2J;,LNOL@LIGGIMN>CHM.CGH;NCPR?;LKCHAGI> ?FNCNB;N
M@G;HNC@NOL?U? L2LM?HNEHINQCNBO?NIB;NL? ?GIB?LILM?HN
IL ;< M?HINC ? <ONS @IOIOHCNMENBIHNGHROM;=NE;NCIHC ?
O@HA @ILA@NBBC>LIQ &la L;NB?INB;HO?M=ILF5;A H?L F?;LKCHA
LOF?

'NCMGIL N;HNNI MNL?MBINNB G 1>?F CM?P?LILM?HNCNB,L NC=
Q;HNMAL;GG;NG;FCNBO>B?HN>;N; QBC=BQIOF>G;E? NB¥?;LKCHA
N;MELCPF;>>CHAHINECHA?SIH> NBFCHL LAL?MCIKSI> ?FNFL?;>S
LJILN?> O;NB?L ?;=B CHONONONJ;CLIL™M?HN?% NBTGI>?F L?X1.?
M?HNM ON?{H=? CHNB?=ILJOMOM?X@IL?;=B F;HAO;A? M??+?NB>M
<IP?  2B? ;L=BA?NOLP@ANBGI>?F QBC=ECNC>?NEF @IL?;=B F;H
AO;A? CMIBIQHCHCA 2B? CHONNINBGI>?F CMP?NILI@ F?R;F
OHCNM  ; =,0M;NCRMCN ;H> @IOM&;H NCOHCNMH NCBOM
;=NE;NCIHF?P?FD  2B? ILNBIA H;FF?R;FOHCNRILM?HNBZT>?NCNS
I@NB?P?L< ;H> =H <? =IH=?INQ-CT?>M ; IM?0>UBIHI FIAG;FL?J
LM?NNCIH? A NBLIIN <] @I#HACMBI7 ;H> IL ; IM?0>IF?R
= FMG;HNCE?LM?NNCIH? A (®I@, FOBRC>NI B?;NOHNCENL?;=B?M
<ICEHAJIICHE 2B? =;0M;NCRHCN CHG;N?MQB?NB?LL HINNB?
ONP?{H=? JLM?HNMNI NB?GI>?F IH NB;NNLC;EIHP?SM;OMNCIH2B;N
CMNB?=;0M;NCRMHCENU?NI  C@B?=ILJOMON?{H=? OM?PIBIB?INB?
GIL? IL F?MNL;HJL ?HN;OM;NCRRILG@IINBL?PP;HNP?L<? A &30
8,9 8,/0 ?30B, ?0=:47 &308,9 -:470/ ?30B, ?0=;H> NI C@MNI?M
HIN? A &30B, ?0=:470/ 2BCMHCHNH <? =IH=?INCG-CT?>ML?LM?HN
CHAN; P?LXLI;> <LOMB?P?RP?HN?P?NMG;HNC=RB? @IOM®G;H
NCOHCN#P?HN-?LA? O NIHGS "CL?NCPM> 0?KOCL?M? ;MMCAH?>
: =IHNGBIOM;=NE;NCIHF?P?E;M?>IH NBG?;H L;NCHA ;=LIMMFFM?
G;HNCE,N?LI@IINB2?PP;HNF;HAO;A?D @IINBP?L<CHNB2.?PP;HNON
N?{H=? 2B?MDHCN\ <? =IH=?ING-CT?>M L?L.M?HDHMIG? MOM?N
I@NB2P?L,FAVG;HNC=[1? P?L<F?P?fH> IL ?P?HN?P?MG;H NC=\@
NB2AL?RPP;HNON?{H=? $Ci;FFSNBALNBIA H;F IONNONOHCNRCNBAI@N
G;R ;=NE;NCIHQONEIH;L? ?;=B M?NIl IL L?1M?HDHAB2QILG
ON?JH=? NSJA1@NBL?PP;HN=ILJOMON?{H=? +IL? NL;HML?HN? A
&308,9 8,/0 ?30B, ?0=:47 *?MMIL;HML ?HN&308,9 -:470/ ?30B, ?0=
IL -NB?L? A &30B, ?0=:470/

