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P'*'$>4#.$h=,$-#4/#4'$#>$-382&`&84,-*,&$)/,,-3$5x4#"1`6&'.@$x4#"1`S=,@$
x4#"1`V'4'3@$V+//,)@$Ä'28'19$>4#.$?vA:PSV$5B'-N3811,($DEEE9G$)/,,-3$*#$
Dk$-382&4,1$J,*",,1$*3,$'%,)$#>$#1,$'1&$h=,$(,'4)$#2&R$$$

$!#*'2$"#4&)G$wFu@Euj$
$<f,4'1-,)$-#1*'8181%$'$<3=&,/,1&,1-(G$uF@DCl$$

+>?$#..#@A#%&

!"#$%&'&()$*+,"&,+-./0"1&

89:;<=/>//
?@?A<BC9?D/

E8FEDDED/>/
?@?A<BC9?D/
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'()*+$%
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28H,$'1$81&+-0#1$/4#J2,.$>#4$*3,$2'1%+'%,$2,'41,4$8>$",Q4,$2##H81%$>#4$
&84,-*$,=8&,1-,$81$*3,$81/+*R$
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V8.82'4$81$)/848*$*#$281%+8)0-$/'4'.,*,4)G$P'*'$'4,$&,,.,&$81>#4.'0=,@$,=,1$
8>$*3,($'4,$1#*$&'*'$'J#+*$*3,$)/,-8h-$/3,1#.,1#1$#>$81*,4,)*R$

P'*'F$

�1#"2,&%,F$ �1#"2,&%,D$

v,4,G$P,/,1&,1-8,)$#*3,4$*3'1$*3,$#1,)$#>$81*,4,)*$5*3,$V/4#+),$,*$'2R$
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x+82&81%$'$-#./+*'0#1'2$2,'41,4$

:,'4181%$x8')G$?382&4,1$*4'-H$*3,$#--+44,1-,$#>$)*4+-*+4,)$*3'*$-'1$J,$
&,48=,&$>4#.$/34'),$)*4+-*+4,$*4,,)$&+481%$/'4)81%$`$-#1*'81,4$1#&,)R$$

r?;$N3#$&8&$rA;$)3,$rÄ;$28H,$ppsssg$
$ $$$$$$$$$$$$$$$$$A;$$$$$$$$$Ä;$

?#1*'81,4$1#&,$),7+,1-,G$A;`Ä;$

$r?;$N3#$&8&$rA;$)3,$rÄ;$*381H$r?;$rA;$rZ;$*3,$%8cs$$rÄ;$"')$r;;$>4#.$ppssssssssg$
$ $$$$$$$$$$$A;$$$$$$$$Ä; $$$$$$$$?;$A; $ $$$$$$$$$$Ä;$$$$$$$$$;; $$

?#1*'81,4$1#&,$),7+,1-,G$A;`Ä;`?;`A;`Ä;`;;$
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?382&4,1Q)$3(/#*3,),)$'4,$'J#+*$"3'*$-#1*'81,4$1#&,$),7+,1-,)$'4,$
%4'..'0-'2$>#4$&,/,1&,1-8,)$81$*3,$2'1%+'%,R$

e4'..'0-'2$
A;`Ä;$

A;`Ä;`;;$

A;`Ä;`?;`A;`Ä;`A;`Ä;`A;`Ä;$

7!=B!=8!=5!=7!=B!&
<1%4'..'0-'2$

7!=B!=5!=7!=8!=!!&

A;`Ä;`Z;$
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O'-PQ%4/?*/.3Q#&,3 / / / / / / / / /BGRS%T$/.3Q#&,3 //

qA; $ $ $ $ $ $ $.'*48T$~$1#1`8)2'1& $ $qA;$
qA;`Ä;`?;`A;`Ä;$ $ $ $,.J,&&,&$~$1#1`8)2'1& $ $qA;`Ä;`?;`A;$
qA; $ $ $ $ $ $$$$$$$$$.'*48T$~$8)2'1&$ $ $ $qA;$
qA;`Ä;`Z;`?;`A;`Ä;$ $ $,.J,&&,&$~$8)2'1& $ $ $qA;`Ä;`?;`A;`Z;`;;$$

!"#$%&'&()$*+,"&,+-./0"1&

622$*3,$+1%4'..'0-'2$&,/,1&,1-8,)$'4,$&8)01-*$>4#.$'22$*3,$%4'..'0-'2$
&,/,1&,1-8,)$>#4$*3,),$)(1*'-0-$8)2'1&)R$



N3'*$&#,)$*3,$*'4%,*$H1#"2,&%,$2##H$28H,g$
V/4#+),$,*$'2R$5DEFD9$)0.+28G$

!"%$"%+/.3Q#&,3 / / / / / / / / / /9,SG&T$/.3Q#&,3 //

qA; $ $ $ $ $ $ $.'*48T$~$1#1`8)2'1& $ $qA;$
qA;`Ä;`?;`A;`Ä;$ $ $ $,.J,&&,&$~$1#1`8)2'1& $ $qA;`Ä;`?;`A;`Ä;$
qA; $ $ $ $ $ $$$$$$$$$.'*48T$~$8)2'1&$ $ $ $qA;$
qA;`Ä;`?;`A;`Ä; $ $ $,.J,&&,&$~$8)2'1& $ $ $qA;`Ä;`?;`A;`Ä;$$
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!"%$"%+/.3Q#&,3 / / / / / / / / / /9,SG&T$/.3Q#&,3 //

qA; $ $ $ $ $ $ $.'*48T$~$1#1`8)2'1& $ $qA;$
qA;`Ä;`?;`A;`Ä;$ $ $ $,.J,&&,&$~$1#1`8)2'1& $ $qA;`Ä;`?;`A;`Ä;$
qA; $ $ $ $ $ $$$$$$$$$.'*48T$~$8)2'1&$ $ $ $qA;$
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qA; $ $ $ $ $ $$$$$$$$$.'*48T$~$1#1`8)2'1& $ $qA;$
qA;`Ä;`?;C3#C`A;`Ä;$ $ $,.J,&&,&$~$1#1`8)2'1& $ $qA;`Ä;`?;>+%%`A;$
qA; $ $ $ $ $$$$$$$$$$$$$$$$$.'*48T$~$8)2'1&$ $ $ $qA;$
qA;`Ä;`Z;`?;C3#C`A;`Ä;$$ $,.J,&&,&$~$8)2'1& $ $ $qA;`Ä;`?;>+%%`A;`Z;`;;$$
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!"%$"%+/.3Q#&,3 / / / / / / / / / /9,SG&T$/.3Q#&,3 //

qA; $ $ $ $ $ $$$$$$$$$.'*48T$~$1#1`8)2'1& $ $qA;$
qA;`Ä;`?;C3#C`A;`Ä;$ $ $,.J,&&,&$~$1#1`8)2'1& $ $qA;`Ä;`?;C3#C`A;`Ä;$
qA; $ $ $ $ $ $$$$$$$$$.'*48T$~$8)2'1&$ $ $ $qA;$
qA;`Ä;`?;<3"C3"$`A;`Ä; $ $,.J,&&,&$~$8)2'1& $ $ $qA;`Ä;`?;/D`A;`Ä;$$
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*4'-H81%$*48%4'.)$#>$-#1*'81,4$1#&,)R$6$),7+,1-,Q)$/4#J'J828*($8)$*3,$).##*3,&$
/4#&+-*$#>$8*)$*48%4'.)R$

$r?;$N3#$&8&$rA;$)3,$rÄ;$*381H$r?;$rA;$rZ;$*3,$%8cs$$rÄ;$"')$r;;$>4#.$ppssssssssg$
$ $$$$$$$A;$$$$$$$$Ä; $$$$$?;>+%%$A;$ $$$$$$$$$$$$$Ä;$$$$$$$$$;; $$
$ $)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&${$
$ $)*'4*`A;`Ä;`?;`A;`Ä;`;;`,1&$
$$$$ $)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&$

)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&$
)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&$
)*'4*`A;`Ä;`?;`A;`Ä;`;;`,1&$
)*'4*`A;`Ä;`?;`A;`Ä;`;;`,1&$

;4#J'J828*(5A;`Ä;`?;>+%%`A;`Ä;`;;9$ ${$/5)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&9$$
$ $ $ $ $ $ $${$/5)*'4*`A;`Ä;9$q$/5A;`Ä;`?;>+%%9q/5Ä;`?;>+%%`A;9q/5?;>+%%`A;`Ä;9$
$ $ $ $ $ $ $$$$q/5A;`Ä;`;;9q/5Ä;`;;`,1&9$
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:,'4181%$x8')G$A./28-8*2($'))8%1$'$/4#J'J828*($*#$'$-#1*'81,4$1#&,$),7+,1-,$J($
*4'-H81%$*48%4'.)$#>$-#1*'81,4$1#&,)R$6$),7+,1-,Q)$/4#J'J828*($8)$*3,$).##*3,&$
/4#&+-*$#>$8*)$*48%4'.)R$

$r?;$N3#$&8&$rA;$)3,$rÄ;$*381H$r?;$rA;$rZ;$*3,$%8cs$$rÄ;$"')$r;;$>4#.$ppssssssssg$
$ $$$$$$$A;$$$$$$$$Ä; $$$$$?;>+%%$A;$ $$$$$$$$$$$$$Ä;$$$$$$$$$;; $$
$ $)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&${$
$ $)*'4*`A;`Ä;`?;`A;`Ä;`;;`,1&$
$$$$ $)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&$

)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&$
)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&$
)*'4*`A;`Ä;`?;`A;`Ä;`;;`,1&$
)*'4*`A;`Ä;`?;`A;`Ä;`;;`,1&$

;4#J'J828*(5A;`Ä;`?;>+%%`A;`Ä;`;;9$ ${$/5)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&9$$
$ $ $ $ $ $ $${$/5)*'4*`A;`Ä;9$q$/5A;`Ä;`?;>+%%9q/5Ä;`?;>+%%`A;9q/5?;>+%%`A;`Ä;9$
$ $ $ $ $ $ $$$$q/5A;`Ä;`;;9q/5Ä;`;;`,1&9$

