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Extended Regular Expressions of Arbitrary Star Degrees

T B0 B=H
Heekeun YOO and Kosaburo HASHIGUCHI
BRERBNEXRE

Toyohashi University of Technology

1. XA & ,

(7, 1312 BVT, DhhHDhEXRE20ZYy—HELRBRCHOXY—HHEOD
BMaZ28AL, PVI27RYMILOELAY KRB 20BBRERSEDOY S
ZA(ERLRE) L B4 XY —KBCUHOHBEALEREED Y I X (EARL(2,1,5))
OWLO>rOEEZHLMIZU E.

AHRECTCEH, KBEn23)0XR ¥y —HHEOBMZAL2BAL, MESF, #B
Kleene -Pid, B4 XBn(nz23) DX Y —HHICHIZ2ERSEEORAYE, T4
bHE, V77 RIMNILEOBLAY—RKBEnOLRERSEFED Y T X
(ERL(nz) oW > oEHZH 5 MICd 5. Fiz, (1) ERL(nE) (n=2,3,4, ) D
BERMEIIERBTHS, Dnz23 LT ERLOI)EXREKESEOHRIKET
% %, (3)ERL(3,2)-CFL(Z) # ¢, (4)fEE O n =3 {2H L T, LCFL(Z) - ERL(n,x) #
¢, FERT.

2. BE
IRETRVWVERZVIFRYPMTH S ARZERINTHS. dEEEGTTH
5. FBOWeFrIHULTUWRIWOREST, WREWVOHFERIITHB LcIXic
HUTL=WiIWelltTH3. EEOZP NI 7R M,V EWeEVFIENULT
VIWEWIEHEDIASIV ORESTOEGTHD. HBEODAe VEN UL THWIEW
CHOLIhZAOHEBTCHS REBINUTIHBREIBORETSH 5.
(€ 2. 1]
FEOnz2ICN LT EREMDEILOBLIY - RBEnOBLRERERD
JIXATHY, ROLOERWOICERES D 3. :
(1) A, ¢, a € ERE(n,z) (HLa€z) ;
(2) b UEL, Ez €e ERE(nE) THNIE, E. UEz EEz, (E1)* € ERE(nE) TH B
BFEFEOD2Lm<n p2lic®¥ UL T, Eii -,Eis,E01,Ez1, » ,Ez5,Eo0z,
’Eom--l’Eml, b 1Emr-' € ERE(H;Z) T‘&v n lf; (EJ.;L, ,Elp,E01,E21, b ,EZP,EOZ!
“Eom-1,Em1, *Emp)™* € ERE(n,) T&H 3 ;
[E®2. 1]
MHLZOE€EREMIENLT FRELRM>ZEFLELIFEBEINS.
(2) i iﬁ 72 Hﬁ ﬁ ‘: 3‘ 5 7:‘: 57) (Ell’ "'1ELP1E01’E21, ‘;',EZP,Eo'z, '"1E0n-—l’En11 "',Enp)n*v
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ORbHIZLIELE

n¥ ‘

E:i: Ez. ) | Enl
i ,Em,[, i [sEoz, = Eon-1,]| | DORBENBASTH B,
Eip Ezp : Ense

[EE2. 2]

n222H LT, Ee€ ERE(n,E) c:-J:o*ciéIEén%nm EldRoXH>ICRH
MicEZEEHh 3.

Mial=Hah lol=0g, lal—{a} ({E LaEZ)
(2) |E. U EzI=|E.] U |Ez] ;
|ErEz|=|E.|Ez|={vw | v € |E.|, w € |Ez]} ;

.
’

, oo

I(E)X=IEl*= U |E]* ;

i=0 © o

(3) (11, *E19,E01,E21, *+,E2s,Eoz, = Eom-1,Em1, **Ems)™*|

=|Eo1Eo0z ** Eom-1] U ( 001 ( 1< Jl,l'J' i < le[EOl|L2lEOE| Lon-1lEBom-11Lim)),
I 15k 5 miIZH LT, BLEBNHFHRTHNIE, Li=lEws, HExs, |« |Exs, | T
b, BHRTHNIE, Lx=|Exs, Ews,_ | |Exs, | TH 3.