IIH =?2INGFFSMJ?;ECHANB?GI>?F CININ;NGI?MIL7?GINCIHCHN?LGM
I@NB2ZIG J?NECIK?NQ??HNBAIL?  ;H> *?MNAL;HML ?HNONONOHCNM
QB?H NB?;OM;NCPTTHONOHCKM?NNI $IL ?RG JF? NB?CHON
ON?{H=? &30 8,9 -:470/ 2?30 B, ?0= MNL?HANBINB? G;J JCHAI@
<ICF =,OM;NCp?*?MM NL;HML?HN ;N NB? ?R?HM? 1@
<ICF =0OM;NCP?+IL? NL;HML?HN2B? GI>?F CININ;NBI?M?HNL?H=B
G?HNCHN?LGM@NB 221G J?NRCIK?NQ??HNB2NB?LIONNONDHCN> NB?
+IL? ;H> *?MNAL;H3L ?HNONONOHCNDB?HNB?;0M;NCPZHONOHCN
CMWI?NI  $IL ?RG JF? NBTTHONON?{H=? &30B, ?0=:470/ MNL?HANR
NB?G;J JCHA@<ICHPp -NB?L;N NB??RI?HM2@<INB<ICHB +IL? NL;HM
J;L?HNH> <ICHh *?MNNL;HML ?HN2B? GI>?F CININ;NBI?MP?L<MG;H
NC=GH\B;NBCAB?M=IL?NH #P?HN?LA? O NIHGS "CL?NCPM> 0?
KOCL?2M? C@BC<;N;HC .;L>?MB® =B;L=N?0;NCIFCMILL?=N
JL2>CNCP®@F?MNM;NB?INB;HGIL? NL;HML ?HN;OMNCIH

$IL ?;=B F;HAO;A? Q? L;H; NIN;A@ GI> ?FM CIR?M&N
CHANB?GI>?FM;<CENSII F?;LHNB?@ORNE;CEHAI?N@  P?L<M
CIR?ME;NCHANMCENSI A?HPLFCTNI OH??HP?L<NCH MIF@\W@;FC
> NCIHN?MN ? NL;CEHAH IH? L;H>IGFS ME?=N?M?IN@ P?L<MN?MN
CHAH NB? B?F3ONP?L<M'H ?;=B =;M? NB? GI> ?FM-IHMNC
NON?> GI> ?FM.2JLM?HDHAOL  BGG;H J;LNGEHNM?L;A? ALIOJ
@I?;=B 1@ ?JI=BM L?2ILM?HDHA-C@ZAHNVIN;A?N@>?P?H G?HN
#;=B ?JI=B =IHMCMN® CHONGDN?{H=?N) L;H>IGFS ME?=N?>
@LIGNB?2L?RPP;HN=ILJOM QCNRIF;=G?HNME?NCIHQ);M OM?>MCH="?
MIG? I@NB?=ILJIL; Q?L? MG;FF JLM?HN?EHL;H>IG IL>?L 2BOM
NB?=IG JONNCIH;R51> ?FMD FCERB?MNNQIEF GI> ?2FMLM?HN?2L
FC?P > HIN LZ=?CPTIKDIG; NCIH<ION P?L<MCHNB?F;HAO;A? INB?L
NB;HNB?  NL;CH?>MCH=RB?H?2N{I;LS=ILJIOM=IOHNM;HHIN <? I< -
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Fig. 6.

