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IHEYSES () Y6**)+) Vo BAFE' 1IHS68!"

I"HSUAI"HSHYOI& ()% H S+, -$%) /&IOLHUSEBRI"IHSY & (| SH-SRH I"HSY&"H II"HS

L IHESY68, () ¥ %+, HSVS A SY&H (H)*+,- S #0121 3-4H#*538 1 284S "% & ()&

I"HEY08, (AUMHSY08B'1 &1 B&(Yo& (&0)*+ NSOGB (*+ BHHSY0" & " B(AWS Y68 ()" *"+"] $'

I"HI$ V&S () +(,&-&Y6' (. () Y026+ %08 (") %0/$" (%6/)* (NS0 & Yo (H)*+,-*"&- Yo$/ &-*0/ 1 2#-*

IHSY0E (&) <" H+*" 1596, -THEV6" &H Yo (S)H Yo +HHS+$'™ -'(-/+#,-O(12/-*3H Yo 4" 0'H " H&Yo (. YoHt
IHSYHE HSB()SY6Y) +*,8-'%)-%.%- #S(/+0)*$1 % SI2# S non! I'H$Y6& () %S$*+(,)-..-"1)/0 11"
items)lonly!" #$"%$&" &' (&)*+&S$,-"(.), */*(.$,0"18)&". 2.(,&2" %"0+.33"$4+5&)0"%6" %3 7EK0"

I'H 'S8 (") "HHSYBE () F+, -+ I HHSUSE )+ %o- JORO L+, —+2$1"3) +3((&'($, +(, +$'0$2$0"3(&+(4&+

IS8 (SIS (B Favanagh, 2001). In I"HSY6& I"HISY6&! () H#+$(%, Yott+'(-*.I$I*
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"#$%"&$'&()!**&+'Hsymbolic object arrays under !"#1$%&$'%($)*+,"+'$+,,-.,"%oad (e.g.!"
UG8 ()(*+,"  I"HEY&S (1BEBY6& () Yo+ +%6-"H)%. +H10%-H1#%0(8.&. 2. H)+35%604, 2406'1 %-"1)%
"#$YoHE& HEP() SUHBY&'S () *$+,B(%0$"%&'-). " #I0$12$!"#5#) %o#('(3)$' &$'-)$%+45).$&6$()4#5(%$
I"HS061& (fhs I"HEV& () +), 18-/, 8HOH1 $823&AHEE6TBIH. (& &Y BSYHE #$S()$%*)
IHS" & (3" # " HISSU&Y6™ I HS%r when I"#SI6& (I (*+,-&. (/0-+(1%2%/ (-3 (/0+(#//+&I%o-&#1
I IHE06"&Y6'()*)+, "HOb HPIVo- #, + #9680/ 1&.2) (345%67%2, 196(&" Vo #(1"*#9%6" 8% 8HY6(+$. #1% &0
I"HB06&) 8" (HE&IS) HEEBOEI" HSYo" & HOBE I"HS%6" 1"HISYS& " Yo('Y) " F+%6$((,-)+HE."["%60" #'
MASISU& (1™ ($)*S(%o+!, ) (-&. (+UI( "#P%E&'()($' '""#"#$%&&'S(%) &*+&#S,(*$-"*.&$'/0%&*)$
in previous experiments !"#$%&'&()%*+%,&-../OL&RYS&' ()%o*+,*-#.*/&011)%23/4#-.*(%
M"#$1#1%"&' ()1 &*+',-"."&) (1")"+'/%00%) 1$*&'234456'#7)#'+188* (*"/*&' *#9**"'&:)00") "+'0) (1*
I"HB06& (&) Yo++,1-'8%./%*0'L,. Y686 Yo+ FAERI%E Vo&&S(%o HB!) >+ - IS, O HIHSI%1&
IS (S0 *+ 'S, &+-%6..%.$/%1%680%) % $1"%6! "% &$HS. %6 $+ 25+ 34%-1 $1+"$3%$I &Y6196/$#.$
I"#3"% 8% S%tarough Pl or as !"#ingle set!"#$%& % &(()*+",&#-%".,-)"/&0%,&1"'#.2-
M#S%&™M () + 1"#$"$%& (") &+% M HS%E&™ ()*#) (+)(+B(%&,-(*"&(/0,)+1,"(+)" I (#!"(
I"HSIHYES D& () +HESIH) () $+&(H-&). SI&S//" O(-$1#&) 1-2#" & (‘&3S +3LHGIFI& )+ 1™
Distinct BI'#$ 11 I"#$%& ()*+) | I"# | 1"4#$%" |

