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2. The crosslinguistic acquisition of sentence structure:
grammaticality judgments from adult and child speakers of
English, Japanese, Hindi, Hebrew and K'iche '
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F?MM�NL;HMJ;L?HN=;OM;NCP?MNLO=NOL?�4?L<MG;LE?> �<� ;L?
 <LI;>FSMJ?;ECHA
AL;GG;NC=;F
CH<INBMNLO=NOL?M�NBIOABIH? G;S <? JL?@?LL?>��4?L<MG;LE?> �=� ;L? AL;GG;NC=;F CH
NB?F?MM�NL;HMJ;L?HN=;OM;NCP?MNLO=NOL?<ONHINNB?GIL?�NL;HMJ;L?HN=;OM;NCP?MNLO=NOL?�

*;HAO;A?�LIIN; *?MM�NL;HMJ;L?HN�=;OM;NCIH +IL?�NL;HMJ;L?HN�=;OM;NCIH

#HAFCMB
�;��F;OAB
�<��<L?;E<

�=��=ON

transitive-causative
construction
�1IG?IH? laughed NB?�<IS
1IG?IH? broke NB?�NLO=E
1IG?IH? cut NB?�J;J?L

periphrastic-causative
construction
1IG?IH? made NB?�<IS
laugh
�1IG?IH? made NB?�NLO=E
break
�1IG?IH? made NB?�J;J?L
cut

(;J;H?M?
�;��EO

Ô=IG? Õ

�<��Q;E

Ô<ICFÕ

�=��EIQ;L?

Ô<L?;EÕ

�=��GOMO<

ÔNC?Õ

lexical, stem-change
�";L?E;�A;�INIEIHIEI�I
kosas-u
91IG?IH?�13 (�<IS�- (
=IG?�,-,.�12:
";L?E;�A;�ISO�I wakas-u
91IG?IH?�13 (�Q;N?L�- (
<ICF�,-,.�12:
";L?E;�A;�NIL;EEO�I kowas-u
91IG?IH?�13 (�NLO=E�- (
<L?;E�,-,.�12:
";L?E;�A;�EONOBCGI�Imusub-
u
91IG?IH?�13 (�MBI?F;=?�- (
NC?�,-,.�12:

-(s)ase
";L?E;�A;�INIEIHIEI�I
ko-sase-ru
91IG?IH?�13 (�<IS�- (
=IG?�!�31�,-,.�12:
";L?E;�A;�ISO�I wak-ase-ru
91IG?IH?�13 (�Q;N?L�- (
<ICF�!�31�,-,.�12:
�";L?E;�A;�NIL;EEO�I
koware- sase-ru
91IG?IH?�13 (�NLO=E�- (
<L?;E�!�31�,-,.�12:
�";L?E;�A;�EONOBCGI�I
musub-ase-ru
91IG?IH?�13 (�MBI?F;=?�- (
NC?�!�31�,-,.�12:

&CH>C
�;��B VM

ÔF;OABÕ

�<��ACL
Ô@;FFÕ

�=��2OO2

Ô<L?;EÕ<

stem-change only ( ÒNull Ó

class)
�ECMCC� H?�F;0E?� EI h‹ ‹ s-
aa

91IG?IH?�13 (�<IS�- (
F;OAB�.�12:
�ECMCC� H?�F;0E?� EI ger-aa
91IG?IH?�13 (�<IS�- (�@;FF�
.�12:
ECMCC� H?�2L;E� EI toR-aa
91IG?IH?�13 (�NLO=E�- (
<L?;E�.�12:

(stem change) -aa
ECMCC� H?�F;0E?� EI
h‹ s-aa-yaa
91IG?IH?�13 (�<IS�- (
F;OAB�!�31�.�12:
ECMCC� H?�F;0E?� EI
gir- aa-yaa
91IG?IH?�13 (�<IS�- (�@;FF�
.�12:
�ECMCC� H?�2L;E� EI
TuT-aa-yaa
91IG?IH?�13 (�NLO=E�- (
<L?;E�!�31�.�12:

&?<L?Q
�;��=�R�E

ÔF;OABÕ

�<��N�G�H

Ô<OLSÕ

�=��MB�<
P�L

Ô<L?;EÕ

pa'al (CaCaC), pi 'el (CiCeC)
or hitpa'el (hiCaCeC) binyan
�+CMB?BOcaxak ?N�B;�S?F?>
91IG?IH?�F;OAB.�12 - (�"#2�
<IS:
+CMB?BOtaman ?N�B;��I=;L
91IG?IH?�<OLS.�12 - (�"#2�
NL?;MOL?:
+CMB?BOshavar ?N�B;�G;M;�CN
91IG?IH?�<L?;E.�12 - (�"#2�
NLO=E:

hif 'il (hiCCiC) binyan
+CMB?BOhi cxik ?N�B;�S?F?>
91IG?IH?�F;OAB!�31
.�12 - (
"#2�<IS:
+CMB?BOhi tm in ?N�B;��I=;L
91IG?IH?�<OLS!�31
.�12 - (
"#2�NL?;MOL?:
�+CMB?BOhi shbir ?N�B;�
G;M;�CN
91IG?IH?�<L?;E!�31
.�12 - (
"#2�NLO=E:

Table 1 � �:9?49@0/�

*;HAO;A?�LIIN; *?MM�NL;HMJ;L?HN�=;OM;NCIH +IL?�NL;HMJ;L?HN�=;OM;NCIH

) �C=B?�
�;��Q;L

ÔMF??JÕ

�<��NT;K

Ô>LIJÕ

�LIIN
NL;HMCNCP?�
�<��MCNC
ÔNOLHÕ

�>?LCP?>
NL;HMCNCP?�
�=��N�CCM
ÔM?QÕ

�LIIN
NL;HMCNCP?�
�=��L;G
 Ô=ONÕ

�>?LCP?>
NL;HMCNCP?�

root/derived transitive =

� x-0-u-war F?�;E;F�F?�;=BC
.�12��MA�13 (�MF??J�"#2�<IS
"#2�MIG?IH?
x-0-u-tzaq F?�E;R;��F?�;=BC
.�12��MA�13 (�>LIJ�"#2�<IR
"#2�MIG?IH?
x-0-u-suti-j F?�;E�;F�F?�;=BC
.�12��MA�13 (�NOLH�"#2�<IS
"#2�MIG?IH?
x-0-u-t'is F?�;NT�S;K�F?�;=BC
.�12��MA�13 (�M?Q�"#2�MECLN
"#2�MIG?IH?
x-0-u-rami-j F?�QOD�F?�;=BC
.�12��A�13 (�=ON�20,�"#2
J;J?L�"#2�MIG?IH?

-(i)sa-j =

x-0-u-war- tisa-j F?�;E;F�F?
;=BC
.�12��MA�13 (�MF??J�!�31�
20,�"#2�<IS�"#2�MIG?IH?
x-0-u-tzaq-sa-j F?�E;R;��F?
;=BC
.�12��MA�13 (�>LIJ�!�31�
20,�"#2�<IR�"#2�MIG?IH?
x-0-u-sutin-isa-j F?�;E�;F�F?
;=BC
.�12��MA�13 (�NOLH�!�31�
20,�"#2�<IS�"#2�MIG?IH?
*x-0-u-t'is-isa-j F?�;NT�S;K�F?
;=BC
.�12��MA�13 (�M?Q�!�31�
20,�"#2�MECLN�"#2�MIG?IH?
* x-0-u-ramin-isa-j F?�QOD�F?
;=BC
.�12��MA�13 (�=ON�!�31�
20,�"#2�J;J?L�"#2
MIG?IH?

; ,IN? NB;NNB?ÒLIINÓCM; FCHAOCMNC=;<MNL;=NCIHNB;N
@ILGIMNF;HAO;A?M
>I?M HIN

<?=IG? ; L?=IAHCT;<F?QIL> OHNCFCNCM=IG<CH?>QCNBI<FCA;NILSGILJB?G?MG;LECHA
N?HM?
NL;HMCNCPCNS?N=�

< &CH>C;FMI B;M ; MG;FFHOG<?LI@ CHNL;HMCNCP?P?L<MNB;N>I HIN OH>?LAI ;HS
GILJBIFIAC=;F =B;HA?M�MN?G=B;HA?MIL MO`R;NCIH�QB?H =;OM;NCPCT?>�?�A�
 -,/,7
Ô=B;HA?Õ
 -3,= Ô̂FFÕ�� $OLNB?L
NB?Ð,, G;LE?LCMHINIHFSOM?>NI =;OM;NCPCT?CHNL;HMCNCP?

P?L<M
<ONCM;FMIOM?>QCNBÒCHA?MNI�L?_?RCP?ÓNL;HMCNCP?P?L<MNB;NCHPIFP?�HIH��FCN?L;F

CHA?MNCIH
MO=B;M 0,? 9, 80,7:
 70,=99, 70>>:9:
 >009, ;,49?492: NI ?RJL?MMG?;HCHAM
MO=B;M 100/9>:80:90 , 80,7:
 Ô?0,.3 9>:80:90 , 70>>:9:Õ
 IL Ô>3:B 9>:80:90 , ;,49?492:Õ�

2B?M?P?L<M
FCE?;HS INB?L�>C��NL;HMCNCP?P?L<
=;H NB?HÒOJAL;>?ÓNI ÐA,, �NB?MI�=;FF?>

>0.:9/ .,@>,?4A0� QB?H G;LECHACH>CL?=N=;OM;NCIH�0?JF;=CHAÐ,, QCNBÐA,, ;>>M ;H
;>>CNCIH;FMN?JCHNB?=B;CHI@=;OM;NCIH�?�A�
 ?:$-aa
 Ô=;OM?>MIG?NBCHANI <?=IG?

<LIE?HÕ
 ?@$-vaa�D,, 
 Ô=;OM?> MIG?<I>S NI <L?;E MIG?NBCHAÕ�� &IQ?P?L
 ; @?Q

�>C��NL;HMCNCP?P?L<M=;H =IHP?S CH>CL?=N=;OM;NCIHOMCHA?CNB?LNB?M?=IH>=;OM;NCP?
MO`R ÐA,, IL NB?>CL?=N=;OM;NCP?MO`R Ð,, 
 ?�A�
 7463,,
 7463A,,Ô=;OM?MIG?<I>S NI

QLCN?MIG?NBCHAÕ
 6,=,, 
 6,=A,, Ô=;OM?MIG?<I>S NI >I MIG?NBCHAÕ� �H> MIG?49NL;HMCNCP?