!"#$%&'&()$*+,"&,+-./0"1&



x+82&81%$'$-#./+*'0#1'2$2,'41,4$

:,'4181%$x8')G$A./28-8*2($'))8%1$'$/4#J'J828*($*#$'$-#1*'81,4$1#&,$),7+,1-,$J($
*4'-H81%$*48%4'.)$#>$-#1*'81,4$1#&,)R$6$),7+,1-,Q)$/4#J'J828*($8)$*3,$).##*3,&$
/4#&+-*$#>$8*)$*48%4'.)R$

$r?;$N3#$&8&$rA;$)3,$rÄ;$*381H$r?;$rA;$rZ;$*3,$%8cs$$rÄ;$"')$r;;$>4#.$ppssssssssg$
$ $$$$$$$A;$$$$$$$$Ä; $$$$$?;>+%%$A;$ $$$$$$$$$$$$$Ä;$$$$$$$$$;; $$
$ $)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&${$
$ $)*'4*`A;`Ä;`?;`A;`Ä;`;;`,1&$
$$$$ $)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&$

)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&$
)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&$
)*'4*`A;`Ä;`?;`A;`Ä;`;;`,1&$
)*'4*`A;`Ä;`?;`A;`Ä;`;;`,1&$

;4#J'J828*(5A;`Ä;`?;>+%%`A;`Ä;`;;9$ ${$/5)*'4*`A;`Ä;`?;>+%%`A;`Ä;`;;`,1&9$$
$ $ $ $ $ $ $${$/5)*'4*`A;`Ä;9$q$/5A;`Ä;`?;>+%%9q/5Ä;`?;>+%%`A;9q/5?;>+%%`A;`Ä;9$
$ $ $ $ $ $ $$$$q/5A;`Ä;`;;9q/5Ä;`;;`,1&9$
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:,'4181%$x8')G$A./28-8*2($'))8%1$'$/4#J'J828*($*#$'$-#1*'81,4$1#&,$),7+,1-,$J($
*4'-H81%$*48%4'.)$#>$-#1*'81,4$1#&,)R$6$),7+,1-,Q)$/4#J'J828*($8)$*3,$).##*3,&$
/4#&+-*$#>$8*)$*48%4'.)R$

N3'*$*38)$&#,)G$$
Ñ!$2#1%,4$&,/,1&,1-8,)$'4,$2,))$/4#J'J2,$*3'1$)3#4*,4$&,/,1&,1-8,)@$'22$#*3,4$
*381%)$J,81%$,7+'2$

Ñ!$81&8=8&+'2$*48%4'.$>4,7+,1-($.'f,4)G$)3#4*$&,/,1&,1-8,)$.'&,$#>$81>4,7+,1*$
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O12($#1,$2,'4181%$J8')$8)$/#*,10'22($J#*3$811'*,$'1&$&#.'81`)/,-8h-R$

A11'*,$ P,48=,&$ P#.'81`
)/,-8h-$

P#.'81`
%,1,4'2$

6f,1&$*#$-#1*'81,4$1#&,)$ g$ g$ q$

ST*4'-*$-#1*'81,4$1#&,$*48%4'.)$ q$ q$

</&'*,$*48%4'.$/4#J'J8280,)$ q$ q$

?'2-+2'*,$&,/,1&,1-($/4#J'J828*($>4#.$*48%4'.)$ q$ q$
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$`$'//28,)$*#$2'1%+'%,$&'*'G$&#.'81`)/,-8h-$
$`$&,48=,&$>4#.$'J828*($*#$/'4),$+f,4'1-,)$

$9U%&,.&0/$'/T'&$#.&%+/&',%3/V#-'&0/#QQ/$"%/'$"%+/,#$#/'G$/$"%+%W/
$`$'//28,)$*#$2'1%+'%,$&'*'G$&#.'81`)/,-8h-$
$`$811'*,$=)R$&,48=,&g$$

•!$-#+2&$J,$)/,-8h,&$811'*,2($528H,$J#+1&81%$1#&,)9$$
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$`$'//28,)$*#$2'1%+'%,$&'*'G$&#.'81`)/,-8h-$
$`$&,48=,&$>4#.$'J828*($*#$/'4),$+f,4'1-,)$

$9U%&,.&0/$'/T'&$#.&%+/&',%3/V#-'&0/#QQ/$"%/'$"%+/,#$#/'G$/$"%+%W/
$`$'//28,)$*#$2'1%+'%,$&'*'G$&#.'81`)/,-8h-$
$`$811'*,$=)R$&,48=,&g$$

•!$-#+2&$J,$)/,-8h,&$811'*,2($528H,$J#+1&81%$1#&,)9$$
•!$-#+2&$J,$&,48=,&$>4#.$'$J8')$*#$+),$4,/4,),1*'0#1)$*3'*$'4,$'24,'&($
J,81%$+),&$>#4$/'4)81%$

!"#$%&'&()$*+,"&,+-./0"1&



V/,-8>(81%$?;$-#1*'81,4$1#&,)$
N3'*$H81&$#>$2,'4181%$J8')$8)$*38)g$

$6J#+*$'$281%+8)0-$4,/4,),1*'0#1G$&#.'81`)/,-8h-$
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•!$?#+2&$J,$)/,-8h,&$811'*,2($

•!$?#+2&$J,$&,48=,&$>4#.$/48#4$281%+8)0-$,T/,48,1-,G$$

•!$<1-#1*4#=,4)8'2$*#$'))+.,$-382&4,1$2,'41$*#$&8)01%+8)3$&8t,4,1*$
*(/,)$#>$?;)$)81-,$*3,$2,T8-'2$-#1*,1*$#>$?;)$3')$)+J)*'10'2$
-#1),7+,1-,)$>#4$*3,$),.'10-)$#>$'$),1*,1-,R$

•!$62)#@$'&+2*$)/,'H,4)$'4,$),1)80=,$*#$*3,$&8)*48J+0#1$#>$C3#C$
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*(/,)$#>$?;)$)81-,$*3,$2,T8-'2$-#1*,1*$#>$?;)$3')$)+J)*'10'2$
-#1),7+,1-,)$>#4$*3,$),.'10-)$#>$'$),1*,1-,R$

•!$62)#@$'&+2*$)/,'H,4)$'4,$),1)80=,$*#$*3,$&8)*48J+0#1$#>$C3#C$
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$A11'*,$=)R$&,48=,&g$
•!$?#+2&$J,$)/,-8h,&$811'*,2($

•!$?#+2&$J,$&,48=,&$>4#.$/48#4$281%+8)0-$,T/,48,1-,G$$

•!$<1-#1*4#=,4)8'2$*#$'))+.,$-382&4,1$2,'41$*#$&8)01%+8)3$&8t,4,1*$
*(/,)$#>$?;)$)81-,$*3,$2,T8-'2$-#1*,1*$#>$?;)$3')$)+J)*'10'2$
-#1),7+,1-,)$>#4$*3,$),.'10-)$#>$'$),1*,1-,R$

•!$62)#@$'&+2*$)/,'H,4)$'4,$),1)80=,$*#$*3,$&8)*48J+0#1$#>$C3#C$
=,4)+)$1+22$-#./2,.,10É,4)$5o',%,4$DEFE9R$$
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6f,1&$*#$-#1*'81,4$1#&,)$ g$ g$ q$
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A1$/'40-+2'4@$"382,$8*$'2)#$)/,-8h,)$'$/'40-+2'4$281%+8)0-$
4,/4,),1*'0#1@$*3,4,$8)$1#$J8')$&,h181%$*3,$I*3,#4(LR$
!38)$>'22)$#+*$>4#.$*3,$#*3,4$1#1`<e$2,'4181%$J8'),)R$

A11'*,$ P,48=,&$ P#.'81`
)/,-8h-$

P#.'81`
%,1,4'2$

6f,1&$*#$-#1*'81,4$1#&,)$ g$ g$ q$

=)R$

6f,1&$*#$J#+1&81%$1#&,)$5xZ)9$ q$ q$

P,/,1&,1-8,)$-4#))81%$Dz$xZ)$'4,$1#*$'22#",&$ q$ q$
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$<18=,4)'2$e4'..'4G$'$*3,#4($#>$281%+8)0-$H1#"2,&%,$*3'*$8)$
,T/28-8*2($.#0='*,&$J($*3,$81&+-0#1$/4#J2,.)$&+481%$
'-7+8)80#1R$

$v#"$*#$+),$-#./+*'0#1'2$.,*3#&)$,t,-0=,2(G$$

•! A&,10>($81&+-0#1$/4#J2,.)R$
•! !,)*$2,'4181%$)*4'*,%8,)$-#./48),&$#>$.'1($2,'4181%$J8'),)$
*#$)#2=,$*3,),$81&+-0#1$/4#J2,.)R$

•! $N3,1$*3,),$)*4'*,%8,)$"#4H@$,T'.81,$*3,$1'*+4,$#>$*3,$
2,'4181%$J8'),)$*3'*$&,h1,$*3,.R$$
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•! A1>#4.81%$*3,#4(G$64%+.,1*)$>4#.$'-7+8)80#1$
–! A1=,)0%'01%$<18=,4)'2$e4'..'4$

–! !,)01%$*3,#48,)$#>$H1#"2,&%,$4,/4,),1*'0#1$

•! A1>#4.81%$*3,$2,'4181%$/4#-,))G$<),>+2@$+),'J2,@$'1&$J,f,4$*3'1$
'&+2*)g$
–! $?#./'481%$8&,'2$'1&$1#1`8&,'2$'//4#'-3,)$*#$&8)-#=,4$3#"$I2,))$8)$.#4,L$
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!! O1,$*4'&80#1'2$.#0='0#1$>#4$/4#/#)'2)$#>$H1#"2,&%,$4,/4,),1*'0#1$
5)+-3$')$/'4'.,*,4)$#4$-#1)*4'81*)9G$!3,$H1#"2,&%,$4,/4,),1*'0#1$3,2/)$
,T/2'81$*3,$-#1)*4'81,&$='48'0#1$#J),4=,&$81$'&+2*$281%+8)0-$H1#"2,&%,$
'-4#))$*3,$2'1%+'%,)$#>$*3,$"#42&R$$
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!"#$%&OPQQ&