E€eEREMI) n22) It LT, IElkzEoE L 2 ¥ — «kﬂn@ﬂz‘:%ﬁ?ﬁ%‘ ‘
EMIEh B,
[E#& 2. 3] ‘

nz22ZH LT, ERLOIDEFzLOB LAY - RBEnOHBREREFEDO Y 5 X
TH B
(gl 2. 1]
(1) Ka, A, b, A, ¢)**|={a”b™c™ | n 2 0} ;

(3) E H Onz=3 2<m=«<n p z 1, E=(E11, «*,E1p,E01,E21, * ’EZP,E021

“EBom-1;Em1, , Emz)™* € ERL(I) M LT, WMIWEL T %

|EI=|(E11, ""Elp’Ecl;E‘zlg "’,EZP,EOZ, "’,EOm-l;Emly '";Emp’FOmgFm+lly cee
Fom+1, *Fon-1 ,Fn1, “',an)n*h

T TARTOMLiILSn-], ml<jE<nl1SkLplNULUT, FosmFix= A TH

={wecwRewcWE|w € {a,b}*}.

,Fm+lP’
5.
3. ERL(nx) O E '

%7, ERL(1,f) ¢ ERL(2,5) C ERL(33) c -~ DB E T 20 S ER TdH

BT LBERT. TIZTC Kene-HBRERRXH1I1OXY -—HELHAREIH 3.
[E# 3. 11

n 2 2 ‘: ?‘j‘b -(, anl(é-l, 2-, Az, )») MY ly an)n*l‘-fé & 6» t: : ‘ﬁs "b biz)s%&
THNE, a=aThHh, BB THNIE, a=dbTHB ({HLz={ab}).
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[#83. 1] e L
E®On2Zm22 UVXiXs, * Xm,¥1,¥2, »¥m-2 E X H LT, & L

[u(x1,51,X2,52, = Ym-1Xm)"*| CLa THOIE, FEOLI<i<mizN LT, x€
a*U b*cdHh 3. , , ‘

( it ) lu(x1,y1,%X2,¥2, ""Ym—lgxm)m*vl CLat 9 %. 0O (‘.’.% UX1y1Xzy¥z2
Ym-1XmV € Lo T ®H 5. ot 2 T, HDHiji=z20\ -)'GJ L T, uxiyiXz¥z ** Yym-1XmV =
a’az’ - ax’ TH B HBLHB1LI<mIcHUT xw¢a*uUb*THhif, k=2n
e U T, lekY1szYZ_"' Ym—lxmkV EL.Td ZD Zhix» BTHsd. O
[ZH® 3. 1] ,

ROBEHEREIERTH 5.

ERL(1,5) € ERL(2,Z) Cc ERL(3,5) C . (2 2T, #£22ThH 3 ) .
ROMBZEPIT AT +2Th 3.

[#E3. 21

EEon22ic8 LT, |

(1) ERL(n-1,z) € ERL(n,E) ; (2) Ln € ERL(n,E)-ERL(n~1,%).

Z 2, £5{a b} o

(FEHR) (U)B B Md. (2).Ln €e ERL(n-1,32) 2K EF T 3. oM ICn24Thsb *
DELEIEIL. THB XS RBRE e EREMm-1)MNERET B. 0O & & |ulX,¥1,X2,Y2,
Y ne-2yXn-1) PTPHR] C |EIsLa TH B & S 7 U,V,X1,Xz 5 Xn-1,Y1,Y2 ~Yn-z € T¥
MEHATDE, CCTCL.EIEBREATH B, H5iQZi<n-DIEHULTx#
AEREFLTEW. MiB31ICEST, a€atUb*THB. FOL & ux1yiXayz
“ Yn-2Xn-1V € Lo TH B. > T, 3 jz1ilcH U T, uxiyixzyz -
Van-zXn-1V=aaz’ v an’ TH B. xx €Ea*UD* 1 <k <n-1)TCHAIND, 840D
xx X2z 1 <p<n)ORAFTHS. LML, xx DBlEn-1ThHsdH05H, H5p(1
SpEnMiHULTa*3IHEEBEDxxZRFEULTEERY. ZTOLE
UX1%y1X2%yz * Yn—zxn—lzv:‘af lazjz ap—-lj Pnlapj ap-‘-l:j Pl ... anjn ELoPOdH B