�OH?LA;NCP?�P?L<MN;E?NB?ÐA,, MO`R>CL?=NFS
?�A�
 2,, ÔMCHAÕþ 2,A,, Ô=;OM?MIG?<I>S

NI MCHAÕ;H> =092Ô=L;QFÕþ =092A,,Ô=;OM?MIG?<I>S NI =L;QFÕ�
= "?LCP?>NL;HMCNCP?P?L<M�CH=FO>CHA;FFÐ4>,@ILGM�;FQ;SML?KOCL?NB?MO`R Ð5� 0IIN

NL;HMCNCP?P?L<MMIG?NCG?ML?KOCL?NB?N?LGCH;NCIHG;LE?LÐ(3 
 <ONH?P?LQB?HÐ;M @IL

;FFNB?M?HN?H=?MCHNB?JL?M?HNMNO>SÐ@IFFIQ?><S; >CL?=NI<D?=N�

2B? JL?M?HNMNO>SN?MNMNBCMJL?>C=NCIHOMCHA; =LIMMFCHAOCMNC=G?; �
MOL?I@ >CL?=NH?MMI@ =;OM;NCIHJLI JIM?> <S 1BC<N;HC;H> .;L>?MBC
��������� �� 3H>?LNBCMJLI JIM;F


¥ More -di rect causation Ò?HN;CFM; MJ;NCI�N?GJI L;F IP?LF;J I@ NB?
=;OM?L�M;=NCPCNS;H> NB?=;OM?>?P?HN
NI NB??RN?HNNB;NNB?NQI L?F�
?P;HN?P?HNM;L? HIN=F?;LFS>CMNCHAOCMB;<F?Ó
 ;H> B?H=?CM;MMI=C;N?>
QCNBless-transparent causative mark ing �

¥ Less-di rect causation ?HN;CFM;H ?P?HNCHQBC=BÒ<INB NB?=;OMCHA
;H> NB?=;OM?>?P?HN?HDISMIG? >?AL??I@;ONIHIGS É 2B? =;OM?>
?P?HNÉ G;S B;P? CNMIQH MJ;NC;F;H> N?GJI L;FJLI ^F?M>CMNCH=N@LIG
NBIM?I@NB?=;OMCHA?P?HNÓ
 ;H> B?H=?CM;MMI=C;N?>QCNBmore-trans-
parent causative mark ing �

5? NB?L?@IL?IJ ?L; NCIH;FCT?NBCMG?; MOL?<SI< N;CHCHAL;NCHAMI@NB?
?RN?HNNI QBC=BNB?=;OMCHA� ;H> =;OM?>�?P?HNM;MMI=C;N?>QCNBJ;LNC=O�
F;LP?L<M;L? >CMNCH=N�

.L?PCIOM#HAFCMBMNO>C?MI@INB?L=IHMNLO=NCIHMB;P? MBIQHNB;N
;M
JL?>C=N?><S NB?P?L<�M?G;H NC=MBSJINB?MCM
J;LNC=CJ;HNM� L;NCHAMI@NB?
?RN?HNNI QBC=BP?L<M?RBC<CNM?G;H NC=JLIJ ?LNC?ML?F?P;HN@ILJ;LNC=O

� �M ; L?PC?Q?LHIN?>
NBCMA?H?L;FC>?; CMKOCN?IF>
 >;NCHA<;=E ;N F?;MNNI $I>IL
������
 2;FGS ;H> %CPIH������ ;H> &IJJ?L ;H> 2BIGJMIH �������

�
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����8-=4/20�0?�,7� �:294?4:9CCC� CCCC� CCC�CCC

F;L=IHMNLO=NCIHM�?�A�
 NL;HM@?L
MN;N?=B;HA?� MBIOF>JL?>C=NNB?L;N?>
;==?JN;<CFCNSI@NB?M?P?L<MCHNB?M?=IHMNLO=NCIHM�2B?M?CH=FO>?L?�
=?HNMNO>C?MI@FI=;NCP?M� �G<LC>A?
 .CH?
 � 0IQF;H>
 ���� �
 >; NCP?M
� �G<LC>A?
.CH?
0IQF;H>
 $L?O>?HNB;F
� !B;HA
 ���� �
 P?L<;F @9�JL?�
^R; NCIH� �G<LC>A?
���� �  FSNBCHA
�G<LC>A?
� *C?P?H
���� � ;H> P;L�
CIOM=IHMNLO=NCIHM� �G<LC>A??N;F�
 ���� �� �FF I@NB?M?MNO>C?MOM?;H
;==?JN;<CFCNSDO>AG?HNN;MEQBC=B
OHFCE??FC=CN?>JLI >O=NCIH
SC?F>M;
AL;>?>G?; MOL?I@M?HN?H=?;==?JN;<CFCNS
?P?H@IL;>OFNM��G <LC>A?
 CH
JL?MM��

3H>?L NB?entrenchment BSJINB?MCM� �  L;CH? �  LIIEM
 ���� �
 L?�
J?;N?>I= =OLL?H=?MI@; J;LNC=OF;LP?L<LIIN �?�A�
 7,@23� =IHNLC<ON?NI ;H
?P?L�MNL?HANB?HCHAJLI< ; <CFCMNC=CH@?L?H=?NB;NCN=;HHIN<? OM?>AL;G�
G;NC=;FFSCHMNLO=NOL?MCHQBC=BCNB;MHINS?N;J J?;L?> �?�A�
 � &30.7:B9
7,@230/?308,9 � NB?NL;HMCNCP?�=;OM;NCP?��; ECH>I@L;NCIH;F ;S?MC;HCH�
@?L?H=?@LIG;< M?H=?�?�A�
 &MO
&ILHA
 %LC`NBM
� !B;N?L
 ���� �� 'HNO�
CNCP?FS
IH? Q;S NI CHN?LJL?N?HNL?H=BG?HNCMNB?CH@?L?H=?NB;NÒACP?H
BIQ I@N?H' �P? B?;L> NBCMP?L<LIIN CHA?H?L;F
C@CNQ?L?J?LGCNN?>CH
NBCMMNLO=NOL?
' QIOF>B;P? B?;L> CN<S HIQÓ� 2BCM;==IOHNJL?>C=NM;
H?A; NCP?=ILL?F;NCIH<?NQ??HNB?;==?JN;<CFCNSI@; J;LNC=OF;L?LLIL �?�A�

�&30 .7:B9 7,@230/?308,9 � ;H> NB?IP?L;FF=ILJOM@L?KO?H=SI@NB?L?F�
?P;HNP?L<LIIN
 L?A;L>F?MMI@NB?MNLO=NOL?CHQBC=BCNI= =OLM�; JL?>C=�
NCIHMOJJILN?>
@IL#HAFCMB
<S NB?=ILJOM�DO>AG?HNMNO>SI@1N?@;HIQ�
CN=B�������

3H>?LNB?preemption BSJINB?MCM�%IF><?LA
���� �
 NB?OM?I@; J;L �
NC=OF;LP?L<CH; J;LNC=OF;LN;LA?NMNLO=NOL?�?�A�
 7,@23CHNB?F?MM�NL;HM�
J;L?HNMNLO=NOL?
;MCH�%:80 :90 7,@230/?30-:D � CM>??G?>CH=L?;MCHAFS
OHAL;GG;NC=;FIH NB?<; MCMI@I= =OLL?H=?MI@NBCMP?L<CH; H?;LFS�MSH�
IHSGIOM=IG J?NCHAMNLO=NOL?�?�A�
 NB?GIL?�NL;HMJ;L?HNMNLO=NOL?
;M
CH* 8,/0 + 7,@23�� 2BCM;==IOHNJL?>C=NM; H?A; NCP?=ILL?F;NCIH<?�
NQ??HNB?;==?JN;<CFCNSI@; J;LNC=OF;L?LLIL �?�A�
 �&30 .7:B9 7,@230/?30
8,9 � ;H> NB?=ILJOM@L?KO?H=SI@NB?L?F?P;HNP?L<LIIN CH; =IG J?NCHA
MNLO=NOL?�?�A�
 * 8,/0 + 7,@23�� ; JL?>C=NCIHMOJJILN?>
@IL#HAFCMB
<S
NB?=ILJOM;H> DO>AG?HNMNO>C?MI@%IF><?LA������ ;H> 0I<?H;FN;H>
%IF><?LA�����
 ����� �

2B? =F?;L?MNMOJJILN@ILNB?P?L<�M?G;H NC=M
?HNL?H=BG?HN;H> JL?�
?GJNCIHBSJINB?M?M=IG?M @LIG; L?=?HNL?;H;FSMCMI@^P? DO>AG?HN
MNO>C?M��G <LC>A?
  ;L;E � 5IH H;=INN
MO<GCNN?>��'H A?H?L;F
NBCML?�
;H;FSMCM@IOH>?PC>?H=?@IL;FFNBL???@@?=NM
@IL;FF=IHMNLO=NCIHNSJ?M

@IL;FF;A? ALIOJMMNO>C?>�� Ð� S?;L IF>M
� Ð�� S?;L IF>M;H> ;>OFNM��
�A;CH
 BIQ ?P?L
;FFI@NB?M?MNO>C?MQ?L?I@#HAFCMB�2BCMCMJ;LNC=OF;LFS
JLI<F?G;NC=ACP?HNB;N
NSJI FIAC=;FFS
#HAFCMBCML;NB?LOHOMO;FCHG;E �
CHAFCNNF?OM?I@IP?LNGIL JBIFIAS QB?HG;LECHA=;OM;NCPCNS�

2B? AI;F I@NB?JL?M?HNMNO>SCMNB?L?@IL?NI OM?NB?JB?HIG ?HIH
I@=;OM;NCP?G;LECHA;M ; Q;S I@N?MNCHANB?P?L<�M?G;H NC=M
?HNL?H=B�
G?HN;H> JL??GJNCIHBSJINB?M?M=LIMM�FCHAOCMNC=;FFS
CH#HAFCMB
(;J;H �
?M?
&CH>C
&?<L?Q;H> ) �C=B?�� 2B?M?F;HAO;A?MQ?L?=BIM?H<?=;OM?
NB?S;L? NSJI FIAC=;FFSOHL?F;N?>
;H> <?NQ??HNB?G?R?GJFC@SGIMN
I@NB?>C@@?L?HNQ;SMNB;NF;HAO;A?MG;LE =;OM;NCIH�F?RC=;FFS�I@N?H
QCNB; PIQ?F
=IHMIH;HN=B;HA?�
GIL JBI FIAC=;FFS;H> MSHN;=NC=;FFS�M??
2;<F? � �� +IMN=LO=C;FFS
@ILIOL JOLJIM?M
?;=B ?RBC<CNMNQI >C@@?L?HN
=;OM;NCP?MNLO=NOL?M
=ILL?MJIH>CHANI70>>�?=,9>;,= 09?;H> 8:=0�?=,9>;,= �
09?=;OM;NCIH
H?CNB?LI@QBC=B=;H <? ;J JFC?>
SC?F>CHA; @OFFSAL;G�
G;NC=;FONN?L;H=?
 NI ;FFP?L<M�2BOM?;=B I@NB?M?MSMN?GM=IHMNCNON?M;
MOCN;<F? N?MN=;M?@ILNB?L?M?;L=BKO?MNCIHIONFCH?>;N NB?MN;LNI@NBCM
J; J?L� BIQ =BCF>L?HF?;LH9:? NI ;J JFS; J;LNC=OF;LA?H?L;FCT;NCIHNI ?R�
=?JNCIHCN?GM
QBCF?L?N;CHCHA; JLI >O=NCP?A?H?L;FCT;NCIH�

� $IL NB?M;E? I@ =F;LCNS
Q? MBIOF>?GJB;MCT?NB;NQB;N Q? ;L? =;FFCHAMCGJFS
09?=09.3809?CMQB;N1N?@;HIQCNM=B������ =;FFM902,?4A009?=09.3809?;H> QB;N%IF><?LA
������ =;FFM.:9>0=A,?4>8PC; 09?=09.3809?� 2B;N CM
Q? OM??HNL?H=BG?HNNI L?@?L;H
CH@?L?H=?@LIG;<M?H=?
;H> HINÐ ;M CNMCHILCACH;FM?HM?�*;HA;=E?L
 ����� Ð NI MCGJF?

