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(On consistency of two-dimensional conformal field theory and full vertex algebra) 

Yuto Moriwaki 
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1) -'?' ✓PJ<Jif (Cpl J::O):J:t*j;§J:!!!lffill~~,:Z Q 0 !lo/JJ:!!!O) §1¥]0)-~/;J:: rjilj{U 

PJtJ~t.t!fo/JJ:!l!:!i:J ~ J:!!!lffilli¥JI: r~T -3;:: t 1: ie>-3" ;[;§0):lii:r~ii' GJfJ1 IJ I±\~ 
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:zgF,1.J~~'ti,J!;::t1,~ F tB< (lEl/tl:/;J::!]{#.(l:/m:r'ET-3~f:I&~{*)" ;::O) 

... 

t ~, ~:zg ICP1 0) n B z1, z2, ... , Zn E ICP1 O)'i>\-#.(f: a1, a2, ... , an E F ~ l: 

~-t:h-t'tl,jll1,,f::~l&~~.:z-3 (~ 1)" 

~]&~ 1i,i{, ~= IJ ".) ,3J/t$/;J::;J;i Q~*- (J/t$JlN~j) O)~j-J'{(i1:~~ :fl,Q (~ 2)o ;::tl,i,)!*§0000.L'd'J Qo 
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Sn 'a'. n ;,jzO))aj"ffj;~ /::'. 9 0a n ,1~1J§OOOO~J;_t;,jzO)JIJj~i;d1!:'WHl!Jt;: 9: 

{:f:gO) er E Sn /::'. a1, ... , an E F t::::;;t,t L, ·c_ 

(1) 

~~ JRn l:OJ ( .::i-~ lJ "J Fi¥J) ~OJ:Efllnl/t:::: li;t;Y:/ ;fJ v~ JRn ~ SO(n) iJ{fpJ:§9 00 -: OJJ-J-ffi;•t1EiJ; J:: l'J 
::k~tdtffl;•t1E lRn ~ SO(n) c SO(n + l, 1)(:#cJMtffl;•t1E) t:::::j:)./j'{ l,--C0 0~0J:Efllnl/'a'.:#cm~:Elffiil! (Conformal 

field theory) /::: 115¥,.S~a :#cmJtffl;•t1Eli~/::::.7-.'r-Jv~~ x rt rx 'a'.~t.' r E lR>a 
~ --C, =1Xn:#cm~:Efllnl/OJ~tfmOJ~F"9 F t:::: Ii, (::k~i¥J) :#cm;ttffl;•['1!: S0(3, 1) ee! PSL21C iJ{{'f,,E§ L, --C 1,' 00 

J,illt':#cm~:Efllnl/'a'.~X.0~~- F li@J"2; S0(2) c S0(3, 1) /::'..7-.'r-Jv~~lR>o c S0(3, 1) OJ[Jfil'fi~F,!lt::::5t 

M90t;:ob, :17(:1J~rl!Hi F = EBHEIR,sEl';FH,s /:::1X~{s.tltHiJ"'.)o ~:Efa.(Jt::::li (H,s) li-tn-'fhenergy /::: 
spin r::::;;t,tr,t9 Q 0 

~ lJ -{-'\;~ so(3, 1) OJ~~{~li sl21C E0 sl21C = ffii=-i,o,1 ICL(i) E0 ffii=-i,o,1 ICL(j) --C-ib l'J, ~~Ii-: OJ@ 

fCT5J-Mt::::HP L, td'Fffl ~~ x. 0 7JiJ;~fUtd'.tc:ob, (h, h) = ( ½(H + s), ½(H - s)) r:::: J:: 0 1R2 1X~Mlt 'a'.~ x. 0 
-: /:::iJ{tl,1,,a -:h'a'.:#cmr'J ::r.-1 l-- i:::115¥,.S~a 

-=-. 0) /::'. ~:f'§~~~li.PJ TOJ•t1E'WH/ilit;: 9: a; E Fh,,h, OJ/::'.~, 

n d (L z; dz· + 2h;z;)Corn(a1, z1, ... , an, Zn) = Corn(L(l)a1, z1, ... , an, Zn) + · · · + Corn(a1, z1, ... , L(l)an, Zn) 
i=l i 

n 

(L z; d!. + 2h;z;)Corn(a1, Z1, ... , an, Zn) = Corn(L(l)a1, Z1, ... , an, Zn) + · · · + Corn(a1, Z1, ... , L(l)an, Zn)-
i=l i 

:t!cmJtffl;•t1Eli~~ JR2 u { 00} = ICP1 r:::: strict three-transitive r::::{'f,,E§9 Q tc:ob, J::1120JJ!i!:l'l~5t7Jfi;i!(;iJ, 

G:f'§~~~ 
Corn: Xn(ICP 1 ) X F®n ➔ IC 

Ii, n :":'. 3 fd'. G Ii, n:'.~OJ::f'.ii:'.•1'1!:~ ~~%~/::::;';#:* -::i --c L, * ?a 
.f1!J: a; E Fh,,fi, (i=l,2,3) H-1117°:71''71.J:17(:fm/:::900 t;:t:!_L, a E Fh,h iJ{l'!fl7°7-1 '71.J:17(:fm--C-ib{S /::: Ii, 

L(l)a = L(l)a = O iJ{pJZ l'J :l'l--::>-: /::: H' ?a 

-:OJ/:::~, aJ;:t,OJ2,~, 3,~ffl~~~li, .PJTOJJ::-5t::::iJ,lt0: 

Cor3(a1, z1, a2, z2, a3, z3) 

= Ca,,a2,as(z1 - z2ts-h1-h2(z2 - z3t1-h2-hs(z1 - z3t2-h1-hs 

(z1 -z2)h3-h1-h2(z2 _ Z3)/i1-h2-h3(z1 _ Z3)h2-h1-h3, 
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f::_f!_l.., Ca,,a 2 ,Ca,,a2 ,a3 E Co 
(!Ia]OJ,7,.-7 o/ +) 
2,JJt,:\:;O).r( E' (z1 - z2Jh iiPX-f OJ•!if,I ~mJf::. T ,:_ t ~l:EJ&'.T Qo 

( __r!_ + __r!_ )(z1 - z2t = 0 
dz1 dz2 

d d h h 
(z1 -d + z2-d )(z1 - z2) = h(z1 - z2) 

z1 z2 

~mit::. t"t::.<lbn:'.~OOli!C-C&i:i Qo (zr d~, + z? d~2 )(z1 - z2)-h,-h 2 = -(h1 + h2)(z1 + z2)(z1 - z2)-h1 -h2 -C: 

Ji:, Q 1J' G, 

~mit::. t"t::.<lb t::, h1 = h2 , h1 = h2 nt;tiJ'Qo -=:#,\OJ~il-t l"l~-C&i:i Q (~"Fi¥Ji;i:±:iJ:1Hi [Ml] ~~)o 
J: -:J LA 7J 7 - Ca, ,a2 , Ca,,a2 ,a3 E (C ~ #!:<lb;/'1,/;l:, Jf\ 77 -1 '7 I) ~~O)f!ll OJ,f§0000~0J;$/i+\:;$ ry ::C -1 J-. 

