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BME: Ry lid, EREFLEEEEPORIXFFTHS. X7 — v LDOBR
ERIE, IR —FDIRVHPNY - THY, BOSUH0F 10TV E
bOWEARTH S, FHEMIZ, K17 — LI LT, coNFy—v kv LEF %
AL, FOERZ /Y — VEROWMBEDDLETEEL LCTEEL. ZLT, Y
Y-V ELORERDERETEEL, BENEL n THARERTERINLEED
ROPIEB 2 LHRUTHETH LI L2/ UL, KBTIE, FOBEFILLESIEHL2D
HEFEEDH % LIIERINY — 0V EORERZMEBICEZET L7V T) X4 ki
T5.

HBD»HDERINY — V FORERDEBMEIZ, DNA BFID»5DEF— T DF
REVH T ) AERHZEOBED S PACEZORMA R AT SN TE 72, K

BTid, CZOMBZIEFDLOBBEEL VIHBATHLTVS

1 @JUBHIC

INE—=2bi, TV77RXy b S IZATIBEE
BT BB O L5 XFHTHS. B, p=
azby, ¢ = axzbz & {a,b} LDNY -V THB,
¥ —2 p O L(p) &, p CHETATRTOE
BIZETLEWXFEFERALTELONSE ¥ LD
ZiU?)\B&%EEE“C%% nuu’&gﬁﬁj—é'f&l\ﬁ v
PHEETHLE, ZOFHELENEZ—BEBL V).
BEEFEAL B LB L2V 8y — VIZIERIS
= LENG, INE—C FOBRERT X, A
B/ —FDITNUHFNRY—0T, EOS~NUH1F
7T 0DBEEARTHE. T LEOXFEF w HBEZ L
hak, XF—ViFNNVETE/)—FTidw
EDONY —VERBILEITNINEICRETES
RBITEL, BRPSEAEL, 277L, wod
RSB )—FONRS—VDELELYD/NEVELIT,
ZFITEETS, T2, BrLEILE
HEE, BOTANNUDL 6, XY w it
SN, 0 2L IERHEINZW., BREA T PEHET
SR, T TZHEIND T LOXFHIDEST

Hb, Y=V pllHLT, co’¥% — v ERTH
LXFE) p° *BAT B, p° DER L(p°) % L(p)
WKEEINT, p oRIULOXFFIOESE L EH
ToL, FRROREATERSNLSER, 7 —

VERER co-/NY — U EE FEICN LT, E4AKFROO
& (FEET) HERHEELZ L BN L E5E
TH5.

INE — BREDRIX, IEFID OIFMIERTTEELR S
FEHRE L C Angluin[2) KX > TEA SN2, EH
POORMIERLIL, SFRONTEOEF,ISFN
L EBHT L — B LHA - BH BIZE, 85—
YRNG =Y EOREARE) 2 HAT 2 EETHS.
FR T, Gold4] DEWRFEE & IFIEN 2 HFHOK
DHEMEIZ X B IEFD O ORMBER OB 2 RA
L, LED/INY — 2 EORERDIESD O DR
mEEZLDL.

BRRHE OB A, O HERTEEN ¥ k- 2BF%I2,
Wright[11] i & 5 [FROMAM] LIS D
%. Wright 13, BROBEHEL DS FEKIES
POMERULTHY, T2, ZOMEIHEEICH
LTHALTWwBZ LERLA. &I, Ny —VE



EHRENEBROBONE SO L, LizhoT, B4
nBDNY - EEOHP LR LEEEDERD
ML DL, EFrOHERTETHSL I EZRL
7z. Moriyama&Sato[6] i3, HROBHEIHHE
PHBERESICHLTOIHALTA I LERLE.
HEOBMABICETAINLOEREHVE L, b

L, /37— /Eiﬁk%hﬁp@ﬁnmﬁ‘%&éz‘;ﬁﬁ’ﬁ
PEBROWHEZ ORI, BEIFBEL d DN
¥~V LOPERTERINLFEORIE, ARD
MOMEEL, EFP-OHRTEE 25.

