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The Word Problem on Bounded Strings

ToSHIHIRO WATANABE! and KyoJ1 UMEMURA it

The word problem on bounded strings is theoretically decidable problem whether an equa-
tion for two strings can be derived from a given equation set on finite strings bounded in
length. This problem can be efficiently solved by using completed rewriting system from the
given equation set. However, in the case of bounded strings, the completed rewriting system
in unbounded string is not generally sound for the given equation set. In this paper, we will
show the way to generate a complete rewriting system for a given equation set on bounded

strings.
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I>rDEE
(EL u {(l,r.g)};R},)
HEFT | I<rDLE
(Ex U {(lr,9)} Er)

F (Er; Rou{(L,r,9)})

- (Er; Br U {(r,1,9)})
BL, FEHTZ2DOERIELADNIRE LM EER 2T THB.

(Ir)ecp(RL) DL X

i (EL;Ez)

F (Ex U {(tr gap(lr)e, )} Br)

(Er; Br U {(Lr, 9)})

r I:}R-L L) peak(l,7)my > peak(r,?')p, DL &
F (Br; Br U{(L ', 9)})

i U, Uhirog 1/ OLE
‘ (Bz U {(7,9)}; Ex)

- (-EAL U {(llr"’lgap(ll)",)ﬂn )};R.L)

RIS 3.
IR I OZHERFLTELET L LERT.
Bk T E0 E, OKE S HRLZOTELE
T5.
HRAMG AR 25K 2723 F 20 CcELE
T5,
W HIRO R 5 &R s a R oiii s
R DTEET 5.
&R EHp »"ERTELENSZOCELET 3.
Bl{t E, BT Ry BRSNS Z0TE
k¥ 5. ‘
RIZEO AT ERBL-EMILT VT ) ZAek
DOEIEHERT. £3I12EE 1 OERAN RN,
NI LAEZELEEICLELRHIZERT
120 TH5E. BAAETRbRVEEROEIE
FFEL SR Em SN TL 958, #0ORET
ZRL TV HEFRBEOESEIELLZVOTT IV
TN X LQEIEEICIIEEL 2. /2, o
RAREICELTiX, BOAXERBLTHZFOERY
HREEIEDbo TR wD, BOATEREL
BWERILT VT ) XA EFRCEBHIZLVES &
REELLERET VT X A3ERT S, L
HoT, BoAEERL CEHILINES AL
EERX RIEGTHHOSRG*HET 5.

4. SRBROSFMEENEHS 7, BoAhzEELT

ERILENTE S AT EEWZ RYELTH B0
EIBERIET S, Bo AT EEETICEMILR
NFHZ AP TROSRES N L TS TRV
Dix, HERBETOSFEERO LRIFRELT
FIDOERZBZ BFBEIIHAMTELR VDO TH >
7z, UL, BASHICERZFHAICE S ATER

THIEHATRETH D, $72, BoAEZEELT
WML EN BB 2 R TOSERESIIHL T
+57 0T, BOMIHELAEERL ML
FLWELAZEHETENT, ERENIELA
HEFRIRITOERESCH L TESLTHS
EERB. 72T, RIDERFRTELVES
BNREZPE I PEBRIET 5.

TV, SEbEBD2EETEL OB b AIEL
W, IR, ALELSEREBESAPKREICKS
ZERL2HIBRLZ2VWOTES AOFEIZLER
FAR N2 OTHER2 V. FAMTE, WS
PIZERERO LRICEEL 2V O THER W,
ERIE, R MEETAERN OB LAY, &
NOTLL 2B 206 AN XEREZ HRNILIE
LKEZ2OTHELR. A, ERIHENO
ERBEFRO BT KE L L2VEETHEHLTY
3 OTHER . Bk, ER0oSFBEROE
REEZZVOTENEOEROB S AIXIEL .
RS, FANTOBIIES A0S 2%ER%
BRLTWELZD, BRZFINOE S ANERO
BoALUTIIRAPLTHE, Lo, BbAHh%E
ERL CRBIEENE S AT & FE2 RITTO
SEREGIIHLTRETH S,

