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Abstract The reachability problem for term rewriting systems (TRSs) is to decide whether one of two giveh terms
is reachable to the other with respect to rewriting by a given TRS. Unfortunately, this problem is undecidable in
general. Hence, several methods have been widely studied in order to construct a tree automaton that accepts all
terms reachable from terms in a given recognizable set. In conditional rewriting, such methods have been proposed
only for left-linear join conditional TRSs. However, the techniques of approximation functions used in automatically
constructing tree automata have not been formalized. In this paper, we focus on oriented conditional TRSs since
every join conditional TRS can be simulated completely by an oriented one. We first propose a method that, given
a left-linear oriented conditional TRS and a recognizable set of terms, constructs a tree automaton recognizing an
over-approximated set of reachable terms. Then, we formalize approximation functions for join conditional TRSs
and oriented ones, respectively, and compare the constructions for join and oriented systems.
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5.1 #& CTRS A bEMR CTRS ~DEHH

ZZ T, #54& CTRS 2 LEM CTRS ~OEMAEERTD.
(% 5.1] R, 2 F EO#AE CTRS £95. Ry D&HAI
p:l—r<qg e KXLT, FiloZzwies tph ZHET
. ZOLE, T(p) ZROEIWERTS. Tp)={l—-r<«
tph{c, cr) — tph(z,x)}. 7L, z & Var(p) Z#il=$. T
4 CTRS EICHAIEIRS, T(R)) = U,er T(p) & T
5. O

R BESIEIFES CTRS Tho & &, T(R)) REMRFRE
M CTRS & 725, i, FBTIZXVERSNDER CTRS
W, RS-t hOERPHRE OB L 2D EM
CTRS, T72bbH, FHRAIIl —r < s—t 2 Var(s) € Var(l)
723 2-CTRS &72%.

TITE, BT OBMEEMEERRTUTOERSRKY L.
[E# 5.2] R, & F LOWA CTRS £15. FEDH st €
T(F,X) R LT, s Dp, t RDE, NOEDLEITRY,

C DOEPBEE, v By DOERLE
B (v = Tr(v)) »
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SLT(Rl)t’C“%é. O
[R&EE if,simt&EHsimm”tﬁ,%%fle
BIFBL~ G ERT Y Tk OFERIEFIZE T D RS
THRATES. E£72, s Dyg,) t XD s D, tid, B
Sopry) KB B LV i L ATy TRk OFEREFICBT
BIRMIETIERATE 5. O

5.2 M CTRS O=ORHERODERSE

I T, #4 CTRS 070, 6 EmM CTRS @

= ODOELBEMA~OER Tr 28BETD. ZOTrid, 5X156
NEBRK RS CTRS Ry L 2D DRk v 2o
& CTRS OARFREE [1] TEMK LIEEAL— = b,
T(R,) & Tr(y) 5 EM CTRS MARMFREE THEHK L7l
AA— b b L OFERREENE L 2D L D eERE LTHE
RLTW5.
[£% 53] R, 282 RA CTRS, Ro ¥ Ry 2ZEHRLT
TELEBERER CTRS (R =T(R,)), v, #f#& CTRS
DI=HOITEEE (v 0 Ry x(QU Qnew) X B(QU Qnew, X) —
Qfew X ix2) L35, QU Qnew WEENRVKE ¢ ZHE
T5. ZDLE, 4 POEBR T IZL D Ak L7ER CTRS @
EOOEEEE v, (v =Tr(y)) ER1OXSICERT S
(Yoo 2 R X (QU Qo) X B(QU Doy, X) — Qe X Qe -
727121, Ro OFHRANL, | — r < tph(cr, c2) — tph(z,x) (=
L, pidp:lor<ec lc) THY, sld R ICITHEL
ROME—OF LOER, 77205 Var(Ro) = Var(Ry) W {2}
EWETb0ETS. g

FHLTEONTE R I FR2VCEEREPEETS.
FDEXD f;aﬂv%ﬁ<éka@@%%%ful%& STl g #EAX
LT3, ’ '

Wiz, ERERFES CTRS Ry % OFHEIOFMAERO 7/
EAEARBOBRAOSEEEICHBE LRV E WS RET 26,
Ry L#EE CTRS D=Ly, 2BV THE CTRS IZ
DNTDERFLEX TER LIEERAA— b= b &, T(R)
& Tr(yy) ZHVTER CTRS IOV T DARFERE TER L
REAA— b= hv D, ENTNORBEANELIRDZ
EEETUTOEENBEY LD,