N;CH?0NIG;NG;FFS +I> ?FND?L?CGFG?HN?OI@HABD9070 J;=E
JA? 47H;<F?M 0CJF?S QCNRINBL;HA?;H> >?=;S J; L;G?N?LM
M?NI

‘NCMGIIL N;HNNIMNL?MWCHNB;NNBGI>?F Q;MHINJLI PC>?0QCNB
;HS AL;GG;NG;FCNBO>B?HN>;N; CNM;ME);M MCESNI F?;LHQBC=B
P?L<NH> M&;HNC@NOL?L?>C=KPBC=BONION@ILGMIL? 2L;HM
J;L?HN *?MNL;HM;L?HN -NB?L  @IL=;0M;NCPH> HIH =,0M;NCP?
M=?H?RP?HNMN N?MNB?GI>?F Q;:M CH?@?=NE?>NI L;N?NB7L?F
; NCP2Z=2JNcCENS@NB?IL? NL;HML ?HN=;0M;NCPZ?MNNL;HML ?HN
=,0M;NCPR> -NB?L@ILGM?N?H=@7?;=B P?L<;M; >?M=LGICIH@;

:294?4:9CC CCCCcccc cce

=,OM;NCRPP?HNM=?H2B;NCMIBGI>?F DQCNB?;LIEHMQCN=BI2> b
Q;MILM?HNTHNOLIQCNB;=B P?L<C ? NBL?FP;HN=IG <¢i;NCIH@
F?R;F OHCNIND P?L<M®&;H NCOHCNRICNBIB?2;,0M;NCP@OHCM?NII
;H> NBLMOENA=NE; NCIHF?RFNI@NB2+IL? NL;HML ?HN*?MN2L;HM
J;L ?HNH> -NB?LIONJONDHCINME?HM CNM=?INCENBO>B?HN@INB?
L?EP;HNM?N?H=7? A %:80:90 8,/0 ?30B, ?0=:47 %:80:90 -:470/ ?30
B, ?0=&30B, ?0=:470/ +I>?F J?L@IG;H=? Q;M;MM?MMRS =ILLF;\CHA
NB?MZNCHARICNBGG;H DO>B?HN>;N; N;ECHAB?ZG?;H ;=LIMMFF
J;,LNGEHHNMH;=B ;A? ALIOJ

5. Results and discussion (computational modeling)

2B? LMOFNONB?=IG JONNCIH;BI> ?FEHAL? MOG; LCT?E€HCM
b #=B "AOL?MBIQMI?L@IG;H=? IH NIJ NB2@ONPN@ P?L<M
GC>F? NB? MIFE&\F@P;FS; NCIHN?MN P?L<M ;H> <INNIG
P?L<<S P?L<I?L@IG;H=? @IIMCR?L<MBIM?HNI ?RPGIFC@SLIMMF;H
AO;A?MP?L<MIB;M?HPLFFSIL2@?GIL? NL;HML ?HN=IG? =LSF,0OAB
;H> F?MNL;HBL ?HN<L?;E =;N=B=ON=;OM;NCPHIL ) C=B?NBGI>?F
J?L@ILGMIILFS MBIQCHAPONCFFST?LI =ILLFNCIHQCNBGG;H DO>A
G?HNMNBIOABL?;FF@LIGNB?H;FSMCKM®PBGG;H DO>A?HN>;N; NB;N
@I) C=BNB=ILJOM-IOHNNL? BCABRSH.FE&F? ;H> NB#P?HN-?LA?
LNCHAM HIN JL?>C=N==2INKCEN®O>B?HNM $IL #HA-CMB.?<L?Q
&CH>EH> (;J;H ?M?NB7GI> ?FMIBIQ?R=?F?H®;H> L%G;LE;<FSMCG
F,LDJ?L@IG;H=? *IIE CHAN>C@ZAH=M=IL?NCHG;HS Q;SMNB?@;CL?MN
N?MI@NBGI>?F QBC=RB2FFSG;E?ML?FNCPIZNB?INB;H;< MIFON2.?
>CHCIHMA;L>CHANB?,==?INkCENS@NB?GIL? ;H> F?MNL;HML ?HN
=,0M;NCR®ILGM;FF@I0GI> ?FNFBC?PZILLTFNCIHRICNBGG;H J?L
@IG;H=? |@,LIOH> = IL <?N?I0B?HN?MN®+ ;FF  P?L<MtP?H
QB?HN?MNT P?L<NCNB; MH?P?IM??HCHNBMJIFEB@;FS; NCIHN?MN
;FFGI> ?2FMPR=?JN;A;CH ) C=B? MBIQ=ILLF;NCIHN®;LIOH> =
QCNBGG;H J?L@IG;H=? CHNB?>C@72H=?M=IL?;H;FSMCNMOLKHANI
L;Q M=IL?MNBGI> ?FMIL?>CNCIH@ ILF?MNL; HML ?HN=;OM;NCR®ILGM
;L? A?FPLFFSH ; J;L QCNBNM?>CHNCIH®I>C@AH="M=IL?NNCNHFS
@ILGIL? NL;HML ?HN-;OM;NCRBILGMB;NI?L@IG;H=? >CINIIGQB;N
NBIOAB:ILLFNCIHMG;CHCHNBLACIH@= b