RIZ, BorrEEL CEBILENES AT E
EWR FZNTHTHEIE IDERIETH. BH
AEEBLTERILINES AT EEH 2 R
T THBOE, BOAYEREL/-OICHE
FTEBHPEL 2o HERETENH LT
HBRETEIEL AN LRAZHTLENH 5.
Bo hrEBEL 2VERbLT, Tok32HE%
WY BRWTWEORERLTHS. BoHEEE
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Table 4 Example for completion consider a gap of

congruence
EL Ry HRHA
(”a,bc”, nap?, 0)
(”abc”. Nhe?, 0)
("abe”, "be”, 0) ("abe”, "ab”, 0) | FHpfHi}
(”bc”, ”a.b”, 1) ("abc”, nab”, 0) ifﬂﬂt
Nabe”, Pab”, 0
Eubcnl :’Gb”, ;_) ) ﬁmﬁ”’
Nabe”, Vab”
R L
(”abc”, "ab”, 0)
(b, Pab, 1) | FHEHH
(”aab“, "ab", 1)
("aa.b”, Mab”, 1) (”a.bc”, EPTEN 0)
("a.a,ab", ”abc", 1) (nbcn' "ab”, 1) iﬁg
(”abc”, Yaad”, 2) ("aab", "apn, 1)
(”abc”, TN 0)
(”ab", “ab”, 0) (”bc”, "‘ab", 1) i;@ﬂ:
("aa.b", "ab", 1)
(”abc”, ”ab", 0)
4 (”bc”,”ab",l) Mg
("aab”, "gb”, 1)

1 1 1 1
aaaab < aaabe <~ aabee +-- abece < beece
. - 0~

H4 By ol Twenk By X2 HoMR
Fig. 4 Reduction relations by complete Ky, for E

L2 bTid, BRARITEbRVOTEDS A
TEBLTEMLSN S At A FHERIIT
DHEREGIHL TTHETHS. Lo, BoHA
eEBLTEMbEN B AT S BRI RIS
IR OEMEDKEEHMET 5.

BEDZ ERoBoa%ERLZEHLE, TO%E
REFIHL TEERBO AT S B RE ERT 5.
$oT, BoAZEEL TEMLIN BO A EE
RRREE > THEREXFHO word FIE % EREIZHE
T TED,

9. BEoa%ERL -ERMLOETH

LERLERES EL 252758085 5%
ERLIERILOETHERAIITT. $72, £4°T
ERENT: By L A HRMGRYsE 4 RT.

1 :H4% BT, B & B O&RBEGEH
ELC B, P B CHLTRETH DI ENDD 5.

72, R \2 X AEHRBSHBOEAERE CEDL S
B X2 5REOPTRLNSWERELTINC 2
HIEHRAPOHERTES. LizdioT, Bz k
BEHBA BT 22 L CEREXFEF O word I
ZIERICHL I LD TE B,

B SOHRSER2BEL LT B = {("aba”,”ab”)}
DHEEEZL. bLXFEFEICEREZHFTTIC
SEWALT 2L, ("ab...ba”,"ab...b") DXL
KORUPERIERENEDOTEMLT VLY
AhidELEL2Y., Shz@zi L = 10 &
LTELAEEEL 2 VWTEMHI{LT2E R =
{(?aba”,”ab”),. .., (*abbbbbbbba”, ” abbbbbbbb”)} &
20, 8MEOHENE £ L TEMLRT T 5, RIS,
L=10 % LTRBLAZERL CEMILTSE B, =
{("aba”,"ab”,0), ("abba”,”abb”, 1), ("abbba”, ” abbb”
+2), (" abbbba”, »abbbb”, 2), (" abbbbba”, abbbbb”, 3)}
L, sEOHAT ERL TEMILIRTT5. B
LAREEZELIZETERSNEL 2ol 32o0HE]
i1, ¥FORFTHEREOLRERBZ 2T ISR T
HHZELETEHTELVRATHS. BOATEEL
72A, S0 RBAREZ ON-ERE8ITL S
SRMEOLRIEREO LBE B 20 TER ST
2y,

10. 8 bW

FRTIE, FRELFFEMIBOTEEOLFER
DFEMALTEREN L ERZ RV TOERESITHL
TEETEZVWILRRL, FRIFANHSAEER
BZETIOMBENBRT A LERR. F72, &
REFIH L TEERE O AMTEERI R ERT S
ST VT X 0% ERL, THICEVEREX
FH O word FIEA IEREICIEIT 2 2 L &R L7,

HE FRLOHBIIOVWTEL O RELHERS
TR 7z B Sem B R RSB A2 L A B i
ATEHOELRTS.

2 E XM

1) R.V. BOOK, Thue systems as rewriting sys-
tems, J. Symbolic Comput.3(1987)39-68.

2) D.E.KNUTH and P.G.BENDIX, Simple word
problems in universal algebras, in: J. Leech,
ed., Computational problems in abstract al-
gebra (Pergamon Press, Oxford, 1970) 263-
297;reprinted in: Automation of Reasoning 2
(Springer, Berlin, 1983) 342-376.