MM [10] 13, REFE 4 k£ ThHbH/Iy— L
DREARTER I NS SERERISEF» SHERTRET
HHrZEERLE., 7, BE 1OERNY -V
EOBEARIES D O S RHE CTREEFEE TR L
BAEFEFTNIT )AL EE X2 AT, BN
H42DHLHEOHE LI2REARY EFH S5F
BICEBTATNIT YA L %2525,

Ny —v FOREARIEZ, DNA BEF 25 DEF
—7DFERDETFTNVE LT, Arikawa et al.[3] ®
Miyano[5] & CTHRA SN, FHEHEBDONRIF LD
1DoTH5 [PAC 8| OB#lAE HWTRHES
NT&%, FWTIE, EOFEF»LIER Y - E
DREAREZHTHMELERS.
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2.1 /X42—_EHE

T EA e b 2l EoXXFEEELT AT 7
Ry bblL, X% LEVWRELTEEEL TS,
T, X DEEZE*FNTNEH (B28), M (i8) &
L 5.

INE—2Lid, SUX LOBTRVWIFEFITH
b, I —Y pDEIE |p| TRL, 87 —V&Kk
DEEE P TET. fALE, TRTOEK:Z
NEHBIZET/INY — b3 F — UV ~DOEEFRIER
DZEETEH. RAQIZEL BT - p DIEE ph
THET. AT, KAELT, EEERA, 74

L, |z0] > 1 (z € X) 277N 6 ICHIEEL
TEZRD. 9= pqlXF LT, p=qf L%5
RAODPHEETHLE, pldqgDflik(¢id p D
RE) Evv, p<xqg ERT. BHLHNIC, p<q %
51, |p|l > g THB. pgPDqgXp i
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Dit, p & ¢ PEREBOMIBRITHELL 2L
BRONSE, BRTIE, TDLHI%200D35 —
YEFA-BTAIILIETE. pLg PO p#£qD
L&, pxq titd. ¥ -V p PERTHER
L(p) %,

L(p) = {w € 7 | 30 s.t. w = pb}

LEHTD. BIZRIE, T={a,b} £ TBLE, p=
arby (z,y € X) 37— TH Y, p PERT S

ELES

L(p) = {aaba, aabb, abba, abbb, aaaba, - - -}

ThbH. St L ERT AN —VPHEETHE
%, LI3NE—BREBLFIND. E&IDL, £
BOXFH|we ST ITHLT, we Lp) 25,
bl < |w| L BB EXbRL. ThbL, Lip) C
v2lel TH Y, F72, Lip) OREOXFFIOEL
X, |p| THB. Y- EFEOFRBEEIL, FE
TEETHEHS NP TLETHEILIRENRTVD
(Angluin[1]). ¥7z, p X ¢ %2 56E, L(p) C L(g)
THAEZ LB bR, LPL, FOHIT—iE
(ZI3ER Y SL72 %2> (Angluin(1]). /3% — V BEEDHE
% PL={L(p)|pe P} CHRTLIZT 3.

2.2 NZ—1FOREKR

IRZ—C FOREARE I, EORK/ —FH0F
77X 1o, BCREVWE ) —FENRY -0 DI
Ve bOREARTHL. BEFEL ne N Th
BNY — v FORERDERE TP, TEL, B4
neNEONY—-VEELRERODEEKEL TP
TEYT. FRONZXFF we T ITHLT, X
F—VpRINVELTHD/—F T, wh%®
DINY— EFE Lp) BT 2DEPATA L &R,
ZFOFER (yes 721 no) KX WV EF 23K ICHIE
LTw(, 227L, wDEIIFINRY -V p DER
INAERSIE, HEETEITELRTS LRE
T5., ZOFAP LKL, BEFRIERE Yy TD
J—KThhTY, BLIFITNEEKED ) —F 2 &
Do FTITbL, ¥ —V EOBREKR T 1Zxt
LT, BRTEETAZIELRL, 1O5XLVEDD
ED/-FICELINFNOESETREART &
TEZRINBEREL v, L(T) TKT. K1 0%
EART I, SO — VSRV ELTHDBE



L20WREARTHSH. £LC, TICLoTEHS
h5EREIL,
L(T) = (L(zaby) N L{axzbby®))
U(L(zaby®) N L{zayb))
THb, I2FPL, 4=V pllHLT, pEpD
co-/NY — VY, FOEKE

L(p) = {w € L(p)° | |w| 2 |p[}

LEHT D, BT, p BT IS RBNS —
DL HIF, xpp BVRHIC x L5, X K § L
<.

zaby

azxbby zayb

Yes / . No Yes / . No

K 1: 737 — v LORERDE

ZOFTHPB LI, 78— pi,p2, -, Pn
EINVICHD/—FEEHLT, EPFTEILETS
R 1DINVEDBDED /- FTRHINS
i, L(p) T2 L(pS) @ i 22T o3kEs
SFTHY, n IRERDESEZBRI LV, ZLT,
L(T) &, 20 L) %EF/OEEMTH 5.