@L?KO?H=S�

-OL OFNCG;N? AI;F CMNI <OCF>; =LIMMFCHAOCMNC=;FFS�PC;<F? ;==IOHNOH�
>?L QBC=BI< M?LP?>?@@?=NMI@?HNL?H=BG?HN
JL??GJNCIH;H> P?L<�M?�
G;H NC=M@;FFIONI@; MCHAF?OHCN;LSF?;LHCHAG?=B; HCMG�$CLMN
BIQ ?P?L

CNCMH?=?MM;LSNI <OCF>OJ ; JC=NOL?I@NB?=IH>CNCIHMOH>?LQBC=B?;=B
?@@?=N>I?M ;H> >I?M HIN I= =OL=LIMMFCHAOCMNC=;FFS�2BOM
@IL?;=B F;H�
AO;A?
=BCF>L?H�;A?> � Ð� ;H> � Ð��� ;H> ;>OFNML;N?>; 70>>�?=,9>;,= 09?
;H> 8:=0�?=,9>;,= 09?=;OM;NCP?M?HN?H=?@IL?;=B I@�� P?L<M�QCNB
CH
GIMN=;M?M
IH? IL INB?L@ILGBSJINB?MCT?>NI <? F?MMNB;H@OFFS;==?JN�
;<F?�� 5? NB?HCHP?MNCA;N?>NB??RN?HNNI QBC=BJL?>C=NILP;LC;<F?MCH�
MN;HNC;NCHANB?P?L<�M?G;H NC=M
?HNL?H=BG?HN;H> JL??GJNCIHBSJINB?�
M?M=IOF>?RJF;CHNB?J;NN?LHI@DO>AG?HNMQCNBCH?;=B F;HAO;A?�-H NB?
;MMOGJNCIHNB;NNB?F?;LHCHAG?=B; HCMGMNB;NSC?F>NB?M?NBL???@@?=NM
;L? OHCP?LM;F
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NB?G;CH;H;FSMCMOM?>NB?@IFFIQCHA
FG?� MSHN;R�

1CHAF?�JL?>C=NILGI> ?FMOM?>NB?@IFFIQCHAMSHN;R�@ILNBCM?R;G JF?

NB?MCHAF?�JL?>C=NIL?P;FO;N?>CMJL??GJNCIH��

�FF NBL??JL?>C=NIL P;LC;<F?MQ?L?MN;H>;L>CT?>CHNI8 M=IL?M�2B?
1?G;H NC=MJL?>C=NILL?@?LL?>NI B?L?CMNB?G;CHP?L<�M?G;H NC=MJL?>C=�
NIL �0A09?�80=20�� NB?NBL??;> >CNCIH;FM?G;H NC=MJL?>C=NILM� ,@?:9:8D 

=0<@4=0>�.,@>0=
 ;H> /4=0.?4A0
 ;3D>4.,7� Q?L? ;MM?MM?><S G?;HMI@?R�
JFIL;NILS�OHL?ACMN?L?>�;H;FSM?M�2B? >?J?H>?HNP;LC;<F? @ILNB?G;CH
;H;FSMCMQ;MJ;LNC=CJ;HNM� L;Q M?HN?H=?L;NCHAMIH NB?� �JICHNDO>AG?HN
M=;F?�

$CA� � Ð� �#HAFCMB
&?<L?Q
 &CH>C
(;J;H ?M?;H> ) �C=B?�� MOGG; �
LCT?NB?MCHAF?�JL?>C=NIL�OH<IR?> P;FO?M
NIJ� ;H> MCGOFN;H?IOM�<IR?>
P;FO?M
<INNIG� ?@@?=NMI@JL??GJNCIH�JOLJF?�
 ?HNL?H=BG?HN�?G?L�
;F>� ;H> ?P?HN�G?LA?M?G;H NC=M�?<IHS� CHNB?>C@@?L?H=?�M=IL?;H;FS�
M?M
QBC=BL?JL?M?HNNB??;MC?MNQ;S NI A?N; B;H>F?IH NB?J;NN?LH
I@L?MOFNM�1CHAF?�JL?>C=NIL ?@@?=NMI@NB?NBL??MOJJF?G?HN;LSM?G;H �
NC=JL?>C=NILM
�O NIHIGS �;O<OLH�
 "CL?=NCP?�>;LE <FO?�;H> 0?KOCL?M
�L?>� ;L? JL?M?HN?>CH�J J?H>CR�� 2B? =ILL?MJIH>CHAL;Q�M=IL?;H;FS�
M?M
;FNBIOAB>?MCAH;N?>NB?ÒG;CHÓ;H;FSM?M
;L? GIL? >?N;CF?>
;H>
;L? NB?L?@IL?JL?M?HN?>CH�J J?H>CR� �F?MM�NL;HMJ;L?HN@ILGM�;H> �J �
J?H>CR� �GIL? �NL;HMJ;L?HN@ILGM�L?MJ?=NCP?FS�!IL L?F;NCIHM<?NQ??H
JL?>C=NILM
QBC=BCHMIG? =;M?M;L? CH>C=;NCP?I@MCAHC@C=;HN=IFFCH?;L

� 2B? @IFFIQCHA<S�J;LNC=CJ;HNL;H>IG MFIJ?MB;> NI <? L?GIP?> CHIL>?L NI ?H;<F?
NB?GI>?FMNI =IHP?LA?��;� #HAFCMB� Ð�� �S?;L�IF>MMCHAF?�JL?>C=NIL#P?HN�+?LA? GI>?F

@IL>Ca?L?H=?M=IL?M�#P?HN�+?LA?� �<� #HAFCMB� Ð�� �S?;L�IF>MMCGOFN;H?IOMGI>?F @IL

F?MM�NL;HMJ;L?HN@ILGM� .L??GJNCIH� �=� #HAFCMB� Ð�� �S?;L�IF>M MCHAF?�JL?>C=NIL

.L??GJNCIHGI>?F @ILGIL?�NL;HMJ;L?HN@ILGM�.L??GJNCIH��>� #HAFCMB� Ð�� �S?;L�IF>M

MCGOFN;H?IOMGI>?F @IL GIL?�NL;HMJ;L?HN@ILGM� #HNL?H=BG?HN��?� (;J;H?M?
� Ð�� �S?;L�IF>MMCHAF?�JL?>C=NIL�ONIHIGS GI>?F @ILGIL?�NL;HMJ;L?HN@ILGM��ONIHIGS�

�@�(;J;H?M? � Ð�� �S?;L�IF>MMCHAF?�JL?>C=NIL0?KOCL?MGI>?F @ILGIL?�NL;HMJ;L?HN@ILGM�

0?KOCL?M��A� &?<L?Q � Ð�� �S?;L�IF>M MCHAF?�JL?>C=NIL .L??GJNCIH GI>?F @IL

F?MM�NL;HMJ;L?HN@ILGM�.L??GJNCIH��B� &?<L?Q � Ð�� �S?;L�IF>MMCGOFN;H?IOMGI>?F @IL

F?MM�NL;HMJ;L?HN@ILGM�#P?HN�+?LA?�
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Fig. 1.

CNS
;L? JL?M?HN?>CH�J J?H>CR�� 2B? J;NN?LHI@MCAHC@C=;HNL?MOFNMCM
MOGG; LCT?>CH2;<F? � 
 ;H> CHNB?L?G;CH>?LI@NBCMM?=NCIH�

��	 � � �4.30�

$IL ) �C=B?�
 NB?IHFSIH? I@NB?NBL??G;CHJL?>C=NILMNI MBIQ; MCA�
HC@C=;HN?@@?=NQ;M .L??GJNCIH
;H> IHFS@IL� Ð� S?;L IF>M�MCHAF?;H>

MCGOFN;H?IOM GI> ?FM�;H> ;>OFNM�MCGOFN;H?IOM GI>?F IHFS�
 @IL
GIL?�NL;HMJ;L?HN=;OM;NCP?@ILGM�2B? F;=E I@ .L??GJNCIH;H> #H�
NL?H=BG?HN?@@?=NM@IL) �C=B?� L?MOFNMF;LA?FS@LIGNB?@;=NNB;NIOL =IL�
JOM=IOHNM@;CFNI =;J NOL??HIOABCHMN;H=?MI@NB?N;LA?NP?L<M�HIN?
CH$CA� � BIQ <INBJL?>C=NILM=FOMN?LNCABNFS;LIOH> T?LI�� 2B? HOFF?@�
@?=NI@#P?HN�+?LA? 1?G;H NC=MCMMIG?QB;N GSMNC@SCHAACP?HNB;N�;�
) �C=B?� A?H?L;FFSJ;NN?LHM;M ?RJ?=N?>�;H> FCE?NB?INB?LF;HAO;A?M�
QCNB L?A;L> NI
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Fig. 2.

NB?NBL??MOJJF?G?HN;LSM?G;H NC=JL?>C=NILM
?;=B I@QBC=B=;J NOL?M;
MO<MC>C;LS;MJ?=NI@NB?HINCIHI@?P?HN�G?LA?�;H> �<� ;M Q? QCFFM??
MBILNFS
#P?HN�+?LA?L;NCHAMI< N;CH?>@LIG) �C=B?� MJ?;E?LMMCAHC@C=;HNFS
JL?>C=N>C@@?L?H=?M=IL?M@IL;FFINB?LF;HAO;A?M�2BOM
IOLN?HN;NCP?=IH�
=FOMCIHCMNB;N
>?MJCN?NB?HOFF?@@?=NI@#P?HN�+?LA?
 ) �C=B?� >I?MHIN

IP?L;FF
M??GNI <? L;>C=;FFS>C@@?L?HNNI NB?INB?L@IOLF;HAO;A?MQCNB
L?A;L> NI M?G;H NC=?@@?=NM�

��
 � %08,9?4.>

5CNB NB? ?R=?JNCIH I@ ) �C=B?�
 NB? G;CH M?G;H NC=JL?>C=NIL
Event -Merge CM;FGIMN;FQ;SM MCAHC@C=;HNCHMCHAF?�JL?>C=NIL GI> ?FM
���
 �� GI> ?FM�
;=LIMMF;HAO;A?M
;A?�ALIOJM;H> @ILGM�F?MM�NL;HM�
J;L?HN
GIL?�NL;HMJ;L?HN
>C@@?L?H=?M=IL?M��2B? IHFS?R=?JNCIHM�INB?L
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Fig. 3.

