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Abstract. Many language classes can be regarded as language classes extended by applying homomorphisms
and it is known that they are identifiable in the limit from positive data. We have been concerned with a unified
algorithm for extending classes of languages identifiable in the limit from positive data. We gave a sufficient
condition for the language classes to be identifiable in the limit from positive data and presented a unified
identification algorithm for them. In this note, we show that some new proper subclasses of the language

classes are polynomial time identifiable in the limit from positive data in the sense of Yokomori.
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BAETEORMAROPRIC ST, Goldd] AR
REDEZEERL, EASEOY 7 ATE AERMD
BERAETER NI LERLEY, TOROBIRI
&oT, ERIEROEL OEEA Y 7 AN ERH» B
IRAZETMETH S ZLPBESNA TS L, 3,5, 6, 8.
Zh 5D T, Yokomoril§] i strictly deterministic
automaton (SDA) LMEENZHRA - b brizko
TEEENSETE (strictly regular 7 (SRL)) O
T AN, EfH»SERARNEBAETETHE &
ZFEAL . D SRL &, MHEED Szilard EFE [6]
%, #ihd 3 strict prefix 21— FTHEL L EREER
K> TEREINEF/L AU B, &7z, Kobayashi
and Yokomori[5] i&, k-reversible 3% (k > 0)[1] %
a— K 2] THELBRBERII X > TERSNE
B 7 AN, EfNSERFZERETH S & 23EH
Ule, 722U, ZZCREOE/I I AT HEK
WRAETZNVITY ALBRREA TR o 12,

bhbhix, ZOXIBHBNEMZSEY 5 A%
OEFEHAREBRIZL>TERLTHBLNZ X7,
WRENEFEZ 7 AT B ER» b OBRRIES
MR onBaR2RELEL 7). Tekd 2k
DEB/IIAREBLEL, ¥ LOTEFIOEREEDY
FAREXETH, TIZT, 5 X e XML THER
HERo: 2" - X*VPEETEHET S, L DIKERS
NEVSRARLE X IZX>TEBSH, C(L,X) TH
&h3. XM [7) Tk, SEY IR CL,X) BERHS
BRFAETETHS-DOT+AREERL, ZO&EH
Wl TERY 7 AIKT AH—NBERET LTI X
LERELL,

T, TR [7] OFECET VR, CL,X) OF
REESY 7 5 AT BIERD 5 0L EAREER
REZNTY XLERET S,

2 BEBSIURE

EBOBE LY, FWMTIEIR ([7) 2B UTHE
WMERMTZOT, AR THIHERSL TRV ESR



BICEEICOVTIE, XM [7) #B8BUTHESE L,

N7 7Ry b ZREBOHERESTH S, EELE
Fl (BE0DREF) £ TRY, TENwOESE |uw|
TRLU, £6 S OBERE % |S| TRT. T OEROH
NEELE T LOFELVI. HEEEFweZ
MU T, alph(w) ZwPIZHRL TV EEEOREER
¥, BF L C I izxL T, alph(L) = Uyeralph(w)
LEHT 5.

BT, Ef»SOBREEOBZIZDVWTIRRS,
I B 5 SHARMER FE DOBEEIX Yokomoril8]
DEBIREIBOLT S,

FNZ7Ry b X EOEE/I AL DBRERER
TB5I77A% R TERYT., REOERELLTRA—H
I PPN EENDHB, r e RIZXH>TREEHS
BfE%E L(r) TRT, BB we LELOERMEL
W, {wi|i>1} =L &Wicd L OEHROERRKT
Wy, W2, ... % L OERTREND,

EELcLERBRDIIAR EAVTHRETST
NIYZXLBALTSE, AR, ANLULTLOEED
ERENSZAONhBE, ROEFEDERREN ri,ro,. ..
EHNTE, ZOLETHREVHIER m (>
HUTLrm) =L T, BOrp=rmy1=---CH3
25, ARLZEFf»ERIZBVTRETSEN
5. FROERRIZL> TEROER L e £ 2EFD
BERIZBVTRIETEPINIV AL ABEET DL
&, POEQLEIZIRY, £IXEHDSERFEETRE
THEEVD, ZOLEDAZ LIINTHIERAISD
BREAEZINTY XL ERE,