8IIG CHAHH NBMCRRG JF?P?L<M<INNIG J;H?FNMI@$CM D
LP?,FNBIQ NBZGI>?F ;=BC?P?INML@IG;H=? $IFFIQCHA P?LXLC?@
?;LFSJ?LCI>CHQBC=BCNNPMMO?MENH -NB?L HIH =,OM;NCP®ILG
JL?MOGXFS<?=,0MMO=BILGM.? =IHMC2;<FSGIL? @IKO?HREH\B?
=ILJOMNB;H?0!B?L=;0M;NCRRILG NB?GI>?F F?;LHNNB;N QB?HNB?
,OM;NCPDHCEM?NNI ;M CMFQ;SMNB?=M?IH N?MNLEM ?C
NB?L GIL? IL F?MNL;HML ?HN=;OM;NCR®ILGCM."KOCL?>HN?2MN
CHAFSILP?L<MNB;NLKOCL? F?MNL;HML ?HN=;0M;NCR®ILG .:80
.=D;H> 7,@23 NBHHA-CMRB?<L?Q;H> (;J;H ?M7GI> ?FNMBIQ; <LC?@
J?LCI> 1@ IP?LA?HPLFCTINCIH ;H;FI AIOMNI ?LLILMMO=BM %:80 :90
.,80 =40/ 7,@230/?30-:D LIILN?>@IL=BCHE?H ;N F?;M@IL#HACMB
?A 1Q?LG;H &CH>CI?M HIN MBIQ NBCIPLCI><ON;N F?;MN
@IL=D;H> 7,@23>1?M J;MMNBLIOAB MBILN?LCI>CHQBC=BNB?NQI
@ILGNB;P? LIOABFSKO;F;=NE;NCIH-H NB?INB?LB;H> HI GI>?F
MBIQM =IG J; L;<F?IP?LA?HPLFCTNCIHI?LCI>@ILP?L<NIB;N.KOCL?
GIL? NL;HML ?HNE;OM;NCRRILG-=0,6 .,?.3 .@? = =IL>CHAFQ?;L?
HIN;Q;L? I@;HS MO=BLLILM? A %:80:90 8,/0 ?30A,>0-=0,6 %:80
190 8,/0 ?30-,77.2.3 %:80:90 8,/0 ?30;, ;0=.@?JLI>0=?><S=BCF
>L?H

'H MOG;LS QCNBIB?R=?INCIH@) C=B?@ILQBC=B\B?LZNI?;MIH
NI >IO<NNB?==Q.;=S |@DP =?IN;CHABNB 2@ IKO?H=SIOHNM> B JIM
MEFSD MIG? M&;H NC@NOL?NMB2>CM.CGH; NCPR?;LKEHAGI>?F JLI
PC>?3 P?LSAII> ~NNI <INB=BCHE?HV;H> ;>OFNNDO>B?HN>;N; M
Q?FEM MCGF;)CHAH  IP?LA?HPLFCTNCIHNB?HLNL?;NI;NN?LH< M?LP?>
@I=BCE?H? A 1Q?LG;H NB?GI>?F MCGF;N?>D<S PCLNO®@
CNMWH? AL;CH?MS;H NC@NOLR?LM?NNCIHBI=BCIL?HVH> ;>OFNM
;<CENSII DO>ARIB?==?JNckCENSQOHAGCE;L HIP?FP?L<NCHJ;L NG
F;L=IHMNLREIHM NBX; MCIONB?QU®;HNC=WA G<LC>A??N;F
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Fig. 7.