1" i8%%8" k(" () >+, - -ST08, TSR HS%& N )* 1 +,)-$. & (/& & "$ " H#$ %"
IS 06& & () %SH) &I HS Y& ("HEIB H 1T HE%&Y IS (H", 196 (I #" S 1% &I "HS Yo &S
IHEY6& () SVt Yot #5,—+./+,)%-08% 1™ +,%!1$20" +*1%%63 #$'4/+,)%-0$*$%*/*-$1*5%
"#$%&'()&*)+%, +*#"$&-(.+-%)*&/&%*+0(1+%2"$30".'&*).4+,%-#1"5+%*+/0"+6#"1/&%*+%, +
"#S"H#%&S HE&'#(")*+, ,&-. Y& " #-&H N"#SY&'()*+,(+,!-#(.\$(-/01!%*2(340#$*2&%0(&1*Yo*+*#-(
I HSSHY6&!" () Y0&H(&+" H# %688 (#('(%&I001283((84#'5)6' %8, ICHBSUREHE, ()8 +8, -(*.J#.-HO#

I"HB96& (%) () &Y6IHIE 1" I"HI"HSY08, () S&*+,-$&H) W HEVYo&Y6S! HYo()*+(,+¥)-./012)('3H) %" 4+(%S3)
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gyrus (AG), bilateral superior parietal lobe (SPL), and prefrontal cortex!I"#$%B##S%H#E #(#)$
I"HE0&'()F  I"HB6&EI6IHS' ()" + AHSSY&"()*)+","-).)O) " HES1 23 +" H)A ()56 7 I"HS"
I"HEY68& (&) HB HEV0&E!())"+"H H-I"HBI6& (1) +0b, - %-"- 1I"HSU& HSY& () I"HS$ " V6& " H$"
IHSYOHE! () I"HSYoI"HE™ () I"HISH Vo8 ()" T HSY0& &HH(&)*+ N HEY &SI HI6()*+(,+¥)-./01)23)
I"HEY6& (#1&)S)*+HHB(,BI" - "ISIG-/OH) (HSI HE&+, I RIHE"$ %8 & ()W #$%& () "I #4#$%& ' ($
IHE%& (#H)%*)(+$,101(-$"&+$).$,I")$(/) (&)$) ($O(1!"&%6#0#$. 258304 (-$5-. 1 (#1%8*$.23)!($
" IS8 ()8 +1$&+, 8HYSR II"H I"HHE%S(I"#$%!&!" ()$%!) "+1,-1)$%.")/04) . 11')
I"HI$%8 1&()I$*+HH&(S,-) " H(&,'S.[-+H-$!. $&(V&O&YO 1H#-$& - 'SH(YSH//+.28& #1-$1"-$
I"HBY& () +&,+$) -+

I"H$%& (J#+,%- *$+/0-"$8+"10('1&, 1) 201" #$%&S" () *$+&(,"+-./&$+"&+"0$1(,/"-2$"
I"HSOb&H & () NESI&! "HEH HHSIO& YoH()*+,,, I"HEU &S T HEV6&! I"HESYIBHS Y& ()*+"
I"HBY6& (B)+&,,-&$.&, I"HSYo& () SR HSYHE Yo (#)*$S+ +-HUEH" I"HSY& () &H*S&H |
I"HB06&! (&1")*+!,$$-&,.&/($$&, . &1"OL++2($-&%0+.." 1+ *(Yo&+1 EHBIEBHVAR! I"H#$%
I"HEY0E () &) + H-&"+*001* "R H IIH'S I"HSY61& ()*+)* -(.%'/0(" 11" M"HS%&™"()*+),"-#().)
I"HE %" & 1" HEYB HSBHYO& () (+HHSY%6& () %"+ - &I"[OON HSY& SOHSV6E& () +, $%&
IHSYOE ()" &' /M), &' " HSUBH SV Vo()*" SHSV6&, () S+ & HBHEV BRI HSI% &) ()*
I"HHS%SE UIHSYRH & () *H+), NSV H&(H &*+ #(-Y6. H#/10,$1 (+ 2HHS%& )%+, - #/$
I"HB06&"(1)*(+$,-../08 1"HSY6&'()%o*+%0,#-"1 #Y6*/#%60.-12% H#"3+2"BHBIRE | (%)*)'1+%,&
I"HEY6& () *+,'&) I"HSSYRIUSY68. ()< Vot II"HSVOE (VHH*+&, #1-(&.I&OH&1 V&2 (SI&HEVO& (&
IS HSVBERHSYOEH ($8)*$+ &%6%S)-, (HBY&! (") I"THSY6V08& & (" HHEYES' () %6$*+$%6(
I"HSYIHSE (S (H)* (H*+ &- 11 I"HS%&" )+, 8$-+(/OL2(3-#(45™"(,-5"#I66(&-("HT %o (+H$%&. ()
I"HE%& (") 1" HS"%& ()" +, "€ (-.-(/"0&1"1233451156"-$"7 &ABHBOGR () *+#$,-) (Yot I"HSY&!(