NB;H) �C=B?�� ;L? &?<L?QF?MM�NL;HMJ;L?HN@ILGM
@IL;FF;A? ALIOJM�'H
NB?G;CH
 NBCM?@@?=NMOLPCP?MNB?GIL? MNLCHA?HNMCGOFN;H?IOM;H;FS�
MCM���
 �� GI> ?FM�
QCNBNB?IHFS?R=?JNCIHM�INB?LNB;H) �C=B?��
 �;�
F?MM�NL;HMJ;L?HN@ILGM@IL&?<L?Q;FF;A? ALIOJM;H> #HAFCMB� Ð� S?;L
IF>M
�<� GIL?�NL;HMJ;L?HN@ILGM@IL#HAFCMB
&?<L?Q ;H> (;J;H ?M?
� Ð� S?;L IF>M
;H> &CH>C;>OFNM
;H> �=� >C@@?L?H=?M=IL?M@IL&?<L?Q
�;FF ;A? ALIOJM��2B;N CM
;FF<ONIH? I@NB?M?HOFF?@@?=NMI= =OLM@IL
NB? SIOHA?MN

=BCF>L?H;H>
 IL @IL&?<L?Q�2B? HOFF?@@?=NM@ILNB?SIOHA?MN=BCF>L?H
;L? =IHMCMN?HNQCNBNB?JIMMC<CFCNSNB;NNB?SB;P? S?NNI @OFFSF?;LH
NB?L?F?P;HNM?G;H NC=JLIJ ?LNC?MI@NB?P?L<M;H>
 IL NB?GIL?� ;H>
F?MM�NL;HMJ;L?HN=IHMNLO=NCIHM
<ON;FMIQCNBNB?F?MMCHN?L?MNCHAJIMMC<CF�
CNSNB;NNB?SMCGJFSMBIQHICMC?LJ?L@ILG;H=? IH NB?DO>AG?HNN;ME�

2B? MOJJF?G?HN;LSM?G;H NC=JL?>C=NILMÐ �;� Auton omy I@OH>?L�
AI?L
 �<� Di rective �P?L<;F�
 HINJBSMC=;F
 =;OM;NCIH
;H> �=� Requires
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Fig. 4.

?RN?LH;F =;OM?@IL?P?HNNI I= =OLQ?L? MCAHC@C=;HN@IL��
 �� >C@@?L�
?H=?�M=IL?GI> ?FM�NB?M?JL?>C=NILM;L? BCABFS=IFFCH?;LQCNBIH? ;H�
INB?L
;H> MI Q?L?;MM?MM?>CHMCHAF?�JL?>C=NILGI> ?FMIHFS�� 2B? HOFF
^H>CHAMQ?L? ;FF I< M?LP?>@IL) �C=B?� � Ð�� S?;L IF>M�2B? @;=NNB;N
<INB NB?SIOHA?L;H> IF>?L ) �C=B?� MJ?;E?LMH?P?LNB?F?MMMBIQ?>NB?
JL?>C=N?>?@@?=NMMOAA?MNMNB;NNB?HOFF̂H>CHA@ILNB?� Ð�� S?;L IF>M
Q;M ; <FCJ�J?LB;JM L?F;N?>NI NB?J;LNC=OF;L =BCF>L?HMNO>C?>�
 J;L �
NC=OF;LFS ACP?H

NB;NHIH? I@NB?INB?LF;HAO;A?MMBIQ?>;HS MOAA?MNCIHI@3 �MB;J?>
>?P?FIJ G?HN�2B? <S�M?HN?H=?�NSJ?;H;FSM?MMBIQ?>NB;NNB?MCAHC@C�
=;HN?@@?=NMI< M?LP?>L?MOFN?>G;CHFS@LIG?@@?=NMI@NB?MOJJF?G?H�
N;LSM?G;H NC=JL?>C=NILMIH F?MM�NL;HMJ;L?HN=;OM;NCP?@ILGM���
 ��
MCAHC@C=;HN?@@?=NM
QCNBNB?MCRHOFF?@@?=NM;FF@ILNB?NQI SIOHA?MN
) �C=B?� ALIOJM�
L;NB?LNB;HGIL?�NL;HMJ;L?HN=;OM;NCP?@ILGM���
 ����
 LI;>FS MJ?;ECHA
#HAFCMB;H> (;J;H ?M?MJ?;E?LMMBIQ?>NB?M??@@?=NM
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Fig. 5.

QBCF?&?<L?Q
 &CH>C�?R=?JN@IL0?KOCL?M�;H> ) �C=B?� �?R=?JN@IL
� Ð� S?;L IF>M� >C>HIN� 2BCMJ;NN?LHJLI< ; <FSL?_?=NMNB?@;=NNB;N
GIL?�NL;HMJ;L?HN=;MO; NCPCT;NCIHCMF?MMÒ=BIIMSÓNB;HF?MM�NL;HMJ;L?HN
=;OM;NCPCT;NCIHQCNBL?A;L> NI NB?P?L<MNI QBC=BCN;J JFC?M�

��� � "=008;?4:9 ,9/ 09?=09.3809?

5CNBNB??R=?JNCIHI@) �C=B?�
 <INBI@NB?M?JL?>C=NILM;L? ;FGIMN;F�
Q;SMMCAHC@C=;HNCHMCHAF?�JL?>C=NILGI> ?FM���
 �� GI> ?FM�
;=LIMMF;H�
AO;A?M
;A?�ALIOJM;H> @ILGM�F?MM�NL;HMJ;L?HN
GIL?�NL;HMJ;L?HN
>C@�
@?L?H=?M=IL?M��2B? IHFS?R=?JNCIHM�INB?LNB;H) �C=B?�� ;L? ?HNL?H=B
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Table 4
1CAHC@C=;HN?@@?=NMI< M?LP?>;=LIMMF;HAO;A?M;H> ;H;FSM?M�

"Ca?L?H=?�M=IL?M��M??$CAM�� Ð� @IL�>?N;CFM�

*;HAO;A? #a?=N 1CHAF?�JL?>C=NIL�GI>?F 1CGOFN;H?IOM�GI>?F

� Ð� � Ð�� �>OFNM � Ð� � Ð�� �>OFNM

#HAFCMB .L??GJNCIH 7 7 7 , , ,
#HNL?H=BG?HN 7 7 7 , , ,
#P?HN�+?LA? 7 7 7 7 7 7

&?<L?Q .L??GJNCIH 7 7 7 7 7 7
#HNL?H=BG?HN 7 7 7 , , ,
#P?HN�+?LA? 7 7 7 , , ,

&CH>C .L??GJNCIH 7 7 7 , , ,
#HNL?H=BG?HN 7 7 7 , , ,
#P?HN�+?LA? 7 7 7 7 7 7

(;J;H?M? .L??GJNCIH 7 7 7 , 7 7
#HNL?H=BG?HN 7 7 7 , , ,
#P?HN�+?LA? 7 7 7 7 7 7

) �C=B?� .L?�?GJNCIH , , , , , ,
#HNL?H=BG?HN , , , , , ,
#P?HN�+?LA? , , , , , ,

1OJJF?G?HN;LS�M?G;HNC=�JL?>C=NILM��M??��JJ?H>CR���@IL�>?N;CFM�

*;HAO;A? #a?=N 1CHAF?�JL?>C=NIL�GI>?F

� Ð� � Ð�� �>OFNM

#HAFCMB �ONIHIGS�I@�OH>?LAI?L 7 7 7
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F
�=;OM;NCIH7 7 7
0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI�I==OL7 7 7

&?<L?Q �ONIHIGS�I@�OH>?LAI?L 7 7 7
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F
�=;OM;NCIH7 7 7
0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI�I==OL7 7 7

&CH>C �ONIHIGS�I@�OH>?LAI?L 7 7 7
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F
�=;OM;NCIH7 7 7
0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI�I==OL7 7 7

(;J;H?M? �ONIHIGS�I@�OH>?LAI?L 7 7 7
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F
�=;OM;NCIH7 7 7
0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI�I==OL7 7 7

) �C=B?� �ONIHIGS�I@�OH>?LAI?L 7 , 7
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F
�=;OM;NCIH7 , 7
0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI�I==OL7 , 7

*?MM�NL;HMJ;L?HN�@ILGM��G;CH�JL?>C=NILM��M??��JJ?H>CR���@IL�>?N;CFM�

*;HAO;A? #a?=N 1CHAF?�JL?>C=NIL�GI>?F 1CGOFN;H?IOM�GI>?F

� Ð� � Ð�� �>OFNM � Ð� � Ð�� �>OFNM

#HAFCMB .L??GJNCIH 7 7 7 , , ,
#HNL?H=BG?HN 7 7 7 7 7 7
#P?HN�+?LA? 7 7 7 , 7 7

&?<L?Q .L??GJNCIH 7 7 7 , , ,
#HNL?H=BG?HN 7 7 7 7 7 7
#P?HN�+?LA? 7 7 7 , , ,

&CH>C .L??GJNCIH 7 7 7 7 7 7
#HNL?H=BG?HN 7 7 7 , , ,
#P?HN�+?LA? 7 7 7 7 7 7

(;J;H?M? .L??GJNCIH 7 7 7 , , ,
#HNL?H=BG?HN 7 7 7 , 7 7
#P?HN�+?LA? 7 7 7 7 7 7

) �C=B?� .L?�?GJNCIH , , , , , ,
#HNL?H=BG?HN , , , , , ,
#P?HN�+?LA? , , , , , ,

*?MM�NL;HMJ;L?HN�@ILGM��MOJJF?G?HN;LS�M?G;HNC=�JL?>C=NILM��M??��JJ?H>CR���@IL
>?N;CFM�

*;HAO;A? #a?=N 1CHAF?�JL?>C=NIL�GI>?F

� Ð� � Ð�� �>OFNM

#HAFCMB �ONIHIGS�I@�OH>?LAI?L 7 7 7
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F

=;OM;NCIH

7 7 7

0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI
I==OL

7 7 7

&?<L?Q �ONIHIGS�I@�OH>?LAI?L 7 7 7
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F

=;OM;NCIH

7 7 7

0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI
I==OL

7 7 7

&CH>C �ONIHIGS�I@�OH>?LAI?L 7 7 7
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F

=;OM;NCIH

7 7 7

0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI
I==OL

7 7 7

(;J;H?M? �ONIHIGS�I@�OH>?LAI?L 7 7 7
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F

=;OM;NCIH

7 7 7

0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI
I==OL

7 7 7

) �C=B?� �ONIHIGS�I@�OH>?LAI?L , , 7
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F

=;OM;NCIH

, , 7

0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI
I==OL

, , 7

+IL?�NL;HMJ;L?HN�@ILGM��G;CH�JL?>C=NILM��M??��JJ?H>CR���@IL�>?N;CFM�

*;HAO;A? #a?=N 1CHAF?�JL?>C=NIL�GI>?F 1CGOFN;H?IOM�GI>?F

� Ð� � Ð�� �>OFNM � Ð� � Ð�� �>OFNM

#HAFCMB .L??GJNCIH 7 7 7 , , ,
#HNL?H=BG?HN 7 7 7 , 7 ,
#P?HN�+?LA? 7 7 7 , 7 7

&?<L?Q .L??GJNCIH 7 7 7 7 7 7
#HNL?H=BG?HN 7 7 7 , , ,
#P?HN�+?LA? , , , , 7 7

&CH>C .L??GJNCIH 7 7 7 7 , ,
#HNL?H=BG?HN , 7 7 , 7 ,
#P?HN�+?LA? 7 7 7 7 7 ,

(;J;H?M? .L??GJNCIH 7 7 7 7 , ,
#HNL?H=BG?HN , 7 7 , , ,
#P?HN�+?LA? 7 7 7 , 7 7

) �C=B?� .L?�?GJNCIH 7 , , 7 , 7
#HNL?H=BG?HN , , , , , ,
#P?HN�+?LA? , , , , , ,

+IL?�NL;HMJ;L?HN�@ILGM��MOJJF?G?HN;LS�M?G;HNC=�JL?>C=NILM��M??��JJ?H>CR���@IL
>?N;CFM�

*;HAO;A? #a?=N 1CHAF?�JL?>C=NIL�GI>?F

� Ð� � Ð�� �>OFNM

#HAFCMB �ONIHIGS�I@�OH>?LAI?L 7 7 7
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F