SR TPL, = {L(T) | T € TP,}, TPL" =
{LT) | TeTP"} L ¥ 5.

2.3 FERIINZ2—2 EOREAREEZENT
EHE

ERINE -2 bk, BEHEFEALELHBENE
WY — VRS, FIZIE, azby ZIERITS 2 25,
azbz XZH =z A2 BIMBET 2O TERITIZ W,
ERPSY — v CEHRSNALSIEIIERINSZ - EE
EIEENh S, FRISY — v 0ekB L UTER)/ S5 —
VEREOEKEEFNETNR, RP BLXU RPL TE
T EIZTA.

FEBIRF — VD co-/NF — b biE%E co-RP
L, JRP=RPUCco-RP 55,
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ERSY =V LORERTER S NABHICOWV
TEETS. DT, BRIy -V % BIZ, ¥ -2
EHmL.

IR =V EDRFERT OBD G RV HINF —
p T, p DE, BEFABENEFN T, T, THbL
X, T=(pTy;p5Ta) £ML. =EL, H2ED
SR AENT -2 g FOIDTEDL, B
2EDE ) BEAARE co8F—V ¢¢ TEDLTZ
2T A,

@/\@ 5 %

BX108% — v FLORER

ZDLE,

L(T) = (L(p) N L(T1)) U (L(p°) N L(T3))

EERTIENTEL, T, Ip 285 L(T) &
FNANFHOREORE LT A,

8 2.1 T = (p,Ty;p°Ts) £T 5.

@) lpl <.

(i) |p| < Iz %2 51E, L(T) = L(T") 2, |p| =7
L3 T =p,T,pTy) ¥HEETS.

LROEENS, BELT) 2EKTHT D/ —
FOTARVIEITRTCEEN I Doy —-2 L L
TEw, 2, B Il OXFH2ZETLDT,
BPL IV 1 THLHEICESD path DHFICE,
EEPETE Ip THEHENY—V2 5% 5 path 25
ELR2TNERSb2W, Z0XH% T % EEHE
W, Tibb, T OREOHSART ORp 0E
i, I THA.

i 2.2 T, T *BELORERETDLLE, XD
BIRAIRT T B

L(T) € L(T")
< L(g) N L(T) € L(T7), L(¢°) N L(T) € L(T3).

2720, T =(q,T7;4%T3) &5 5.



LFROEENS, BE kE ORER T, T 123t
THERNELEHE L(T) C L(T) i, BEIE4
k+1 2 K —1DRERATEREINEE L2004,
EHBIRETSH. WIS, ROBEIRILT 5.

WEH23 n,m ¥ —VFEliFconNy— k¥
X, ROBBRIETT 5:

L(T) € L(T")
<= L(q) N L(T) € L(n1), L(g°) N L(T) C L(m).

7272L, T =(q,71;4% ) £T 5.

o T, BERILERMR L(T) C L(T') W5
720, ERRREERRE L(m)NL(nz)N---N
L(m,) C L(7) (mi,7 132889 — £ 7213 co-2¥7 —
V) PEPERNUT I, FIZIE, K1 OREKRT
A LT, L(T) C (Lg) N L(s1)) U (L(g°) N L(55))
(72721, g¢,51,82 € RP) LT B &, ZOAEHE
&, ROEVLOEAVLEMEIRET 5:

L(q) N L(zaby) N L(azbby®) C L(s1),
L(g) N L(zaby®) N L(zayb) C L(s1),
L(¢°) N L(waby) N L(axbby®) C L(s5),
L(q°) N L(zaby®) N L(zayb) C L(s3).

Ny —VDERES P,Q LT, ROIEFEH
BErEATS:

PCQ<VpePdgeQst p<q.

EHE 24 5 >2k-1,¢; #x(i=1,---,k) &5,
@) N2, L) 0 Ny, L(gS) € L(g)

= N, Lp:) € L(g) U, L(gs)

< mi({p1, ", Pm}) E{¢ 1, ", qx}
() N2, L) NNy L) € L(g°)

<= L(g) "NZ, Lp:) € Ul Lgy)

<= mi({g,p1,- ", Pm}) E {q1, ", qx}

L, RE—VEEPIIHLT, mi(P) iR P D

BAFULP S 2 BEELT 5.

