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Bottom-Up Modal Theorem Proving Based
on Modal Clause Transformation

JUN-IcHI AKAHANLT KaTsuMr INOUE T and Ryuzo HASEGAWA T1T

This paper presents a technique to implement efficient modal theorem provers that trans-
forms modal formulae into input clauses of the model generation theorem prover MGTP. The
technique, called the modal clause transformation method , is based on partial evaluation of the
rewriting rules for the modal tableau method. The modal clause transformation method has
the advantages that it can avoid the generation of branches irrelevant to the proof by
transforming input clauses so as to delay the invocation of the rewriting rules. To decrease
the number of branches, we first propose a transformation method in which close condition
testing is replaced with pattern matching in the antecedents of transformed clauses. Then, the
method is extended by making use of goal information and by simulating top-down reasoning
to reduce the search space. The cost of modal clause transformation is shown to be linear with
respect to the length of the input modal formulae. Finally, the results of experiments illustrate
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the usefulness of the method.

1. i C®Ic

RRAHER T VL RFRE R 2 3 - HEERTTREZ TN T B
D, 7077 LADOKGE - BRES R, 438 R T ADRE
B, N Fr—9 v MRBIZBIT 3 HEREE D
% EEHEMRIE R A THIBEIC B0 TRER 2t MR
ENTWE, COLDRIGATE, FEHRENOHR
PEEZMERY LOTBY, SExEHITEEOEE
DEBERWRFEETH S, CNET, BLoEERE
FAFER AR S T 298, % < IZ SR EB /HHE 0
RECEE-TBY, ERBARTH2RA 030
WO g e EROIGH T, 52 o EBOEH

T NTT 21 % 2 =% —v 3 VRIS
NTT Communication Science Laboratories
T SRR R SR TR
Department of Information and Computer Sciences,
Toyohashi University of Technology
T R T > o — & ST R

Institute for New Generation Computer Technology

822

ERERERRRER RS CEARBA L 2 TR
B sxv, 22 TARTIE, X0 ERYZIEA~D
WHZEEL, Sl LR O ER 2 135 5.

FRAEEREL OO E AL, E#E (direct) &, BIR
(translation) ¥k L WS KFITE 2170, B, B
HOAIRE ZRFERIEICRE L2 b 0T, By 7 n
—ED RRRMEEHEDY BREIRTW R, Fhic
L, BRI ER 2 iR ER Tl 25
Y THY, MR oBERCHETE 3 2 L2845
NTW B BRERGE I3 o BB B DRE & 7 HESR HERE
PEATEEE WO RS S H 28, T CHEREIENC
BT 20 ST wikhs e,

ARG T, BRI T 2 B AT 2170,
T OVERBIEEITE MGTPY O A it &%
By s RHETE A R R R T 5. AR, By
T —EEMGTP Lic Ay Fur5 v 74275
R ZHEHEDTBTC B ST 14) 0 R, S o —
BEOEBZHA %R X F—< L LT MGTP ©A ST



Vol.36 No.4
BaR L, BRHSY 7o —ik% MGTP L CEHET 5 0
ThH5D, XK 14 OFRIEEBE I HET X 298, Ak
WA OFERERERE 70 /5 A3 22 L TR
BRI R ICEATRECH D, HIEOFEbEbE b
S2TWwW3, Ly, Ay 7nrs 3yl BRCESE
FIREEA L, #HREEZHEARAL MGTP O AT
HitEE R AT 3,

—C, B Tu -3 S ROSR R LR T B E
WO RRER S B, TR, B BRI OB b
BIHES B LD WEMT A L ko T, HHHIC MG
BAROEROIME ERK S, HrxkEd, Elshs
SRHECERET 2701, BSEDT A b BEiROR
BlEET 5 HRIC O W TS, 512, Non-Horn
Magic Set (NHM) '@ 2E AL, v 785y v
PRS2 X5 WEMIZ I Lick-> T, a#brH
%,

