
Z-';0'$<(G(I(Y(J$"#$%$&'!()*+$

*+,/FF>')57;/5$-,M()'F8(4$5/(+0$'F$M/)/+';(44G$3,-M,(8/5$UG$+0/$e/F+/>A0(/9$(a'F$

!R+0$H7,-3/()$:,-F-30'4($?/F/(,;0$`-)N/,/);/ROÕÀ*0aPÀU$

!"!#! 9"©$

$

ó$ 2$#+!B+-+&)J$`(,')/$6()/8>H4U([J$:'$`0/)J$=I',($6-+-J$"#$%$&'!()*+J$A'/,,/$12-3-45$

`-))/;+')M$`(;0/a'(J$<-F+$A0GF'-4-MGJ$()5$@';,-U'-+($ $ $

!R+0$H7,-3/()$:,-F-30'4($?/F/(,;0$`-)N/,/);/ROÕÀ*0aPÀU$

!"!#! 9"©$

$

ó$ Z7+-$Z-F0')(,'J$@('I-$=U/J$"#3!93%0)-3J$23%0)4353!,$136)J$23%$&'!7)8$-3J$H'F7I/$D87,(J$

X(I(F0'$V'F0'87,(J$"#$%$&'!()*+$

X0/$ 3/3+'5/$ 0-,8-)/$ `69_"R%T@(,8'+/J$ F/;,/+/5$ N,-8$ +0/$ 0#"%#")* 0)"1')0)J$ ,/M74(+/F$ +0/$

F+(,.(+'-)>5/3/)5/)+$,/F3-)F/$')$!"#$#%&'()$

!R+0$H7,-3/()$:,-F-30'4($?/F/(,;0$`-)N/,/);/ROÕÀ*0aPÀU$

!"!#! 9"©$

$

ó$ ?+&$5)!,+5)#+5+J$Z7I-$*0'8(5(>V'Y(J$V(-I'$X()'J$=I',($*0')-5(J$9)430+!731)J$X-F0'G($

*/)5(J$=I',($V(I(87,(J$"#$%$&'!()*+$

D5/)+'N';(+'-)$-N$)-./4$./)-8$3,-+/')F$,/f7',/5$N-,$!"#$#%&'()$/3'+0/4'(4$;/44$5/(+0$UG$+0/$3(,(F'+-'5$

Y(F3$9$#:)")*;)%#-'0)$

!R+0$H7,-3/()$:,-F-30'4($?/F/(,;0$`-)N/,/);/ROÕÀ*0aPÀU$

!"!#! 9"©$

$

óYóó$ "#$%$&'!()*+$

c/)-8/J$0-F+$+'FF7/$5/M/)/,(+'-)J$()5$3(,(F'+-'5$F7;;/FFP$1/FF-)$N,-8$+0/$3(,(F'+-'5$Y(F3F$()5$+0/',$

0-F+$!"#$#%&'()$F3/;'/F$

D)F+'+7+/$`7,'/$*/8')(,$E@?#!9%>ES#_ROÕÀ*0⁄aU$

!"!#! 9"©$

$

Q$RÀJ$ª9$¯±J$¬å! ıÏJ$ST$TÏJ$Ûk$ÙıJ$Ò‘$˙J$ßå$˚J$z{! √dJ$

:(.'5$BQ$*(++/44/J$U¶±V$

;<aG1ÀâÃÚ1©GaÀUVœ:EWá˚ü`X`abcjkB®FaG1Y&2

¢Uâ$

Èå�ù9:ñ$|∏0f¸Z∏,É\ñR[OÈ\ÍU$

!"!#! SÎ9"©$

! 8!

!

bûOPQ§û•¶` 
1.! !"#$%& '()& 2023* 4+,2024* 3+ 
2.! !"#$%& -.& 2023* 8+,2025* 6+ 
3.! /0$%& 1()& 2023* 4+, 
ßb®©™´¨≠ÆØ∞±≠≤≥êë"

¥µ∂∑"

Qª! †U¶*a)‘FG' ‡vH™j*#/mno@'deáàâäã/ÚÛ78É"#""V"#"$À

ÃÑm!W≠m!XY˛«»ÉZ[Ñ!

"ª! ÚÛÅÜ78oaO]Ù8\k∑ô()*#NÅUÚ/]^o∆C'"#""ÀÃV"#"ÔÀ

ÃxmW≠m!·8«»]^_≥¨`«»'¥x!