�1#"2,&%,$4,/4,),1*'0#1$.#0='0#1)$

!! 61#*3,4$5)#.,0.,)$8./28-8*9$.#0='0#1$>#4$/4#/#)'2)$#>$H1#"2,&%,$
4,/4,),1*'0#1G$v'=81%$*38)$H1#"2,&%,$4,/4,),1*'0#1$/4,`)/,-8h,&$
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!! 61#*3,4$5)#.,0.,)$8./28-8*9$.#0='0#1$>#4$/4#/#)'2)$#>$H1#"2,&%,$
4,/4,),1*'0#1G$v'=81%$*38)$H1#"2,&%,$4,/4,),1*'0#1$/4,`)/,-8h,&$
'22#")$-382&4,1$*#$7+8-H2($'-7+84,$*3,$48%3*$%,1,4'28É'0#1)$>4#.$*3,$&'*'R$

!! <)81%$-#./+*'0#1'2$'1&$7+'10*'0=,$.,*3#&)$'2#1%$"8*3$'='82'J2,$
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5+14,)#2='J2,9G$1#$#1,$%4'..'4$-'1$-#=,4$'22$*3,$&'*'$

!!ST$>#4$Ä?$Ä?$*(/,G$ $3"$&(RST&
& & &U8&,<"$&&

& & &(VWR&2XRYR$
!"#$%&OPQQ&



Z#1`*48=8'2$2'1%+'%,G$S1%28)3$

!! Z#1`*48=8'2$J,-'+),$*3,4,$'4,$.'1($844,%+2'480,)R$!38)$8)$2,))$-#..#1$
>#4$'-7+8)80#1$M$+)+'22($*3,4,$'4,1Q*$'$2#*$#>$,T-,/0#1)$*#$*3,$)()*,.$
J,81%$'-7+84,&R$

$61'2()8)$#>$-382&`&84,-*,&$)/,,-3$5w$`Fk$.#1*3)9$>4#.$x4,1*$-#4/+)$5x4,1*$U$
V8)H81&$DEEF9$>4#.$?vA:PSV$5B'-N3811,($DEEE9G$kEC@EwC$*#H,1)@$luiE$*(/,)$

$m#4$"#4&)$"8*3$D$#4$.#4,$)(22'J2,)G$

!!FlC$+187+,$)(22'J2,`48.,$*(/,$-#.J81'0#1)$5,TG$-2#),&`-2#),&$5Ä?$Ä?99$

!!wk$#>$*3,),$FlC$3'=,$.#4,$*3'1$#1,$)*4,))$-#1*#+4$'))#-8'*,&$"8*3$*3,.$
5+14,)#2='J2,9G$1#$#1,$%4'..'4$-'1$-#=,4$'22$*3,$&'*'$

!!ST$>#4$Ä?$Ä?$*(/,G$ $3"$&(RST&
& & &U8&,<"$&&

& & &(VWR&2XRYR$
!"#$%&OPQQ&



Z#1`*48=8'2$2'1%+'%,G$S1%28)3$

!! Z#1`*48=8'2$J,-'+),$*3,4,$'4,$.'1($844,%+2'480,)R$!38)$8)$2,))$-#..#1$
>#4$'-7+8)80#1$M$+)+'22($*3,4,$'4,1Q*$'$2#*$#>$,T-,/0#1)$*#$*3,$)()*,.$
J,81%$'-7+84,&R$

$61'2()8)$#>$-382&`&84,-*,&$)/,,-3$5w$`Fk$.#1*3)9$>4#.$x4,1*$-#4/+)$5x4,1*$U$
V8)H81&$DEEF9$>4#.$?vA:PSV$5B'-N3811,($DEEE9G$kEC@EwC$*#H,1)@$luiE$*(/,)$

$m#4$"#4&)$"8*3$D$#4$.#4,$)(22'J2,)G$

!!FlC$+187+,$)(22'J2,`48.,$*(/,$-#.J81'0#1)$5,TG$-2#),&`-2#),&$5Ä?$Ä?99$

!!wk$#>$*3,),$FlC$3'=,$.#4,$*3'1$#1,$)*4,))$-#1*#+4$'))#-8'*,&$"8*3$*3,.$
5+14,)#2='J2,9G$1#$#1,$%4'..'4$-'1$-#=,4$'22$*3,$&'*'$

!!ST$>#4$Ä?$Ä?$*(/,G$ $3"$&(RST&
& & &U8&,<"$&&

& & &(VWR&2XRYR$
!"#$%&OPQQ&



?#%180=,2($81)/84,&$2,'41,4)$+)81%$/'4'.,*,4)$

!! !'4%,*$)*'*,${$%4'..'4$>#4$
S1%28)3$5v'22,$U$Ä,4%1'+&$Fiwl@$P4,)3,4$
U$�'(,$FiiE@$P4,)3,4$Fiii9$&,48=,&$
>4#.$-4#))`281%+8)0-$='48'0#1$'1&$
'&+2*$281%+8)0-$H1#"2,&%,$

;4,.8),G$!38)$8)$*3,$%4'..'4$*3'*$J,)*$&,)-48J,)$*3,$)()*,.'0-$&'*'$#>$
S1%28)3@$,=,1$8>$*3,4,$'4,$,T-,/0#1)R$

!"#$%&OPQQ&



?#%180=,2($81)/84,&$2,'41,4)$+)81%$/'4'.,*,4)$

!"#$%&OPQQ&

!! O12($#1,$-#%180=,2($/2'+)8J2,$2,'41,4$#>$*3,$.'1($='48'1*)$*48,&$"')$,=,4$
)+--,))>+2$'*$-#1=,4%81%$#1$*3,$'&+2*$S1%28)3$%4'..'4$"3,1$%8=,1$4,'28)0-$
-382&`&84,-*,&$81/+*@$'1&$*3,1$#12($#1-,$,=,4($uEEE$4+1)Ö$$!38)$),,.,&$28H,$
=,4($/##4$/,4>#4.'1-,R$



N3,4,$*3,$/4#J2,.$28,)$

A./28-'0#1G$!3,$'&+2*$S1%28)3$%4'..'4$8)$*3,$%4'..'4$*3'*$8)$J,)*$
'J2,$*#$%,1,4'*,$*3,$)*4,))$-#1*#+4)$>#4$*3,$S1%28)3$&'*'$5.#)*$
-#./'0J2,$"8*3$,./848-'2$&'*'9R$$

A)$*38)$*4+,g$

!"#$%&OPQQ&

;4,.8),G$!3,$S1%28)3$%4'..'4$8)$*3,$%4'..'4$*3'*$J,)*$&,)-48J,)$*3,$
)()*,.'0-$&'*'$#>$S1%28)3@$,=,1$8>$*3,4,$'4,$,T-,/0#1)R$



N3,4,$*3,$/4#J2,.$28,)$

!! S1%28)3$%4'..'4$-#./'0J828*($"8*3$&'*'G$
!! e,1,4'*,)$-#1*#+4)$.'*-381%$luREÅ$#J),4='J2,$&'*'$*#H,1)$5jDRFÅ$*(/,)9$

!! Z#*,G$1#*$,T/,-*,&$*#$J,$'*$FEEÅ$J,-'+),$#>$844,%+2'480,)$81$S1%28)3$&'*'$

!"#$%&OPQQ&

!! 6=,4'%,$-#./'0J828*($#>$%4'..'4)$),2,-*,&$J($-#%180=,2($/2'+)8J2,$2,'41,4)$
+)81%$4,'28)0-$81/+*G$
!! luRjÅ$J($*#H,1)$5juRuÅ$J($*(/,)9$



N3,4,$*3,$/4#J2,.$28,)$

!"#$%&OPQQ&

;4,.8),G$!3,$S1%28)3$%4'..'4$8)$*3,$%4'..'4$*3'*$J,)*$&,)-48J,)$*3,$
)()*,.'0-$&'*'$#>$S1%28)3@$,=,1$8>$*3,4,$'4,$,T-,/0#1)R$

!38)$8)1Q*$*4+,$>#4$*3,$H81&$#>$&'*'$-382&4,1$,1-#+1*,4Ö$

!! S1%28)3$%4'..'4$-#./'4,&$*#$#*3,4$Fkk$%4'..'4)$81$*3,$3(/#*3,)8)$)/'-,$$

!!d'1H,&$kD1&$J($*#H,1)@$kj*3$J($*(/,)$
!!S1%28)3$%4'..'4$8)$J'4,2($81$*3,$*#/$*384&$`$+1)+4/48)81%$*3'*$.#&,2,&$
2,'41,4)$4'4,2($),2,-*$*38)$%4'..'4@$%8=,1$*3,$-382&`&84,-*,&$)/,,-3$
&'*'Ö$



;4#J2,.$>#4$'1($/'4'.,*48-$2,'41,4$

!! ;'4'.,*48-$-382&$2,'41,4$3')$'$2,'41'J828*($/4#J2,.G$
-'1Q*$%,*$*#$'&+2*$*'4%,*$)*'*,$%8=,1$*3,$&'*'$'='82'J2,$*#$
-382&4,1$

N3'*$'J#+*$'$-382&$2,'41,4$+)81%$*3,$O!$H1#"2,&%,$4,/4,),1*'0#1g$



O!$)()*,.$*,)*$

!! FE$-#1)*4'81*)$5v'..#1&$Fiii@$;481-,$U$V.#2,1)H($Fiiu@$!,)'4$U$V.#2,1)H($DEEE9$
!! v(/#*3,)8)$)/'-,G$FEÖ$%4'..'4)$5u@jDw@wEE9$$

N,8%3*`!#`V*4,))$;481-8/2,G$ÄÄ@$Ä?$

;'4),@$Z#1`m81'2$

628%1`:,c@$628%1`d8%3*$

m##*x81G$)(22'J2,)@$.#4')$

!4#-3'8-@$A'.J8-$



O!$)()*,.$*,)*$

!! 6&+2*$S1%28)3$%4'..'4$5v'..#1&$Fiii@$;'*,4$DEEE9G$
!! ?#.J81'0#1$#>$-#1)*4'81*$#4&,481%)@$)+-3$')$Z#1`m81'2$á$NV;5Ä?9$$

!! lDE$%4'..'4)$#>$u@jDw@wEE$>#22#"$*3,),$#4&,481%)$5lDE$"'()$*#$J,$S1%28)39$

!! ?#./'0J828*($#>$S1%28)3$O!$%4'..'4)$"8*3$-382&`&84,-*,&$)/,,-3$&'*'$
!! ?#./'0J2,$%4'..'4Q)$J,)*$-'1&8&'*,$3')$'$)*4,))$-#1*#+4$*3'*$.'*-3,)$*3,$