I OEM AN T, EEREE (range-
restricted) '® IN-HEGICEBEIN S, HBRE &
N7, BNCHEN BB T NI EN B8
Thob, HEEESNHES L T, el
L3 LEE L, BETTHSEDT, RN ST

BUCH D DT, RO EHE AR K 2% L3 5,
AFROBEK 2 ATICRT, 29232, MGTP Eo
BE Y 7 o —EERAZR OBIE % RN B, RIiC 3 E TR
Wiz A 2k, ABETNHM ESEAT S, &5
125 T, BHERAY ST & BFERER T X 2 S 21T
v, KAROERMERT, BRI 6ET, Mopse
COBEEIC DO WTERRT S,

2. MGTP it 70—

AETI, BERHE, MGTP XU, MGTP Lo
KRiES 7 0 —FFEASR OB £ kR B,

2.1 EGERE

BRAEMER I OMEBR A RO L D K EET 5. il
FEOES O, HBEHEET LV, BXUOBHEEETR
OBR5EzZ6MTWSE T 5,

1. pEOVEELED L E, p IREARTH 3.

2. o & ¢ DHERDEE, o BIUL oV ITEmE

ATh 3,

3. p@mBEROL R, D XHERNTHS,
WEEAET A LD, BLXUBMEET © 2@8E0 L
SWEATL, Hl2iE, Cpld O e BET,

KRR BB O BYREH L E O TR R EWR TS
ZoNb.Thbb, ®FNV ML, EEHROES W,
HRETH A O BRE A RERIMR R, (HMERIS V o 3 ol

FRAHETZEHOCEE D <R b A7 v T EIRRHER R IR 823

(W, R, V>THRSNhD, 220, (FHEEK V ixdEs
FrEQ WL, WOMAES V() 2ED LT b
DT 5 (BEWIZE, pB8EERHREOELETH
2%).

1. pEQ@DEE, M, wE piff we V(p).

2. M,wkE oiff M, w i o.

3. Mwk oVoift M,wk o723 Mw E ¢.

4. Myw E Qoiff $XTO wRw' 7% w Wit L,

M, w E o.

TRTCDETN M, TRTOME weE W icxtL,
MwE okbblX o HETHD LW, M, wl
PRBLE o IREFRETHZ LD,

HFRMOBZERRERR I HI 2R T A 2 kg kb,
BRZ AR ERTE 5, KT, BEnhEE
BRIZHIIEBR T v b o L b ERPREHEERERTH 2
KEHNRET D,

2.2 MGTP

MGTP iR b A&7 v FICEFT N 24T 5 EHT
M&HETH 5. MGTP D ANERIROFEHATEZ 5
ns,

Al, IR An_’CI,I, e C1,11|""Cm,1, I Cm,lm.
2T, m,m=0,L5210G=1, - m) Thb, A (i=1
) BEO G G=1, o, m k=1 D)X T N A
ThHd., ZHEHOH TEHIE IR T2 LT
5.0, BT Mhalk FOEFEEEL, olf TEES
T, - BEETHY, — OEDRHME, 50 %8
EWEE, n=00DH % IEH & B, hue— Cuy, -,
Coul|Cnpy ++, Cyin EFFET 2. R, m=0 O
A LR, Ay e, An— false EBET 5, FhLL
SO R BEE & FES,