=;OM;NCIH

7 7 7

0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI
I==OL

7 7 7

&?<L?Q �ONIHIGS�I@�OH>?LAI?L , , ,
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F

=;OM;NCIH

, , ,

0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI
I==OL

, , ,

&CH>C �ONIHIGS�I@�OH>?LAI?L 7 , ,
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F

=;OM;NCIH

, , ,

0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI
I==OL

7 7 ,

(;J;H?M? �ONIHIGS�I@�OH>?LAI?L 7 7 7
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F

=;OM;NCIH

7 7 7

0?KOCL?M�?RN?LH;F�=;OM?�@IL�?P?HN�NI
I==OL

7 7 7

) �C=B?� �ONIHIGS�I@�OH>?LAI?L 7 , ,
"CL?=NCP?��P?L<;F�
�HIN�JBSMC=;F
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NB?JL??GJNCIH;H> ?HNL?H=BG?HNJL?>C=NILM;L? ?RNL?G?FSBCABFS=IL�
L?F;N?>�M??�J J?H>CR��� MIGO=BMI
NB;NQ? =;H B;P? FCNNF?@;CNBCHNB?
;<CFCNSI@NB?MCGOFN;H?IOMGI> ?FMNI M?J; L;N?NB?G��M >?GIHMNL;N?>
<S 5?MN@;FF;H> 7;LEIHC������ 
 QB?HJL?>C=NILM;L? BCABFS=ILL?F;N?>

NB?S=;H <? M?J; L;N?>OMCHAL?AL?MMCIHN?=BHCKO?MIHFSQB?HNB?S;L?
G?; MOL?>?MM?HNC;FFS;0=10.?7D� 'H NB?JL?M?HNMNO>S
<INB .L??GJNCIH
;H> #HNL?H=BG?HN;L? G?; MOL?>?RNL?G?FS48;0=10.?7D
 <?=;OM?<INB;L?
?MNCG;N?> IH NB?<; MCMI@=ILJOM>;N;
 L;NB?LNB;HNB?CHJONF;HAO;A?
NI QBC=BNB?J;LNC=CJ;HNMQ?L?;=NO;FFS?RJIM?>� �M IH? QIOF>?RJ?=N
NB?H
NB?MCGOFN;H?IOM�GI>?F >;N; MOAA?MNHI =F?;LQCHH?L�.L??GJNCIH
CMMCAHC@C=;HNCH�� GI> ?FM
#HNL?H=BG?HNCH�� �H?P?L<INBCHNB?M;G?
GI>?F� QCNBHI =F?;LJ;NN?LHCHN?LGMI@F;HAO;A?M
;A?�ALIOJMIL @ILGM�

&IQ ?P?L
CNCMCGJIL N;HNNI ?GJB; MCT?NB;NNBCM>I?MHING?;H NB;N
NB?JL??GJNCIH;H> ?HNL?H=BG?HNBSJINB?M?M;L? HINMOJJILN?><S NB?
JL?M?HN>;N;M?N�5B;N NB?=IG J;LCMIH<?NQ??HNB?MCHAF?�JL?>C=NIL;H>
MCGOFN;H?IOMGI> ?FMCMN?FFCHAOMÐNIA?NB?LQCNBNB?JL?>C=NIL�=ILL?F;�
NCIH>;N; MBIQHCH�J J?H>CR� ÐCMNB;N<INBJL??GJNCIH;H> ?HNL?H=B�
G?HN;L? MCAHC@C=;HNJL?>C=NILMI@J;LNC=CJ;HNM� DO>AG?HNM
<ON=;H=?F
?;=B INB?LIONCHNB?MCGOFN;H?IOMGI> ?FM�2B;NCM
<?=;OM?NB?SF;LA?FS
?RJF;CHNB?M;G? P;LC;H=? CHJ;LNC=CJ;HNM� DO>AG?HNM
<INBJL??GJNCIH
;H> ?HNL?H=BG?HN;L? LI<<?> I@NB?IJ JIL NOHCNSNI ;==IOHN@ILP;LC�
;H=? ;==IOHN?>@IL<S NB?INB?L�2I =IH^LG NBCMCHNOCNCIH
Q? L;H ;
M?LC?MI@OHJF;HH?>
HIH�L?ACMN?L?>;H;FSM?M�IH NB?>C@@?L?H=?M=IL?M
IHFS�QCNBIHFSIH? I@NB?NQI MN;NCMNC=;FJL?>C=NILMÐ?CNB?LJL??GJNCIH
IL ?HNL?H=BG?HNÐL?N;CH?>CHNB?MCGOFN;H?IOMGI>?F �;FIHAMC>?#P?HN
+?LA?M?G;H NC=M��2B?M?;H;FSM?M�M??�J J?H>CR�� =IH^LG?> NB;N
QCNB
NB??R=?JNCIHI@) �C=B?�
 JL??GJNCIHCM;FQ;SMMCAHC@C=;HN� ; � ����� CH
; NQI�JL?>C=NILGI>?F QCNB?HNL?H=BG?HNL?GIP?> ;H> PC=?P?LM;�'H�
>??>
 ?P?H@IL) �C=B?�
 JL??GJNCIHH;LLIQFSL?;=B?> MCAHC@C=;H=? @IL
;>OFNM� ; � ������� 2BOM
NB?;J JLI JLC;N?=IH=FOMCIHCMNB;N
?R=?JN@IL
) �C=B?�
 JL??GJNCIHIL ?HNL?H=BG?HNCM;FQ;SMIJ ?L; NCIH;F�CH;> >CNCIH
NI M?G;H NC=M�<ONNB;N
>O?NI =IFFCH?;LCNS<?NQ??HNB?M?JL?>C=NILM
Q?
=;HHINN?FFQBC=B�2B?L?F;NCIHMBCJ<?NQ??HNB?NQICMBIQ ?P?L=F;LĈ?>
=IHMC>?L;<FS<SNB?=IG JON;NCIH;FGI> ?FCHAQILE JL?M?HN?><?FIQ�

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

,?RN
 CH;H OHJF;HH?>
HIH�JL?L?ACMN?L?>;H;FSMCM
Q? =IFF;JM?>;FF
F;HAO;A?M?R=?JN@IL) �C=B?� �@ILQBC=BQ? ;FL?;>S EHIQ HI JL?>C=NILM
;L? MCAHC@C=;HN�CHNI; MCHAF?;H;FSMCM
CH=FO>CHAF;HAO;A?
;H> CNMCHN?L�
;=NCIHMQCNB.L??GJNCIH
#HNL?H=BG?HN;H> #P?HN�+?LA?
 ;M ^R?> ?@�
@?=NM� ? =;OM?CNCM;FL?;>S=F?;LNB;N
QCNBP?LS@?Q?R=?JNCIHM
;FFNBL??
JL?>C=NILM;L? ;FQ;SMMCAHC@C=;HNCHMCHAF?�JL?>C=NILGI> ?FM
NBCM;H;FSMCM
OM?>MCGOFN;H?IOMGI> ?FMIHFS�2B?M?GI> ?FM;L? MOGG; LCT?>CH2;<F?
� �

'H N?LGMI@G;CH ?@@?=NM
NB?^H>CHAMA?H?L;FFS?=BI NB?CH>CPC>�
O;F <S�F;HAO;A? ;H;FSM?M
SC?F>CHAÐ CHGIMN=;M?MÐ ;H ?@@?=NI@
#P?HN�+?LA? ;H> ?CNB?L.L??GJNCIHIL #HNL?H=BG?HN
NBIOABOMO;FFS
HIN<INB�>O?NI =IFFCH?;LCNS��'H N?LGMI@CHN?L;=NCIHM
@I=OMMCHAIH >C@�
@?L?H=?M=IL?MÐ QBC=BCM; AII> Q;S NI H?ONL;FCT?>C@@?L?H=?MCH;< �
MIFON?L;NCHAM@IL=ILL?MJIH>CHA@ILGM;=LIMM>C@@?L?HNF;HAO;A?MÐ.L?�
?GJNCIH
#HNL?H=BG?HN;H> #P?HN�+?LA??@@?=NMQ?L?=IG J;L?> NI #HA�
FCMB
NB?;L<CNL;LCFS=BIM?HL?@?L?H=?=;N?AILS� �M =IG J;L?> NI #HA�
FCMB
.L??GJNCIH?@@?=NMQ?L? F;LA?L@IL&?<L?Q �� Ð�� �S?;L�IF>M;H>
;>OFNM�;H> (;J;H ?M?�� Ð�� �S?;L�IF>MIHFS�� #HNL?H=BG?HN?@@?=NMQ?L?
MG;FF?LCH(;J;H ?M?�� Ð�� �S?;L�IF>M;H> ;>OFNM��'HN?L?MNCHAFS
@IL<INB
� Ð�� �S?;L�IF>M;H> ;>OFNM
#P?HN�+?LA??@@?=NMQ?L?MG;FF?L@IL;FFNBL??
F;HAO;A?MÐ &?<L?Q
 &CH>C;H> (;J;H ?M?Ð NB;H@IL#HAFCMB�;H> FCE?�
QCM?@IL&?<L?Q� Ð� S?;L IF>M��'NQIOF><? OHQCM?NI >L;Q MNLIHANB?�
I L?NC=;F =F;CGMIH NB?<; MCMI@NB?M?OHJF;HH?>;H;FSM?M
@ILQBC=BHI
MJ?=C^=JL?>C=NCIHMQ?L?G;>?� &IQ ?P?L
CNQIOF>M??GM;@?NIM;SNB;N

;FNBIOAB?@@?=NMI@.L??GJNCIH
#HNL?H=BG?HN;H> 1?G;H NC=M;L? A?H

?L;FFSI< M?LP?>;=LIMMF;HAO;A?M
>C@@?L?HNF;HAO;A?M;L? @L??NI >L;Q
>C@@?L?HN<IOH>;LC?MQCNB?R;=NFSBIQ GO=B_?RC<CFCNSCM;FFIQ?> CHNB?
MSMN?G�

'H NBCML?A;L>
 CNCMCHN?L?MNCHANI HIN?NB;NÐ;MCH>C=;N?><SNB?̂ R?>
?@@?=NM@ILF;HAO;A?Ð (;J;H ?M?;H> &CH>C�;N F?;MN@ILNB?NQI IF>?L
ALIOJM�B;P? L?MJ?=NCP?FSF;LA?L;H> MG;FF?L>C@@?L?H=?M=IL?M;=LIMMNB?
<I;L> NB;H#HAFCMB�-@=IOLM?
Q? =;HHINLOF?IONNB?JIMMC<CFCNSNB;N
NB?M?>C@@?L?HNJIJ OF;NCIHMMCGJFS;J JLI;=B NB?L;NCHAN;ME>C@@?L?HNFS�
'@N;E?H;N @;=?P;FO?
BIQ ?P?L
NB?M?̂H>CHAMMOAA?MNNB;N(;J;H ?M?
CMGIL? LCAC>NB;H#HAFCMB
A?H?L;FFS;FFIQCHAIHFSNB?GIL?�NL;HMJ;L �
?HNIL IHFSNB?F?MM�NL;HMJ;L?HN=;OM;NCP?@ILGI@?;=B P?L<LIIN� !IH �
P?LM?FS
&CH>CCMGIL? _?RC<F?NB;H#HAFCMB
I@N?H;FFIQCHA<INB NB?
GIL?� ;H> F?MM�NL;HMJ;L?HN=;OM;NCP?@ILGI@?;=B P?L<LIIN� &?<L?Q
;N
F?;MNIH NB?<; MCMI@NB?;>OFNL;NCHAM
MCNM;FIHAMC>?#HAFCMBCH<?NQ??H
(;J;H ?M?;H> &CH>C�

��
 � %@;;70809?,=D�@9;7,990/� ,9,7D>4>��A09?��0=20 ,> , .=:>>7492@4>?4.
>08,9?4.@94A0=>,7

�M ; M?=IH> OHJF;HH?>;H;FSMCM
Q? >?=C>?>NI CHP?MNCA;N?QB?NB?L

;MJLI JIM?><S1BC<;N;HC;H> .;L>?MBC������ 
 #P?HN�+?LA? IJ ?L;N?M;M
; M?G;H NC==IHMNL;CHN;=LIMMF;HAO;A?M
Q? CHP?MNCA;N?>NB?;<CFCNSI@
#P?HN�+?LA? L;NCHAM=IFF?=N?>@IL?;=B F;HAO;A?NI JL?>C=NNB?AL;G�
G;NC=;FCNSDO>AG?HNM�;>OFN>C@@?L?H=?M=IL?M�@IL?;=B I@NB?INB?LF;H�
AO;A?M�1CH=?NBCMCMIHFS;H ?RJFIL;NILS;H;FSMCM
Q? =IH>O=N?>=ILL?F;�
NCIHMIH NB?G?;H M=IL?M@IL?;=B P?L<
L;NB?LNB;HLOHHCHA; @OFFMOCN?
I@�� @OLNB?LGCR?>�?@@?=NMGI> ?FM�2B? L?MOFNM;L? MOGG; LCT?>CH2;<F?
� �

2BCM;H;FSMCML?P?;F?>NB;N
CH?P?LS=;M?
?P?HN�G?LA?L;NCHAMI< �
N;CH?>@LIGMJ?;E?LMI@IH? F;HAO;A?MCAHC@C=;HNFSJL?>C=N?>;>OFN>C@�
@?L?H=?M=IL?MI< N;CH?>;=LIMM;FF@IOLINB?LF;HAO;A?M�$OLNB?LGIL?

NB?CHNL;�F;HAO;A? =ILL?F;NCIHMQ?L?
 C@;HSNBCHA
A?H?L;FFSMFCABNFS
F;LA?LNB;HNB?CHN?L�F;HAO;A? =ILL?F;NCIHM�'H>??>
 NB?IHFS=ILL?F;�
NCIHHINNI L?;=B MCAHC@C=;H=?Q;M <?NQ??H) �C=B?� #P?HN�+?LA? L;NCHAM
;H> ) �C=B?� >C@@?L?H=?M=IL?M
?P?HNBIOAB) �C=B?� #P?HN�+?LA? L;NCHAM
Q?L?=ILL?F;N?>QCNB>C@@?L?H=?M=IL?M@LIG;FF@IOLINB?LF;HAO;A?M;N
; � ����� �FNBIOABNB?) �C=B?� ^H>CHAM;L? >C@̂=OFNNI ?RJF;CH
IP?L;FF

NBCM;H;FSMCM=IHMNCNON?M?PC>?H=?@IL1BC<;N;HC;H> .;L>?MBC�M������
=F;CGNB;N
QCNBL?A;L> NI =;OM;NCPCNS
#P?HN�+?LA? =IHMNCNON?MMIG?�
NBCHA;J JLI;=B CHA; M?G;H NC=OHCP?LM;F�NBIOAB
I@=IOLM?
; QC>?LM;G�
JF?I@OHL?F;N?>F;HAO;A?M� QIOF> <? H??>?>NI N?MNNBCM=F;CGGIL?
@OFFS��

 ? @IL?GIP CHAIH
 CNCMCGJIL N;HNNI ;=EHIQF?>A?NBL??JI N?HNC;FI< �
D?=NCIHMNI NB?IJ ?L; NCIH;FCT;NCIHI@NB?JL?>C=NILMCHNB?JL?M?HNMNO>S�
$CLMN
Q? =IH=?JNO;FCT?>JL??GJNCIHL;NB?LH;LLIQFS;M CHPIFPCHAIHFS
NQI @ILGMI@NB?M;G?LIIN �?�A�
 -=0,6 ;H> 8,60 -=0,6 @IL#HAFCMB�?:$
;H> &@?,, @IL&CH>C��'H L?;FFC@?
IP?LA?H?L;FCT?>@ILGM�?�A�
 �%30/40/
348� ;L? ;FMI JL??GJN?><S @ILGMQCNB>C@@?L?HNLIINM�?�A�
 %3064770/
348�� 'NQ;MHINJIMMC<F?QCNBCHNB?NCG?=IHMNL;CHNMI@NB?MNO>SNI A?H�
?L;N? ;H> =IOHN;FFMO=BJIMMC<F?;FN?LH;NCP?=IG J?NCNILM�0;NB?L
Q?
MIOABNNI GCHCGCT?NB?JLI<F?G<SM?F?=NCHAIHFSP?L<MNB;N=;H JI N?H�
NC;FFS;J J?;L CHGIL?� ;H> F?MM�NL;HMJ;L?HN@ILGMQCNBNB?M;G?LIIN CH
;FFF;HAO;A?M�C�?�
Q? ;PIC>?>J;CLMFCE?6477
 /40��

1?=IH>
 @IL<INB NB?JL??GJNCIH;H> ?HNL?H=BG?HNJL?>C=NILM
NB?
<;M? L;N?M�MBIQH CH2;<F?M� Ð� ;M Ò;FFINB?LP?L<MÓ�
 ;L? =;F=OF;N?>
HIN@IL;FFINB?LP?L<MCHNB?F;HAO;A?;M ; QBIF?
 <ONIHFS;FFINB?L
P?L<MCHIOL P?L<M?N��FNBIOABNB?@ILG?L QIOF>B;P? <??HJL?@?L;<F?

MO=B=IOHNM;L? CGJIMMC<F?NI I< N;CHOMCHA;ONIG;N?> JLI =?>OL?M�5?
;NN?GJN?>NI GCNCA;N?;A;CHMNNBCMJLI<F?G<S M?F?=NCHAP?L<MNB;N;L?

@IL?;=B F;HAO;A?
 MJFCNL?F; NCP?FS?P?HFS<?NQ??HGIL?�NL;HMJ;L?HN�

� �FNBIOABNB?F;HAO;A?MCHNB?JL?M?HNMNO>S;L? G;CHFS@LIG>Ca?L?HN@;GCFC?M

#HAFCMB;H> &CH>C;L? �KOCN?>CMN;HNFS�L?F;N?>;NNB?F?P?FI@.LINI �'H>I �#OLIJ?;H�
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Table 5
�FF�F;HAO;A?;H;FSMCM�

"Ca?L?H=?�M=IL?M �A?�� Ð� >@ N J �A?�� Ð�� >@ N J �>OFNM >@ N J

#MN 1# #MN 1# #MN 1#

'HN?L=?JN ���� ���� ��� ���� ���� ���� ���� ��� ���� ���� ���� ���� �� ���� 0.00
.L??GJNCIH ���� ���� ���� ���� ���� ���� ���� ���� ���� 0.00 ���� ���� ���� ���� 0.00
*;HA � &?<L?Q ���� ���� ��� ���� ���� ���� ���� ��� ���� 0.00 ý ���� ���� ��� ý ���� ����

*;HA � &CH>C ý ���� ���� ��� ý ���� 0.00 ý ���� ���� ��� ý ���� 0.00 ý ���� ���� ��� ý ����� 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 ý ���� ���� ���� ý ���� ���� ý ���� ���� ���� ý ���� ���� ý ���� ���� ���� ý ���� ����

.L?�(;J;H?M? ý ���� ���� ���� ý ���� ���� ���� ���� ���� ���� 0.03 ý ���� ���� ���� ý ���� ����

#HN�&?<L?Q ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
#HN�&CH>C ���� ���� ���� ���� ���� ý ���� ���� ���� ý ���� ���� ���� ���� ���� ���� ����

#HN�(;J;H?M? ý ���� ���� ���� ý ���� ���� ý ���� ���� ���� ý ���� 0.00 ý ���� ���� ���� ý ���� 0.00

#�+�&?<L?Q ý ���� ���� ��� ý ���� 0.01 ý ���� ���� ��� ý ���� 0.00 ý ���� ���� ��� ý ����� 0.00

#�+�&CH>C ���� ���� ��� ���� ���� ý ���� ���� ��� ý ���� 0.00 ý ���� ���� ��� ý ���� 0.00

#�+�(;J;H?M? ý ���� ���� ��� ý ���� ���� ý ���� ���� ��� ý ���� 0.02 ý ���� ���� ��� ý ���� 0.00

*?MM�NL;HMJ;L?HN
'HN?L=?JN ���� ���� ��� ����� 0.00 ���� ���� ��� ����� 0.00 ���� ���� ��� ����� 0.00
.L??GJNCIH ý ���� ���� ���� ý ���� ���� ý ���� ���� ���� ý ���� ���� ý ���� ���� ���� ý ���� ����

*;HA � &?<L?Q ý ���� ���� ��� ý ���� ���� ý ���� ���� ��� ý ���� 0.00 ý ���� ���� ��� ý ���� 0.00

*;HA � &CH>C ý ���� ���� ��� ý ���� 0.01 ý ���� ���� ��� ý ���� 0.04 ý ���� ���� ��� ý ���� 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?M? ���� ���� ��� ���� ���� ���� ���� ��� ���� 0.00 ���� ���� ��� ���� 0.01
#HN�&?<L?Q ���� ���� ���� ���� ���� ���� ���� ���� ���� 0.00 ���� ���� ���� ���� 0.00
#HN�&CH>C ý ���� ���� ���� ý ���� 0.00 ý ���� ���� ���� ý ����� 0.00 ý ���� ���� ���� ý ����� 0.00

#HN�(;J;H?M? ý ���� ���� ��� ý ���� 0.00 ý ���� ���� ���� ý ���� 0.00 ý ���� ���� ���� ý ����� 0.00

#�+�&?<L?Q ý ���� ���� ��� ý ���� ���� ý ���� ���� ��� ý ���� 0.00 ý ���� ���� ��� ý ���� 0.00

#�+�&CH>C ���� ���� ��� ���� 0.02 ý ���� ���� ��� ý ���� ���� ���� ���� ��� ���� ����

#�+�(;J;H?M? ���� ���� ��� ���� ���� ý ���� ���� ��� ý ���� 0.03 ý ���� ���� ��� ý ���� 0.02

+IL?�NL;HMJ;L?HN
'HN?L=?JN ���� ���� ��� ����� 0.00 ���� ���� ��� ����� 0.00 ���� ���� ��� ����� 0.00
.L??GJNCIH ���� ���� ���� ���� 0.00 ���� ���� ���� ���� 0.00 ���� ���� ��� ���� 0.00
*;HA � &?<L?Q ý ���� ���� ��� ý ���� ���� ý ���� ���� ��� ý ���� 0.00 ý ���� ���� ��� ý ���� 0.00

*;HA � &CH>C ���� ���� ��� ���� 0.01 ���� ���� ��� ���� 0.00 ���� ���� ��� ���� 0.00
*;HA � (;J;H?M? ���� ���� ��� ���� ���� ý ���� ���� ��� ý ���� 0.00 ý ���� ���� ��� ý ���� ����

#HNL?H=BG?HN ���� ���� ��� ý ���� ���� ���� ���� ��� ���� 0.02 ���� ���� ���� ���� ����

#P?HN�+?LA? ý ���� ���� ��� ý ���� 0.01 ý ���� ���� ��� ý ���� 0.00 ý ���� ���� ��� ý ���� 0.00

.L?�&?<L?Q ���� ���� ��� ���� ���� ���� ���� ��� ���� 0.00 ���� ���� ��� ���� 0.00

.L?�&CH>C ���� ���� ��� ���� ���� ý ���� ���� ��� ý ���� ���� ý ���� ���� ��� ý ���� ����

.L?�(;J;H?M? ý ���� ���� ��� ý ���� ���� ���� ���� ��� ���� ���� ý ���� ���� ��� ý ���� ����

#HN�&?<L?Q ���� ���� ��� ���� ���� ���� ���� ��� ���� ���� ���� ���� ���� ���� 0.00
#HN�&CH>C ý ���� ���� ��� ý ���� ���� ���� ���� ��� ���� ���� ���� ���� ���� ���� 0.01

#HN�(;J;H?M? ý ���� ���� ��� ý ���� ���� ���� ���� ��� ���� ���� ���� ���� ���� ���� 0.01

#�+�&?<L?Q ���� ���� ��� ���� 0.00 ���� ���� ��� ���� 0.00 ���� ���� ��� ����� 0.00
#�+�&CH>C ���� ���� ��� ���� ���� ���� ���� ��� ���� ���� ���� ���� ��� ���� 0.00
#�+�(;J;H?M? ���� ���� ��� ���� ���� ���� ���� ��� ���� ���� ���� ���� ��� ���� ����

Table 6
!LIMMFCHAOCMNC=?P?HN�G?LA?;H;FSMCM�

#HAFCMB
"Ca

&?<L?Q
"Ca

&CH>C
"Ca

(;J;H?M?
"Ca

)�C=B?�
"Ca

#HAFCMB�#P?HN�+?LA? ���� ���� ���� ���� ����
&?<L?Q�#P?HN�+?LA? ���� ���� ���� ���� ����
&CH>C�#P?HN�+?LA? ���� ���� ���� ���� ����
(;J;H?M?�#P?HN�+?LA? ���� ���� ���� ���� ����
)�C=B?��#P?HN�+?LA? ���� ���� ���� ���� ����

,IN?� !LCNC=;FL�>@� ��� P;FO?@IL; � ���� � ����� @IL; � ���� � ���� �IH? N;CF?>��

JL?@?LLCHA
F?MM�NL;HMJ;L?HN�JL?@?LLCHA;H> ;G <CP;F?HN
;H> NBOM;ML?J�
L?M?HN;NCP?;MJIMMC<F?I@P?L<MGIL? A?H?L;FFS�2BCMIJ ?L; NCIH;FCT;NCIH
;FMI<FOLMMIG?QB;NNB?>CMNCH=NCIH<?NQ??HJL??GJNCIH;H> ?HNL?H=B�
G?HN;MNB?F;NN?LJL?>C=NILCH=ILJI L;N?MHINIHFSNB?IP?L;FF@L?KO?H=S
I@NB?P?L<<ONNB?HINCIHI@?RJ?=N?>@L?KO?H=SCH; J;LNC=OF;LN;LA?N
=IHMNLO=NCIH�2B;N M;C>
;M Q? ;LAO?CHNB?%?H?L;F"CM=OMMCIH
CNG;S
CH>??><? ;J JLI JLC;N?NI M??JL??GJNCIH;H> ?HNL?H=BG?HNGIL? ;MNQI
MC>?MI@NB?M;G?=ICH�

2BCL>
CNCM>C@̂=OFNNI <? MOL??R;=NFSQB;NQ;M>LCPCHAJ;LNC=CJ;HNM�
<?B;PCIOLCHNB?M?G;H NC=L;NCHAN;MEM��M HIN?><S ;H ;HIHSGIOML?�
PC?Q?L
NB?P?LS;=NI@JLI PC>CHA; L;NCHAG;S =;OM?J;LNC=CJ;HNMNI @I�
=OMIH J;LNC=OF;LJLIJ ?LNC?MI@;H ?P?HNNB;N;L? HIN;FQ;SMM;FC?HNCH
GIL? H;NOL;FCMNC==IHN?RNM�$OLNB?LGIL?
 ;FNBIOABQ? G;CHN;CHNB;NCN
Q;M CGJIL N;HNHIN NI MBIQ NB?=;OM?L
MI ;M NI ;PIC> <C;MCHAJ;LNC=C
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J;HNM� L?MJIHM?M
Q? ;=EHIQF?>A?NB;NF?;PCHANB?=;OM?LOJ NI NB?J;L �
NC=CJ;HNM� CG;ACH;NCIHMCMFCE?FSNIB;P? F?>NIMIG?C>CIMSH=L;NC=L;NCHAM�
2B;N M;C>
NB?̂ H>CHANB;NNB?M?M?G;H NC=L;NCHAMQ?L?;<F? NI JL?>C=N
J;LNC=CJ;HNM� AL;GG;NC=;FCNSDO>AG?HNM?P?H;=LIMMF;HAO;A?M=IH^LGM
NB;NQB;N?P?LM?G;H NC=MNB?M?L;NCHAMQ?L?=;J NOLCHAÐ;H> BIQ ?P?LCH�
>CL?=NFSÐNB?SQ?L?CH>??>�GIL JBI ��MSHN;=NC=;FFSL?F?P;HN�

$CH;FFS
CNCMQILNB=IHMC>?LCHANB??RN?HNNI QBC=BNB?M?L?MOFNMB;P?
CGJFC=;NCIHM@IL�; Q?;E P?LMCIHI@�NB?@;GIOM1;JCL�5BIL@BSJINB?�
M?MNB;NF;HAO;A?MB;J?MNBIOABN�"I MJ?;E?LMI@; J;LNC=OF;LF;HAO;A?
PC?Q; J;LNC=OF;L J;CL I@=;OMCHA	 =;OM?>?P?HNM;M G?LA?>-0.,@>0
NB;NF;HAO;A?G?LA?MNB?NQI QCNBHI H??>@IL;H IP?LN=;OM;NCP?GIL �
JB?G?� -L
 PC=?�P?LM;
>I F;HAO;A?MG?LA?; J;LNC=OF;L J;CL I@=;OM�
CHA	 =;OM?>?P?HNMCHNI; F?MM�NL;HMJ;L?HN=;OM;NCP?<?=;OM?BOG;HM

CHA?H?L;F
 =IH=?JNO;FCT?NB?G;M IH?� �M ; =LIMM�M?=NCIH;F
=ILL?F;�
NCIH;FMNO>S
NB?JL?M?HN̂H>CHAMMJ?;EIHFSCH>CL?=NFSNI NBCMKO?MNCIH�
-H IOL PC?Q
BIQ ?P?L
NB?S;L? GIL? =IHMCMN?HNQCNBNB?M?=IH> ÒG?;H�
CHA�^LMNÓPC?Q
ACP?HNB?̂ H>CHANB;NNB?#P?HN�+?LA?L;NCHAM@LIG?;=B
F;HAO;A? JL?>C=NNB?AL;GG;NC=;FCNSDO>AG?HNMM=IL?M@LIGNB?INB�
?LM�!IH MCMN?HNQCNBNBCMPC?Q
HIN?NB;N(;J;H ?M?;J J?;LMNI <? CHNB?
GC>>F?I@; F?RC=;FCT;NCIHJLI=?MM
PCMC<F?CHNB?@;=NNB;NGIMNF?RC=;F
�F?MM�NL;HMJ;L?HN�=;OM;NCP?M=IHN;CHMIG?L?>O=?>@ILGI@NB?=;OM;NCP?
G;LE?L��>� ,>0� 2BCMMOAA?MNMNB;N
IP?L NCG?
P?L<MQCNB#P?HN�+?LA?M?�
G;H NC=MFIM?IP?LN=;OM;NCP?G;LECHAL;NB?LNB;HNB?1;JCL�5BIL@;FN?L�
H;NCP?�C�?�
P?L<M;L<CNL;LCFSFIMCHAIP?LN=;OM;NCP?G;LECHA
=;OMCHA;H
CH=L?;M?CHJ?L=?CP?>#P?HN�+?LA?M?G;H NC=M��

��� � %@88,=D:1 5@/2809?=0>@7?>

'H MOGG;LS
 NB?JL?M?HN>;N; MOAA?MNNB;N;HS MO==?MM@OF=LIMMFCH�
AOCMNC=;==IOHNI@BIQ =BCF>L?HF?;LHNI G;LE =;OM;NCPCNSQBCF?�?P?H�
NO;FFS�;PIC>CHAIP?LA?H?L;FCT;NCIH?LLILMGOMNSC?F>?@@?=NMI@P?L<1?�
G;H NC=M�#P?HN�+?LA? ;H>
 IL CNMMO<MC>C;LSJL?>C=NILMMBIQ?>MCAHC@C�
=;HN?@@?=NMQCNBCH;H> ;=LIMMF;HAO;A?M�;H> I@.L??GJNCIH;H>
 IL #H�
NL?H=BG?HN�MCAHC@C=;HN@IL;FFF;HAO;A?M
NBIOABIHFSMJIL;>C=;FFS@IL
) �C=B?��
 ;FNBIOABÐ>O?NI =IFFCH?;LCNS<?NQ??HNB?JL?>C=NILMÐQ? =;H�
HINN?FFQBC=B�2B? ;CG I@QILE >?M=LC<?><?FIQ Q;M NB?L?@IL?NI >?�
P?FIJMO=B;H ;==IOHN
CHMN;HNC;N?>;M; =IG JON;NCIH;FGI>?F�

��� � �:8;@?,?4:9,7 8 :/07492

-OL MN;LNCHAJICHNQB?HM??ECHANI >?P?FIJ ; =IG JON;NCIH;FGI>?F
Q;M NB?>CM=LCGCH;NCP?F?;LHCHA@L;G?QILE IONFCH?>CH
@IL?R;G JF?