"4 I"HSOLHI HHSYON& () F+) 1™ HS061& () *Uo8H 1" $Y6&" S ($)*+,"-%6%./"0%, (+,123 1394$
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IHSHYO&, (R +HSYOYH( HHIV6& (HH!- Vo), -*+#%6 *0o- 11" *96()%SB/-,,%-*&%, -) OHY6*1/2#)%
IHSYEE () +&, - A0+ SH(S-1& H(+-.1%"+"%.$0%2+. (2+%631. (2%62+H#(HH5-HEHE o
IHEU&" ()F+ - [+OL+THS %' "HSY%"&&'($)%H+ - HHBI& () S+, & B W HSYo&H!H(!
I"HEY61& ("HY6)%o* ("+( A FHSV "B HSU HSYoHE (P HS%&! (") + S HBV6& ()M %o+HS" (- +."+1,
"IHB06I&()* N"HBY&'&()%*+%,&-. . JOTHEY&" ()& +()$#, +"-&F' I"HSYo&! (&) "+ <" *+&"- ["
I"H$Y6& () 1*+,*&-)* [¥1018) 1*06$2*&-) *345*-U42HS Yo RIBHSVOI QI HSHY & () V6 (*+" #-./+'0(, 12("H #!
IHBI"S%08 ()3 %0+, "&- &YOIE I"HSYHE ("86)S&*S HIHBY6" &' () %68&*) "+, +"8&-)+.%"' &#*/0%
IHSHO& ("HI"HS&" ()" +(,+E&, Yo-06) WHEVRA " THEV& HSVoHE. (" &%) S S HI"HS%&' () *+") (%
IHSYOEHS Yokt ] () & o+ (B!, . &/(Yo&(O1++(%6&(+ 1H#(2%$ 1HIBHS0 IS B&H " (JHS%o*+ =)', %
I'HSY68 () %0 W H $Y6& )F 1" SUHES' () Yo+ HHSVL!"I"HSY6 &Y () <+ -0b'H, . II"HSYBE(
I"H$%&I$" () +,-/0)%)11'2)  I"HISUBHSYE (&HS)HS +,$-" &IHSY("-"$/1"-0)11&#.$)2'&)) &/H#$
I"HE%" & (&) S Yo RBHSYO& H (M HHSYo& () ("+H,- #.("%0, BESYo8H ($&)*$+,8%%S)-,. (#$
I"HSYE& ()T HS% &S (Yo&S('S)*+%6) () *##$) %o(%&, %(-,' ++$+(./0.1.0%,%."I(-"'2$))$)(,/0(
IHSYR ()5, I HSIBG Y " HSY HS VoS () V' + &+ A"
| I"HS USHE'ST I"HSYORIHSU&'()*! I"HS! I"HS%&L() |
I"HB06&'&()(&F"SE"$+( . &"/)-,%6($", O#LS21*3t++ B " HISIE HSYS&I H#()*1+,)])
IHBY&!() 4" " " Yo&HYS' (0S1'S H1'%& " 2'Vo (- 1" YoMy S SI&" () * Yok **#+1%6#1%1), 1%-., /1%
I"HB06& (HIHSY& (" HSI6& () ($*HEYS S+, (-.*)/+*-+060$H"#1$%0* + YoWADU & (&' S&H)*+,-.&
I"H$Y6& () %' &*&Y6&)H+ Yo-. *., "% OOHL/&*[H+0%2, *-,, +%0$&))%6&+%6)&"3,%+($2,"0%",0()*%6!"#$%
I"HSYHE'S() (I (BHES"+1+'&S(, Yo+ $-. (H%./! I"HSY & H($V6) NEBSS& " (J#1$%1 &) "HS%6&$%
I"HSHYOE Vo ("HH)*$Y6*)$+),-%+.$/$%), 018, 1$%6&'% 2. $Y6#345&0) 1 %6#3#2$4%) 24#$0'%)#%60)6$03% 7 $!
IHEY6" & (H)*+)H, 1" Y- 14)106. "H&()((H'0+"#+. #+12(#.30&(1HS1%- (. 241, 1-+) A(HY%5H) Yo