RIS, REKRT,T DEREFEAn %61, k<
2n—-1ICHIRRSINS.

ZOFEHIT, ERYLERNILE LN LS
CRETHEETH DN, LEICHT KD Com-
pactness ERZ HAVCIEHTA I LATE S,
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#Hi# 2.5 (Sato et al.[8], Mukouchi[7]) £ >
2k—1 ¥ 5.

S1(p) € L(q1) U --- U L(qk)
<= L(p) € L(q1) U+ U L(x)
= W (1<i<k)st.p=Xgq

72721, Si(p) ={we€ L(p) | lw| = |p|]} £T 5.

EH24% FEEOFICERTAE, kD420
BB LNS:

mi({q1,zaby}) C {azbby, g2},
mi({g1, zayb}) C {zaby, ¢.},
mi({zaby, ¢3}) C {azbby,q:},
mi({zaybd,¢s}) C {zaby, q:}.

¥/, EH2MEPHAVA L, EE2DRERDE
BOAEICHETARDOERIEBOLNG,

WE264C>5&L, T =(qmn;q¢,s), T =

(p,m1;0°,72) ZRERORERT, n =y = Ip

PO, pme,q, 52 £ X, ¢ EMATIDOLET S,
L(T") CL(T) %5, ma € RP Td 5.

3 /N2 —2 FORERDIFEINHES
3.1 EBEORWNIHSR

XFEFNOERF] wy,ws, - HFFE L DERRT
HHLF, {wa | n>1}=LBRYELDOZETH
5. XEFDOERY] 0 = wy,wq,--- D nFEHIT
DOFRAF % ofn] TRT.

BEER L = Ly, Ly, RN EBOFEM &
1% (indexed family of recursive languages) T& %
Lid, RO HEHETEEREE f : NxZ* - {0,1}
PHEETHILEEV): fi,w) =1, fw e L;; 0, if
w¢ L, ZITORT 3SHELEHT A1~
PR ESELERTHLEZOND N, XK
TG — RNy — Y EOREREZERT 5.

SR M L3, RAICADEERL, k41
MOEERT HETHLEFREDOZELTH), M
PEETAHNZHA LTS, XFEFOERT o
LT, Z£ZDERYY on] KA SN/, M 58
ERTA#H%Z M(on]) TR, HREE M A5
ANOF) 0 123 LT, HBF ge N TRKRT 3L
2, ®5 me N PHFEL, EEDO n>m IxL



T, M(o[n)) =g £ BB L%V, HERBER M
AEFE L % EFD 5HEFREIE (identification in the
limit) 95 (T2, BICHRT3) L, L of
FEOFERRIIHNLT, MDA L,=L L %25RF 1
RS AL %2nY), /2, EBEOEFE Le L
* EFD SBREE T A HRBH M PSFETs L
X, SEKRLIEFA»SHATIETHS L\ ).

WM M FSEKR L 2 ERrLHERL, &
AN EZTHoTHLHERNER TS I TILESR
REFZENE TOANOESOHOSH 5 LHATH
ZbNBEE, ZOWRBE M 3ISFHE L 2 1EH
5 SEXERE (OFH) THB/T DL ). T,
EREE L 2 ERD L EHARRE (DEH) THm
LUERBRATAT 20, ZOSHEERE, Ef»5
SEARE (DEH) THRTETHL L.

EBID 5 DOREADIFHIERICEIL T, RO
BB LNR TS,

EH 3.1 (FHM[10]) £EDO n € N IZHLT,
&R TPL,, TPL™, TRPL,, TRPL™ ZWv§h
HIEFIPLERTETHS.

3.2 DERMLIFNHER

ERTCHRRA LIS, TRPL, EOEREERIZ, &
oM [11] L) EERIOEEEZRE TS, N
5~V EORERDET I LT, RIEERT S
SHEEIEROBIMEE T 5% 0IE, ROEET
NI A8iE, BERERT € T 2 EFIP CHBR
FETAIEFHONTNVAS.