K#pleH LT, x#iCH5 ChEFETHSB O

IEOXMRKEXEGCSAR(V,LP,S)D4>0MTRENS. VEEROA
BRER ZIEKREES, PRIERSRUNOERES ZLTSIIAMRESTH S, X
BRGIEBUZIBLZOERBENE : MDa-=>B8(ae(VuI)V(VUuI)* g e (VUi*
PoOoUa)EUB); 2)S=>A (HUSRGIZBITAWh AR EDIC
HbEDOLDhZW). LORBRXEGE I>TERETAZXREKEFESHECSL)TH 3.
[E#& 3. 2] '
CSLOWEILDOXMEESEREDOD I T XTH 3.

[E® 3. 2] ,

EFBDn>3 E€EREMIIEMUT, IE|lZ2HRTI3XMKEXELEGCERET
32N TEB ' ‘ -

(FEHH) EMHRXEKRBEDODIAS3TEBEFORBIKE T ZIRMERK X 5.
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EEBRMBE: 1AL 1o, lalecCsSL(z) (HLaex).

BB : E€c EREMIEXRDADOVWThhrhoEZLTWS.

(1) E=E. U Ez, (2) E=E,E2, (3)E=(E.)*, ’

(4) E=(E11, *E1m;E01,Ez1, *,Ezm,Eoz, *»Fon-1,En1, =, Enm)™*

(D-BC)BA, RMEOREICEIDIEN-{ A} IEA{ A} ZERT 2 XRERE

X, Gi=(Vi, 5, Py, S1) & Ge=(V, 5, P, S)MEET B, ZFDLEV.NVe=90 LR
EFLTEW ' '

()E=E, UE2DH &
ROXEG(VEPS)IFERN T BIRHZ2HET
(1.1) V=V, U V2 U {S};
(1.2) P=P, U P U S > S$.]Sz U P,
T, A€E|ElTHhIE, P=S=>ATHbhH, ZOMIE, P=0THh3.
(2) E=E.E- D &
ROXFEGWVEPS)BELELNTARHZH=T
(2.1) V=V, U Vz U {S}; )
(2.2) P=P, UP- U S—>S,S: U P,
CCZTC PraelEiln|ElTHhhiE, S—>S.lS8:0] 4,
: P:Ae¢|E.l DA elEdTHNIE, S—>8,,
PP:AelEil DA ¢ |Ez2l THhIE, S—>Sa,
ZLTAGIELVEITHNIIE, P=08THh 5.
B E=(E.)*O B A
ROXFEGVEPL,S)IZELLN TARGEEHEZT ;
(3.1) V=V, U {8, 8"} ;
(3.2) P=P, US> A |8 US - 8,|8.9",
(4) E=(E11, '",Elm,Eo:L,Ez;L, ""EZm’EOZ’ ""Eon-—l:Enl’ "',Enm)n* (1)) iﬁ’%
Gis=(Vis, E, Pis, Sss) Z |Es|{ AV 2 ER T HAXMEELE LT B, (i=0,1 L]
n-1,F2,1<i<n 1<j<m), 22T £ {Vu1i20, 1<j<n-1, &=,
1€i€<n 1<ji€<m BEVWLERTHB I LERELT LW
RO2O20BEE2E 25,
@GnIRctoL,jlcdu, L ¢lEsl0oBaE
ROX¥EG(V,LP,S)RELCHNTZRMFZBET

n n-1
(4-1.1) V=( 'Ul .ndl Vj__'] ) U ( _Ul Voj ) U {Ll) "',Lm’R.‘L, .",ngc_l’ bk Cm’S]_, "',Sn—-l,s }o
i=1 j= j=