$ª! †¬7abc¸dwB/ô:/¸dîB®eÉ"#""V"#"8ÀÃÑm!PfÉW≠g™√h

∫Ñi!.M‡Ïm¥/µÏkjE!

Ôª! kkQ=Pkk`/klÚÛ/ÍaÉ"#""V"#"ÔÀÃÑm!PfÉW≠gáà7Ñm!.M‡Ïm¥/µÏkjE

p R.k∂!∂+.¢u!

(ª! vñm R¥µQ/ÚÛ]ÙÉ"#"QV"#"$ÀÃÑmPfÉW≠gnop¥Ñm.M‡Ïm!2K"qr)

m7«»jE!

8ª! sv›kcJdef|/�æ∞ë≤¢k«»Q/lmtum!∂/.rvwØµa[îx«»

’÷mPfÉW≠g‰√hëÑ!

!

∏bπ∫®©"

@&rï!

s∂ 5fl!

 

 

 
 
 
 
 
 
 
 

!

!

!

!

!

!

!

!

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

!

!"#$%&'()

!"#$%&'()*+,-./01

!"#$%&'()*+

,-+

./+ 01+

+

23,456789&:

;,-!
<=>??>+@ABCBDE+

+

F,-+

GH+ IJ+

+

K,+

LM+ NO+

PQ+ RS+

TUV+ WXY23,4

56789&:;Z+

+

[\]^_`abc+

_daae!"fgh+

ijklmn+

2op+ qU+

rs+ tu+

vw+ x+

yw+ z1+

{|+ }~+

�Ä=+ ÅÇBEÇB+

ÉÑ+ Ö+

+

Üá*à()âä"#*

ae!"fgh+

ã=åç+ ã=çéè=ç+

+

[\]^_`abc+

_daae!"fgh+

ijêlmn+

ëí+ ìî+

ï+ ñó+

ò+ ôq+

ö+ õú+

+

_`ùûaü+

_da†+

°M+u¢£+

§+ •W+

�¶å?Bß>?Bßå+®çå©¶å©==å+

™Ç´´åE=+¨å≠è+¨Äåßèå+

+

ÆØ+

∞|+ ±≤+

≥b¥Tµ+

∂|+ ∑≤+

/#0#$123456789:;<1=>?@ABC
D:EFGHIJ?K=L:MN1OPJQC

∏π∫ªºΩæ_`ø¿¡¬√ƒ√≈∆«»…ùûª À ÃÕŒÀ_œæΩ…–—“æ_`

ø¿¡ùû”∆«ª‘“æ’∏÷”◊ÿŸñ⁄ª€‹›fiflY‡'ä·‚„·Z≈¡‰ªùû

”∆«ªÂÊæ∏÷Ÿ∆ÁæΩË∆Èfl”'Í8ÎhŸÏ»…–ÌÓ”56”ÔªÒÚæ¡

ÛÃÀ”Ùıªˆ“æ¡˜øŸ¯˘»…˙√Õ˚¸”˝˛ˇ!"‡#$(Ÿ1“%&'Œ( 

Ã¡)Ë”˚¸Œ*+Õ]^(&Ÿ“æΩ…Û≈Œ,À-ª ÃæΩ…–Û.“%/9&0*

%”Û≈¿12˚3ù4≈’56Ã¡Û”/9&0*%¯7”89Œ:;”<=≈’>?ª@

3»…Û≈ŒAB Ã‹‹C…–D%E”f#*!¿¡˚¸˝”FGHI≈—”JK”L,Ÿ

MN“¡Oâ"„PQ#PQ)RŸSÕ$T#_d≈“%56ŸUÚæΩ…–+

!"#$%&#"'$()'*#+,)*-.#,)/'"0121#*03&#+%0*&#4&0"/#&56,1&-#$,#&3&)78%'"/0"/#&"30),"2&"$19#:,#'-'6$#$,#1(8%#
&"30),"2&"$'*# 8%'"/&1.# ,)/'"0121# -&3&*,6# $%&# 2&8%'"012# ,;# %,2&,1$'101.# +%08%# <&&61# $%&0)# 1$'$&#
8,"1$'"$.# '"-# '*1,# $%'$# ,;# $)'"101$'101.# +%08%# 6),6&)*=# 8%'"/&# $%&21&*3&1# '88,)-0"/# $,# &"30),"2&"$'*#