#J),4=,&$)*4,))$-#1*#+4$>#4$'1($%8=,1$&'*'$/#81*$

5O?$*#9$/+)$

#-$5!O$/+)9$

5#-$!O9$/+)$

C1 C2 C3 C4 

* * 

* * 

* * 



;'4'.,*,4)$=)R$O!$-#./'48)#1$

$?#./'4'J2,@$,T-,/*$*3,$J,)*$S1%28)3$%4'..'4$-#./'0J828*($8)$=,4($2#"$>#4$
O!@$-#./'4,&$*#$*3,$S1%28)3$%4'..'4$81$*3,$/'4'.,*48-$)()*,.R$62)#@$*3,$
3(/#*3,)8)$)/'-,$)8É,$8)$.+-3$2'4%,4$>#4$O!R$

*#+#-%$%+3/ @:/

e4'..'4)$81$3(/#*3,)8)$)/'-,$ Fkj$ u@jDw@wEE$

x,)*$%4'..'4$*(/,$-#./'0J828*($ lERuÅ$$ jlRkÅ$

Å$#>$3(/#*3,)8)$)/'-,$5J,)*9$S1%28)3$%4'..'4$
)-#4,)$2#",4$*3'1$r*(/,)s$

uFRFÅ$ uCRwÅ$

5x,)*9$S1%28)3$%4'..'4$-#./'0J828*($r*(/,)s$ jDRFÅ$ DjRjÅ$



;4#J2,.$>#4$J#*3$2,'41,4)$

!! O!$-382&$2,'41,4$3')$'$2,'41'J828*($/4#J2,.@$*##$5/#))8J2,$'1$,=,1$%4,'*,4$
#1,9G$-'1Q*$%,*$*#$'&+2*$*'4%,*$)*'*,$%8=,1$*3,$&'*'$'='82'J2,$*#$-382&4,1@$'1&$
'&+2*$%4'..'4$'--#+1*)$>#4$'$.+-3$).'22,4$/#40#1$#>$*3,$'='82'J2,$&'*'$

!! ;'4'.,*48-$-382&$2,'41,4$3')$'$2,'41'J828*($/4#J2,.G$-'1Q*$%,*$*#$'&+2*$
*'4%,*$)*'*,$%8=,1$*3,$&'*'$'='82'J2,$*#$-382&4,1$



A180'2$H1#"2,&%,$
)*'*,$#>$2,'41,4$

6&+2*$H1#"2,&%,$
5*'4%,*$)*'*,9$

?382&`&84,-*,&$
)/,,-3$

O/0#1$FG$?3'1%,$*3,$8180'2$)*'*,$U$*3,$*'4%,*$)*'*,$$

A180'2$H1#"2,&%,$
)*'*,$#>$2,'41,4$

6&+2*$H1#"2,&%,$
5*'4%,*$)*'*,9$

e,à1%$#+*$#>$*3,$2,'41'J828*($/4#J2,.G$u$#/0#1)$

?382&`&84,-*,&$
)/,,-3$

!"#$%&OPQQ&



6$&8t,4,1*$8180'2$U$*'4%,*$)*'*,$>#4$H1#"2,&%,$

$!3,#4,0-'2$z$-#./+*'0#1'2y7+'10*'0=,$81=,)0%'0#1)$>#4$.,*48-'2$/3#1#2#%(G$
;,43'/)$&8t,4,1*$/'4'.,*,4)@$-#1)*4'81*)@$#4$#*3,4$4,/4,),1*'0#1)$.'H,$*3,$
'&+2*$S1%28)3$%4'..'4$.#4,$'-7+84'J2,$>4#.$-382&`&84,-*,&$)/,,-3$5,TG$v'(,)$
Fiik@$v,81É$DEEl9$$

!"#$%&OPQQ&



A180'2$H1#"2,&%,$
)*'*,$#>$2,'41,4$

6&+2*$H1#"2,&%,$
5*'4%,*$)*'*,9$

?382&`&84,-*,&$
)/,,-3$

O/0#1$DG$-3'1%,$*3,$8180'2$)*'*,$$

A180'2$H1#"2,&%,$
)*'*,$#>$2,'41,4$

6&+2*$H1#"2,&%,$
5*'4%,*$)*'*,9$

e,à1%$#+*$#>$*3,$2,'41'J828*($/4#J2,.G$u$#/0#1)$

?382&`&84,-*,&$
)/,,-3$

!"#$%&OPQQ&



6$&8t,4,1*$548-3,49$8180'2$)*'*,$>#4$2,'4181%$

!! B'(J,$(#+1%$-382&4,1$3'=,$'&&80#1'2$J##)*)$>4#.$+),>+2$2,'4181%$J8'),)$

!! ;,'42$DEEw$5-#./+*'0#1'29G$2,'41,4)$J8'),&$*#$2,'41$#12($>4#.$
+1'.J8%+#+)$&'*'$-'1$2,'41$*3,$/'4'.,*48-$)()*,.$,T'.81,&$3,4,$>4#.$
-382&`&84,-*,&$)/,,-3$&'*'@$')$2#1%$')$*3,$/'4'.,*,4)$'4,$),*$81$'$
/'40-+2'4$#4&,4R$

!! d,7+84,&$2,'4181%$J8'),)$'*$*3,$8180'2$)*'*,G$$
!!<),$+1'.J8%+#+)$&'*'$5'1&$3'=,$'$.,*3#&$>#4$8&,10>(81%$*3,),$&'*'$
>#4$,'-3$/'4'.,*,4$='2+,9$

!!m#22#"$/'4'.,*,4`),à1%$#4&,4$-#1)*4'81*)$5'1&$/#*,10'22($3'=,$'$
.,*3#&$>#4$&,48=81%$*3,),$-#1)*4'81*)9$

!"#$%&OPQQ&



6$&8t,4,1*$548-3,49$8180'2$)*'*,$>#4$2,'4181%$

!! B'(J,$(#+1%$-382&4,1$3'=,$'&&80#1'2$J##)*)$>4#.$+),>+2$2,'4181%$J8'),)$

!! ;,'42$DEEw$5-#./+*'0#1'29G$2,'41,4)$J8'),&$*#$2,'41$#12($>4#.$
+1'.J8%+#+)$&'*'$-'1$2,'41$*3,$/'4'.,*48-$)()*,.$,T'.81,&$3,4,$>4#.$
-382&`&84,-*,&$)/,,-3$&'*'@$')$2#1%$')$*3,$/'4'.,*,4)$'4,$),*$81$'$
/'40-+2'4$#4&,4R$

!! d,7+84,&$2,'4181%$J8'),)$'*$*3,$8180'2$)*'*,G$$
!!<),$+1'.J8%+#+)$&'*'$5'1&$3'=,$'$.,*3#&$>#4$8&,10>(81%$*3,),$&'*'$
>#4$,'-3$/'4'.,*,4$='2+,9$

!!m#22#"$/'4'.,*,4`),à1%$#4&,4$-#1)*4'81*)$5'1&$/#*,10'22($3'=,$'$
.,*3#&$>#4$&,48=81%$*3,),$-#1)*4'81*)9$

!"#$%&OPQQ&



e,à1%$#+*$#>$*3,$2,'41'J828*($/4#J2,.G$u$#/0#1)$

A180'2$H1#"2,&%,$
)*'*,$#>$2,'41,4$

O*3,4$*'4%,*$)*'*,$
6&+2*$H1#"2,&%,$

5*'4%,*$)*'*,9$

O*3,4$&'*'$

A180'2$H1#"2,&%,$
)*'*,$#>$2,'41,4$

6&+2*$H1#"2,&%,$
5*'4%,*$)*'*,9$

?382&`&84,-*,&$
)/,,-3$

O/0#1$uG$-3'1%,$*3,$58..,&8'*,9$*'4%,*$)*'*,$$

?382&`&84,-*,&$
)/,,-3$

!"#$%&OPQQ&



!3,$2,'4181%$*4'n,-*#4(G$�1#"2,&%,$-3'1%,$#=,4$0.,$

!! A&,'G$!3,),$H1#"2,&%,$4,/4,),1*'0#1)$'4,$h1,R$$A*Q)$n+)*$*3'*$*3,4,Q)$'1$
81*,4.,&8'*,$*'4%,*$)*'*,R$

!! B'(J,$(#+1%$-382&4,1$&#1Q*$'-7+84,$*3,$'&+2*$S1%28)3$%4'..'4$+102$2'*,4@$
'c,4$*3,($'4,$,T/#),&$*#$.#4,$"#4&$*(/,)$'1&$4,'28É,$*3,$-#11,-0#1$
J,*",,1$)*4,))$-#1*#+4$'1&$*3,$S1%28)3$.#4/3#2#%8-'2$)()*,.$5-#11,-0#1$*#$
S1%28)3$.#4/3#2#%8-'2$)()*,.G$?3#.)H($U$v'22,$Fijw@$�8/'4)H($Fili@$v'(,)$FiwD9$

x4#"1$FiluG$.#4/3#2#%8-'2$81â,-0#1)$
1#*$+),&$4,%+2'42($022$uj$.#1*3)$

!"#$%&OPQQ&



!3,$2,'4181%$*4'n,-*#4(G$�1#"2,&%,$-3'1%,$#=,4$0.,$

;4,&8-0#1G$?382&4,1$8180'22($),2,-*$1#1`S1%28)3$%4'..'4)@$%8=,1$*3,),$
&'*'R$$A>$)#@$",$)3#+2&$J,$'J2,$*#$+),$,T/,48.,1*'2$.,*3#&)$*#$#J),4=,$
*3,.$+)81%$1#1`S1%28)3$%4'..'4)$>#4$'1$,T*,1&,&$/,48#&$#>$0.,R$$

ST/,48.,1*'2$)+//#4*G$,28-8*'0#1$*')H$"8*3$S1%28)3$uC`.#1*3`#2&)$+),&$
8*,.)$*3'*$",4,$-#./'0J2,$"8*3$*3,$/'4'.,*48-$%4'..'4)$.#&,2,&$
2,'41,4)$#c,1$-3#),$3,4,$5�,3#,$Fiiw9$R$