TNVIY XL ABHBHER (> 1) IcBWTHR r;
EHALEETS, Z0LE, i+ 1 BEOEM wi
LT wipy & Lirg) 251, ABRBEIZBVTH
BRNBRTRHETZ LV,

M 1(8) NUToMEzHRLT, £icdsERL
5OMIBRAET NIV XL ADNFEET B LE, D%
DEEIZRY, £HEFD S SFEARMERFEIETE T
HBENS READYA XN n THHIEBDLe L L,
LOEROERRFIMULUT, i (> 1) BEOEH w; %
R THS i BHOWR r; EHATEETRET
BEMAHE 4p(n, Y5, |wi]) T, BD AR
FRET BEHIE 4q(n, (2T, | = max{|w;| |
1<j<i}) THBELIBRZRAR p, g NEETS. O

3 BEVSAOI—-RICLBHE
X, Y 2 ¥ LOREBFIOBERES (TRbB, X,Y C
INeEL, weXETb, w=1vs-v, REEE
DRF (v1,v2,...,0,) € (Z*)" (n > 0) & w DEFH
LS, XMweX*2WiildeE XdwzA

FRARTEBE NS, &, X VY CX* &2k TL
& XRBY 2RFAMETEDB LI,

I LoOREFIOERES X 2o0T, FBOwe X*
CHTIRFIMHI—BICEXDLE, X Ra—-F
(code) THB &S [2).

XCIHhOEDERIIODVWTHMD X POER
DEFEFTRVELHIE, X I3 prefix BEETHB LW
J. &7z, X POEDBERIIDVTHMHD X FOE
ROBRBETRZVWELIE, X XaufixEETHBEN
5. BiZ, X ¥ prefix EFEN DO suffix BETH B L &,
X & biprefix RETH B LI, {e} 2R, £&D
prefix(suffix, biprefix) £&WEI— FTH3 [2).

prefix EE X ZHBVT, X FOLTOERIIHLT
FHEILMENEVIZRERS L&, X I strict prefix £&
THHEI, AR, suffix A X POLTOER
N U TREROEEFENMIRL B LE, X ikstrict
sufix BETHB LS [7).

X&XEDI-FOITR, SEETRY I* OF
S8E, X e X B SERTAMWTESI-FLT 3,
SERFRABTEIAEBO X c X B X 2WFLWET
EBLE, POEDLEIMY, XIISEERTHRET
EHRHBEVI-FTHBL V), SERTAWTE
5 X hORBENT— FikBi41 0 LAMEELE L [7),

S EOEEIGREL, T EOO-FDISAE X
&E§5, I-FE2HAVRZ LRS- THRENZ T £
DEB/IIARCIL,X) 2, ROEIIZEHT S,
EM2 C(L X)), DTOFME o TBEND
ETOERPORBI5ATHS. (1) EELecLIZ
#UT I =alph(L)(C Z') &6L. (2) |X]| = |Z})
B3A-FX e X THLT, I, 95 X \OL&HH
PREDB. Q) BLEL, BXUX = p(5]) BBHE
Q5% = 5 EHLT, £ LOER (L) € C(L, X)
& o(L) ={pw)e X* |we L} TEEKTS. D&
& O ¢ % coding morphism & IEA, O
EB3 LE Y LOBEITALL, ZC X LY
5 RO LeL s, LERTARTESEENDI—
FXCE*IZHUT, o (L) e LHBBRILTELE, »
DEDEEIZMRY, £ X inverse coding morphism 2
BMLUTHLTVWRE0S, ZC7T, o: 5" - 5* i
X = p(2") %% coding morphism T# 5. O