OJJ).iJ, G #!: ~ -::i -Cl,~ ?o ~OJt::.<lb, Ca,,a2 , Ca,,a2 ,a3 E (C 1if.!l!iffillOJf$J~~#!:<lb Qtii~n:'.~ t 11'¥/f;/'1,Qo t 

< t::=#,\1'§0000~~1¥-x. Qtii~n:'.~/i C-,- : F 0 F--+ (['. t ~' 5 ;$~ l..,-C ~'Q t::.<lb, F l:OJ[:/;Jff'i~l}x. Qo 

Remark 2.2 -=:#.(,f§OOOO~ (z1 - z2)ha-h,-h 2 (z1 - 22)1ia-ii2 -ii1 ••• ii h1, h2, h3, h1, h2, h3 E lR -C&i:i Q t::.<lb, 

-flHiOO~-r: t;i: ~, J: -5 r:: ~ x. Q o 
t.,iJ, !..,~~ii, +\:;$1'.7 ::c-1 1-- (h, h) t 7-.1:: Y t ::c.;,z-.;1,,qc'- (s, H) OJF,llt::/i s = h - h, H = h + h b' -5 

00,/,li:iJtili:,Qo 7-. l::Y s ii SO(2) 0Jlrnl.-r:&i:JQ1J'G, 0 >-+ exp(21ris0) nt well-defined-C:&i:iQf::.<lbt::'1}.~-C&i:i 

Q {Fermion '6'2i"<l:.lf.!l!iffill~~X. Q~-§'ii-'¥'1J.~M'F~ ;/'1,Q )o J:-::i -C 

J: i'.J, -=:,~,f§OOOO~ii X3((['.P1 ) J::OJ-f@fJ:00~~/!:'.60Qo 

w.,--r, Fo,o 1iKg;g-"'.7 1-- Jv I t 1!'¥if;/'1,Q~5JUtJ:-"'.7 1-- Jv-c',Jl Gn-c~,Q t{.&n:'.t" Q Fo,o = Clo f3t-C ~ 
QJ:-5~-~~, ••~a0Q•m~~ffl~t"Qo 

Remark 2.3 t L,f.!l!iffilliJt::i..::.::$1 1J t;i:Gii, Fo,o 1i:1&{1£::c.;z,Jv::¥-~t-::i~~t::x'1J;t,t"Qo 

<>: F = EBh,hFh ,h--+ Fo,o e" C ~M~-Cn:'.~TQo t::.t!.L,, Fo,o e" (C 1i < 1 >= 1 ~m!t::.t" J: -5 r:: 
/!:'.60Qo ,:_O) < - >E F* O),:_ t~, -~,!!JH'ff@tl!'¥,.S~o +\:;$x"t~•ii7'J>G, -#,(,f§OOOO~/i, n:'.~00~ 

Cor1(a, z) =< a >E (C (:'. t..: i'.J Z E (CP1 r:: J: ':> fJ:~'o 

~OJfll!iffill-Cii, =-::iOJ*f.il:rBr·::n·n t,f§0000~7'J'>jflfl'{t"Qo -~OJ~OJf.!l!iffill-Cii, .::.OJ?fl~iiij'g,t..: 
fHJ!rt:: J: I? ft t., ~' (cut-off scale A.OJ{t<:(¥t..: t'')o t., 1J' L,+\:;$~f.!1!1lifllt:: a~,-c /i, +\:;$x,t~•li7'J' G i :ffi:§ OJf.il: 
rt j ;ffi:§O)*_j'[-j"-~m:·:5'ttt::.t E' (z;--+ Zj), fflOOOO~OJ;fj-CO)j:jQ-~'ii, (zi -zjt(Z; -Zj) 8 , (r,s E JR. 
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7J'"? r-s E Z) t, Z; -Zj t Z;-Zj O)~~"'-~L'llc:ill!~h-Qo 91';i:;bt, Z1 ➔ Z2 t:;J:,1,,-c;,jzO)~~iJ>/lJ(;:j'[ 

9-Q: 

Corn(a1, z1, a2, z2, ... ) = L (z1 - z2)-r-1(z1 - z2)-s-l fr,s(z2, Z3, ... , Zn)
r,sER 

~-c ::OJ expansion OJ{lf:~ fr,s: Xn-1(1CP1) ➔ IC iJ\ n -1 #.(ffi0000~--CiJ>ttQ t{SUE9Qo 
9t,.:;bt,, ~r,sEJR.!:_t-tL,-c 

(r,s): F x F ➔ F, (a,b) H a(r,s)b 

Corn(a1, z1, a2, z2, ... ) 

= L (z1 - z2)-r-1(z1 - z2)-s-1corn-1(a1 (r, s)a2, z2, ... , an, Zn) 
r,sEIR 

~rr!1/f;::9 t{&JE9 Qo 
:: :: c:]1!#.(f'H!Hl ((r,s) fi\:OJ-BJ:00~) 

t~ttQo 
~l)j)gL,ffl\,'-Q t, 

Y(-, z) : F ➔ EndF[[z, z, lzllR]], 

Y(a, z)b = L a(r, s)bz-r-lz-s-l 
r,sElR 

= Corn-2(Y(Y(a1, Z1 - z2)a2, Z2 - z3)a3, ... , an, Zn) 

= Cor1(Y ... Y(Y(a1, z1 - z2)a2, z2 - z3)a3, Z3 - z4) ... )an)-

7J'7J°7J'Qo 9f;i:;bt,, n ,s's(ffi0000~till1!,s's(f'Fffl11'i tJl~M%{l <>: F ➔ IC O)lj.iJ> Gi';R: t Qo 
=,s's(ffiOOOO~iJ!pgffi (-, -) : F@ F ➔ IC ~lj.?t Q:: t ~ ,\!1.1,,tf:}9 t, 

Ca1,a2,a3 X (z1 - z2)• ... 

= Cor3(a1, z1, a2, z2, a3, Z3) 

= Cor2(Y(a1, z1 - z2)a2, z2, a3, z3) 

= (Y(a1, z1 - z2)a2, a3)(z2 - z3)" ... 