!"#$%&OPQQ&



B'H81%$'4%+.,1*)$>4#.$'-7+8)80#1$

$P8t,4,1*$*3,#4,0-'2$/4#/#)'2)$-'1$J,$
.#0='*,&$'1&$*,)*,&$=8'$-#./+*'0#1'2$'1&$
7+'10*'0=,$.,*3#&)$z$,./848-'2$-382&`&84,-*,&$
)/,,-3$&'*'$

6*$*3,$)'.,$0.,@$",$.'($1,,&$*#$
&4'"$#1$,T/,48.,1*'2$"#4H$*#$
.'H,$)+4,$-382&4,1$'4,$'-7+8481%$
*3,),$4,/4,),1*'0#1)$"3,1$",$
*381H$*3,($'4,R$



d#'&$.'/G$!"#$%##&$"'()$

•! A1>#4.81%$*3,#4(G$64%+.,1*)$>4#.$'-7+8)80#1$
–! A1=,)0%'01%$<18=,4)'2$e4'..'4$

–! !,)01%$*3,#48,)$#>$H1#"2,&%,$4,/4,),1*'0#1$

•! A1>#4.81%$*3,$2,'4181%$/4#-,))G$<),>+2@$+),'J2,@$'1&$J,f,4$*3'1$
'&+2*)g$
–! $?#./'481%$8&,'2$'1&$1#1`8&,'2$'//4#'-3,)$*#$&8)-#=,4$3#"$I2,))$8)$.#4,L$

!$

!$



A1=,)0%'01%$2,'4181%$)*4'*,%8,)$

m#4$'1($/#*,10'2$)*4'*,%(G$
$A)$8*$+),>+2g$$

$N3'*$8)$/#))8J2,$*#$2,'41$>4#.$*3,$'='82'J2,$&'*'g$
•! A&,'2y4'0#1'2$.#&,2)@$-#./+*'0#1'2$2,=,2$'//4#'-3$

•! N3'*$&'*'$4,/4,),1*'0#1)$'4,$+),>+2g$$N3'*$'))+./0#1)$'4,$
+),>+2g$



A1=,)0%'01%$2,'4181%$)*4'*,%8,)$

m#4$'1($/#*,10'2$)*4'*,%(G$
$A)$8*$+),>+2g$$

$A)$8*$+),'J2,g$$

$N3'*$8)$/#))8J2,$>#4$-382&4,1$*#$2,'41$>4#.$*3,$'='82'J2,$&'*'g$
•! ?#1)*4'81,&y/4#-,))$.#&,2)@$'2%#48*3.8-$2,=,2$'//4#'-3$

•! 64,$*3,),$4,/4,),1*'0#1)$'1&$'))+./0#1)$)022$+),>+2$8>$-#%180=,$
4,)#+4-,)$'4,$28.8*,&g$



A1=,)0%'01%$2,'4181%$)*4'*,%8,)$

m#4$'1($/#*,10'2$)*4'*,%(G$
$A)$8*$+),>+2g$$

$A)$8*$+),'J2,g$$

$P#,)$8*$"#4H$J,f,4$"3,1$-#%180=,$4,)#+4-,)$'4,$-#1)*4'81,&g$

$I:,))$8)$.#4,L$3(/#*3,)8)$#>$Z,"/#4*$5FiiE9G$?382&4,1$&#$J,f,4$
/4,-8),2($J,-'+),$*3,($3'=,$.#4,$28.8*,&$-#%180=,$'J8280,)R$

•! $62)#$'&+2*)$5)#.,0.,)9$"3,1$*3,84$'J8280,)$'4,$8138J8*,&$5?#-34'1$
,*$'2R$Fiii@$�,4)*,1$,*$'2R$DEEF$J+*$),,$;,4>#4)$DEFF9$$

•! N3'*$2,'4181%$)*4'*,%8,)$3'=,$*38)$/4#/,4*(g$



?'),$)*+&(G$$
N#4&$),%.,1*'0#1$

"! 6$J8%$&,'2G$J')8)$>#4$.#4,$-#./2,T$281%+8)0-$H1#"2,&%,$

SEE the DOGgie 

),,$$$$$$*3,$$$$$$$&#%%8,$

phonology 

see 
the doggie 

syntax 

see’(the doggie)(xlistener) 

semantics 



?'),$)*+&(G$
N#4&$),%.,1*'0#1$

•! ?#%180=,$.#&,281%G$e8=,1$'$-#4/+)$#>$â+,1*$)/,,-3$#4$*,T*$51#$

+f,4'1-,`81*,41'2$"#4&$J#+1&'48,)9@$",$"'1*$*#$8&,10>($*3,$"#4&)R$

whatsthat 
thedoggie 
yeah 
wheresthedoggie 

whats that 
the doggie 
yeah 
wheres the doggie 

),,$$$$$$*3,$$$$$$$&#%%8,$



N#4&$),%.,1*'0#1$)*4'*,%8,)$

•! :'1%+'%,`&,/,1&,1*$-+,)G$/3#1#*'-0-)@$'22#/3#18-$='48'0#1@$
.,*48-'2$5)*4,))9$/'f,41)@$,t,-*)$#>$-#'40-+2'0#1$

;4#J2,.G$V81-,$*3,),$='4($-4#))`281%+8)0-'22(@$
1,,&$*#$H1#"$)#.,$"#4&)$81$*3,$2'1%+'%,$*#$
h%+4,$*3,.$#+*R$$x+*$*3,),$-+,)$'4,$+),&$*#$
3,2/$8&,10>($"#4&)$81$*3,$h4)*$/2'-,K$$



N#4&$),%.,1*'0#1$)*4'*,%8,)$

•! :'1%+'%,`81&,/,1&,1*$-+,G$/4#J'J828*($#>$),7+,1-,)$#>$+18*)$
28H,$/3#1,.,)$#4$)(22'J2,)$

•! ;#*,10'2G$S'42($J##*)*4'//81%$
–! !38,)),1$U$V't4'1$DEEuG$)*'0)0-'2$81>#4.'0#1$+),&$=,4($,'42($



x'(,)8'1$81>,4,1-,G$
6$)*4'*,%($*3'*$-'1$+),$),7+,1-,$/4#J'J8280,)$

•! !3,$x'(,)8'1$2,'41,4$),,H)$*#$8&,10>($'1$,T/2'1'*#4($281%+8)0-$
3(/#*3,)8)$*3'*$

–! '--#+1*)$>#4$*3,$#J),4=,&$&'*'$
–! -#1>#4.)$*#$/48#4$,T/,-*'0#1)$$

"!$$$A&,'2$2,'41,4G$A)$*38)$81>#4.'0#1$+),>+2g$

"!$$$?#1)*4'81,&$2,'41,4G$A)$*38)$81>#4.'0#1$+),'J2,g$A)$*3,4,$'1($
,=8&,1-,$8*Q)$J,f,4$"3,1$*3,$2,'41,4$8)$-#1)*4'81,&g$



x'(,)8'1$),%.,1*'0#1$
5e#2&"'*,4$,*$'2R$DEEi9$

P'*'G$+1),%.,1*,&$-#4/+)$5*4'1)-48/0#1)9$
v(/#*3,),)G$),7+,1-,)$#>$"#4&$*#H,1)$

{$F$8>$-#1-'*,1'01%$"#4&)$>#4.)$-#4/+)@$$

{$E$#*3,4"8),R$

?#4/+)G$I2##H'f3,&#%%8,L$ $;51~39${F $ $;51~39${$E$
$ $ $ $ $ $%**&N&#03&"1&*??/"& &/&%/N"&)">?+/>,&
& & & & & &%**N#C&C3"1*??/" $ $%**N&#C&C3"N/0M$
$ $ $ $ $ $%**N&#C&C3"&1*??/" &#&-&A$



O/0.'2$)#2+0#1$8)$*3,$),%.,1*'0#1$"8*3$38%3,)*$/#)*,48#4$/4#J'J828*(R$

S1-#&,)$'))+./0#1)$#4$J8'),)$
81$*3,$2,'41,4G$

•!$/4,>,4$)3#4*$"#4&)$

•!$/4,>,4$>,",4$"#4&)$

x'(,)8'1$),%.,1*'0#1$
5e#2&"'*,4$,*$'2R$DEEi9$

P'*'G$+1),%.,1*,&$-#4/+)$5*4'1)-48/0#1)9$
v(/#*3,),)G$),7+,1-,)$#>$"#4&$*#H,1)$

{$F$8>$-#1-'*,1'01%$"#4&)$>#4.)$-#4/+)@$$

{$E$#*3,4"8),R$



x'(,)8'1$),%.,1*'0#1G$
A&,'2$=)R$?#1)*4'81,&$

:,'41,4$'))+./0#1)G$

•! x')8-$+18*$#>$4,/4,),1*'0#1${$/3#1,.,$

•! N#4&)$'4,$,8*3,4$81&,/,1&,1*$+18*)$5+18%4'.$'))+./0#19$$
$#4$

$N#4&)$'4,$+18*)$*3'*$/4,&8-*$#*3,4$"#4&)$5J8%4'.$'))+./0#19$

!"#$%6&Z*%1<#C"$6&'&(C"M["$,&OPQQ&



x'(,)8'1$),%.,1*'0#1G$
A&,'2$=)R$?#1)*4'81,&$

x'(,)8'1$2,'41,4)$,T'.81,&G$

$ $ $A&,'2 $ $ $ $ $ $ $?#1)*4'81,&$$$

$/,4>,-*$.,.#4( $ $ $ $ $&,-'(81%$.,.#4($
$2'4%,$/4#-,))81%$-'/'J8280,) $ $28.8*,&$/4#-,))81%$-'/'J8280,)$

$J'*-3$&'*'$/4#-,))81% $ $ $81-4,.,1*'2$&'*'$/4#-,))81%$

!"#$%6&Z*%1<#C"$6&'&(C"M["$,&OPQQ&



x'(,)8'1$),%.,1*'0#1G$
A&,'2$=)R$?#1)*4'81,&$

$m81&$'$I2,))$8)$.#4,L$,t,-*$>#4$)#.,$-#1)*4'81,&$2,'41,4)$"3#$3'=,$'$
+18%4'.$'))+./0#1@$2,'4181%$>4#.$S1%28)3$&'*'R$
$?#44,-*$*#H,1$8&,10h-'0#1G$jCÅ$-#1)*4'81,&$=)R$kCÅ$8&,'2$

