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Metis-AS : A Software Development Support System
with Algebraic Specification Techniques

AKTHIKO OHSUGA,T KO Sakal Tf and SuinicHr HONIDEN T

Metis-AS is a support system for software development with algebraic specification tech-
niques. The system has been developed as an extension of Metis, an experimental system to
investigate term rewriting techniques, by introducing several facilities for algebraic
specifications. The main features of Metis-AS are: (1) it has a flexible man-machine interface
for practical use, (2) it supports many stages of development through the use of several
formal semantics, and (3) it has powerful inference techniques, based on term rewriting, for
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specification analysis and verification.

In this paper, we describe the main facilities of

Metis-AS and show how these facilities help in software development.
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Fig.1 System configuration of Metis-AS.
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spec E Va2 —V4 with /37 A— % 5E% has

uses %angﬁ_z%%
sorts V- N TESR

functions HET 2R
constructors LT EH
forall THER
axioms INEER
theorems ERER
lemmas AT

# A ZHRIER

end.
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Fig.2 Outline of the specification language.
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v, ok ziE, &\, T, if REAENGERE, 5%
B, BF, f XOEETFLT5 & &, LFRAANE
FHEOHITH 5.
lemmas
x&x==x; x& x=="false:
Xlx==x; xI'x==true;
() ==x; if(c,y.y) ==y
BE R REED T2, The ORBES FEHE UCEF
BHHLTBL ZENEE LW,
&7 OER
~ 7 0 RE I AR DR 2 F - & R 37 0 DBsEE
T, YATALIAHDDDE 2 —WPEZD~ 7 a A
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EDY - P EROEMEEHIET 255 =(€9)
BPBEERDL, IHNEHAABERELTWES L DL
BRTE, [=r OYER-RE [ £ r OBHRO—
BTREL T EH, EHITHETS 2o d%ED
REILEN TV LENDH B, # 2T Metis-AS T,
<7 0REIC & o> TEB R HEEMNC AT 2, ok
2, HAB nat OEET % 0 L suc TEZEL,
e
= 1s_equation on nat;
R TS L, COAMRBUTOLS KEHERS,
0=0==true;
O=suc(y) =="false;
suc(x) =0=="false;
suc(x) =suc(y) ==x=y;
2%, HEHALTWE Y — b DIEEOEKTF ¢, dE 6
20T, clay, - xn)=d(y, -, yn) DIE% c+d 7
bfalse L L, c=d Rk om=nZ O T)VEL% x1=
N& &xn=y, % 5RNCEMT S, CORMEORZY
i, IRRORBMNESME BT 2 REDL SHES R
Twbd, ZOEPIZ, V-1 EDif XRERT2H
RAAZI7ubHEENTWS, a—YEHEO< 700D
e LT,
#(L==R when C) — > (if (C, L, R) = =R).
W&o TEEDEERICTEOITREZA LD,
#0p (950, fx, if).
#op(949, xfx, then), op(948, xfx, else).
#(if C then T else F) — >if(C, T, ).
I & o Tif then else X E2BAT 2% EMNARETH



eq v A, i_nilyi_consa(i3Dz11,i_nild)) -> true

sq_v(Ry Bt _ntly1_cons (11089, 1_nil»)) -> true

VYour system is FEONEIEIIENE .

So,

PPPP RRRR 000 V ¥ EEEEE DDDD
r PR Ro oV VE D D
P P R RO oV VE u 1}
PPPP RRRR 0 NV VUV FFFFF N n
P R R O 0 VvV E B D
P R R 000 \V  EEEEE DODD

187 GPy are found (16 are asserted).

87 rules are gensrated (87 remain).
[ time used 24.5i3 sec. for "INDUCTION” mode ]
IMETIS/MPSI] -> B

s canATTonE ‘“’ﬁ RXK%% find.changes XERAXAXA%%
i number ‘e Fulely
—, D object find.changes has
R ] AR E: use: data; id.list; data.list;
™ | & functions:
h find_changes (data_list,; data_li1st) --> 1d.list;
80, E comp_datas (id,value;value) ~-> id_list;
-5, H ; axioms:
. {ind_changes (d_nil, DATABASE) == i_nil;
€0, tind_changes (d_cons (data(ID, V), DL}, DATABASE)
50, ws j_oppend{comp.datas(IDyVyd_scarch (1D, DATABASE) ).
- i H find_changes (DL, DATABASE) );
“0 comp_datas (TN, V1,U9)
20, ﬂ i == 1f_ld_lisl(eq_v(V1,V2)yi_nilyi_cons(IDyi.ntl));
end.
0
- ¥t XAXX: select_klygs XXRDOO0N%
- 1T 8
% objeot seleci_klgs has
& 3 2 ke Rl Ed & 5 * use: 1d; 1d_list; bypass.list; ttable;
m step -> Il functions:
<ption]4l 86 select_klgs{id_list) --> bypass_list;