I'IHB0618 () 1S 18 & HEY0& (&)*(1+!,%6%-$&L./1+*1, OV HSY68, () HEIHYo(&H"1+1"4H) - #
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I"H#$%& ()*")+%&,")- #&"I0%0" " HE %&'&()*+&" -&"-&("-& Yo%, S0+ 1&' &&+"-&™ $"
I"IH$%I& ()1 | I"HIHSY" &' (#)*#Yo+, %$-%%. /% 01#") 1 %ot 2| 3VHSE AR ) * §" #$% &' () *%0) +,2"

"HP%& HYHSYHE&' () +&,#-./0#1&234.&56&0#."76 . #&87&-00-9.&7:&7,<#=8.&>587&,78?&
I"H$%0&" (&) 1N&'+*Vo#, )-.-%) &-' Q" HSYo&™ ( I"I"HS" #Y & (JHYo&*+#* - "+ $#[#01, 2* 3
I"H$%&IH (&)*1%!+'-).$/,/)0'1$%#23)4)5%! & &(&6) 7898: ) HHSB6&. | () *"#+#, I-../. "#0123 1 I"#
I"HSHYB "HSU& HBIV&H (B)*$+1** - B #S%&'()($' N"#"$%#" & (") I"HSY& (HSH)*%o+, -1
I"HSY& H()*S&+, JHBY T HESY& () *+%(,%o-. [OSHIBYoH" & (") " H"$%" &'HP() *+%&,"-').)"
I"HS06& (J*$+&", &-. $&+)(S&/(0S I "HSYo& (" HSYO&HH () *$+&, +$-)%$-((-). /) *+0N"#" |
I"HSHYOEH [ HEY& () ¥ *Vo($H* +,- 1" SYHEE ™ (H)*+",&-"."I(+0+"1%#*+$"#82+0)#2+3"1)"

I"# I"HSY%RIHSHY K H(B) + 1S #SHIB(01#235-01#1/+24#531 (1#+*6$01 7#S$/) 1(-$) 1 4 SHFH
"HERY& B () HY& H) S+, (-##./)+01)2() 13#0S45#(5#+0 1 8520 &(8%) S +),-#3 ! I"# I"#$%&
"#$#%E& % & () &* HIBHSY0!&'$(%0)$* " (+$+],$+- &8 "# I1"H#P%Q"#IHY&'Vo& (V&) HERO&"
B0 H& VB (H) S+, "BH"-.) - "$+)S011$EH02"-$ 4" [+ 1D " HE%0& &S ) S&A HSI6& )+
I"H$%&' () “HYot+ Yo HE SIS0 () * & HSHY&H () Vo (&*H(+,-./ (ARHHSYES' ("$%) *V0#$) Yo+, - Yo kS
I"H$%6& ' $&Y6(')*'+,%'-#./01"

I"H"$%&" () (*HI"HSIBES I"H"$%& (%")1%6*+(,-(%./0112%345(67(1%"%! 384, (%
I"HHS%"& () ++ ()H-&. ) &(1).&IOH)"H  I"H# I"HSY%&E () * (*"%+%" - * (/- (O&I"#HSY% & ) #S
I"HSHI% & HS%& (()*+"%,"- SFES%& () ($™*+, S (-3 N"H"#$%&! ()" & +#$, 1" " #$%&'
I"H$%&!" (&) H(&(H&(*+&,$(,"&$,-./),"&0, "+1&'1+.&/)&(*+&/2,3+ 148856 +$/7/$,"89&., &/ +16-+,.9&
1" N"HS%&()*+ #-.+-) - $H") &+1*+%$%#)0$, &-.*#.1$!")1"2$!$0)#3$)4566) 7", )/+08!"#$0)
I"HSY 8IS0 " H HSWESHY&H' () Y0 (& H(+, - IDESY&YHHS I"#$Y6& ()* %o+, )" #$Yo!"% &Y ()%