8%'"/&19# >&8&"$# 6),/)&11# 0"# )&1&')8%# %'1# )&3&'*&-# $%&# 8,26*08'$&-# 10/"'*# 8),117$'*<1# 30'# "&)3&1# '"-#
%,)2,"&1#4&$+&&"#3')0,(1#,)/'"1#$%'$#2'<&#(6#'"#0"-030-('*#0"#$%&#8,"$),*#,;#%,2&,1$'101#'"-#$)'"101$'1019#
!$#%'1#'*1,#4&&"#1(//&1$&-#$%'$# $%&#;'0*()&#,;# $%01# 0"$&),)/'"#8,22("08'$0,"#,;$&"#*&'-1#$,#$%&#,"1&$#,;#
-01&'1&19#?()#/),(6#'021#$,#&*(80-'$&#$%&#0"$&),)/'"#8,22("08'$0,"#'"-#0$1#10/"0;08'"8&#0"#%,2&,1$'101#
'"-#$)'"101$'1019#?()#2'0"#2,-&*#,)/'"012#01#$%&#;)(0$#;*=#!"#$#%&'()*+,()-#.)$/,".#$%&#&58&**&"$#2,-&*#
,)/'"012#,;#/&"&$081#

63



$

óó$¬å!ıÏ$

;<:/#1hº45“V”Fj$]()*t)*+ß1=>?Ç‡˛ˇ:=>BFG@

‰]$

Ã÷ÈH\:EWÚ('´RÃ÷ÈÛ¶^U$

!"!#! S©$

$

¬å!ıÏ!

E),(./4')M$+0/$8GF+/,G$-N$;(4;'78$F+-,(M/$()5$0-8/-F+(+';$8/;0()'F8F$')$gU-)/>4/FFh$')F/;+F$

X0/$%+0$@-,30-8/-F+(F'F$8//+')MR_9È_9ÍU$

!"!#! S©$

$

ó$ :)-6#)-!:)+-J$"#$%$&'!()*+$

@(')+(')')M$5'NN/,/)+'(+/5$;/44$'5/)+'+G$57,')M$(M')MP$')F'M0+F$N,-8$!"#$#%&'()$M7+$

XF7I7U($`-)N/,/);/$!"!#R`aÈù†—ÍU$

!"!#! S©$

$

ó$ @$3A$3!B0)J$"#$%$&'!()*+$

D)./F+'M(+')M$($)-./4$8-4/;74(,$8/;0()'F8$-N$/)5-;G;4/$3,-M,/FF'-)$()5$'+F$,-4/$')$+0/$,/M74(+'-)$-N$

)7;4/(,$F+,7;+7,/$()5$M/)/$/a3,/FF'-)$

XF7I7U($`-)N/,/);/$!"!#R`aÈù†—ÍU$

!"!#! S©$

$

óó$)*!b,J$÷¡$îºJ$ˆW!˜J$-W!.dJ$@(,;/4($V-7[-.(J$U9$cJ$de$AJ$Ò

‘$˙J$ßå$˚J$C/,)()5-$6(U,'/4$V-,'/(MJ$z{!√d$

'&s()*t)*+ß:#∞¢£12345ÃÕŒœˆ˜˘˙:FG@‰$

Èå;<:ñ ]#"\ñRµfÈµfÍU$

!"!#! S©$

$

≈¶gˇJ$¸9˚hJ$Q±ÆJ$z{$√d$

i#ja…ÀÃk+ÕGl`+1:mno3ˇ:É≤B¯=Fp:q_$ $ $

 ^S$"c'(À(Àût*/Rå§rå§ÍU$

!"!#! S©$

$

µ¨?!Ù€!

s#°t¬uv€a*)1Ak45´s#°t:HI°Bwv:#$$

"#$%!

C

!"!#!"RST %!"U:#$%&'()*VWXYZ[\]^_`abcdef8\]