MGTP &, 5.2 SN HiEE R TET B 7 FADE
H(ETL) BRODLE0IC, UTO2 D0O8ERT
MADES (ETNVEHE L) KEDRLEHT .,
T T MEEOYHIEIIZEEETH 5,

C ETVIREREME D 2TV M et LT, BE

b 5 W I IEAT

Al, . A”HCM’ e Cl,zll"'|Cm,1, ST cm,lw

EHBREER ¢ BIFEHEL T, 7 N A Ao, -, Ano B

TRTMEZE>TREER, D, TXRTD j=

Lesmic®l, MiZioTRESNEVWES %

7ML Cino(l<k<[)BEET 20, &=

1L, mizxt L, {Ciao, -, Cruol% M

Zle m{HOE TN EERT S,

© B TOVEERIERE © = T ORME M LT, B

Ai, o, An— false.
CEBEEWR 0 BEEL T, T A Avo, e, Ano B8



824 RIS 230

TRTMEZEo>TREESNE R IE, EFNVE

WM EEHT 5,
LEROBRIDER TE R o e HEET, BEADT
RNTCOBNETNBEONE, b LIRTOETFNVE
HoEH S, AJIHERRTEETETHS 2 &
Dhind,

HifES & OBEBEDET b A DAE W, (pred) %1
Iz 2wk v, MGTP #AAHREE pred OFEH
LREIRT % Z e TE %, MAAARMBEER, BHIFC
BONTGEFEIHOTERTEEET A b OB, %4
WBLNIZEERETNVIEEORIZ, 2N FRETS
na,

EIZBHN 5 T RTCOERBZ OFEICENS & &,
Z OHFNZEEIREE (range-restricted)'® XT3 &
W, SRR SWEHES LT, EREhsE
FMERIL, EREEEERWT P 200K S R
5, L1ed3oT, LiROFAEREHT 288 & 0o
FREETHET 5B, Fehi— LT, 1’
BRTTHSTHS., Thbb, HEEEEINI-HE
FEX LTI, #hENR T T IVERERE L 2 5,

2.3 MGTP Eo#4E4 7 0—E8ASS

BRMHY 7o =R ik, EHERERCEBEE TS
750 & %X (signed formula) 2E=#12, KE
B Lot CEHEHHRITS HkTh b, HEOE
Bk, BAERER o LR w et L, EBErET
At BLIV S EAELLDOTH DL, BRI,
FHRER o t MR w TETHBE L% t(o,w) T
£, BTHBZ % flo, w) TERT.

WA &9, ¥ 7o —EkoE 2 HE - MGTP @
EFNVERBA OB EE L, BHESY 7ok
DAZ Tl I 7R EBERFREZEZEL T
%, AHAREF, By 7o —E0ERZ HEE R F—
<& LT MGTP OANEI TR L, BHEY 7 a—3k
MGTP ET¥3aVv—1+3350ThH5, BT
i, KAEXE XY 7 ar5 307 AR EPEE,

1w, &FW2HEN 2R 72 MGTP O A S
ERT. ARXFTHELRBRER 2L T, RE
path(W, V) IZHFE W o i V IcBEAETH 2
ZEeRFT, {new_world(V)} B# 7z e HFICIGT
LEEERERL, BHEVIZRAT B MGTP 4 53A %
WEDOWEH L TH B, TXTOEPEBEE ST
5 ERERINZG,

TR O EE T RERAR A 7o TR S M 2 A &
LT7urS5A352 kY, KLSORER i
HROEMFARBCIIEARETH S, £, 20k
I HET, FAfERRTE PTLY® OFFEFBRSEER I LT »

Apr. 1995

® o ZEHIRAY,

HPAQ, W)—t(P, W), HQ, W).

H(PVQ, W)—=F(P, W), £(Q, W).

F(PDQ, W)y—t(P,W), A(Q, W).

P, W)—F(P, W).

FEP, W)y—t(P, W).
® 5 ZTHH.

HPVQ, W)—t(P, Mt Q, W).

F(PAQ, W)—F(P, W)IF(Q, W).

HP2Q, W)—f(P, W)IHQ, W).
® 53R AL

7P, W), t(P, W)— false.
® 7 ZEHEE,

AP, Wy—{new_worid(V)), path(W, V), F(P, V).
© v AR

HOP, W), path(W, V)y—¢(P, V).

1 RS 7o —FE2ER L MGTP &
Fig.1 MGTP clauses used to implement the Modal Tableau
Method.
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Tablel Evaluation results.
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Fig.4 Sample Modal Formulae.
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