(8 54] R, 2L OEHBIOGEEOED L AARHI O
BIDL&MHEEICHER Ly (271, EEMSEE LTOHBRIX

#3) ERFE eSS CTRS, R % Ry ZEBLTTERLRE
B2 E® CTRS (R, = T(Ry)) , v, %4 CTRS 07
T CTRS D= DT
Ar & R,y ZBHWTHEA CTRS
KWOWTDERERE TR — b2 b r24EkT2EE0
kAT 7HORE— b= rr (A = (F,Q, Qf, Nk))
Al & R,y EHWVWTER CTRS (C2WT DA FHE
ETCRA—DP P 2ERTHELEEDE ATy THDK
A—=br~v by A, = (F,QQ9n0:)) 325 (XL

FCF,Q =Q5,00=2Ay . ZOLX, FRED i IZ3
LT, L(A) = L(A) &7 O

(BgsE 1 Ry DIREE “log—h,q N rooP N g N qE /Ao
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Y= —r < tph(a,cr) — tph(z, x),9,00)

(gr1--- Arnoy Gejoglel * deniderogderl - qu‘nz)

(qr---qu, qL---q1)

q € QU Qpew M2 Ran(og) cQu OnewD & *.

2Ly l—r<eclc2q,00)= (21" grno, (Ge1- e,
Ger1** derng)) THD.

Thisos x.

1 Tr(y)) TE® HELEK v, OEH

A Ran(og) € Qi \ Qi 725 (q,00) HRFELRVY Z & &

SL(Ai Qeorog) N L(Asy Gerog) # O 72 BIEMDZTD & & TIRY

LA, Qepg (c1,c0)00) NG (P (@, 2)) # O BT ZEhb, £

BOIIXHLT, UTO2 0%l 3 2 LR TES.

o Qi C QMDA C A

o ANA; DT _TOBBHENL f(qr, - ,q0) = q (FEF,
g1, 1@, @ € QU Qnew) , AL\ Ay DT NTOBEBHE
1 tp5(Ge005 9eron) = Tipl(crre o P 1Ry PHAITS
D, piloregle) EVWIEBRELTNS.

TALBD, L(A) C LA & L(A) D L(A) SEFTE

5. O

6. BhHh U IC

AR TIE, EBGRER CTRS CTRERFEREEAS DITLL
ESr2BBTEIARFI— b b OERTFHREZERREL, 20
FRETERINDIAA— b= b REXONEERERE
M CTRS CTEIEAIRERHET N CRETIZLERLE. &
7=, f&& CTRS L E® CTRS D= DL, #4 CTRS
Z M CTRS ICE#T 5 HEEREL, X[l TRESNKT
WAHHER CTRS IK2WTHOERTFRHE L B4 PRELEER
CTRSIZOWTOAEK TR & & DB EIToTz. T OREORE
B, 5ok ieiES CTRS L#EA CTRS O=H o0k
LIEEIZR LT, £OFA CTRS OEBAND SR DLED &
FABBOBANDOEEETICHR LRSI, & CTRS 2
DNWTDEMFEMEICEIVER LIzALT— b= P ORBES
LELVWERSERETEIARA— b~ b EEM CTRS 2oV
TOERFRETHLERTERZ LERTIENTE .

SHOBELELT, TR, FRINOFEROED &HAH
BIOHBNDGEEITHB L 2 WAERE 2R CTRS Ry L4
CTRS O 7= DEEIBEK v, ZAWTHA CTRS 22\ TH4LE
RPHE THERLZERAAS— b= bk, T(R)) & Tr(yy)
ZHWTEM CTRS 12 oW T OAER TR & TER L =ITELR
A—hr= hrD, ENENORBEENE LI RDBILEN, —
WOEMRF 2SS CTRS THRY I O0ENERIAHTH L
BETHNB.

i, WaBRELEER CTRS K2WTOAERFEFEXIT
B2 b5 EM CTRS I8 4 efRE R/ TWH M, 20
HIRE 722 < Lie—#DEM CTRS I W TOAKFFEEIZo
WTHIET 5 Z & bS5 HROBETHD.

BE AR, BB HR#416650005, #17700009,

#18500011 OB ZZIT TV 5.
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