N3(g$
!3,84$-#%180=,$28.8*'0#1)$-'+),&$*3,.$1#*$*#$1#0-,$
>4,7+,1*2($#--+4481%$/4,&8-*'J2,$),7+,1-,)$#>$)3#4*$
"#4&)$28H,$I'*$*3,LR$V#@$*3,($&8&1Q*$*4($*#$.'H,$*3,.$
#1,$"#4&$5I'f3,L9$M$'1$+1&,4),%.,1*'0#1$,44#4$*3'*$
*3,$8&,'2$2,'41,4)$#c,1$.'&,R$$

!"#$%6&Z*%1<#C"$6&'&(C"M["$,&OPQQ&



x'(,)8'1$),%.,1*'0#1G$
A&,'2$=)R$?#1)*4'81,&$

$?#%180=,$/2'+)8J828*(G$B'H,$*3,$2,'4181%$/4#-,))$",Q4,$.#&,281%$2##H$
.#4,$28H,$*3,$2,'4181%$/4#-,))$-382&4,1$'4,$+)81%R$

$B'(J,$",$)3#+2&$4,=8)8*$)#.,$#>$#+4$.#&,281%$'))+./0#1)G$

$x')8-$+18*$#>$4,/4,),1*'0#1${$/3#1,.,g$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



$;,4-,/*+'2$+18*)$>#4$81>'1*)$

$N#4&$),%.,1*'0#1$0.,281,G$$
$V*'0)0-'2$2,'4181%$'*$*3,$J,%81181%$#>$),%.,1*'0#1@$J,>#4,$lRk$.#1*3)$

$N3'*$4,/4,),1*'0#1)$&#$81>'1*)$3'=,$'*$*38)$/#81*g$

•! ;3#1,.,)$'4#+1&$äFE$.#1*3)$5N,4H,4$U$!,,)$FiwC9$

•! V(22'J2,)$'4#+1&$u$.#1*3)$5S8.')$Fiii@$o+)-É(H$U$P,44'3$Fiwl9$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



x'(,)8'1$),%.,1*'0#1G$
A&,'2$=)R$?#1)*4'81,&$

</&'*,&$2,'41,4$'))+./0#1)G$

•! x')8-$+18*$#>$4,/4,),1*'0#1${$)(22'J2,$
•! N#4&)$'4,$,8*3,4$81&,/,1&,1*$+18*)$5+18%4'.$'))+./0#19$$
$#4$

$N#4&)$'4,$+18*)$*3'*$/4,&8-*$#*3,4$"#4&)$5J8%4'.$'))+./0#19$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



x'(,)8'1$2,'41,4)$
$A&,'2$2,'41,4G$

–! ;4#-,))$&'*'$81$'$J'*-3$5/,4>,-*$.,.#4(9$

–! v'=,$,1#+%3$/4#-,))81%$4,)#+4-,)$*#$,T3'+)0=,2($),'4-3$
/#*,10'2$),%.,1*'0#1)$

–! V,2,-*$#/0.'2$),%.,1*'0#1 $$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



x'(,)8'1$2,'41,4)$
$?#1)*4'81,&$2,'41,4$5P(1'.8-$;4#%4'..81%$z$B'T8.8É'0#1$rP;Bs9G$

–! ;4#-,))$&'*'$81-4,.,1*'22($

–! v'=,$,1#+%3$/4#-,))81%$4,)#+4-,)$*#$,T3'+)0=,2($),'4-3$/#*,10'2$
),%.,1*'0#1)$

–! V,2,-*$#/0.'2$),%.,1*'0#1 $$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



x'(,)8'1$2,'41,4)$
$?#1)*4'81,&$2,'41,4$5P(1'.8-$;4#%4'..81%$z$V'./281%$rP;Vs9G$

–! ;4#-,))$&'*'$81-4,.,1*'22($

–! v'=,$,1#+%3$/4#-,))81%$4,)#+4-,)$*#$,T3'+)0=,2($),'4-3$
/#*,10'2$),%.,1*'0#1)$

–! V,2,-*$),%.,1*'0#1$/4#J'J828)0-'22( $$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



x'(,)8'1$2,'41,4)$
$?#1)*4'81,&$2,'41,4$5P,-'(,&$B'4H#=$?3'81$B#1*,$?'42#$rPB?B?s9G$

–! ;4#-,))$&'*'$81-4,.,1*'22($

–! v'=,$28.8*,&$/4#-,))81%$4,)#+4-,)$'1&$&,-'(81%$.,.#4(@$)#$-'11#*$
&#$,T3'+)0=,$),'4-3$

–! V,2,-*$),%.,1*'0#1$/4#J'J828)0-'22( $$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



x'(,)8'1$2,'4181%$#=,4$)(22'J2,)$

m${$D$q$;4,-$q$d,-$

$$$$$$$$$$;4,-$z$d,-$

;4,-8)8#1G$$$

ã-#44,-*$y$ã>#+1&$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

d,-'22G$$

ã>#+1&$y$ã*4+,$$$$$$$$$$

&Y",+%C,&#["$#?"1&*["$&\&$#>1*.%M&?">"$#C"1&C",C&,"C,&L]O^PP&+0"$#>A",J&C3#C&
<"$"&,")#$#C"&D$*.&C3"&C$#/>/>?&,"C,&L]O\OPP&+0"$#>A",J6&#%%&?">"$#C"1&D$*.&C3"&
!"#$%=_$">C&1"$/["1&A*$)+,`$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&

X&.0+#-/ F.0+#-/

<,%#Q/ kuRF$ llRF$

D*8/ kwRw$ lkRF$

D*B/ juRl$ llRw$

D8O8O/ kkRF$ wjRu$

N#4&$*#H,1$m`)-#4,)$



x'(,)8'1$2,'4181%$#=,4$)(22'J2,)$

m${$D$q$;4,-$q$d,-$

$$$$$$$$$$;4,-$z$d,-$

;4,-8)8#1G$$$

ã-#44,-*$y$ã>#+1&$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

d,-'22G$$

ã>#+1&$y$ã*4+,$$$$$$$$$$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&

X&.0+#-/ F.0+#-/

<,%#Q/ kuRF$ llRF$

D*8/ YZ[Z/ lkRF$

D*B/ \I[N/ llRw$

D8O8O/ YY[J/ wjRu$

N#4&$*#H,1$m`)-#4,)$

6$2,'41,4$"3#$'))+.,)$"#4&)$'4,$1#*$/4,&8-0=,$#>$#*3,4$"#4&)$
/,4>#4.)$)8%18h-'1*2($J,f,4$"3,1$8*)$'J8280,)$'4,$-#1)*4'81,&R$$

W*$"&$*-+,C&"a"AC&C3#>&!"#$%&"C&#%`&OPQQ&*-,"$["1&D*$&+>/?$#.&%"#$>"$b&&
U%%&C3$""&A*>,C$#/>"1&%"#$>"$,&1*&-"0"$̀ &



x'(,)8'1$2,'4181%$#=,4$)(22'J2,)$

m${$D$q$;4,-$q$d,-$

$$$$$$$$$$;4,-$z$d,-$

;4,-8)8#1G$$$

ã-#44,-*$y$ã>#+1&$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

d,-'22G$$

ã>#+1&$y$ã*4+,$$$$$$$$$$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&

X&.0+#-/ F.0+#-/

<,%#Q/ kuRF$ llRF$

D*8/ YZ[Z/ lkRF$

D*B/ \I[N/ llRw$

D8O8O/ YY[J/ Z\[I/

N#4&$*#H,1$m`)-#4,)$

O1,$-#1)*4'81,&$2,'41,4$"3#$'))+.,)$"#4&)$'4,$/4,&8-0=,$#>$#*3,4$
"#4&)$/,4>#4.)$)8%18h-'1*2($J,f,4$*3'1$*3,$8&,'2$2,'41,4R$$

8"<&"a"ACb&!"#$%&"C&#%`&OPQQ&1/1&>*C&*-,"$["&C3/,&"a"AC&/>&-/?$#.&%"#$>"$,`&&



!3,$+028*($#>$-#%180=,2($/2'+)8J2,$.#&,281%$'))+./0#1)$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&

A1$2,'41,4)$"8*3$,8*3,4$*3,$+18%4'.$#4$*3,$J8%4'.$'))+./0#1@$",$h1&$
"3'*$2##H)$28H,$'$I2,))$8)$.#4,L$,t,-*R$

x($*4(81%$*#$.'H,$*3,$.#&,2$4,/4,),1*$*3,$81/+*$*3,$"'($",$*381H$
-382&4,1$&#@$",$3'=,$4,/4#&+-,&$J,3'=8#4$*3'*$",$*381H$-382&4,1$3'=,R$

$Ä8,"$81/+*$')$)*4,'.)$#>$)(22'J2,)$ $ $$

$ $ $$

$ $ $ $ $ $;,4>#4.$J,f,4$"8*3$28.8*,&$'J8280,)$



N3'*Q)$-'+)81%$I2,))$8)$.#4,Lg$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&

V022$+1&,4$81=,)0%'0#1@$J+*K$

<18%4'.$2,'41,4)$-#+2&$J,$J,1,h01%$81$'$)8.82'4$"'($*#$*3,$2,'41,4)$81$
;,'42$,*$'2R$DEFFG$

?#1)*4'81,&$2,'41,4)$&#1Q*$-4,'*,$*3,$+1&,4),%.,1*'0#1$,44#4)$*3'*$8&,'2$
2,'41,4)$&#$>#4$>4,7+,1*2($#--+4481%$),7+,1-,)$#>$)3#4*$"#4&)R$5!3,($&#1Q*$
1#0-,$*3,.$')$.+-3R9$

I'*$*3,L$$ I'f3,L$$_$



N3'*Q)$-'+)81%$I2,))$8)$.#4,Lg$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&

V022$+1&,4$81=,)0%'0#1@$J+*K$

x8%4'.$2,'41,4)$"#+2&1Q*$.'H,$*38)$,44#4$*3#+%3@$J,-'+),$*3,($3'=,$'$
"'($*#$4,/4,),1*$/4,&8-*'J2,$),7+,1-,)R$x+*$*3,$PB?B?$J8%4'.$2,'41,4$
8)$)8%18h-'1*2($#+*/,4>#4.81%$*3,$8&,'2$J8%4'.$2,'41,4K$

I'*$*3,L$$ I'f3,L$$_$



N3'*Q)$-'+)81%$I2,))$8)$.#4,Lg$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&