1ghQ !#i:jklGmnQ^_1opJ?qrstu)cvwxy5z{1|}BJ

Q~�:ÄO:^_1opJ?RÅÇÉUqvÑÖÜáàâäã45q$

$

!"! #$%&$%'()*+,-./+,012+345/6789:;<=>?@A@&'()@B"$

C"! DEFGHIJ45/K3/LM*+,#NO<=PQ"$

R"! STUVWX/IYZ89:;<=[Q@\]"$

^"! _`abFcdefghi/LM*+,#NO<=\]@j"$

k"! lImn/opqrstu=vw@x@yw@*+(,-./,-.("$

z"! {|}-.Fcde~*�Ä<2ÅÇÉÑ</Ö567/Üá89:;<=*0'"$

à"! âäãNåçNFéèêë}í/89:;<=ìî"$

ï"! fg/9V#%<ñó1/89:;<=òô"$

ö"! rsõtú/fgùûü†UVWXF°¢e£§=•¶@ß®@òô"$

!©"!fgNO™´†UVWXIYZ¨≠ÆØ∞/rstuq±g01/≤≥=¥µ∂"$

!!"!#$%&$%'(∑W∏Vqπê∫ªºΩæ/ø¿89:;<¡§=12-3-45@¬√ƒ@

6788(5'"$

$

ST %!"GYåVWçéX #è:êëíìB 9è:îïñóíì1/òJ?q~�xXY

êëíìBJQ/ò:kô:öõ:úù1ûó45q$

C

&'()*+,-./01234,56789:;.<=>!