, n m n-1
(4.1.2) P=P" U (U U Pi5) U ( UPos),
i=l j=1 , J=1

ST PRROBAMDPERZ->TWS
(4.1.3) n=3 0 & %,
S = S01502181550182550283; (1 £ j < m)
S = 8158:1Rs(1 £ j < m) -
S1 > 51551C518158015255282:(1 £ j < m)
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S2Cs > S25525:5(1 £ j £ m)
SzRs = 8§255028:5(1 £ £ m)
Dx € {(Re, Cx | 1<k Sm}izt L T,
SisDx > Dx8:s5(i=0, 1 £ j<n-1, FAIE 1£in, 1<j<m).
@l)n24P>BB O L %,
S = 561502 - So (n—l)lSljSOLSstoa = So (n-l)snj(l _<_ J _<... m)
S —>8138:Ri(1 £ j<m)
S1 > 8158:C;51813801825L582(1 € j £ m)
BLZOBBEk(2sk<n4)lan LT :
SkCs = SksCi8x(1 £ j < m)
SkRs > Sx3S0xS (k+1558%k+1R3(1 £ j < m)
Cs8x+1 > S x+1558%x+1C5(1 £ j < m)
LsSk+1 > Scx+15380 k+1>S cx+2>1L3Sk+2(1 £ j < m),
k=n-2 X L T :
SxkCs = SxiCs55x(1 £ j £ m)
SkRs > Sxs580xS (k+1358k+18 k+2>3(1 £ j £ m)
CsSk+1 2> Scx+15i8xk+1S (k+2>5(1 £ j < m)
LsSk+1 = Sck+1>580 x+15S ck+2>5(1 £ j < m)
Dk € {Li, R, Cx |1 <k < m} oy L T,
DiSis > 8:3Dw(i=0, 1 £ j<n-1,F &% 1<i<n, 1 <j<m).
4.15)n25r2>2HFB OO L &,
S > 801802 ** So(n-1>1513501525502 *** So(n-1>8ns(1 £ j < m)
S—=>8:1358:Rs(1 £ j < m)
S, —»> 51381C5|513301ssz532(1 <Jj<m
BL20BEKk(2Lk<n5)lc LT
SxCs = Sx35Cs8x(1 £ j < m)
SkRy > SxiS0xkS x+1>58k+1R3(1 £ j £ m)
CiSkvr > Sx+1>59%k+1C45(1 £ j < m)
LiSx+1 =2 Scx+13580x+2>S cx+2>iL3S (x+2>(1 £ j < m),
k=n-3{Z8 L T :
SkCs > SxiCs8x(1 £ j < m)
SxRs 2> SxiS0xS (k+1>58x+1Rs(1 £ j £ m)
CiSk+1 > Scx+1355k+1Cs(1 £ j £ m)
LsSx+1 2> S(x+13580 x+1>S (k+2>58k+2S (x+2>5(1 £ j £ m)
Sk+20s > Scx+2>58k+28 (k+a>3(1 £ j £ m)
Sk+2Rs > S(x+2>580 (k+2>S (k+2>3(1 £ j £ m)
De € {Li, R, Cx |1 Sk <ml iz U T,
SisDx > Dx8:i5(i=0, 1 < j<n-1,F =1k 1<i<n, 1
DxSis > 8:15Dk(i=0, 1 £j<n-1,F =W, 1<i<n, 1
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GRIE|IZERTHLZRDPODIEDVLODDPOMESERXS. HBDOWE
El2F 2% $%120, 1<j, 5 Emic®ULT, we LilEolLz [Eozl

[Eon2lLan THB. 22T Ll EE2.20X5CFESH 3.