Remark 2.4 :: OJ:: t t, n #.(*§0000~iJ>]1(,s's({lpffl11'iiJ' G lltff--C ~ -Q:: t ~i,:b-\t-Q t, ::!=!Jffi/Jl·J:l~OJffi 
OOOO~ti=#.(*§0000~ t ~#.(*§OOOO~iJ, G~-Clltff--c ~ Q:: t iJ>JtiJ'Q (t::: t x ti [P})o J::-:, -c ~#.(OJ,f/iJ~ 
5-E~ C-,-,- : F ® F ® F ➔ IC iJ!]ll:~--C ji;, Q o 
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Corn(a1, z1, ... , an-1, Zn-1, an, Zn) 

= Corn-1 (a1, Z1, ... , Y(an-1, Zn-1 - Zn)an, Zn) 

.:. :h/i IC[[z1, i1, lz111\ ... , Zn, Zn, lznlR]] fd'. G formal power series (1)51; 'a::5Eob Go 
.:.(1)J:: -5 t:]'i,'<'<({'FYlHJ'a::ffl~'tc::AJ!l~fd'1i~(1){±:1J,icfH&<b fJ, Jlf.iJ>/tJ:JFd'.G formal power series 'a:.Ef 

?lGo ik~:hG~-~G~-~'a:~~o kt?t.~ 

(1)~€,, IT Zn-1--+ Zn t t.,,·c l'JU: Zn-2--+ Zn 'a'.::lq?l L~'Gfc::ob, lzn-2 -znl > lzn-1-znl iJ!~:j'z:--9 
G~H~<bGo T~b~~-~~~~(1)-~~~G: 

Remark 2.5 ffi0000~(1):tt~:ttf/Ji•!i,iJl'i,'<'<({'f,ffl*f:B~'-C'i.PJ~(1)~;i'\;[:Jli~ffi!-:bG: a E Fh,h f:jsj"L,-C, 

d 
[L(-1), Y(a, z)] = dz Y(a, z), 

- d 
[L(-1),Y(a,z)] = dzY(a,z), 

d 
[L(O), Y(a, z)] = (z dz + h)Y(a, z), 

- d -
[L(O), Y(a, z)] = (z dz + h)Y(a, z), 

d 
[L(l), Y(a, z)] - Y(L(l)a, z) = (z2 dz + 2hz)Y(a, z), 

[L(-1), Y(a, z)] - Y(L(l)a, z) = (z2 :z + 2hz)Y(a, z). 

2.4 ~MijJIJ~O) Consistency 

~J:'a:: I tobG t, :tt~~:flll.iffiut ,i shlCEBshlC (1)*~ F '1:, *~iJ>G!E'.f Gi~~{,t/t F = E0h,hER2 Fh,h 

t, m1~f'Fm* 

Y(-, z) : F--+ EndF[z, z, lzlR] 

Y(a,z) = L a(r,s)z-r-lz-s-l 
r,sElR 

'a::~~- Jl'igftffl*'a:: m~,-c, 1::·A.,~/1~* t· A.,~~€,(1){±1:J--c:tt• t.,, tc::*§OOOO~tflfliLl'fim~T G t, [q] t:; 

Xn(ICP1) J:(1)~M,f<fi(l.g00~ Corn 'a::5Eob G t (1)--C:<b Go .:. :h'a::!Jmll.L'/i (ICP1 J:(1)) :tt~~}J.iffiu(1) consistency 

t il'f,.ro I tc::.:. :h* c:1±\-C.:. ~1J'-:, td\ ~,zg"' 7 I- Jv 1 E Fo,o Ii, 

Y(l,z) = idF 

y(a, z)l =a+ O(z, z) E F[[z, z]] 
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Cor3(l, z1, a2, z2, a3, z3) =< Y(l, z1 - z3)Y(a2, z2 - z3)a3 > 

=< Y(a2, z2 - z3)a3 > 

t 1;i: 1J =r.'M§OOoo~,=rJw~~nQ (J'tmO)fftlt z1 ,: J:: G 1;i:1,,)o ::.n,a:-=-=.gffi0000~0)0:ft,: (h1, h1) = (o, o) 
'a:1,,:ti,t;::*,'/5'1: 

Cor3(1, z1, a2, z2, a3, z3) 

= C1,a2,a3 (z1 - z2t3-h1-h2 (z2 - z3t• -h2-h3(z1 - z3t2-h1-h3 

(z1 _ z2)h3-h1-h2(z2 _ Z3)ii1-h2-h3(z1 _ Z3)ii2-h1-h3 

= C1,a2,a3(Z2 - Z3)-h2-h3(z2 -z3)-h2-h3 

t, C1,a2 ,a3 = Ca2 ,a3 t T Q ::_ t C: compatible -C iei Qo 
::. 0) J:: :> ,:f¾%~:fl~O) consistency Ii, m~fl:'.~O)FeiO)fi!.? 0)00~:ft,:r/w~~ :tl,Qo -c,a: /:'O) < G 1,,t::: 

<~~00~:ft~#~G:>Q~~:>~? 

f¾%~:fl~O)-f- r 7-.. r 7 o/ 7°{.&/mi: J:: Qt, f¾%~:fl~O) consitency ,a:~W!'<i'5JUi;i:12]gffi0000~0)
$.ll: iJ• G T x. -c f;t :> o 

C-f- r 7-.. r '7-;; 7°{.&ITTt) 

{3:;@;0) a1,a2,a3,a4 E F ,:)('ifG-C, ))),~O) formal power series: 

< Y(Y(a1, z12)a2, Z24)Y(a3, Z34)a4 > 

< Y(Y(a1, z13)a3, Z34)Y(a2, z24)a4 > 

(2) 

iJ, X 4 (1CP1) J:O)-{i!!j~M,!<Jrl¥JOO~,:lt,C~ G-C-$.ll:'t Q t;i: G ,£, ~-C 0) consistency iJ,~ IJ :V:-?o tdi. G 
Zij = Z; - Zjo A (2) 'a: '.i- }- A }- 7 o/ 7°~:A C: ~,.S~o 

A (2) ,a:m~fl:'.~,:/11Uf-J5R{lf:'a:i'llllT J: -c,Hnt,:f!fU-Cib Q iJ\ .fll!~~lm'a: T QJ: -c,a:-\'>-\'>;f,/!-C;b Q 0) 

-C, ::. ::. -c,a::J..' G%Ht!i!! G t::.DJ, ~O)~cft'a: ,mi,, Q (*"1511: t G -C [cf]f@:-Cib Q::. t iJ>lufSJj-C ~ Q) : 

< Y(a1, z1)Y(a2, z2)Y(a3, z3)Y(a4, z4)l > 

< Y(a1, z1)Y(a3, z3)Y(a2, z22)Y(a4, z4)l > 

(3) 

::. ::. -C, ·f- r 7-.. r 7-;; 7°{_&/mO);@;~'a:~ x. -C ol/-Qo A 'a: 7-...S:Jvm\ - : A@A--+ A 'a:-'cO)J:O) bilinear 

td'.~%'!Jft (*"1-i"i-1¥1 t ,a:~H G fd'.H'Ji) t T Qo 1 t:: 1 EA iJ>1'Ji .. ,:oo G-C ~{ftjct G-C ,_s,Q 1 :> t T Q (Tfd'. 