QBCFRN;CEHAIB2<CENEI A?HLFCTDHCN?MMP2L<MEHNNBCNH
MNLEEIHB;M<??H>?M=LC<M; (F?,LEkCENSL; >IRO .CHE?L
#RIF;CIBHABIQ =BCE?HF?;,LHNI ;PIC> JLI>O-EHAP?LA?HLFCT; NB;N_2L M?HNDH? I@NBGIMNE >C/@OFNB;FF?HA?IBILFFMNO
NCIFPLLILMMO=BM &30 .7:B9 7,@230/.=40/ 107#>; ;0,=0/ ?308,9 >?HNMNBF;HAO:A?:= KORIICIB 1Q?LG:H 'H BCHMCABNB?
AH>CHAM®NB?JLM?HNMNO>BIOA?MMIN IHFS NB;NNB?LTMHI JiL; -

6. General discussion
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Fig. 8.

>R <OND IH NB?=IHNL;LSD NB;NNB?MF®ICIH@;FRMNOL;FFSONI@  H> = ; =LO>?<G{LS L2LM?NNCIHI@ ?P?HNVIG;H NC=M;OM;F
DOMKON NBMCEH?MR?;LKCHAILI =2>0L?CG;ACEkF? ; P;LCHNI@;H HIH =,OM;F ; MCE?>CM.CG1;NCPR?;LICHAI>?F Q;M;<F?NIJL?>C=N
2KONCIHILIJIM?> NI ?RIF;CH;MMECNCPE?;LKCHACHL;:NMH> GC=?  NBL?FNCP2Z=?JNCENEQGIL? ;H> F?MNL;HML ?HN=;0M;NCR®ILGM
5B?H MOJFC?:P QCNB2FCNICE?ENCP@®IKO?H=9 QCNB  OF?R-;FO ?A %:80:90 8,/0 ?308,9 7,@23 %:80:90 7,@2307308,9 ;=LIMM
C>?NE@LM < <OBF?M@BGG;H >?2LCP?>P2L<F?P?MG;HNC@NOL?M NBL??A? ALIOJM B D >OFNMH> @IOE;HAO;A?M#HAECMRB.?-
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Computational model for Hindi

Hindi: Model-Human correlations for all verbs

Difference_Scores Less_transparent More_transparent
1A0 ______________________________________________________
- 05 / AgeGroup
Q
:.3 | *I == 5t06
g 0.0 7 — Oto10
Q
O g5 ] = adults
_1 _0 ——————————————————————————————————————————————————————
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Epochs — Each 10,000 sentences
Hindi: Model-Human correlations for split-half validation test
Difference_Scores Less_transparent Mere_transparent
1 ______________________________________________________
- & bt gl bttty AgeGroup
5 =
s [y ' = 5{06
£ , ; ‘ | _
e e | ' =— Oto10
<] J
o f = adults

=] e e e e e e e e e E e e e e = ===

0 10 20 30 40 50 0 10 20 30 40 50 0O 10 20 30 40 50
Epochs - Each 10,000 sentences

Hindi: Model predictions for example verbs

come cry laugh

#

o 08 | SType
nE_ = LESS_TRANSPARENT
'g 0.4 = MORE_TRANSPARENT
hd
o — OTHER
0.0 & g
0 10 20 30 40 50 0 10 20 30 40 500 10 20 30 40 50
Epochs — Each 10,000 sentences
break catch cut
1.2
* "
SType

=== LESS_TRANSPARENT
=== MORE_TRANSPARENT
=== OTHER

Pred.Prob
o o o
o E-N [+-]

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Epochs — Each 10,000 sentences

Fig. 9.