) b =F0THNIE, S =2S01502" Son-1 = w.

E 3
HLI=ITH XL ‘i; S = S1s lSo:LSzleoz So:n—-lsnjl:? Ww.

b Li=2 2D n=4TH NI,
S = 815 SiRs, |
= 813,515,501523 L3 S2Rs,
= S13 515801523 ,L3,825 802533,83843,

*
= S15 515,801523 825,502533 Lis $3Sas,

= 813 815,8015235 S23,502525 S35, 503543 Sas,

*
= W.

H Li=E3»oOn=s5THhIL,
S = Slle;Lle

= 813 515,8:C5,Rs,

= 513 515,.513,801825 L5 $2C5 Rs |

= 5135 813,813,801525 L5 $25,C5 S=2Rs,

= 515 5135,513,801825 L5 82505 525502535 SsRs,

i" S13 5155135501825, 525,525 802535 L5 Cs SsRs,

= 813 813513,801523 5235 $23 So2823,La S35 $aCs Ry,

= 515 5135813,.801825 523,823 S02535,833 1.3,S3Cs Rs,
W=815,813,815,801825,8235 $25,802835 Sa5, & B <,

= WS35, 802543 54855 L3R5,

E
=» wsszSQSSA;J 35405sz 1853'3
= WSSjESOBS4j 3543'284853'sz 18553

b 3
= WS35 503845 S543,54Rs,5s5 S,
=% Wssjasoasnaj 3‘343‘2545_]_804 Ss; 1555235.:‘ 3

Sw, B
U BBLIEHLT, LelBslTh BB
5V, KO2 o OEAEERT S :

n-1 n o m
Z= U {Soi} U (U U {Sis});
i=1 _ i=1 j=1
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A={501Soz b SOn—l} U {WlSOlWZSOZ ot SOn—lwnl ﬁ) 6 i 2 1, 1 S. Jl, ";,.].i S m ‘C ?‘j’ L
T, (DkBEFHE S5 Wi=Sxs Sxs, " Sk i (2) 2 O IE Wi=Sxs,Sxs, | = Sks, }o

* :
(4.1) T, bnbnli{WGZ*IS%W}“AT*Ef)ZD’ R

ﬁgw%eXLﬂbT,M&Hﬂﬁd%T? ¢

%W"al' apéz+(p>1 aiez)‘uﬁbfx Wz\?&(kd)cl:’)luiﬁﬁ‘é
meeﬂlqueﬁfmgf&aal@1m>mmu<5w®mwu¢a
<T#5h3). :
AeWMTHBLE+ARZBRTRTOISISPERLT, LAeEL(a)THDC
EILREET S HEEOBCZ*IZHN L, BAZROIDLEEET S :

Ba={W € Z* | $H B W eBIZH LT, W € Wl
E%@ﬁmszCﬂL#bT.&Mu%mmxokiﬁfﬁ
Bawn={WeB i< UW) < jh

FEOLLI<ncHULT, LWZRODELDIZEET S

Yi={(jIl £ i <mM DA € |EsEa+r1rs - Ensl 1.

IEl # B4 3 X Go=(Vo, 5L, Po, S) 2 MM T 2 HHEEZUTILE X% : 2O b
5%ﬁmxmuxomwt&n,émﬁa k@R &b, Pold

{WGZ*IS(?W}—AhT*KHn!iE 573 .