:bi:, 1 ·a= a= a· l)o ::. 0) t ~, ]J[g{'fffl* Y(-, z) : A--+ EndA[[z, z, lzlIR]] 'a:, Y(a, z)b = ab ,: J::-:, L 
fl:'.&'J Q ( mllil: J:: G t;i: 1, ')o 

a(bc) = b(ac) (4) 

iJ>{=f:;@;O) a,b,c EA l:)('ifG-C~ IJ :V:-?t{.&fE'.TQo TQ t, Y(a,z)Y(b,w) = Y(b,w)Y(a,z) -CieiQiJ•G, 
·f- }-7,.. }- 7 o/ 7°f_&/mO)f_&fl:'.li~ IJ :i'[i:,, A ,a:f¾%~:fl~,:i;i:Qo J::-:i-C n {[/ijO)jcO)ji A0n--+ A ,a:mif-J 
0)-~(fflO)ffifiM~)~J::G~--~~*Q~~-CieiQo 'tt;i::bi:,A~M-i"i-~~~i;i:Q~~-C:it,Qo 
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= :hli~~/:iE L, <, (4) 'a'.{&n:'.9 Qt, ab = a(bl) = b(al) = ba 1:&i) I), a(bc) = a(cb) = c(ab) = (ab)c 

t t~ Q ;Ip G, t < /:ffUitiliiJIL\OJ-::i lt:1J1: J:: G ld:v'o 
J:: -::i -C~~~J:!!!llifaOJ'f- 1' 7- 1' 7 o/ 7'{Jx~t ii, 1 {-1(;~0J~t'i-$.l!U 'a'.~ ;t QJ:1:, :i:-C OJtiliiJIL\Mlt 'a'. 1- :r.o/ 

79 Q~~lit~ <, a(bc) = a(bc) ~ ?t.~~9:hlf', ~ 1J /i§i/Jfl(J/:{lt 'Jo J t i,, 'J $~0):;t~ :lo/ Ffl\J:flt'Ji 
"°(:d')Qo 

Remark 2.6 ~.:$:fl\J!:li~~~J:!!!llifali 1lfilf3l:g;gr.,,O)t~9:;t~7 o/ F {Xn(CP1)}n=l,2, ... J J:O)f\';~t}[l;;z 

Qo tdil..,, 77.:::.;iJJvi:li~-i?ld:ll!il'~iJ'd'>Qo -:.-51,,-::it:::::t~7o/ F'3".fflv,f::~~~J:!l!llifa"-OJI&IJ*liJJ-!: 

OOG-Clit:: t Uf [HL2} '3".~ffl~:hf::v'o 

2.6 IZ!lJ,M§llllllflU:: conformal singularity 

2.2~1:Jli.t::J::-51:, ~~J<'tffl;•~li.:::.,1~1J§0000~~1:li~'3".'7'fr~/:~<lb-c L, ~ '5o 1:lilm1,M§OOOO~/;tc:· 

OJ J:: -5 t~~'a'. L, -ci,, Q ti 0 -5 h'o JEl:!~faJIJ>!l~OJ)t!Jm-z: .Ill< 9;0 G:ht::$~1:d':> Q f,'iJ,1-§'lJ~ 

'a'.,\$\ 1, \ tf:\-'f ') [Y]o 
ai E Fh,,h, (i = 1, 2, 3, 4) iJ's~ 7°7 -1 '? 1J )[j:~1:d':> Qt l..,, 

Q(z) = (z1 _ 22)-2h2(z3 _ 24 t1-h2-ha-h•(zl _ 2 4 t2-h,+ha-h•(zl _ 2 3t2-h,-h3+h4 

(z1 -z2)-2h2(z3 _ Z4)h1-h2-h3-h4(z1 -z4)h2-h1+h3-h4(z1 -z3)h2-h1-ha+h4 (5) 

t 9 Q o = 0) t ~, 2.2 :li'iOJllillifa t [l'i]~!: L, -C, Cor4(a1, z1)Q(z)-1 Ii 6 ".J OJ1J\'J:5H'Fffl~O) kernel /:A 

Q, 97d:;bt, (I::;=l d~.), (I::;=1Zid~.), (I::;=lz; d~.) t-'fO)~f~o J::-::i--C Cor4(a1,Z1,---,a4,Z4)Q(z)-1 

Ii X4(CP1 )/PSL2C J:'.ii::~ ~ :hQo 11i ;t /:&i) Q CP1 \ {o, 1, oo} J:'.ii::~~ :ht::~M,f'frfl\Jll>!I~ efJ 1: 

(6) 

'a'.mt::9t 0Jh'1¥tt9 Qo ,p(z) Ii~~/: z = o, 1, oo -z:,§iH'1-::ih\ ,§i/: mt Qf~Q-v'li~~Jtffl;•~OJH 
;IJ>lf-z:, 1Fm-l:_!ll 1,,0 t:: t ;;z/;f z = 0 Ii Z1 -+ Z2 /:)('<J"r,t; L, --ci,, Q h\ 

Cor4(a1, Z1, ... , a4, Z4) = L (z1 - z2)-r-1(z1 - z2)-"-1Cor4(a1 (r, s)a2, Z2, ... , a4, Z4) 
r,sEJR 

,p(z) = L ar,sZrZs 

r,sER,r-sEZ 

t~ Qill/k~ft.ilfflH<f".Jo _:_ 0) J:: 'J t~fil.i!'a'. [M2] L'li conformal singularity t lllflvfio iEl/ll: liill/k~;IJ's//Jifl'9:'1'DL' 
d':>-::>L, T/::WWL'd':>Q-:. t 'a'.{&n:'.9Qo _:_O)J:: -5 t~~~fl(J;jj&~O)t~9g;gr.,,'a'. IC((z,z, lzllR)) th•<o -:. -5 
v'-::i tdJx'.ii::ii!ltJ:!!!fl\J/: li~~~f.lllifaOJ ::1-:,,; ;, 7 1' •~iJ, G )!:tf:11: ~ Qo iEJitt~'.ii:'.~ t -'c OJi/J~!: -::ii,,--c li5JIJ 

0) RJMS O)~~~'a'.~ffl~:ht::v' [M4]o 
Fo,1,00 'a'. CP1 \ {0, 1, 00} J:O)~fgij1;ffi'fl(JIJ>!l~L'' z = 0, 1, 00 r: t:,1,,-c conformal singularity 'a'. t-::i t 0) 

O)t~9~-g-t 9 Qo ::1-:,,; ;, 7 1' ld:~~~J:!!!llifaOJIZQ,~,r§0000~/i, -:. -:. ~ 1:1: Jll. --C ~ t:: J:: -5 /: ,p(z) E Fo,1,00 
'3".fflv'-C~ (6) O)J:: -5 /:;IJ,ttQo 

IHiU:IZQ,~,f'§IJ>!IIJ>!l~O) Z1-+ oo, Z4-+ 0 1:H/tQtil.i1mH:-::i1,,-cl1illifal.,--C$ <o 
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(7) 

iJ{ lz1I > lz2I > lz3I > lz4I t:.t:,~,-c,o,x; ".J ll~o (7) O))(JO~J!-/J>G (8) O):tjjllO)il\&_~lOi {z1mz1n}n,m2'.0 O)JJ! 