Algorithm ITA

AT XFFDOERT] wy, we, -

W 785 — v LORERDERS] Ty, Ts, - -

begin
S:=¢; To:=
repeat

read the next datum wn; S :=SU{wn};
if wn ¢ L(Tn-1) then T, := MINL7(S)

(B, x:%:9); ni=1

else T), :=T\h_1;
output 7,; n:=n+1
forever

end.

ro7rTy) AaifEibi s FHEE MINL,(S)
BH U7V S 2EUCBISELEERTHIRER
TeT D12%EETHIFERETHS. Tibb,
T = MINLy(S) % 5iE, SC L(T') ¢ L(T) %
THREAR T € T BFEELRV. FROBOH
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X, 2o Hr TV S I LT, S DOWAS
ENEAEBRETHDZ EERIET 5.

COTNVITYRXAHE, (i) FIERHE w e L(T)
BIY, (i) FHt & MINL OFHEIFICEEHAR
MCEHETRELR 51, READE T RIEAPLZE
HARE CHRTEEL 2 5. EHISHEOBREI
LT, BRICSHARE CHETRTHS I LD
RENTVD [9). ZORKEREAVAL L, ROFER
PEBLIZBELNS.

#HE 3.2 SEE TRPL,, TRPL™ BT 5B
RIEEIZ, ZEABBCEIETRETH 5.

FHEX MINLICBLTIX, ROBEIESNT

w5,

#%# 3.3 (Shinohara[9]) FEHI ¢ ¥ — » FFEE
RPL IZBWVWT, £EF S C Tt OWIERELE
WY AEE n OERPY — Y% O(2,,m) DR

TEET 5 FHKE MINLrp PHFET S, 1272L,
lmax = max{|w| | w € S}, n = min{|w| | w € S},
m=fS £¥5.

#HE 3.4 (FHEM[10]) co-EHI/* ¥ — ¥ FEE Ik
co-RPLIZBWVT, £E5 SCEt OBNEFHELLE
Bt BEE n D co-lEHINY — % O(I2,,m) D
RERCRIE T 2 F#EE coMINLeo-rp HHFET 5.
72721, lmax = max{|w| | w € S}, n = min{jw| |
weSH,m=4S £ ¥T5.

EROERERCT, B [10] TE, BEIEA
1 ThHAREREHIRMICEZTLTNT )X L%
Bz, ROBEREZRLI.

TP 3.5 (FEM[10]) 1= >3 & T5. EEH1

THAHERNY - FOBRERDSEEEKR TRPL,

13, FHI>»SSEABMOEH CHFZTETDH S,

4 RE2ORERDFEZE7ILVIY
N

BETIE, EEXEL2 THhIHRERTER SN

AHEEOENEFD S BERER T RN ETT

ATNITYALES 2D, 271, ABTIR, XD
% b OWREARICHIET 2 (K 3):

T =(g,x;4°,7), L(T) = L(q) U (L(¢°) N L(7))



WEW 1L OREARIL, g=¢ T721F, q¢=x DI
DHETH 5.

q
Yes w
'
Yes No

()

B 3: &&2DREKR

@

KRDOFEHEE TMINL iX, 22TV XEFIOERRE
ASCcrtizxLT, LEDKIBEINREARD
BT S OBNEETENTAIREARZEE TS,

Procedure TMINL(S)
begin
let n be the length of the shortest strings in S;
if X" Z S then begin
to := MINL(S); go := co-MINL(S);
if there is a pair of patterns (t1,t2) s.t.
tl j to, tz j to, tl = MINL(S - L(tz))
and t; = MINL(S — L(t1))
then output 7' = (1, x; t3, t2)
else if to < x then output T = (¢, x; t§, ¢)
else if there is a pair of patterns (q1,q2) s.t.
g0 X g2, ¢ = MINL(S — L(g3))
and g5 = co-MINL(S — L(q1));
then output T = (q1, x; 47, 45)
else output T = (&, x; X, 96)
end
else output T = (x, x; ¢, ¢)
end.

ZOTNVITJALZELT, ROBHEIRENS,

EH 4.1 FhHX TMINL OBHD T SEKT 2 S5E
L(T) 3, S DB/INEETHA.

FIE 4.2 EENE 42 ThH1NY — v LOREAR
THERINDS5EEIE, DS SERRRHRT
BEThb.

M :

AHFsEIE, XERAREMRE MBS e HBAT
% (A) TR X2 MBBRICHT %] (F%
AT 10143104) DT ERITE L2, LT
BHBLIT.
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