V022$+1&,4$81=,)0%'0#1@$J+*K$

A>$",$2##H$'*$*3,$4,-'22$)-#4,)$>#4$*3,),$J8%4'.$2,'41,4)@$",$1#0-,$*3'*$
*#H,1$4,-'22$8)$38%3,4$>#4$*3,$PB?B?$2,'41,4$"382,$2,T8-#1$4,-'22$5"#4&$
*(/,)9$8)$38%3,4$>#4$*3,$8&,'2$2,'41,4R$$

:']%&/+%T#QQ/ C%4.T'&/+%T#QQ/

<,%#Q/F.0+#-/ lDRk$ N^[N/

D8O8O/F.0+#-/ ZY[Y/ ljRw$



N3'*Q)$-'+)81%$I2,))$8)$.#4,Lg$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&

V022$+1&,4$81=,)0%'0#1@$J+*K$

O1,$81*,4/4,*'0#1G$!3,$-#1)*4'81,&$2,'41,4$8)$-#44,-*2($),%.,101%$.#4,$
>4,7+,1*$"#4&)$5"8*3$.#4,$*#H,1)$/,4$"#4&9$"382,$*3,$8&,'2$2,'41,4$8)$
-#44,-*2($),%.,101%$.#4,$"#4&$*(/,)R$

:']%&/+%T#QQ/ C%4.T'&/+%T#QQ/

<,%#Q/F.0+#-/ lDRk$ N^[N/

D8O8O/F.0+#-/ ZY[Y/ ljRw$

?#1)*4'81,&$2,'41,4$&#,)$",22$#1$.#4,$I8./#4*'1*L$"#4&)$*3'*$#--+4$.#4,$#c,1g$



<1&,4)*'1&81%$*3,$2,'4181%$/4#-,))$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&

?'),$)*+&(G$x'(,)8'1$81>,4,1-,$')$'1$8180'2$)*4'*,%($>#4$"#4&$),%.,1*'0#1$

$A)$8*$+),>+2g$$

A&,'2$2,'41,4)$+)81%$*38)$)*4'*,%($/,4>#4.$>'842($",22@$%8=,1$4,'28)0-$-382&`
&84,-*,&$)/,,-3$&'*'R$

!$



<1&,4)*'1&81%$*3,$2,'4181%$/4#-,))$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&

?'),$)*+&(G$x'(,)8'1$81>,4,1-,$')$'1$8180'2$)*4'*,%($>#4$"#4&$),%.,1*'0#1$

$A)$8*$+),>+2g$$

$A)$8*$+),'J2,g$$

$?#1)*4'81,&$2,'41,4)$-'1$)022$+),$*38)$)*4'*,%($'1&$&#$7+8*,$",22R$

!$
!$



<1&,4)*'1&81%$*3,$2,'4181%$/4#-,))$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&

?'),$)*+&(G$x'(,)8'1$81>,4,1-,$')$'1$8180'2$)*4'*,%($>#4$"#4&$),%.,1*'0#1$

$A)$8*$+),>+2g$$

$A)$8*$+),'J2,g$$

$P#,)$8*$"#4H$J,f,4$"3,1$-#%180=,$4,)#+4-,)$'4,$-#1)*4'81,&g$

$x($4,/4,),101%$*3,$81/+*$81$'$"'($81>'1*)$'4,$28H,2($*#$&#@$",$h1&$'$
)*4#1%,4$I2,))$8)$.#4,L$,t,-*@$"8*3$-#1)*4'81,&$2,'41,4)$#+*/,4>#4.81%$
8&,'2$2,'41,4)R$

!$
!$
!$



B'H,$'4%+.,1*)$>4#.$'-7+8)80#1$>#4$*3,#4(R$

A&,10>($2,'4181%$)*4'*,%8,)$*3'*$'4,$+),>+2@$+),'J2,@$'1&$-'1$,T/2'81$
)+4/48)81%2($)+/,48#4$-382&$2,'4181%R$

ST/,48.,1*'2$.,*3#&)$

!3,#4,0-'2$.,*3#&)$

?#./+*'0#1'2$.,*3#&)$

d,-'/G$!"#$%##&$"'()$$
*#$+),$-#./+*'0#1'2$.,*3#&)$



!3'1H$(#+Ö$
$ $ $ $o#1$V/4#+), $ $ $ $ $:'"4,1-,$;38228/)$
$P8#%#$62.,8&' $B8)3'$x,-H,4 $$$x#J$x,4"8-H $ $A='1#$?'/#18%4# $62,T'1&,4$?2'4H $$

$x#J$m4'1H $ $B8-3',2$m4'1H$$$v,'*3,4$e#'& $V3'4#1$e#2&"'*,4 $!#.$e48Ç*3) $$

$Z#4J,4*$v#41)*,81 $x822$A&)'4&8 $d#%,4$:,=( $o,t$:8&É $ $ $P8'1,$:822#`B'401 $$

$6.($;,4>#4)$ $?#281$;38228/) $N8228'.$V'H') $$$ $B'4H$V*,(=,4)$ $Ä84%818'$Ä'28'1$$

$6.($N,81J,4% $ $?3'42,)$a'1% $ $ $ $ $$



ST*4'$B'*,48'2$



x+82&81%$'$-#./+*'0#1'2$2,'41,4$

:,'4181%$x8')G$A./28-8*2($'))8%1$'$/4#J'J828*($*#$'$-#1*'81,4$1#&,$),7+,1-,$J($
*4'-H81%$*48%4'.)$#>$-#1*'81,4$1#&,)R$6$),7+,1-,Q)$/4#J'J828*($8)$*3,$).##*3,&$
/4#&+-*$#>$8*)$*48%4'.)R$

N3'*$H81&$#>$J8')$8)$*38)g$
•!$3'=,$,1#+%3$.,.#4($*#$3#2&$*3,$+f,4'1-,$'1&$8*)$&,/,1&,1-($81$.81&G$$$$
$$$811'*,$'1&$&#.'81`%,1,4'2$

•!$3'=,$,1#+%3$.,.#4($*#$3#2&$*34,,$+18*)$81$.81&$5B81*É$DEEj@$N'1%$U$B81*É$DEEw@$
V't4'1$,*$'2R$Fiij@$6)281$,*$'2R$Fiij@$V't4'1$,*$'2R$Fiii@$e4'>$S)*,)$,*$'2R$DEEl@$V't4'1$,*$'2R$DEEw@$

;,2+--38$,*$'2R$DEEi'@$DEEiJ9G$$
$$811'*,$'1&$&#.'81`%,1,4'2$$

•!$*4'-H$*48%4'.)$#>$+18*)G$
$$811'*,$'1&$&#.'81`%,1,4'2$

!"#$%&'&()$*+,"&,+-./0"1&



x+82&81%$'$-#./+*'0#1'2$2,'41,4G$$
S./848-'2$%4#+1&81%$

v'4*$U$d8)2,($FiikG$?382&4,1$3,'4$'//4#T8.'*,2($F$.8228#1$+f,4'1-,)$81$*3,84$h4)*$
*34,,$(,'4)R$$$

6))+./0#1G$2,'4181%$/,48#&$>#4$.#&,2,&$2,'41,4)$8)$u$(,'4)$5,TG$J,*",,1$D$'1&$k$
(,'4)$#2&$>#4$.#&,281%$-382&4,1Q)$'-7+8)80#19@$)#$*3,($"#+2&$3,'4$#1,$.8228#1$
+f,4'1-,)R$

!#*'2$2,'4181%$/,48#&G$DEE@EEE$<3`&,/,1&,1-($&'*'$/#81*)$5<3`&,/,1&,1-8,)$
.'H,$+/$'//4#T8.'*,2($DEÅ$#>$*3,$81/+*9$

!"#$%&'&()$*+,"&,+-./0"1&



O!$)()*,.$*,)*$

!! B'T8.+.$-#./'0J828*($)-#4,$>#4$#>M$S1%28)3$%4'..'4G$

$ $DCRDÅ$#>$&'*'$*#H,1)$5DjRjÅ$#>$*(/,)9$

$ $5uD$%4'..'4)$"8*3$*38)$)-#4,9$$

!! B'T8.+.$-#./'0J828*($)-#4,$>#4$'1($1#1`S1%28)3$%4'..'4G$$

$ $lCRjÅ$#>$&'*'$*#H,1)$5jlRkÅ$#>$*(/,)9$

$ $5FjEE$%4'..'4)$"8*3$*38)$)-#4,9$

$!3,$S1%28)3$O!$%4'..'4)$'4,$-2,'42($)+J`#/0.'2$>#4$*38)$&'*'$),*$`$J+*$3#"$
&#$*3,($-#./'4,$#=,4'22$*#$*3,$#*3,4$%4'..'4)$81$*3,$3(/#*3,)8)$)/'-,g$

B'(J,$",$)8./2($-'1Q*$h1&$%4'..'4)$*3'*$'4,$.+-3$J,f,4@$
%8=,1$*3,),$-#1)*4'81*)g$



O!$)()*,.$*,)*$

!! e4'..'4)$"8*3$38%3,4$-#./'0J828*($*3'1$J,)*$S1%28)3$%4'..'4G$

$ $ $ $F@Fkl@kuw$5*#H,1$-#./'0J828*(9$

$ $ $ $F@Dju@FuE$5*(/,$-#./'0J828*(9$$

</)3#*G$!3,$O!$)()*,.$4,/4,),1*'0#1$&#,)1Q*$2##H$.+-3$
J,f,4$>#4$2,'41,4)$*4(81%$*#$'-7+84,$'1$'&+2*$S1%28)3$
%4'..'4$>4#.$-382&`&84,-*,&$)/,,-3R$



;'4'.,*,4)$=)R$O!$-#./'48)#1$

Parameters OT 
Grammars in 
hypothesis space 

156 3,628,800 

Best grammar 
compatibility 

76.5% (tokens) 
70.3% (types) 

74.6% (tokens) 
67.5% (types) 

% of hypothesis space 
(best) English grammar 
scores lower than 

28.3% (tokens) 
31.1% (types) 

31.9% (tokens) 
34.8% (types) 

(Best) English grammar 
compatibility 

73.0% (tokens) 
62.1% (types) 

24.2% (tokens) 
26.6% (types) 