DIEETIX, ROFH1BXU2 2WicTEFI TR
L, X) BHRET B,

1 EFIFALBMUTOREEMEZT (1) L
¥ inverse coding morphism (2B L TEALTW 3. (2)
LZIEFD S RBIRFEIERETH 5. o
&2 X EOO-FDIIR X BUTORKEEN
23 :(1)SEHB X c X IZHLTS C X+ &Hie



T, BETRVWVEBOLRENEELTHLE, SEHRT
ARTESZBOEI— K Xs € X BEETS. (2) S
DEBOERTNS Xs 2BBERAETZ7NITY XL
DEETS. o

4 BAEFNIUXL

21 2Wd L2 3ERD» 5 OBRRAET IV
TY XL A BEEL, BEPIEBE2 DX HOBD
Hoa—- F2ERAETI7INTY XL Ay BEET
LT3, A, Ax DEREKEIRFIE, OB [7] BH.

Az BOBEBE LT CONSTRUCT(, w') BEH S
ha, Chid, A ILUTEBLTEEREL OEM
BIULHOHBEFORE r BRI, Fid
Tw ZEoTEFEN: LPDHEEFOERR 2 H
175, £, Ay POBEEE LT UPDATE(X,w")
NEBESNS, Zhix, A hLLUTHEETSa-F
XeXiHTHEMw e XT XUA-F X' eX
EZURY, X'U{w'} 2RTRBTES X FORD
Hoa—-rFeHAT 5.

FE1BIV22WLTER/RI IACL,X) iI2xtd
BEIREAET VLY XA A x) BNTIRT,

Identification Algorithm Ac(., x)
Input: a positive presentation wj,ws,...of a
target language in C(L, X)
Output: a sequence of pairs (r1, X1), (T2, X2),
... such that ¢;(L(r;)) € C(L, X)(i > 1), where
r; is a representation for a language L(r;) and
X; is a code such that X; = ¢;(Z}) for a coding
morphism @; : Z/* — X*
Procedure
begin
So :=0;
Xo = @;
initialize o so that @o(X]) = Xo;
initialize ro so that L(ro) = 0;

Zo:=0; Sp:=0; X{:=0;

i:=1; read the next positive example w;;
while w; =¢ do
Si={e}; Xi=0; S.:={e}; XZ/:=0
Xi=0; @i=0pi;

if L(ri—1) ={e} then r;:=r;_;
else Ty = CONSTRUCT(Ti_l, E) fi
/* Call the function in Ag. */

output (r;, X;) as a conjecture for a

language {¢};

ti=1+1

read the next positive example w; od
repeat (forever)

S; =81 U{wi}; X = %1 Ualph(w;);
if w; # € then X,; = UPDATE(X,..],'U)J
/* Call the function in Ax. */
else X;:=X; , #fi
if X; # X;_; then
let a set I be given as |Z}| = | Xi],
where X; C I};
let ; be a bijection of X} onto X;;
W =71 (S:);
Sy :=0; reset ) so that L(rp) = 0;
Jj=1
repeat
w) =7 (wy); Wi=W — {w)};
S =8 U{wi}
if w;e€L(r;_;)then rj:=r;_,
else 7} := CONSTRUCT(rj_;,w}) fi
/* Call the function in Az. */

ji=7+1
until W=0; /«xWheni=j-1,
it holds that S! = ] 1(5;). */
ri=1]
else
T=Zly pimgien whi= o] (w);

8i = 8i_, U{wi}

/* It holds that S! = ©;1(S;). */

if we L(r;—;) then r;:=r;_;

else r; := CONSTRUCT(r;—1,w})

/* Call the function in Ag. */

output (r;, X;) as a conjecture for a
language ¢i(L(r:));
1:=141+41; read the next positive example w;

fi fi

end

FINTY XA Agie,x) DESMEIHER [7] THEH S
nTHY, ROETAEBS.