New r86: notnoteq_v(A:Mori.clement(il0z10,iflf_id_list(?
eq.Vv(RyB)yi_ntlyi_cons(110z10,1i_ni1))) -> true
New r87: notnoteq.v(A;Blori_element(ii10299,if_id_list(?

axioms:
select_klgs{i.nil) == b.nil;
sslecl_klgs (i_cons{ID,IDL))>
== p_union(ttable(ID),select_klags(IDL)):
end.

XANKZRRXYZ% trigger klgs XRXIOCOAXNK

[ind_changes (d_cons (4 B), C)

i_append (
find _changss (d_cons (A, d_nil), C),
find_changes (B, C))

eq_v (A d_search (B, C)) imply not
i_element (B, find_changes (
d_cons (data (B, A), d_nil), C))
== true .

not eq._v (A, d_search @B, O))imply

X3
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Fig.3 Session example of Metis-AS/PIM.
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REE TV Metis-AS OFF M 72 BERE D B % 2R~
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ko TAT v ZHRAOHER 1T, AEPEERDE
IE, AT v 7ORITHBLEVRL 2 Sk
TT®HD, Nk ->ThHLEEDREL 2 A BE
T, SERLHBETE - Il > T —FOHW

¥ op (950, fx, if) i if #% 950 DHESLIEM 2 R OB S TH
5 2k %, op(949, xfx, then), op (948, xfx, else) I3 then,
else 2 Z LT 949, 948 DELIARL 2 Fr o hiERLB TH
B LRy, EHEBEMLZEEONE DI EREOE
G D,

DB SIS F THEEREITY . BRI EEE
TE—RIZL o THIRLSHERE T, RIEOHH
ZETFTWL, SEFETE—FRBVWTE, =50
IEHAE L LT, AFELEEOBEN - Bk, HR~E
a2 AR O 7 — 2 201, AR EMICH T 5 e
FO—A YT OERR EMNTEDL, T, HREEE
IS 2B E L, #EROBEY, RCAEsh
BZAOEHE, RHNEEEIRRIC 3B 1 2 IBHERIE D%
HREBTZ S,
® L —XFR .
F— 8 OEEPHEBREOFHZ 5 £ {{T3 /DI
%, HERREE LIBT3 PEETHL, b
— AFTRIE R & E RV OWERIBE L = — PR
W20 DBEETH S, To bk 2, EROFHEMERE
PR & AR OFR, FEORICK T 2 HimE
BOFRRPAEEDOFR, SN - BRI HAHO 7 F
TERREERITDIENTE S, K3 MetisAS/
PIM OEEFI 2 RS, ZOEEICBWTKE, FLictt
BRECE2Y, A TICEEHAR OB, 72T 3 EEEAE A
DEITORFRREINTVS, Eiz, LDV 4 F
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VL E A O LT () o TR SN RET
— Y DRBEHEGtEh) 275 7FRRLTE D, FHOE
RRLBOEBLIZOWT, 72 & LTI & OfE
DAT v FTEIET Biple R EECHE TR 3,
® (LR T /N

EEEFEC & - TFENFHR S NBE, ARSI
MERLTFERELTHWR I EH %L, EHROE
KEIRGHEETR W, 22T, HEF Sy P2 —
P EDHFEZ L > TFEDOERDBK D AL EFTS, %
DA, FTFEESDHEEADT —F 20—
WAL, 2V FEEIOROBER 2B RS 2
ETC, BRI 2EDAHICERET L WS 0D
ThH5,

© SEERLIRNT & BB T R

Metis-AS VI FHR I RAT & BRI & v S 2 T8
DT/ AT — N 2D, e T — Fid, FIoH
SCIR D FHABLRE 12 35 V> TRBRIRIEIC & » TR0 E
ToselElt, FEIFE R EERL, BESAREO T
BELIODE—RTHZ, 20— T, AHEP
EH, PGSR EOWREEN PO TNTEL 50
Bixie <, 22—V IXERRRCBR 2B - Bkl Tw
QZEBTEL, £/, BHEHRTZL Ik TH> T L
DTCEHFRTABNEBINE NS, 282, 22—
FOEANCERE AT LIS, % BT 23K
EERE—Y - EOBEME L TED H2TEHS
i, BEBORIS Y — NEDEE S IR - e BE TTTD
BHRMEIEENS. ZOBRIIRENAREOEIER
W TT7 7 ANAHIT 22 L HARET, ZDHBE
Wi, 2=V 7 7 A VORRICF 2L THEE5
KEEBLZEHTEL, FRET— RO THERE
FEITT 2, HRETD D LB R ETREMEH
B HEIND DT, WEIRFEEOZ LM 7L
ahs,