0;GM=;L ;H> 7;LF?NN������ � -H? ;> P;HN;A?I@NBCM@L;G?QILE CMNB;N
CNB;M;FL?;>S <??HOM?>NI GI>?F ; HOG<?LI@CGJIL N;HNJB?HIG ?H;
CHNB?=BCF>F;HAO;A?;=KOCMCNCIHFCN?L; NOL?
CH=FO>CHAAL;GG;NC=;FA?H�
>?L � �LHIH � 0;GM=;L
 ���� �
 QIL>�F?;LHCHA�?�A�
  ;;S?H
 !BO;HA

1B;@;?C� ;D?MN;H
�  F?PCHM
���� � 0;GM=;L
 "S?
 � )F?CH
���� �
 ;H>
<INBCH_?=NCIH;F;H> >?LCP;NCIH;FGIL JBIFIAS �?�A�
  ;;S?H � 1GIFE;

���� � +CFCH
"CPD;E
"CGCNLCD?PC\ 
 �  ;;S?H
 ���� � 0;GM=;L
 "S?
 �
+=!;OF?S
 ���� � 0;GM=;L � 7;LF?NN
���� �� � M?=IH> ;> P;HN;A?I@NB?
@L;G?QILE CMCNMMCGJFC=CNS�3HFCE?
@IL?R;G JF?
 NBL??�F;S?L=IHH?=�
NCIHCMNH?NQILEM�?�A�
 #HA?FG;HH?N;F�
 ���� �
 >CM=LCGCH;NCP?F?;LHCHA
GI> ?FM>I HINCH=ILJI L;N?BC>>?HOHCNM�'H>??>
 @ILNB?JL?M?HNMCGO�
F;NCIHM
Q? @IOH>NB;N;>>CHA; BC>>?HF;S?LG;>? PCLNO;FFSHI >C@@?L�
?H=?NI NB?L?MOFNM�'N CMCGJIL N;HNNI HIN?
BIQ ?P?L
NB;NMO=B; MCG�
JF?GI>?F CMJIMMC<F?IHFS<?=;OM?Q? =IH=?JNO;FCT?NB?N;ME;N ; L;NB?L
BCABF?P?F�2B? GI>?F�MN;MEMCMMCGJFSNI F?;LH
@IL?;=B P?L<
QBC=BI@
NQI JL?�ACP?H=;OM;NCP?@ILGMCMJL?@?LL?>�!BCF>L?H
I@=IOLM?
@;=?NB?
;> >CNCIH;FN;MEI@F?;LHCHANB?@ILGMNB?GM?FP?M�,?P ?LNB?F?MM
NB?OM?
I@; BCAB�F?P?FN;MECMCGJIL N;HN<?=;OM?CN;FFIQMOMNI OM?;H C>?HNC=;F
GI>?F ;L=BCN?=NOL?@IL;FFF;HAO;A?M�� NBCL>;> P;HN;A?I@NBCM@L;G?�
QILE CMNB;NCNCMQ?FFALIOH>?>CHNB?>I G;CHMI@<INBBOG;H ;H> ;HC�
G;F F?;LHCHAA?H?L;FFS�?�A�
 0?M=ILF;� 5;AH?L
 ���� � 0?M=ILF;
���� �
%OL?=ECM� *IP?
 ���� �
 ;H> MI ?HDISMJMS=BIFIAC=;F JF;OMC<CFCNS;M ;

GI>?F I@F?;LHCHA�OHFCE?
@IL?R;G JF?
GI> ?FMNB;N=IH=?JNO;FCT?NB?
JLI<F?GCHN?LGMI@BCAB�F?P?F ;S?MC;HCH@?L?H=?�?�A�
 &MO� !B;N?L

���� �� -H? >?J;LNOL?@LIGGIMN>CM=LCGCH;NCP?F?;LHCHAGI> ?FMCMNB;N
M?G;H NC=@?;NOL?M;L? L?JL?M?HN?>HINQCNB=O?MNB;N;L? ?CNB?LJL?M?HN
IL ;< M?HN�C�?�
�
 ��
 <ON<S @IOLOHCNMQCNB=IHNCHOIOM;=NCP;NCIH�C�?�

OMCHA; @ILGI@NB?5C>LIQ�&Ia
 L;NB?LNB;H0?M=ILF;�5;A H?L
F?;LHCHA
LOF?��

'NCMCGJIL N;HNNIMNL?MMNB;NNB?GI>?F CMH?P?LJL?M?HN?>QCNBJ;LNC=�
CJ;HNM� AL;GG;NC=;FCNSDO>AG?HN>;N; �QBC=BQIOF>G;E? NB?F?;LHCHA
N;MENLCPC;F
;>>CHAHINBCHA<?SIH> NB?FCH?;L L?AL?MMCIHGI> ?FM;FL?;>S
L?JILN?>�� 0;NB?L
?;=B CHJON�IONJONJ;CLJL?M?HN?>NI NB?GI>?F L?JL?�
M?HNM;H ONN?L;H=? CHNB?=ILJOMOM?>@IL?;=B F;HAO;A?�M??+?NBI>M
;<IP?�� 2B? ;L=BCN?=NOL?I@NB?GI>?F
 QBC=BCMC>?HNC=;F @IL?;=B F;H�
AO;A?
CMMBIQHCH$CA� � � 2B?CHJONNINB?GI>?F CM; P?=NILI@�� F?RC=;F
OHCNM��
 ��
 ; =;OM;NCP?OHCN��
 �� ;H> @IOLM?G;H NC=OHCNM�=IHNCHOIOM
;=NCP;NCIHF?P?F� Ð��� 2B? ILNBIAI H;FF?RC=;FOHCNML?JL?M?HNNB?C>?HNCNS
I@NB?P?L<
;H> =;H <? =IH=?JNO;FCT?>;M ; JM?O>I�JBIHI FIAC=;F L?J�
L?M?HN;NCIH�?�A� NB?LIIN 
< ] bF
 @IL#HAFCMB-:47� ;H>
 IL ; JM?O>I�F?RC�
=;F�M?G;H NC=L?JL?M?HN;NCIH�?�A�
 Ò9I@; FCKOC>:NI B?;NOHNCFCNL?;=B?M
<ICFCHAJICHNÓ�� 2B? =;OM;NCP?OHCN��
 �� CH>C=;N?MQB?NB?LIL HINNB?
ONN?L;H=? JL?M?HN?>NI NB?GI>?F IH NB;NNLC;F=IHP?SM=;OM;NCIH�2B;N
CM
NB?=;OM;NCP?OHCNCMM?NNI � C@NB?=ILJOMONN?L;H=? OM?M?CNB?LNB?
GIL?� IL F?MM�NL;HMJ;L?HN=;OM;NCP?@ILG@ILNB?L?F?P;HNP?L<�?�A�
 &30
8,9 8,/0 ?30B, ?0=-:47� &30 8,9 -:470/ ?30B, ?0=� ;H> NI � C@CN>I?M
HIN�?�A�
 &30B, ?0=-:470/�� 2BCMOHCN=;H <? =IH=?JNO;FCT?>;ML?JL?M?HN�
CHA
;N ; P?LS<LI;> �<LOMBF?P?F
?P?HN�F?P?FM?G;H NC=M�2B? @IOLM?G;H �
NC=OHCNM
#P?HN�+?LA?
 �O NIHIGS
 "CL?=NCP?;H> 0?KOCL?M
;L? ;MMCAH?>
; =IHNCHOIOM;=NCP;NCIHF?P?F<;M?>IH NB?G?;H L;NCHAÐ;=LIMM;FFM?�
G;H NC=L;N?LM@ILNB?L?F?P;HNF;HAO;A?Ð@ILNB?P?L<CHNB?L?F?P;HNON�
N?L;H=?� 2B?M?OHCNM=;H <? =IH=?JNO;FCT?>;ML?JL?M?HNCHAMIG? MO<M?N
I@NB?IP?L;FFM?G;H NC=M�C�?�
P?L<�F?P?F;H>
 IL ?P?HN�F?P?FM?G;H NC=M�I@
NB?L?F?P;HNONN?L;H=?� $CH;FFS
NB?ILNBIAI H;F IONJONOHCNM�QCNBMI@N�
G;R ;=NCP;NCIH@OH=NCIH�;L? ?;=B M?NNI � IL � L?JL?M?HNCHANB?@ILG

ONN?L;H=? NSJ?I@NB?L?F?P;HN=ILJOMONN?L;H=?� +IL? NL;HMJ;L?HN�?�A�

&308,9 8,/0 ?30B, ?0=-:47�
 *?MMNL;HMJ;L?HN�&308,9 -:470/ ?30B, ?0=�
IL -NB?L�?�A�
 &30B, ?0=-:470/��

!IH =?JNO;FFSMJ?;ECHA
NB?GI>?F CHMN;HNC;N?MJL??GJNCIHCHN?LGM
I@NB?=IG J?NCNCIH<?NQ??HNB?+IL? � ;H> *?MM�NL;HMJ;L?HNIONJONOHCNM
QB?H NB?!;OM;NCP?CHJONOHCNCMM?NNI �� $IL ?R;G JF?
 NB?CHJON
ONN?L;H=? &30 8,9 -:470/ ?30 B, ?0= MNL?HANB?HMNB? G;J JCHAI@
<ICF	 =;OM;NCP?þ *?MM NL;HMJ;L?HN ;N NB? ?RJ?HM? I@
<ICF	 =;OM;NCP?þ +IL? NL;HMJ;L?HN�2B? GI>?F CHMN;HNC;N?M?HNL?H=B�
G?HNCHN?LGMI@NB?=IG J?NCNCIH<?NQ??HNB?-NB?LIONJONOHCN;H> NB?
+IL? � ;H> *?MM�NL;HMJ;L?HNIONJONOHCNMQB?HNB?!;OM;NCP?CHJONOHCN
CMM?NNI �� $IL ?R;G JF?
NB?CHJONONN?L;H=? &30B, ?0=-:470/ MNL?HANB?HM
NB?G;J JCHAI@<ICFþ -NB?L;N NB??RJ?HM?I@<INB <ICFþ +IL? �NL;HM�
J;L?HN;H> <ICFþ *?MM�NL;HMJ;L?HN�2B? GI>?F CHMN;HNC;N?MP?L<M?G;H �
NC=MCHNB;NBCAB?LM=IL?MIH #P?HN+?LA?
 �O NIHIGS
 "CL?=NCP?;H> 0?�
KOCL?M;L? �C@1BC<;N;HC� .;L>?MBC�M
���� 
 =B;L;=N?LCT;NCIHCM=ILL?=N�
JL?>C=NCP?I@F?MM� L;NB?LNB;HGIL?�NL;HMJ;L?HN=;OM;NCIH�

$IL ?;=B F;HAO;A?
Q? L;H ; NIN;FI@���� GI> ?FM����� CHP?MNCA;N�
CHANB?GI>?F�M;<CFCNSNI F?;LHNB?@OFFNL;CHCHAM?NI@�� P?L<M
����
CHP?MNCA;NCHACNM;<CFCNSNI A?H?L;FCT?NI OHM??HP?L<MCH; MJFCN�B;F@P;FC�
>; NCIHN?MN�C�?�
NL;CHCHAIH IH? L;H>IGFS�M?F?=N?>M?NI@�� P?L<M
N?MN�
CHAIH NB?�� B?F>�IONP?L<M��'H ?;=B =;M?
NB?���� GI> ?FM=IHMNC�
NON?>�� GI> ?FM�L?JL?M?HNCHAIOL �� BOG;H J;LNC=CJ;HNMJ?L;A? ALIOJ�
@IL?;=B I@�� ?JI=BM�L?JL?M?HNCHA>C@@?L?HNMN;A?MI@>?P?FIJ G?HN��
#;=B ?JI=B =IHMCMN?>I@��
��� CHJONÒONN?L;H=?MÓL;H>IGFS M?F?=N?>
@LIGNB?L?F?P;HN=ILJOM�QCNB�L?JF;=?G?HNM?F?=NCIHQ;M OM?>
MCH=?
MIG? I@NB?=ILJIL; Q?L? MG;FF�
JL?M?HN?>CHL;H>IG IL>?L� 2BOM

NB?=IG JON;NCIH;FGI> ?FMÐ FCE?NB?MN;NCMNC=;F GI> ?FMJL?M?HN?>?;L�
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Fig. 6.
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5. Results and discussion (computational modeling)
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Fig. 7.

6. General discussion
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Fig. 8.
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Fig. 9.
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Fig. 10.
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Fig. 11.
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