$S8*3,4$H1#"2,&%,$4,/4,),1*'0#1$-#1*'81)$%4'..'4)$*3'*$'4,$-#./'0J2,$"8*3$'$
4,')#1'J2,$.'n#48*($#>$*3,$S1%28)3$-382&`&84,-*,&$)/,,-3$&'*'R$



;'4'.,*,4)$=)R$O!$-#./'48)#1$

Parameters OT 
Grammars in 
hypothesis space 

156 3,628,800 

Best grammar 
compatibility 

76.5% (tokens) 
70.3% (types) 

74.6% (tokens) 
67.5% (types) 

% of hypothesis space 
(best) English grammar 
scores lower than 

28.3% (tokens) 
31.1% (types) 

31.9% (tokens) 
34.8% (types) 

(Best) English grammar 
compatibility 

73.0% (tokens) 
62.1% (types) 

24.2% (tokens) 
26.6% (types) 

$!3,$4'1H81%$81$*3,$3(/#*3,)8)$)/'-,$>#4$*3,$5J,)*9$S1%28)3$%4'..'4$>#4$,8*3,4$
H1#"2,&%,$4,/4,),1*'0#1$8)$>'842($)8.82'4$5'4#+1&$*3,$*#/$*384&$#>$*3,$
3(/#*3,)8)$)/'-,9R$



;'4'.,*,4)$=)R$O!$-#./'48)#1$

Parameters OT 
Grammars in 
hypothesis space 

156 3,628,800 

Best grammar 
compatibility 

76.5% (tokens) 
70.3% (types) 

74.6% (tokens) 
67.5% (types) 

% of hypothesis space 
(best) English grammar 
scores lower than 

28.3% (tokens) 
31.1% (types) 

31.9% (tokens) 
34.8% (types) 

(Best) English grammar 
compatibility 

73.0% (tokens) 
62.1% (types) 

24.2% (tokens) 
26.6% (types) 

$v#",=,4@$*3,$J,)*$S1%28)3$%4'..'4$-#./'0J828*($8)$=,4($2#"$>#4$O!@$
-#./'4,&$*#$*3,$S1%28)3$%4'..'4$81$*3,$/'4'.,*48-$)()*,.R$



x'(,)8'1$2,'41,4)$
$A&,'2$2,'41,4G$

–! ;4#-,))$&'*'$81$'$J'*-3$5/,4>,-*$.,.#4(9$

–! v'=,$,1#+%3$/4#-,))81%$4,)#+4-,)$*#$,T3'+)0=,2($),'4-3$
/#*,10'2$),%.,1*'0#1)$

–! V,2,-*$#/0.'2$),%.,1*'0#1 $$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



x'(,)8'1$2,'41,4)$
$?#1)*4'81,&$2,'41,4$5P(1'.8-$;4#%4'..81%$z$B'T8.8É'0#1$rP;Bs9G$

–! ;4#-,))$&'*'$81-4,.,1*'22($

–! v'=,$,1#+%3$/4#-,))81%$4,)#+4-,)$*#$,T3'+)0=,2($),'4-3$/#*,10'2$
),%.,1*'0#1)$

–! V,2,-*$#/0.'2$),%.,1*'0#1 $$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



     did you wanna sit down 

  0.33   dId yu wa/n6 sIt dQn 

  0.21   dId/yu wa/n6 sIt dQn 

$ $0.15 $ $dId/yu wa n6 sIt dQn$

$ $K $$ $ $K $ $ $$

m#4$,'-3$+f,4'1-,G$
•! <),$&(1'.8-$/4#%4'..81%$*#$-#./+*,$/4#J'J8280,)$#>$'22$),%.,1*'0#1)@$%8=,1$

*3,$-+44,1*$2,T8-#1R$
•! ?3##),$*3,$J,)*$),%.,1*'0#1R$
•! 6&&$-#+1*)$#>$),%.,1*,&$"#4&)$*#$2,T8-#1R$

x'(,)8'1$2,'41,4)$
$?#1)*4'81,&$2,'41,4$5P(1'.8-$;4#%4'..81%$z$B'T8.8É'0#1$rP;Bs9G$



x'(,)8'1$2,'41,4)$
$?#1)*4'81,&$2,'41,4$5P(1'.8-$;4#%4'..81%$z$V'./281%$rP;Vs9G$

–! ;4#-,))$&'*'$81-4,.,1*'22($

–! v'=,$,1#+%3$/4#-,))81%$4,)#+4-,)$*#$,T3'+)0=,2($),'4-3$
/#*,10'2$),%.,1*'0#1)$

–! V,2,-*$),%.,1*'0#1$/4#J'J828)0-'22( $$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



     did you wanna sit down 

  0.33   dId yu wa/n6 sIt dQn 

  0.21   dId/yu wa/n6 sIt dQn 

$ $0.15 $ $dId/yu wa n6 sIt dQn$

$ $K $$ $ $K $ $ $$

m#4$,'-3$+f,4'1-,G$
•! <),$&(1'.8-$/4#%4'..81%$*#$-#./+*,$/4#J'J8280,)$#>$'22$),%.,1*'0#1)@$%8=,1$

*3,$-+44,1*$2,T8-#1R$
•! V'./2,$'$),%.,1*'0#1$/4#J'J828)0-'22(R$
•! 6&&$-#+1*)$#>$),%.,1*,&$"#4&)$*#$2,T8-#1R$

x'(,)8'1$2,'41,4)$
$?#1)*4'81,&$2,'41,4$5P(1'.8-$;4#%4'..81%$z$V'./281%$rP;Vs9G$



x'(,)8'1$2,'41,4)$
$?#1)*4'81,&$2,'41,4$5P,-'(,&$B'4H#=$?3'81$B#1*,$?'42#$rPB?B?s9G$

–! ;4#-,))$&'*'$81-4,.,1*'22($

–! v'=,$28.8*,&$/4#-,))81%$4,)#+4-,)$'1&$&,-'(81%$.,.#4(@$)#$-'11#*$
&#$,T3'+)0=,$),'4-3$

–! V,2,-*$),%.,1*'0#1$/4#J'J828)0-'22( $$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



      did you wanna sit down 

 $ $$

m#4$,'-3$+f,4'1-,G$
•! ;4#J'J828)0-'22($)'./2,$,$J#+1&'48,)$>4#.$'22$+f,4'1-,)$,1-#+1*,4,&$)#$>'4R$
•! ;4#J5)'./2,$-9$!$J'`&$"3,4,$J'$8)$*3,$1+.J,4$#>$/#*,10'2$J#+1&'4($2#-'0#1)$

J,*",,1$-$'1&$*3,$,1&$#>$*3,$-+44,1*$+f,4'1-,$'1&$1$8)$*3,$&,-'($4'*,$5B'4*38$,*$'2R$

DEED9R$$$
•! </&'*,$2,T8-#1$'c,4$,'-3$J#+1&'4($)'./2,R$

x'(,)8'1$2,'41,4)$
$?#1)*4'81,&$2,'41,4$5P,-'(,&$B'4H#=$?3'81$B#1*,$?'42#$rPB?B?s9G$

  dId/yu wa/n6 sIt dQn$

s samples ;4#J'J828*($#>$$
)'./281%$J#+1&'4($

x#+1&'48,)$ !3/%%/),&'&!"#$%&OPQO6&/>&)$")&



      did you wanna sit down that’s okay then 

 & &&

m#4$,'-3$+f,4'1-,G$
•! ;4#J'J828)0-'22($)'./2,$,$J#+1&'48,)$>4#.$'22$+f,4'1-,)$,1-#+1*,4,&$)#$>'4R$
•! ;4#J5)'./2,$-9$!$J'`&$"3,4,$J'$8)$*3,$1+.J,4$#>$/#*,10'2$J#+1&'4($2#-'0#1)$

J,*",,1$-$'1&$*3,$,1&$#>$*3,$-+44,1*$+f,4'1-,$'1&$1$8)$*3,$&,-'($4'*,$5B'4*38$,*$'2R$

DEED9R$$$
•! </&'*,$2,T8-#1$'c,4$,'-3$J#+1&'4($)'./2,R$

x'(,)8'1$2,'41,4)$
$?#1)*4'81,&$2,'41,4$5P,-'(,&$B'4H#=$?3'81$B#1*,$?'42#$rPB?B?s9G$

  dId/yu wa/n6 sIt dQn  D&ts o/ke DEn 

s samples ;4#J'J828*($#>$$
)'./281%$J#+1&'4($

x#+1&'48,)$

<f,4'1-,$F$ <f,4'1-,$D$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



      did you wanna sit down that’s okay then 

 & &&

$m#4$'22$PB?B?$2,'41,4)G$

$1${$FRk$5ällÅ$-3'1-,$#>$)'./281%$'$J#+1&'4($81$*3,$-+44,1*$+f,4'1-,9$
$,${$DEEEE$)'./2,)$/,4$+f,4'1-,$5lwÅ$>,",4$)'./2,)$*3'1$8&,'2$2,'41,49$

x'(,)8'1$2,'41,4)$
$?#1)*4'81,&$2,'41,4$5P,-'(,&$B'4H#=$?3'81$B#1*,$?'42#$rPB?B?s9G$

  dId/yu wa/n6 sIt dQn  D&ts o/ke DEn 

s samples ;4#J'J828*($#>$$
)'./281%$J#+1&'4($

x#+1&'48,)$

<f,4'1-,$F$ <f,4'1-,$D$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&



:,'41,4$81/+*$
•! ;,'42`x4,1*$-#4/+)$5i$.#1*3)$#4$(#+1%,4$),-0#19$

–! Dw@uiF$+f,4'1-,)$#>$/3#1,.8-'22($*4'1)-48J,&$-382&`&84,-*,&$
)/,,-3$5ij@iDE$*#H,1)@$u@DFu$*(/,)9@$"38-3$"')$*3,1$)(22'J8h,&R$

–! 6=,4'%,$+f,4'1-,$2,1%*3G$uRC$"#4&)@$CRD$)(22'J2,)$

ST'./2,$81/+*G$

did/you/sit/down 
did/you/wa/nna/sit/down 
thats/o/kay/then 
come/here 
... 

dId/yu/sIt/dQn 
dId/yu/wa/n6/sIt/dQn 
D&ts/o/ke/DEn 
kAm/h) 
... 

"$

!3/%%/),&'&!"#$%&OPQO6&/>&)$")&