(4.2.1) Vo=V U {So} U {8s",Ls",Ts,Rs”,Lus,Rss,Las” ,Rl,, yLise " Lisea” RisshRispa’| 1 £
L, jyp,asm}lU Ve ;
Po=P U Po”.
ZIT Vo, P R TEORRP SEBEINEARETH S ERDa—> B € Po
CHLT Ua)SUB) THEZDPEEZEL4DLILLi<miZH LT, A.1)DOCR;s &
LG ICH YT 5E MR & Lis 2 AN 3.
EHOBEDOE®S TR, n2 EPOBBOBEES 2 5. (%(Dﬂtd)%ﬁ%%
REEARTHB) .
9, Pl LTROMME N 7= ﬁﬂ'lb‘%\??&é
(4.22)S>W(BWEAp1am KN LT) ;
So—)sli'sliso (ieYTHNIX) ;
1£iismic® LT, ‘ ,
S —> 51351551 R3118081551551R5115118081551R3118138135S0S1Ras
lSOSliSOSljisJLlSOSlLSlJSOS RJlISllSOSlJSO lRJIISOSllSOSlJSO lRJl ’
S1->51:5813550152552:L3:521811806815501525582:L5:52
151:5135805015825821L51821511565158050152552:L318z ;
1Sigmiz®UT,
S1 > 8::151Ci|S051151Ci}S1:8081C:ilS6511508:Cs.
UToRBMOES LD, Slklslkz Slkqelsla e+ 813 |A7J‘“3'§—’\Vco)
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jr & {kl; ’"ska} ‘:*‘T bTJr € Yz ?& 6&%0)
W=S815,813, >+ Su3 S0152x,52x,Lx x Cx, - qu_lega_l g (el I P

%
53Wﬂmﬁ?5f

RIZ, k(kz22)BZBOBREE2E X 3. .
kZBHEPDOkEn-2 93 (kBFHROLETLERICEBRINDS) .

X9, ROU.2.3)NMBETH S : .
(4.2.3) SxCi > SxiSx(i € Yus1 THNIWE) 5 SkCi—>CiSx (A € [Exsl THHIE) .
(4.2.3. %) 512, RKOKkBHOBRMOBAGZE X5 :

*
S #WSok—lsklek_szJI,ZSijB... of R

u-z2du-19u

:‘> WSoxk-1W1S0xS <k+1>1§lsck+1) kL, e Sx+2Cxy " Cx, R, _ x
MRIL, PDOV<uThH3 ZOBARDOU23DMNLETH S :
(4.2.3.2) Sx > Sx” ; Sx” = Sx;
HbLiL,geEYm1 THNIE 1<t <micd LT,
LisSx"Ce > SxsLs32Sx”"; SxCs > SxkisRs5" S« ;
Ri"SkCa > SxaRs"Sx; R;"SxCr = SksRss"Sxk;
Ris"SxCa > SxaRiz"Sx; Ris "SxRret—=> SxrSktSoxSck+1>eSk+15rSx+1Riss.
FOBA BBICRWBR-ICEE®MX S ZTOM, Re MR- ICEEMX B &
SRAEREBIHD SIS ULPLEARBRARTH . k=n-21cH LT, Ko 4.24)
BBETH D
(4.24) SxCi > SxiSx( b Li € Y THIIT);
SxCi=>CiSx(H L A € |[Exs|l TH NI );
SxRis > SxiSx3S0xS k+1>58 x+1>18x+1 3
CiSx+1 > Scx+1588k+18 cx+231
LisSx+1 = Scx+1>3S cx+15150 ck+1>S cx+253S cx+ 2530
LEOBRLZOERBRAMa->BIcBNT W2Ua)THBIBRLOWE Bl L
T HMa->WHb L ETH 3.
BBICADZAN RO2720MI2EHT S :
2<ign, 1£j<8, 1k, ks<miZx LT,
Xi(kl.... .kj)=WiSOiw§.+l <+ Son-1Wn T H 5.
CZT BULPDNABRTHNIE, We=S:x,Sex,  Sex, TH 3,
Z o fi i, We=Szk,Sex_, Spkl'f‘ﬁ) 5 ;.
Xi={ S0iSoi+1 ** Son_1 JU {W € Xi (e gonen ) 153,21 < ky, ks
T BRIEROBEGEBE X B :
5k (1<k<n-1), Wo, Wo, Wz € Z¥ {2 L, UW1) =4, WoSox-1Wi1SoxWz €

Ay, We € Xxr1)AMBEN T 3. 220 Lk=1THNIL WoSox-1=A TH 3.
ROBEEEHEZX D : R

<m}.