<L?Q &CH>@H> (;J;H ?M?;H> ACP?NB?H>CHANBONB>=LIMMEIMHNC= >F?M@ M®&;HNC@NOL?NMC=E?>ON <S F?&;F C>?N@LM CHJ;L
M®&;HNCH;FSMCIQIOF>JLMOGFSB;P? >IH? Ml @I) C=BNIl B;> NG3F;L G?;HCHA-IHN?RNK ? =;0M;FHIH =;,0M;F @ILJ;LNG3;L ION

LFEF? @IKO?H=SIOHNN??H;P;CE<F? =IG? @ILGMMA?NC;FRESN;-NC=IHMNLREIHRHHA-CMBIL JBI FIA
2B? CQFE;NCIFCMIB;N-BCE.?HMIFPNBCMI<F?GCHH ;H;FI AIOM  G;FFEH?=N?>>7LCP?@ILGIEH?<L?Q &CH>G;J;H ?M?2H> ) C=B?
Q;S F?,LKHAB?>>CM.CG1;NCPR; FCSGNE@J;L NGF;L P?L<LIINM <OH L NGEF,LFSE?S NI NBCM =IOHNCMPC?QHAP?L<LIINM;M JLG;LCFS

<OBF?M
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Computational model for Japanese

Japanese: Model-Human correlations for all verbs

Difference_Scores Less_transparent More_transparent

& AgeGroup
§ — 5t06
2 — 91010
o
o — adults
0 10 20 30 40 50 O 10 20 30 40 50 O 10 20 30 40 50
Epochs — Each 10,000 sentences
Japanese: Model-Human correlations for split-half validation test
Difference_Scores Less_transparent More_transparent
1 = == it 7 T
N | e AgeGroup
.% =— 5t06
E u i = 91010
=} | L
[&] M = adults

0 10 20 3 40 5 0 10 20 30 40 50 O 10 20 30 40 50
Epochs — Each 10,000 sentences

Japanese: Model predictions for example verbs

come cry laugh

1.2
o 08 | I ‘ l‘ SType
g n = LESS_TRANSPARENT
Bos = MORE_TRANSPARENT
= — OTHER

0.0 lij T : |lrlln‘ ¥

0O 10 20 30 40 50 0 10 20 30 40 50 O 10 20 30 40 50
Epochs — Each 10,000 sentences

break catch cut

)
1 H] T[” Ht SType
=== |ESS_TRANSPARENT
. = MORE_TRANSPARENT
= OTHER
0.0

o 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Epochs — Each 10,000 sentences

o
@

Pred.Prob
o
'S

Fig. 10.

1@MG;H NC@NOL?NF<?CNH?MQCNB?R:;F C>?N@LM QBC=ENDB;N .L?PCOM MGHFILI=?MM==IOHNML? HIN CEHIHMGMHNQCNENBCM
;FFIQMNBGI>?F D FCEBGG;H F?;LRPLMD NI ?2RN?HXOHQCN?MMP?L<M  GI>?F ?;=B MCES@+OM?M IL MCESF<?FM, >C@2AHNMI?=NI@
CHNNBCMHMNLEEIFC@H> IHFSC@IB?B;P? ;J JLIJLAN? M&:HNC=M NB?JLI=?MML??GINCIH? A %IF><?LA ?GJB; MCT2ABCH.?HV
?A G<LC>A??NF F?;LKHA@NB?>>CM.CG1;NCPP; FOSN8aJ;L NCF;L P?L<LIINM@ILI;L

NGZF;L ION-IG? @ILGMHH?;L C>?MEF G?;HCHA-IHN?RNN CHNB?
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Computational model for K'iche'

K'iche': Model-Human correlations for all verbs

Difference_Scores Less_transparent

More_transparent

AgeGroup
—— 5106

= Glo10

(T 1
CUTTTTTTTTr e

Correlation

50 0 10 20 30 40

= adults

50 0

Epochs — Each 10,000 sentences

K'iche': Model-Human correlations for split—half validation test

Difference_Scores Less_transparent

Correlation

AgeGroup
— 5t06
= 91010
== adults

0 10 20 30 40 50 O 10 20 30 40 50 0 10 20 30 40 50
Epochs — Each 10,000 sentences
K'iche': Model predictions for example verbs
come cry laugh
1.2
o 08 SType
nE. = LESS_TRANSPARENT
'g; 04 = MORE_TRANSPARENT
a = OTHER
0.0
0 10 20 30 40 50 0 10 20 30 40 5 0 10 20 30 40 50
Epochs — Each 10,000 sentences
break catch cut
12
” 0.8 4 | SType
OE: = LESS_TRANSPARENT
B os = MORE_TRANSPARENT
a = OTHER
0.0 T
0 10 20 30 40 50 0 10 20 30 40 5 0 10 20 30 40 50

Epochs — Each 10,000 sentences

Fig. 11.