L, 7J'~ * t;i: ~ '0 J: -:, -c' 

= = L' < a1 (2h1 - 1, 2h1 - l)• >: F --+ IC , V ➔< a1 (2h1 - 1, 2h1 - l)v > /i, lliU~N ~ :tl,f;::JJO\'itggr.,, 

Fv = EBh,liEJPJ;,/i O)ji: 'a:n:'<lb Q;: t t:.jct)&'.,t J:o :i:\ (7) O):tjjll/j: Y2 = {(z2, z3) E (ICx )2 I z2 i= z3} J::O) 
~M:f'fi'fl(JOOJ,n:ibQo -t:= L':i:\ (7) O):tjfilO)~'a: Gt::OOM&~{,$:-/J>G~t1iG:t1Q Y2 l:O)~M:f'frfl(JOOM&O)t,rtOO 

M&ggF,lJ'a: GCor(Y2) t B < o i t:.:i:\ (6) O):tjjllO)~'a: L, t:.OOM&~#:iJ• GM G :f1Q X4(1CP1) J::O)~M:f'frH'JOO 

M&O)tJ:t"OOM&ggFsi'a: Cor(X4) t B < o 
J;l,J::J: ".J, 7"- l--7- 1--'7 "/ 7°{Et~'a:iil!it:.t"Il'i,~{'FY:!Hltil'.XO)'t!j/{'a:mJt:.t": 
ff:)&'.O) a,b,c E Ft u E Fv /:.x\tl,-C 

• ~:i:\fl(Jil\&.M& u(Y(a, z)Y(b, w)c), u(Y(b, w)Y(a, z)c) /;l:iv.;, Q ~M:f'fi'fl(JOOM& cp(z, w) E GCor(Y2) O)J\fJ: 

MJiJJlX lzl > lwl, lwl > lzl 1:.B/tQil\&.M&Jm00/:.~~9Qo 

4-i ""('O)~Ni/u/:.£-5\' -C, :#;~:ijjJ_!!!Ni/uO) 7" - ]-- 7, ]-- 7 "/ 7°{Et~/:_£-j' < M&'Ffl(JtJ:;:1:'.~'a:-'¥-.:t Qo 

fullJJit.({~M&t/iIR2l'.XM&f11tH<!f~IC~'.7 J-.;v@flllF=EBh,liERFh,li t, -lio"t'tJ:~'~7 J-.;1,,1 E F0,0 

BJ: V:t,~{'FJlHJ 

Y(-,_;:_):F--+EndF[[z,z,lzllll.]], a ➔ L a(r,s)z-r-lrs-l 
r,sEIR 

t L(-1 ), L(-1) E EndF L' i.VJ-:, -C P) ~ O)~{lfc'a: iil!it:: 9 t O)L' ib Qo 

FVl) {:f:J&'.O) a,b E F t:.x\tl.,-C, Y(a,_;:_)b E F((z,z, lzllll.)); 

FV2) h - h f/c 'liJJ: G ii Fh,li = O; 

FV3) {-f:~O) a E F /:.x\tl,-C, Y(a,_;:_)1 E F[[z,z]] -/J•~ lim,,_--+o Y(a,_;:_)1 = a(-1-1)1 = a; 

FV4) Y(l,_;:_) = idp; 

FV5) {-f:)&'.O) hi,hi E IR, ai E Fh, ,li, (i = 1,2,3) tu E Fv /:.x\tl,-C, ~:i:\fl(Jil\&.M&u(Y(a,z)Y(b,w)c), 

u(Y(b,w)Y(a,z)c) /;l:i.V;Q~M;f'frB'JOOM&cp(z,w) E GCor(½) O)J\,j:QilJiJJlX lzl > lwl, lwl > lzl /:.;B/t 
Q;\\&.M&Jmifflf:_~~9Qo 

FV6) {-f:~O) a E Fh,li t:.Jsj" G-C, [L(O), Y(a, _;:_)] = (zfz + h)Y(a, _;:_), [L(O), Y(a, _;:_)] = (zfi + h)Y(a, &.)o 

td!.L, L(O)IFh,li = h, L(O)IFh,ii = h, 

FV7) {-f:!&'.OJ a E F /:.x\tl,-C, [L(-1), Y(a, z)] = Y(L(-l)a, z) = -lz Y(a, z), [L(-1), Y(a, z)] = Y(L(-l)a, z) = 

fiY(a,z). 
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-:. h ;t c'O)~c'J;J,t::: J:: -5 r:, ::r-:,, /\ :7 J-- i;i::tJ:.$:h/fflJ!wuii full Jl'i,~{-1';~ 'a'. n:'.clb 00 ~r:: full Jl'i,~{-l';~ti:t!:.$ 

~:flwu'a'. n:'.clb 0 ti 0 -5 7J'o .PJ T 0) ~F&l iJ!~ t 0 o 

1. full TiiB{-\';~O)f§MM~ii c:.' -5 ~ -:J -Cn:'.~ 6 h0 O)iJ>? 

2. full TiiB{-\';~O)f§MM~ti7"- l-- 7-. J-- 5-;; :1~5:\'a'.rr!fft:::TiJ'? 

3. full ]'[B{-\';~O)f§MM~ti Sn Jst:f/Ji'I'! (5:\ (1)) 'a'.rr!fft:::TiJ'? 

fVdi [Ml] c'§~t.t{Jxn:'.O)T, full Il'i,~1-1';~0) n ,~f§MM~ (n :"'.: 4) 'a'.'.i;E~L.,, n :"'.: 4 f::ML.,-CJ:lli:JO)~ 
F"i'a'.i"ln:'.i¥Jf::!iESJl L, t:::o t < r:: full TiiB{-\';~ti -f- !-- 7-. J-- 5-;; :1{&fil/.'a'.rr!fft::: L, -C 1,, 00 

)'J(O)~c', full TiiB{-\';~0)12.YBfEIMM~'a'.n:'.~ l.,, J:lJi:JO)~r"iO) t < r:: 3 O)~r"ir::-::i1,,-cru£SJjO)ffl~H>t 

SJlT00 

2.8 full H'.i,~{t~1J' '::>*!::!IJJIJJ~A. 