H2 1<Jd e EmliEN U TKkIEEBED»D, S n-4PDWa € Xier16G 105,05 9
(Z0oMOBFRIRARICKZS). RORUNLETH S :
(4.2.5) LisSx-1 > Sk-155k-11S0k-1Skiliss Ti
Hbliue¥YxaThHhiE, 1<ipba,nt<micH LT,
LisSk-1 > Sk-135Sk-1180k-1Sk1Ls5" Tk ;
Lia"TxCr = Skale:'Tx (B LA € Yxer THHIE) ;
Lea’TkCi > Sxalpi’Tx; Lea ' TkCr > Sxalpre Tk
Lear'TxCi > SxrLlrai’ TxlSkrLlrais’Tx; Lear TkCe—> Skrleace Tx ;
Learte TkCi > Sxelpari Ti ;
qurt’TkRiu") SkeSkiSkuSoxW (%W € (Xk+1<p.q.r))z\ l:ﬂ LT ) .
CZC PR L' BROXTF Y T TSxaMEIN, TULTSk-ERBDIT
VT DED, RXATBRELESTHHLETRITHERMESTH 3, F4.
FOBAWE Rerrzramd)aATH B, WE Kivrcarw)a U KxrrimuwdA TH B
EORAEHE BHDDS>SD. UM LBHREBERERTHS. cOLDSICLT HBiL,]
EHRHUT LelEsl THZHBAED, IEI LM T 2 XIREKE X HE G # RBICH
BRI eNAETHILMHEREINS O
[#3. 1]
FH3ZOUW DOFEHT PREROEBAMNOEG» BB
n=7, m=3DBH
S > 50150z *** S0s1513501525802 * S0eS73(1 £ j £ 3)
S > 8.58:Rs5(1 £ j £3)
S1 > 8515581C515135501825L552(1 £ j £ 3)
Sz2Cs = S23C382(1 £ j £ 3)
SzR; = 523802533S3Rs(1 £ j £ 3)
Cs58s = S83358:Cs(1 £ j £ 3)
LiSs > S533503845L554(1 £ £ 3) .
YS4C3’ = 543C:58.(1 £ £ 3)
SaRs > S438045535SsRs(1 £ J £ 3)
C3Ss > S5585Cs(1 < j < 3)
LiSs = S53550556356S73(1 £ j £ 3)
SeCs > S63586S5+5(1 £ 7 £ 3)
SeRs > S63506S75(1 £ < 3)
Dx € {Lx, Rk, Cx 11 £k Z3}IZH U T,
SisDx > DxSis(i=0, 1 £ i <6, F 2L 1£iL7, 1£5L3)
DxSis = SisDx(i=0, 1 £ <6, F 2L, 1517, 1£5<L3).
(2)n=8, m=30BS
S—=> S01502 - So7|813801szjsoz oo Sovsaj(l < < 3)
S —>5:58:Rs(1 £j £ 3)
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S1 > 515581C51815801825L552(1 £ j < 3)

S2C5 = 525C;382(1 < j £ 3)

S2R; = 52355028335S3R5(1 £ j £ 3)

C3Ss = $3383C5(1 £ j £ 3)

LsSs > S35802845L:84(1 € j < 3)

S4Cs > 843C58.(1 £ £3)

S4R; — S4JSO4SSJ'SERJ'(1 S J 5 3)

Cs8s = S5555C5(1 £ j £ 3)

LiSs > S53805S65L386(1 £ j £ 3)

SeCs > 865C386(1 £ j £ 3)

SeRs > S655065735575e3s(1 £ _<. 3)

Cs587 > S755+8a5(1 £ j £ 3)

LiS7 => S73580+78s3(1 £ j £ 3)

Dk € {Lk, Rk, Cx | 1 Sk <3} L T,

DxSis > 8:3Dx(i=0, 1 £ <7, F 21K 1518, 155L3).
[E® 3. 3]

EBOnz23icd LT,

(1) ERL(n, =) - CFL(Z) # ¢ ;

(2) LCFL(z) - ERL(n, z) # @&.