EE 1([7) SB|/ITACKL,X) BEHE1BIU 2%
W3 L&, EFPSERRIETETHS. ]
5 EAf

RBOREMERA -+ (DFA) 2 M =
(@, Z,8,q0, F) TRL, BAICHE> TREHBBEK %
0:QxX* > Q LILRLTHSI L LT3, #AD
X k & DFA ORBE p,g € Q XL T, 6(p,u) = ¢
BWlcTEEN ue ZF &, ¢ D k-leader 1.

EBDa € T IZHLT, 6(p,a) = ¢ ZHREN
(0,q) €EQxQ VEWLLDOUNGFELENVLE, hD%
DEEIZPRY, M % restricted strict DFA (RSDA) &
WY, RSDA #8289 % EFE% restricted strict IERIE



% (RSRL) &F.% [7]. RSRL OEEY 5 RISHILCHE
@ Szilard EF& [6] DV F AL —HT 3.

kEEOERE TS, EEOHRKLS ¢,q € Q I
LT q & g iZ38D k-leader BFELBRNEE,
2ZQEEIZRY, M % k-definite DFA(k-DDFA) &
U, k-DDFA H'&E T 5 E7E% k-definite ERIS 7
(k-DRL) &WEE (7],

RSR, DRy (k > 1), Revy (k > 0) #ZThTh,
RSRL, k-DRL, k-reversible E8&[1] DV I AL T 3.
ZNSDEFEY 7 AMIZIE, RSR € DRy, C Revg(k >
1) B5EFRENH B0, THEDEEY 7 ARERMD»
SERAETETHS. £, ThHOERY 7 AR
inverse coding morphism IZB§ U CEALTH Y [7], %
#1EWLZLTNS,

strict prefix 21— K, strict suffix 1— FO7 5 A& %
hZh, SP, SS TRY. EEI 7 AC(RSR,SP) i&
SRL[8| DEREI F AL—HT 5. XM [7] Ti&, RSR,
DRy, Revy DVTHDE, SP, SSOVWThh Lo
IZXBEERY 7 ADRIRREREIZ D W THERL .
AR TIE, RSR, DRy, Revy DT I & biprefix
I—FDIIABP LOMNIZLBBRERY I AR
ELUTERS,

BHH L biprefix 1— F2@REET B 7TV X
L% Agp £9%. Agp BOBE UPDATE i3RD &
BT BDT, BP XK 2 &HT.

Function UPDATE(X', w')
begin
X:=X; Q:={w}
/ * @ is a queue of strings to be parsed */
let w be the element of Q) removed from the top;
/ *w holds the current string being parsed */
flag := false;
repeat
if w=c¢ then
if Q=0 then flag := true
else let w be the element of Q) removed
from the top fi
else
case w of
(1) w=yz or w=zy(z € L*) for some
y € X:
(2) y =wz or y=z2w (z € I*) for some
yeX: X:=(X-{yhuizh
put z at the end of @
(3) else X :=X U{w};
end /x of case x/ fi
until flag = true;

w =2

wi=¢€

output X
end

XHR (7] LRROBHTEITI ZLICL2 T, Agp D
1B ) OFEHFHS L URERRTH OB, E
PORSIZHTZIERAS - X THEALNB I L&T
®%. 0T, ROEHEAS.

EH 2 TFEY I AC(RSR,BP) REMNSLEHEA
REGREAETETHS. £/, k> 1 2EHE AR
#i, 8EWY 5 X C(DRy, BP) BRI D 5L EHAR
iR EERTRETH 5. u]

ERDC(RSR,BP) i&, TR [3] THEIRFLLTY
LRI I AREILAD, Bz, RO UPDATE
EROETZNTY XL Aoren5p) &, SBZF A
C(Revk, BP) (k > 0) iz33 2 EEH A & OBIRFIE 7
NIV XLERZS>TNS,

6 LIV
AR TIE, BRMEBHIZL>THRREINLEEIF A
23 2 IR FEE O — sl 4 12 2T %, biprefix

- RiZ&o THRENLBEZ 7 AW THERAS
50 HEHEARMBREAEZ N TY XL2BELL.,

R APIREHENARSHEERBIR (C) 0XZE
BRITTHS.
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