-:. O)~c'ti, full Il'iB{-\';~O) 4 BfEIMM~'a'.n:'.~ L.,, ~:ri,iJ! S4 M,f/J;•~ (5:\ (1)) 'a'.rr!fft::T-:. t 'a'.~To full 
Il'i,~{-\';~O)'.i;E'.~ (FV5) ii S4 O)jcO) -5 t,, (23) r::Jstr,t;-t 0Jst,f/J;•~HEIMOO~iJ!rr!fft::-t-:. t 'a'. i:,i:, J:: ~±~ 
L, -c1,, 0 ;IJ!, ~ IJ 0) S4 O)jcf::jsj" L, -C tM,f/J;t:: t.t 0-:. t iiEl SJlc'/it.tv'o !iESJltiim-::>0)7-. T-;; 7°1J' i;:, i;i: 00 

1. full Jl'i,~{-\';~O)J:f::::f~m~.$.$5:\'a'.n:'.~T 00 f§MM~ti::f~m~.$.$5:\'a'. fflv'-Cn:'.~c'~ 00 

2. jffi1,,{jjz'.i;EO)T, full TiiB{-\';~iil$ :15 -17 1) )[;k~iJ, G sl21C EB sblC 1J□ff t L, -C ~~ 6 h00 

3. 1$7°7--( 7 1) )[;k~O)FdJO)f§OOOO~iJ! 2.2 ~O)JW{:fr:J'Jf_'j[ci:\'a'.rr!fff::T = t 7J''?, IZYBf§OOOO~iJ!Jtl(:~T 0o 

iTstepl ;1J>G/itclb00 m~%%A'a'.n:'.~T0t::clbt::ti, fullll'i,~{-\';~O)'.i;E~f::J..-:J-Cv't.tv', L(l),L(l) E 

EndF 'a'. J..h0M~iJ!ail 0o L(l), L(l) E EndF ;IJ!.PJT0)51::{4'a'.rr!fft::T t{&n:'.T 0o 

• {L(i)h=-1,o,1 t {L(j)}J=-1,o,1 tiliv'l::crJ~c'ail IJ ~h-{''h sh-triple O)M~A'a'.rr!fft::To 

• L(l)l = L(l)l = 0. 

;t t::: full Il'iB{-\';~ F ti.PJ 1<0)5'::{lf:'a'.rr!fft::T t T 00 

Bl) ail 0 N E ~ iJ!-tftt l., -C, {fgO) h :"'.: N ;t tdi h :"'.: N t::M l., -C Fh,h = Oo 

B2) {fgO) h, h E ~ t::jsj" l., -C, Fh,Ti ii~~j)'J('jcA:::7 }- Jv,z;gFello 

=O) t ~ Bz: F--+ F[z±,2±, lzlR] 'a'. h, h E ~' a E Fh,h r::ML.,-C 

Sza = (-l)h-Tiz- 2hr2Ti exp(zL(l) + zL(l))a 

t:: J:: -:J -C'.i;Eclb 00 (FV2) J:: IJ h - h E Z -Cail 0 7J' G, (-l)h-Ti ii well-defined -Cail 00 ;t t:::51::{4 (Bl) J:: IJ 
L(l), L(l) iiml/ifrA:'. ~~fpffl*c'ail 00 

F J: O)mWU~.$5:\ (-, - ) : F 0 F --+ IC ;IJ!::f~mt'll.$.$5:\c' ail 0 t ii, {fgO) a, b, c E F t::M l., -C, 

(Y(a, z)b, c) = (b, Y(Sza, z- 1 )c) 

'a'.rr!fft::: T-:. t 'a'.v' -5o -:. 0) t ~, Jl'i,~{-\';~O)~if t lcfl~t::l'>(O)ifttJi!J!iJ!~it00 
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Proposition 2.1 [Ml, Proposition 3.2} F J::O);;i;:R~*i%%AO)~F,!Jt Hom(Fo,o/L(l)F1,o+L(l)Fo,1,C) 

~~-M-M~~#ft9Q. ~k;;i;:R~■%%A~M•~sQ. 

jp~{~t~;;i;:•~■%%A7J'#ft9 Q full JJt~f(;lx:'a:'. § c$M full Ift~f(;lx:t v' -5. full JJt~f(;J/JIJJ!~t<!i (# 
g:Ja}lt;i:-1'f7JvHM.:::f~v') t~Gt:f, -lio~t~v,;;i;:R~~Jil%%A1:HP~{~~SQ. 

1J,:/::. step2 '3::%-;lt. Q. 4} h, h E lR t::M V-C 

QFh,li = {a E Fh,li I L(l)a = L(l)a = O} 

QF= EB QFh,h 
h,hEl!l. 

t B <. F iJ! QF -/J> G s121C EEi s121C 1J□Mt l.., --C l:fflZ~ :tl,Q t ~, 1 F ti QP l:fflZ~ :tl,Q J t v' -5. s121C EEi s121C 
O)~l'Jl.lffiff-/J' G tdit, t::, 1JZO)ff/tli!J!iJ!~ttQ. 

Proposition 2.2 [Ml, Proposition 3.5} F 'a::§ 2~Mt~ full Ilt~{~lx:t 9 Q. :::.. 0) t ~ F iJ! QP l:Rl<;~ 
:ti,Q:::..tt~TO)~#~~ffi~SQ: 

QP2} ,/l:~O) n E Z f::ML.,--C, L(l)Fi,n = 0 t L(l)Fn,1 = 0 iJ!pl(; fJ ll.~. 

QP3} {f:~O) n E Z f::ML.,--C, L(-l)Fo,n = 0 t L(-l)Fn,o = 0 iJ!pl(; fJ ll.~. 

PJT, full JJt~{~lx:ti (QP1),(QP2),(QP3) H!lif.:::9 t{_&fE'.9 Q. :::.. 0) t ~, L(l)Fi,o = L(l)F0 ,1 = 0 t 
Fo,o = !Cl J; fJ, ff/tli!! 2.1 -/J>G, F t::ti;;i;:R~■%%A (-,-) ~ (1, 1) H!lif.:::9BO)iJ!#ft9Q. :::.. 0) t 
~ (1,•) =<. > iJ!Pl<;fJll.~. 

-f:::.. ~ a; E Fh,,li, (i = 1,2,3,4) f::j,fl.,--C, fXO)%Ail<J8lx:'a:'.%-;lt.Q: 

~~f:: l.,--C, %Ail<J8lx: (1, Y(a1, z1)Y(a2, z2)Y(a3, z3)Y(a4, z4)l) Ii, 2.2 'f/J.O) 6 ~O)a:B-1H-"lA 'a:: rr!lit.::: 
9:::_t~:B-~Q. %Ail<J8lx:O)t;i:9■%~00'a:'.•W~~n::1..,, -f0)$~-?t~~A'a::M<:::..t~, %Ail<J 
t~~[JN (z1, z2, Z3, Z4) ➔ (oo, 1, z, 0) iJ! well-defined ~s Q:::.. t iJ!:B--/J>Q. ~~' :tH)l:t;ib.lb--C 4 * 2 = 8 R 
lx:0)%Ail<J8lx:O)MO)t~9~F,1J t IC((z, z, lzllll.)) O)Fs9f:: ti, ~~iJ!#ft9 Q. :::.. :hH§v'Q t%Ail<J8lx: 
(1, Y(a1, z1)Y(a2, z2)Y(a3, z3)Y(% z4)l) ,i, (FV5) f:: S--:, f.:: u(Y(a2, z2)Y(a3, z3)a4) /::~:'@'~ :fl,Q. t 
< f::lmgffi~~lx:O)J(YOf;Ui u(Y(a2, z2)Y(a3, z3)a4) O)JlJCSRiJ' Gflt-5. J;--:, --C1JZO)ff/tli!J!iJ!pl(; fJ ll.~. 