I T #2=3.

(REBA) Z={a,b,c} & ¥ 3.

(1) {a®b®a™ | n > 0} € ERL(n, £) - CFL(3).
)Rk XHEG=(V,5, P,8) 2% % 5.
Z 2 z={a, b, c}, V={S, A},

P : S = abalaSalcAc,

A -> bAblcSc T H B.

EBOnZ23Icx LT, LG ¢ ERLIE)THDI I L E2EHIThIE LW FEMBHIT
[(MMToEHE.1DG)DEMLBELAFETHITS. LG) e ERLII) LRET . ZOD
L ELGZFRTEE€EREMIIMERETS. £, XKOMBESLZTT.

[HE3. 1]

MDEBEOWeEL@®IEHNULT, w=vabav?¥ THEI KO RV ENELET S;

(2) L(G) N *abaz*abar*=L(G) N *abbr*<L(G) N *bbaz*= ¢ ;
BEEOWLV, W, X, YyEFIZNLT, BLIRTOI20ZH L Tudvy'w € L(G)
THHIE (x)=Uy)Td 3.

WDEBOK=22, Uy, Uxer €K Ly, L CERHNUT, DLBELOLNET
B, DOTARTOHD iz20 2 U T us(Li)uz(Lz) - ux(Lx)ux+r C L) THH .
i B8RO ITEBERTH 3.

(MBOER) (V- XTI EFEES6. 1 TIHEH S h =

(. ZH2Z2RETS. HDI3LALISRNDRIERTH I LRET S LiNERT
HBDLWRETS (Z0OBEBIBAR). ZOLE §XRTOIEHULT vse

-10-
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L; 7‘)‘#&@‘ 3. o T, ui(Li)uzve - UxVilUger C L(G) 'C"ﬁ) 5. La fﬁﬁﬁﬁ'@&ﬁ %)
M5, UWt) 2 21 (uruzve - UxViVka1t3) TH B XDt e L. ME £ 9 5. (1) X
D, b to, t, e L T, t=toabat, T HDHB. Z0OL E, u(t)?uz(vz)?® -
ux(vi)2ux+: € L N E*abaz*abax* ¢ H 3. chIEZ Q) FET 3. O o
FHII3QOEM (DIF). pEELEDODNBIV{AILETZTRTORED
43 RogEwEEX3:

w=( a®*icb®*lc )®*laba( cb®**ca®** )+, i MIcweLG)THB. o T, W
BEDOFTHESLSNS. EOMBIL, MBEIICHDLDIh3ZELOxezZHETDIT 3.
I IREBRTHOXEEPSEDIZBEONBIERODIh IS 25T,
2T, wig® U T, "7 D F B ((x1,i1), (xzd2), (X)) EHET B. 22T
W=X1Xz ** Xp, X1= *** TXp+1=8, Xp+2=C, Xp+3= *** =Xzp+3=D, = F, F L THE L Di; T E
KBUSXODMNETHS. POEBEIC LS T1<0i <ju” Sprl Dy, =5 ]
THDZIEI B L, " BEET D AESLOBLEI>TH*OEDEDHF &
BEEELRVWILEERT S RoTL ZBHOMBRROLS Em¥2<m<
noHicHibhs: |

B % I p+3 SJZL_<321, L2083 M Dis, =i, TH B KD Rizr, Jer " MBEET B.
ST, FEBODMNBRRDELS S IErx@<r<n)nhicBbNI B :

bs} EHMICR2S WEEZRBRUTERO R

Jany ndieeny J2i, jeerr 2 POBRICE > TLI S e < S pHl D5, =i,
THDIEDBE B, INELETS. o TC, ERROLIOIBWHRBRZRD ;

Zhix, 3 1l0o@IFET S O

( ceey weey wee e )u*

-
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