I"H$ 058" I I"HHSY& JHS* I HBY&E" ($)+" +-.%//0'12"0" -'3+96/32"4%/"[+'/0305*"3-"36*"

I"H$1%6&"T' ()1 %&+1%S,-&$-, (&. ) *&#/ &0%1"238841" &-5,")6)"1%%T8E&!*&, %), &51-)#)+ &
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I"H$"% I"HS061&! (")SH"+ $*-L SH/HSE"0S. () 1HE+&H!. &+SY6* 24! (* SOBRIBESYOE, (&) "+,
I'HS"06&!" &) M"HSHY&H () %S (*S(+%6$")%6,"-%6%." I'ESI%8 " (&)&*+&,"-*"&S./"011.23" 4/$+"
I"#5%&"$() B HEYoH IR HEYo& (¥ +*- *+'S I"HEYI & (1&)*+ ¥ -5 430 x4 II"HHSHHEYO&

I T IMHS68N () H(+, (- I HR HBV& () (B - [T EH (HY. 50&, ' - 1706 2-*
I"HHIS%BESY0' () VoY I HSYo&, () <H+ - 1961 1) (" 1#0.1%60 " 10#2- #1-"(I" &) (3H!"H(AHS I"#$%
I"IH$0618 (&) %0 +$, &-). &HI$&+,-0)& " IHSYI&H/-#8*).$,10$&H/$%28.&

L I"HS%&"H# "HS! "HS%E& () ! "HSY%& () S!)! "HS%&! (!

I"HB0%6&" ('$))%*+)%+,)"Yo-$$. Yokt +BM " $%& &' (") +$,&')%"-* '8.%.)/1"$01&/ ()
IHYHSY0& () Vo+*)," K 1" H BY6& )+, "-* [)0-"19%620")320-*)4%*0/"*1)-")--.0")3"51)6/(03"
I"#$%8&()*+8&,-.&/01234/5&61$74-SREFB H#E%& () * I HHSY& ()" 1I"#$%&' () (*+(+,-!
I"HSYRHSIO& (Yo I"HSUGHSYOE #()* S+, *-$./01288F%& ™ ()* I"H#$#1%6&' ($H1+$)&

IHBO6& (%) (4" I HSIH & () +$,-$* [#(),08 I"H"HS%& ())(*+,"-%&./.&*'01)'123"$)!

IS QBHHSY" & (1)*+$,)&%"-" I"HS6& () $*&'+,)%-$%.,,)%/0+,$%()*0'102'/0"+$"1$/&)%)$
IHBY6& (B&( I"# 1! I"HSY6%68& (%" ++),)-.)#9%/)01))-%2"3104%2-"%.4*1" )-%1),)%21#'%'/#),5)"$%%
I"HBU& WFS™ N"HSV&! ( Q) HS HHS, |-+ H#& [HOL2HISAH |$&) HHS+-B&AHE SH HY. 6+, < TH#
I"HBU& -+ HLHSYIL () e+ () 1"+ | I"HS%& (1$")106)" &> $-(&"*$).1&/&I#$&0S),1"12$-) 2%
I"H$%& () *$H) (PHS%&'S"()*&+$, - /I01 I"HS%& (B)HS Y (+,+-")%*+..$)$/0$(%'$12$%$/%"*3-1(%
IHBY&! (H) S+, "-SI"$1%6. 5 0" 11"HS%& (JF+#$,-) (%ot 196*)0/112))3%4, 05, - I"#$%&%

IHSY&H HB((HE) &+ *-&.-$.&/'0-1' +0-("" - &+")10.-'2" +0- H2H# O##*,.0&"1'3.&+'
IHEY& )+, HS) &0 1™

I"HEY&Y0' () %0*+,-. (*Vo+/ VAL EHH6 " &S (85) Y& % 'S +,-$Y6& I SYB BE & () **#t+ #
I"HB&! (&) Vot+,1-' I L/*0  I"HB%"&"($) %" &+$&),-1$./O&L*-I" I"HSHYL& H#" (") (“&+"