Proposition 2.3 [Ml, Proposition 3.6} a; E QFh,,,;Ji = 1,2,3,4} O)t ~, PJ 1-·iJ!pl{;fJlf.~: 

1. SQ Ca,,a2 E IC iJ!S--:,--C, 
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td!.L, Q(z) t;t.;tl'.; (5) "t'lj.;)(_G:h,Q, 

F ;(J! QP §:op,\Z"t'&i)Q.::: t. ii>G, a; ii1l'\!l7°'71' 7 1J )[;R:~t. ~NG fJ:HfgO) (1, Y(a1, z1)Y(a2, z2)Y(a3, z3)Y(a4, z4)l) 

,i, ;tl'.; (6) O)~O) X4(CP1 ) J::O)~Mi'fr1¥J~•O)W:5J''°t'ii'itQ, J;-::i-c~n§:!iit, (6) O)~O)~•O)~~ia 

'°t'ii'IJ Q, J; -::i -C 

f;: J; -::i -C !E ~ ~ :h, Q, 

J'&f3tf;:, f:f~O) a E 84 f;:l<J-l.,-C, 

;(J!p,IZ fJ }'[--:J.::: t. 'a'.u1i-Q, a= (23) f:.--:J~,-c,:t, (FV5) t.ifitJl\!l 2.3ii'G1/t-5, a= (34) f:.--:J~,-c,:t, fullJJt~ 

~-0)0ffl~GM-~9~nQ~A 

Y(a, z)b = exp(zL(-1) + zL(-l))Y(b, -z)a 

;(i>G1ft-5, J;-::,-C a= (1234) f;:l<J-L,-C~itt;f+5tL';bQ, a; E QFh,,h,(i = 1,2,3,4) ii1l'\!l7°'71'7 1J)[;R:lt.~ 
t. L,-C, J)(~JJ!~~;i:\'.;O):;f~•~'a".ffl~'Q t. 

(1, Y(a1, z1)Y(a2, z2)Y(a3, z3)Y(% z4)l) 

= (Y(8z, a1, z11 )1, Y(a2, z2)Y(a3, z3)Y(ll4, z4)l) 

= z12h' z12/i' (-1ti-li, (Y(a1, z11 )1, Y(a2, z2)Y(a3, z3)Y(a4, z4)l) 

;(J!5t;(J, Q 0 

Theorem 2.1 (Ml, Theorem 3.1} F ;(J! QP§:ofix.ii'--:J § 2JZx1i;i: fullrri~{~-t,t. G ,t, {fgO) a 1 , a 2 , a3 , a4 E 

Ft., a E 84 f;:Jjl.,-C, 
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J; -:i--CIZ9,1'<1J§OOOO~ii 84 Mf/Ji'lil:'a'.~"?o 1 'a'.tiilA 9 Q = t 1:, n ~ 4 t~ G Ii, n 1,'<(:1'§0000~0) Sn Mf/Ji•[il::t 

1tt '? 0 

·f- I- 7- l- '7 o/ 7"~5't (2) -/J; 

< Y(Y(a1, z12)a2, z24)Y(a3, Z34)a4 > 

< Y(Y(a1, Z13)a3, Z34)Y(a2, Z24)a4 > 

JtiC~t" Q 1J', ;Jd:M,rfrm>Wftt" Qt Cor4(a1, z1, a2, z2, a3, Z3, a4, Z4) t -~9 Q 1J'li~~aJj G-/J>-C:lit:i:v'o = 
:hliJ: f'J -r:::'.7.:=.;IJ;vt~iliESJl-/J;~~t~O)-C:, ,$:f/.li-C:lil'fLl~t"Qo Jlil:t;O)d'JQ/ml,'ii [Ml] 'a'.~filt~:M,t::v'o 

Theorem 2.2 [Ml, Theorem 3.2) F -/J; QP ~,ilx;-/J'"? gci 2.J)(Jsj"t;i: full U'i,~,Ri~t;i: G ii, n ~ 4 t::M L, --C, n 

B,t§0000~0) consistency -/J;,llx; IJ 11."?o t < t::{f!'tO) a1, a2, a3, a4 E F 1::MG--C, 

2.9 1J 1 5 JL,t,j-~•ti 

= O):lift-C:ii ·f- I- 7- l- '7 o/ 7"~5:\ 'a'.mlt:: t"U'!Bf'Ffa!Hli 'a'.~-:> It Q-~skJt~::tJi!t:: -:>v,--cM~t" Qo +t:m 

~:E_!ll_mfa-C:li 17•'- l- 7- l- '7 o/ 7°~;i:\;t::./J□ x. --Cflmie-/J;::k ~ t:i:Mf/Ji'lil: 'a'.~-:>= t 'a'.{!x'.iE L,, Mf/Ji•[il:t:: J; -:i --Cll'L~ 

{'Fffl~O)mH~ IJ .i6t'J t v' '? 'f'i!-/J; J; < fflv' G :M,Qo = = -r:Jstf!J;•~ t li~T L, :tfl'i'> 1) --Rifx:-/J> '?*Q 
:t 0) t Ii~.& G f, :t -:it -~1¥.Jt~Mf/Ji•~ (n-1 '7 ;vJstf/Ji•lil: t 11'¥1i:ti-Q) 'a'.~ x. Q = t n;-z: ~ Qo 

F 'a'. full U'i,~{-1;i~t 9 Qo = 0) t ~ a E ker L(-1) t 9 Qt, (FV7) J; IJ 

- d " O = Y(L(-l)a, z) = dz.Y(a, z) = L, a(r, s)(-s - l)zrrs-2 .. 

r,sER,r-sEZ 

J: "? L, Y(a, z) = I:nEZ a(n, -l)z-n-l 1J;)j'1J'Qo 9/;J:.pt,~ Y(a, z) liiEJ!Ll-Z:d'> Qo 

CP1 \ {0, 1, oo} J::O)~/glj1,j<fil't(J00fx:-C: 0, 1, oo 1: conformal singularity 'a'.~-:>OOfx: </>(z) -/J;iEJ!UOOfx: t 9 Qo 
[r,J~O)liimfat:: J; IJ, conformal singularity t v' -5 ~{lf:li, iEJ!UOOfx: </>(z) t::Jsj" L, --C Ii 0, 1, oo 1:0)~~•[il:-/J; 

;Wik;§i-Z:d'> Q = t t [r,J{ii[(::t~ Q 0 CP1 \ {0, 1, 00} J::O)_j__EJ!LJOO~-Z: 0, 1, 00 1:;Wikf~'a'.~"?00~0)~Fs9lij'.,~ 