?Kurogi et al. Development 2023@C
C ü†:#°GBnQ¢£XY#§GÇ•Ö9¶�xß®©™´¨≠1Æé4?hY/#Ø

#∞1±≤≥¥µ245#§∂∑xy5q±∏:;<xXY#∞Gπ∫Ö>ªºGYΩæÖ

ø:#∞7¿:/¡1µ245#∞¢£¬Fé√5qƒ:#∞¢£:23G≈>Q|}∆

Ö«»1ô?4…© À¬YÃÕŒœB–—√5“V”7¿x#,k∫√5‘’…© À

xy5q‘’…© ÀXY÷¢£◊ÿ�xXΩŸŒÀ⁄)€:/‹B›fi1fl‡45ƒBx

Ωæ/¡1·‚45q±„xY‰ÂYÊÁYy5>XËÈ◊ÿÍB>n?¢£1fl‡45◊

ÿG∫é∫√?ÎœxXY‘’…© ÀÏ¬‰�JYΩæ/¡¬µ2∫√QY#∞¢£¬Ì

ÓÔƒ∫√5qÃÕŒœXGÒÚJQ>5ƒBçéY∫ÛÙÛÖ;<G≈>QYÃÕŒœ

GıÚˆ˜R¯=UJQ¢£12345˘˙:§˚¬Y%" !~¸˝çéEé√Q>?qJ

çJÖ¬éYÃÕŒœˆ˜˘˙¬ø:˘˙V”˛ˇ1!#45:çYÛ?“xø:möÖ

64



xyBy[78G(Maz´()À{^_ñ$

i|}\:$:∏RéEÈi|}ÍU$

!"!#! ]©$

$

ó$ W()M>@')$1//J$*/-)M>b')$W'8J$*'$<G7)M$A(,IJ$X(/IG7)$Z()MJ$D)MG7$*-)MJ$@')F'I$Z7)J$`0/)$

e0()MJ$@-)';($:7FJ$>$5)&+!"+)J$"#$%$&'!()*+J$b(/>D4$W'8J$*7)\(/$1//J$6,/M$*QBQ$*70J$e//>Z-)M$

A(,IJ$Z-7)M>b--)$W'8$

*7M(,$ ')$ +0/$8(4/$/\(;74(+/$/)0();/F$F3/,8$73+(I/$()5$--M/)/F'F$.'($N/8(4/$U,(')$)/7,-F/;,/+-,G$

;/44F$

X0/$^+0$=F'()>A(;'N';$:,-F-30'4($?/F/(,;0$`-)N/,/);/$K=A:?`LRF´*cÕaÃ0zÃÀ.U$

!"!#! R©$

$

ó$ ?+&$5)!,+5)#+5+J$Z7I-$*0'8(5(>V'Y(J$V(-I'$X()'J$=I',($*0')-5(J$9)430+!731)J$X-F0'G($

*/)5(J$=I',($V(I(87,(J$"#$%$&'!()*+$

V-./4$./)-8$3,-+/')F$-N$+0/$3(,(F'+-'5$Y(F3$9$#:)")*;)%#-'0)$34(G$()$/FF/)+'(4$,-4/$')$!"#$#%&'()$

/3'+0/4'(4$;/44$5/(+0$$

X0/$^+0$=F'()>A(;'N';$:,-F-30'4($?/F/(,;0$`-)N/,/);/$K=A:?`LRF´*cÕaÃ0zÃÀ.U$

!"!#! R©$

$

ó$ "#3!93%0)-3J$<',-I-$*()-J$Z7+-$Z-F0')(,'J$X(I(F0'$V'F0'87,(J$"#$%$&'!()*+$

?/M74(+'-)$-N$N/8(4/$M/,84')/$F+/8$;/44$');,/(F/$UG$;',;74(+')M$N,7;+-F/$+0,-7M0$M7F+(+-,G$,/;/3+-,>

8/5'(+/5$,/4/(F/$-N$/)+/,-/)5-;,')/$)/7,-3/3+'5/$C$')$!"#$#%&'()$

X0/$^+0$=F'()>A(;'N';$:,-F-30'4($?/F/(,;0$`-)N/,/);/$K=A:?`LRF´*cÕaÃ0zÃÀ.U$

!"!#! R©$

$

<',-I-$ *()-J$=I',($ V(I(87,(J$ @(,'I-$Z(8()/J$ <'+-F0'$ V'Y(J$ X(I(F0'$ V'F0'87,(J$ W'8'$=,(I'J$

W([78(F($X(I/8-+-J$W/'>';0',-$DF0'M7,-J$<',-I'$=-I'J$Z7[7,7$W(+-J$"#3!93%0)-3J$Z7+-$Z-F0')(,'J$

"#$%$&'!()*+J$@(F(G(F7$W-\'8($

X0/$3-4G-4$3(+0Y(G$N7);+'-)F$(F$()$')+,(;/4474(,$()5$FGF+/8';$M47;-F/$F/)F-,$'83(;+')M$30GF'-4-MG$

()5$5/./4-38/)+$

 %^"Èå/##°:ñR~aÈ�ÄÍU$

!"!#! R©$

$

óYóó$ "#$%$&'!()*+$

67+$0-,8-)/>8/5'(+/5$M/,84')/$F+/8$;/44$');,/(F/$')$,/F3-)F/$+-$)7+,'+'-)$()5$8(+')M$')$!"#$#%&'()$

X11$FG83-F'78$g1'N/$')$($`0()M')M$H).',-)8/)+hR(ÀÅû´©U$

˘˙"#1jk45çX$@Axyn?q$

å^_xXY%ªG#∞¢£1&öƒB¬Eé√Q>5'&s()*t)*+ß:,*1

=>QYÃÕŒœˆ˜˘˙Gm5#∞¢£R‘’…© ÀÏ:23U,-a./:@A1O

PJ?qƒ:?hGY˘˙0r12R˘˙3¡°€UG44556789:;<1&>YÃ

ÕŒœGˆ˜45˘˙1=>J?Bƒ?Y#4:ÃÕŒœˆ˜˘˙¬˘˙0r12:±ùx

y5 :'7,/+';$0-,8-)/$#9R:<#9U1!#JQ>5ƒB¬Vçn?R@ =Uqƒ:˘˙:AB

XY'&s()*t)*+ß~[:;<x#∞¢£12345ƒB¬AéçGÖnQ>?

˘˙BCDJQ>?qÛ?Yƒ:˘˙XYE&^_xEé√Q>?#∞¢£12345˘˙

B('r*1AkJQ>5ƒBâAéçBÖn?$

DƒxY:<#91FGHIJ?Îœ1¢£◊ÿ�xJ]45BYΩæ:/¡¬Fé√Y:<#9

X#∞¢£1Û∫G23JQ>5ƒB¬KAJ?q∫éGYÃÕŒœˆ˜˘˙x:L :<#9

1FGHIJ?MâYÉNGΩæ:/¡¬Fé√?qƒ:ƒBXYÃÕŒœˆ˜˘˙çéV

”∫√5 :<#9¬#∞¢£1ÌÓÔƒ4?hGOÑxy5ƒB1PQ45qRGY:<#9¬

ÃÕŒœˆ˜˘˙xV”∫√Q>5ƒB1SÛTY:<#9UVœR:<#9>?U¬ÃÕŒœx/

‹45:çWXJ?q45BYÃÕŒœxX :<#9>? ¬/‹JQ≈YYÃÕŒœG≈>Q

:<#9>? :FGHI1&öBY¢£◊ÿ�GâççZé[Ωæ:/¡¬Fé√?qÛ?Y

:<#9>?:FGHI1&n?ÎœxXYΩŸŒÀ⁄)€:/‹Ïâ\Ó†¸]J?q∫éGY
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