I"HB06"$& HBI6& Vo (" ) ++,%-.,["012234" /|, "YH S8 "HSY& () * S+, '&-. B/ I"H"HSU&H"HS
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"SR HSHYOE Vo (&) + H-HIB " HSY& S ()*o+, 1- ¥ %, &HIF"H#(&O-(+&1234) N"#$%&E&'()*

IHY I HS o 11'H 1HS Y- HBU& " B()*"+,)*&%-(,$. +*II"# I"H#HISY6&Y%"™ (1" H$E%"1&'S()* Yo+ b+

I"HBO6&" () Y68+, (—+H(H+.%//$)0() 12%64#S$." (.3") 0%/ (&3"&(4B//+.$" €Yol (-#+2("(2-+#%(5%) &H" (

IHB&H" (V0)*+&, "H-& (*"H*+$"%.'%6/0") (#'-&' (*"+11+12'314"5'6%6+#5'6 THIHSI6&' () ) +&

"B HBYO& H () H+(, *&] (,+-* /+$%, S O*U1"HS 1I"H"$%&' ()" +&""+,'Vo-" [H&+#0"-%.(01&H-(2

I"#$%&()*%!+9%6,$-.)!,/#.9601$2!, +$#3%45#,$%+5/HH B #$%& (I')*%'+& UM " H#$% &' () %)+

I"HSOBTHS HY0& (BUB V08 (') "HISIV&I&! ("H)*&+(SH,") - #&(HY */'(0,#1234# 80$™ #

I"HS00& () H00&+'06,$") - HHUBY6E S Vo (H&*+(,--./(0LH224#() Yo (H&*+(,--34(H$5(670(8%951)8(: 1%;(

I"H$0%& ()*+$" - (1."(+./1.%8&(012"-(3(45-$6-'(7899:(-<5$-(3(=>&.- (9?? @AB((;*-2(>C&-,D-"(

I"HSOb&IHSY" &' () YoSH+1" HSV& (H+%6)!, &) (-# 1" I"HS%&E B(WHE)* &+, -1, H)&'S"+$

I"HS06& (V" HSYH HIBI"%$E&Y6' ) F Y SN S +,-06&$./") O/#1% . S1/1"$I"%$&Y' () F %Sl $H+$%62+#334%

IHE" 1068 (()*+(,"-90*$.'-/"* 0. "5+ 1" 0 1*0 "*023"$Yo+A*+&//"+%%,-/*Y%o."*# | Yo*56 7* +*

I"HBO6& Yo(H)*+,-* JOLH-* 1+, -#*23H+&SA/%1%2%, ¥, +*&*I501, VoS VOAFIL &
I"HS0& () B+ 1I"HS%" & I"HB & ("$&)"*+)' 1"HSY&'&Y6()%*+ -(%' /#0)&1%$2""3)#4'5, %'

I"HBY& () *V6&I (*+,I-(&(AHO* L (¥ I"HSY0&, - &, 2%633+1/'+3'+1+*+()4'&+/ 1*) (*BEE% & (Y&

I"H$%& Yo (HIHSYo&H!" ("$H)* (1" HSY0 & SRESVORHSYOE. (") *+(#, &H(Yol+)+.(&(/0%, (*)1&.+)(

I"HB96& () B(+HIIHSY08 " & ()M HSY6!" #1968 Yo()*+,&-.%.1-1,* %01 2/*%*196#345%678795%!"*2%

I"HS&S' () +) (1. (+ 1"HSY6&(I") % (*ESV6&1" () %&*"* I"HSY6& (" HS%&I%$%0& () +") $%+$

I"HB06& I"HHSY" & (& " &++,)- B &) B HIBI%& ™ () &H1%6&™+,,)-)*&"&S."]).. I"-&Yo) 1&™

"B " HS V&SI -+ &SI HSY08S (Yo &BIBSVO&! () Yo%) ++""+, -(.%6/+" & *#/0&-"

I"HBY&E ()*&+)) V08, ¥ -.. % -o*]". (F &*&1%S'.0'1 %62+ 34" (+ 41%" Vo BHEH &' (")*+,- $I (#*
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