5't$ C[z±, (1 - z)±] 1: d'> Q o 

=O)= t-/J>G, ff:!'tO) a,b E kerL(-1) tu E pvt c E F t::Jsj"l,--C, m;i:\;S<Jil&~u(Y(a,z)Y(b,w)c), 

u(Y(b,w)Y(a,z)c) lid'>Qj'.,~;i:\; </>(z,w) E C[z±,w±, (z-w)±] O)~t~MI~ lzl > lwl, lwl > lzl 1::$/JQ 
il/kfx:jl~/::-~9 Q = t-/JV/2•-/J>Qo 

Proposition 2.4 ker L(-1) CF li'&~Jt{-1;i~-C:d'> IJ, Y(-, z) 1:: J;-:, --CJlB{-1;i~O),J;ifil'~'a'.~"?o ~ G t:: F 

likerL(-1) O)J}'iB{-1;ifJ(t l,--CO)./J0f$1:d'> IJ, Y(-,z) liU'iB-Rifx:O)./J0f$0)r!!JO) intertwining operator-C: 
cl') Qo 

ker L(-1) :t[r,J~t:: G--C, (~fx:z 'a'.:t-:>) U'i,~{-1;jfJ(O),J;ifil'~'a'.~"?o 'H:: F iifullU'i,~{-1;ifx:ker L(-l)®ker L(-1) 

O);f}i;;kf:: /;J: Qo 

J; -:i --C, full U'iB-Ri~'a'.ffil')lX;li=-:>0)7- -r o/ 7"1::Jt-/J>:tl,Q [MS, FRS]o 

• ker L(-1) t ker L(-1) O)./J0f$t-rO)Fs90) intertwining operator 'a'.Jj-~9 Qo 
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~t<li 1J -{~- g OJxt#fl'ti'a".~-::> J: -5 t:i::ttl'~-l'!l!·OJ-,3-, ker L(-1) li7 7 7 -1 ::,;JJ11~{~- Vk(g) t 11>¥1£ 

nQJJiB~•'a".~~ :tOJk~.mB~•OJ=t'a".~m•l'!l!•OJxt•tttR~t. n1'5~xt•tttlll¥~ 
~m•l'!l!•OJxt•tt~~=OJJ:-5t:i:1J-~•~~•oomTQtOJOJ~~~t.w~•t11>¥~nQJ:1J•• 
t:i: ~m-l'!l!aOJxt•ttJ t~~GhQ, 

.& 1,' 7 5 7- (regular) OJ MB ( fp ffl *) {~-0) 1J□ff t "t 0) fill OJ intertwining operator OJ-®:a Ii Huang G 
OJ-mOJ{±$-Cl'I~ ~ ht;: (t;: t ~ Ii [HL]). 1 t;:, ker L(-1) = ker L(-1) iJ>fq] l5 regular Il'iBfll'ffl*{~ 
.OJ.,3-, xsJ-ft§(fiJt::::~ill'J1J□ff'a". 5i 1J ,3-:b Qt. full JJiB{~-OJl'IJl!tiJ>.,\.Q = t iJ> [HK] t:::: J: ~ t 1F ~ ht;:, 
(Huang-Kong OJa::t-cti full field algebra t 1,, -5;$:1\','1itj,' L,J\/;i:Q~m-l'!l!aOJ5-EA{~iJ,~nti,,QiJ\ 
regular JJi,\\({-'pffl*{~-'a'. n -1 5 Jvxt••t11::::~-::i-,g-/ijjljj::g0Jffl~/i[qj{i11L'i.b Q, ) 

xtfl§1:t;i:1,,~m•l'!l!·OJ·"Fs-iJtd'.l'IPXW!Jt::::OO L,t Ii [M3] 'a':~~~ ht;:1,,, 

iliifOJ!lwll'!l!"ltt::::t:,1,,t :1'- J-;,, r 5 o/ :i~A'a".ffl1,,t;:~m•l'!l!•OJ-liff~'ii'i!il'JZnOJ~m•l'!l!•t~~t. 
~HU L, HiJm'a".JUft\,'Q, $:::giJ>7'- r 7- r 5 o/ :i~At::::~-j-~~m•l'!l!·'a'.5-EA{~L,t;:J'!!!ESt "f = 
t::::ili;iQ, 

!lwJJ'!!!L'/i, (B"f G < ~::g1:::: td'. t5J:J.OJib Q) A (3) L'/itd'. < A (2) iJ>ffl1,, G hQ, "f OJJ'!!!EE Ii, .::r..:::?? 1) ~ 

m•l'!l!·'a".~~Q t ~A (2) 7J' G lil'IJl!t5-E•r:OOT Q1ffi~Hf~0)_&1,,;;f~A7J'~iJ,nQ = t "{:ili;iQ, = O);f~ 

A'a"..ffifi•~~~Q=t1:l'!l!•~mnQ~m?x1'r0Jffi~~ill'J~~'a".&T=t~1:~Q. =OJ=t~ 

G i.b QtiOJ~m•l'!l!·OJj!q'f'.tfiJ'filEB]~ hQ, 
= O).fills-iJ 7·- r 7- r 5 o/ :1'$1i •• OJ:it-f-.iJ>=l'JZnt::::l:I:"'-t J: IJ ft L, 1, 'i'i!il'JZnL' UimL' i.b Q. [RRTV] 

-c~~~nOJ~m•l'!l!•~xtL,t•Ms-iJ:1'-r7-r5o/:i'a".■fflL, • .-1'~AOJ•'a'.m~L,t1,,<t. ~* 
? x -1 r OJJ!Jt IJ -5 Qfiti1{ 5 .,< - ?? ggF,JJOJq=i-cRL\:v: L, t;:,J\ ~ td:';OJ J: -5 1:::: t:i: Q = t 'a': 1F L, t;:, =OJ= t ti 
ig,OJr:j=lt::::--::iOJ~m•l'!l!•iJ'#tfTQ = t 'a'.1F~TQ, = OJ9%~0J:ml!wG u,Bti. ig,OJ"¥1Ul:t:·OJ~~ 

'a".~L,tfi-~nkrn~n~m•l'!l!•OJ~m7x1'r~ MOJ~~t:i:~IJ~L'fi.~hkffiJ:IJtM~~ 
i'i1i1,,t = 01::::i.bQ, •fis-iJ:t·- r 7- r 5 o/ :i$ti='-l'JZnOJ~m•l'!l!•1=xstL,ttiim1:i.bQ [EPPRsvJ. 

=OJJ:-5~:1'-r7-r5o/:i~l'!l!•OJ#a~##a~ooTQn~t:i:~$'a".mmL,t<nQ.•"lts-iJmB 
7J' G 0)7'- r Ar 5 o/ :t'HJb t;:,liff~/ii.b 1 IJ fd'.1,,f;:~. ;$:1\','1iiJ>7'- r Ar 5 o/ 7°$.,\.F~-"'OJ-!!/J(::::td'.hli 
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