@IFAQCHARIG;FCTNCIHRLIGKHIF><?LA QB?L?2R ;H>IR
;L? NQI =IHMNLREIHM A NB#HA-CMPLCJIBL;MNESOM;NCER> NB?
#HACME; IISCPZ,0M;NCP?

2B? JLI<; <CENE@'R MNQMEFFSL??GINCHAR  @IL J;,LNC=
CF;LP?L<P?LgE CMKOCHF?HNINB?ZLI<; <CENE@!R ACP?H
>CHMOLM2ZIHN?RN F?;,MMMMOGR? @ILR  ;H> P?L¢
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#HNL?H=B?HN L;CH? LIIEM ?GJB; MCT2CE?HVF?;LH
CHA@NB?>CHLCGH;NCPP; FOSN$@ J;L NG3F;L P?L<LINM@ILJ;LNC=
CF;L IONIG? @ILGMLA;L>F?MMR G?;HCHA=IHN?RN3H>?L NB?JL?
M?HN==IOHN ?HNL?HLB?HNNSJ??@?=NIM HIN ;< M?HN. CL?FPP;HN
<ON ;M F?;LKEHAILI=??>ML;JC>FX?=I1G? F?MKGIL N;HNNB;H JL?
?GINCIHNSJI??@?=NM MIIH ;M NB?GI>?F B;M F?;LH?>NB;N ACP?H
; =, OM;NCRZ?;HCHASIHN?RN@IB?L, GIL? NL;HML?HN? A #HACMB
J?LCIBL;MNE;:OM;NCPAL F?MNL;HML?HN ? A #HA-CMBIL;HIGCP?
=;0M;NCP2;0M;NCP@ILG CMLKOCL?>QBC=BNSE&;FFSB;J J?HM<S
;LIOH> NB?*@NBJI=B NB?G; DIICN$@=IG J?NRCIHCH; =;0M;NCP?
G?;HCHASIHN?RNCM?NQ??HNB?+IL?  ;H> *?MNAL;HML ?HN@ILGM
HI>?M QCNBHFS; GCHS;F ;GIOHN=IG CHAQLIGNB2NB?L@ILGNHI>?M
QBC=B.?1M?HNIH =;,0M;FG;CHFENL; MEICP@ILGM2BOMFNBIOAB
;H CQ@FE; NCIH@NB?MMH>CHARNIB;NNB?LZNMI H??>NI>L;Q ; MB;LJ
SCNICHETH?NQ??HIL??GINCIHH> ?HNL?HAB?HND <INBMCEH-S<?CHA
?2@?=N3;NO;FH;NOL;FFSONI@; >CM.CGH;NCPR?;LICHAGI>?F B C\CM
=?IN;CHASLORNI M;SNB;N;M; P?k;F BSIINB?MCM 1J JIM?>NI; =IG
JONNCIH;BI>?F JL??GINCIHB;M@;IGIL? ?RIF;H;NILSJIQ?L NB;H?H
NL?HLB?HN

2B? P?L<M®;H NCB&INB?MCMCHE?L 1BC<;N;HC .;L>?MBC

?GJB; MCT2BCHE.?HVIF?;LKLHAIB2>CHM.CGH; NCPR; FOSNE2J; L
NGF;L P?L<LIINM > -@970>:1 >@,9 ?4.10,?@=0€HJ;LNG3F;L G?;H
CHAIHN?RN®1? =,0M;FHIH =;,0M;F @ILJ;L NGF;LION:IG? @ILGMF
NBIOABCHE?M MJ2CA=ILIJIM;F CM;M?>IH NBMHINCIH@>CM
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