4.2 AHECERORERE 5B T 2B

KRB EEOREN TR I3, BREEWSR,
FABCERRR, TERR (ERR) B, BRIERVERER
EWH MO, ZORT, BRI R T OTRE
BREETNVDI R EEZLBERBTHY, R
ETNERA-FRLUTCOBERBET VD X5 —BM%
Bz BTV TH S, L, TOEFALT
BEEH I T CHBEDOARE 2> Z LN TE LD
T, EARFCAR DYIHHERFE TSR 22 Bk # 8dvh 4 2 @
WIELZETVEBEZ 5, —F, HiEOEm
EARERETEREESES 2 0ERENE S kY,
HEOBRLBEBIHEZONZ X5 TRBDT, Th
ERILTE DBRBOERBE L 05, 77, &K
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Hatdikiz 7o 7 2 ACERENTETINLDT,
BRI BRSNS ChH B, 7 2T Metis-AS TH,
HRRBEWRR ERV . 3 DOBWRIC oW T, A
AR OWTEABRRS I i i Bk B, RS TERRE 1T 13 IR
BREWiRE, U ORISR EER R
DL BRI ERGR E EH T 5.

4.3 IEEMZ FEMICE D (B4 DR
© SHENARAR

REOHBRER B DST IN-SETELNDL D
ROT, BERERC— P TAD Il
i, BSGEIECEROEES O, BERPEHOTRE
VIR B~ O#EMH, AHELSATOROEETFPNE
FTHW SRR T OB, SlssB A2 gE T
& 0 WL IBBR 7 % B E # (overloading) O 72 £ %
HL, RPERGUTEER2HT LI LNTES, R
Wdo TRIZ I AL/ 0% 3k h, =
TROHM I —db I ek, ZOBRET, BEnir k-
BRI— DA R - B 5T >V TH v R
T ANTIERIZ ONEELBHIGTT o2 0T, Dk
OWELIETIIES O 2 BB T 2 L EN% 5 5,
@ E4 2 ARSI MR

HEB Z B o LR T, 0B EREE
PEELMEE RS, ZHIDWTH, BFERXEE
IEfF, BEtk ENER, 2 EEARRIER o RuIE
B RBAT 5, ChodEFEIEETSE el
BRI E N, BlIBOEBIBIC DWW T b E#ET s O
PERESNE, IS ORI L > THOERDE LM
RREET S R VEE, BAERZHAOBARE -
BIBGEI S DEA & o BT & L iiThbh
% 13).

o ERISEMILFHI &

M SEM LTS = (unfailing Knuth-Bendix) 1%, 2
BRI EER I R ERT 250 TH 22,
ko EMLFR S X, (1)ERNpE ey E s 5
AT Enw, (2) B2 HHINERICER S
%, 2 EOBFEWRBIIE 5 T Tz, Metis-AS O
BTG S Tk, B8 2 EFPEO MR 2 A
DEEAWCED (1) 2FEEEL, (2)ixL T
FRAK 2t 3 2 FHIEMIC L > THRELR TV LD
WLRSNTWBEYW, 351213, NELEN (critical
pair) #EE L 20w OFMBEEL AL, FEED
WAL E o TWwb, F7, HEEROBINSES
DWW TOREBENFREPTCHTTObRA TV 2D
T, BEEOTERM (2 & 21E, 0+suc(0) 25E#y
TERV)RATOEWNZTE (72 & 218, 0=suc(0)
DO SEPN D) MNHNIELTRET 3,
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o (HIFDEREEST

EREOEESETE, AHPHEERZIR AL, 5§
ZONTHEEENT A2 LI > TiThh s, THER
2R, AJIUTARE B ED» 5 ANOERZH
Al B3 b0 L, AKX > TR N5 5%MH
RHDEERERTE B, Metis-AS W BF 2 AR I 8ME
REBERZ2ERETCELNLIDT, FIEEOETICIR
BEE O, BonBIELY) DAIMEES N
5. —H, BEOFTEIAMICL > TE % 2SR
WXL TRERDDER D,
® FIESFERAF iR &

Metis-AS Tk, BN EIIINA & IR MR EBEE O
2O0FmEEANT, N EHE RSN TE
RIET 2D EMET S, {EROIEF LA O EHETN
DEEREERZ ROFERIRE L Tz 0
L, Metis-AS OFFFHE I I 2HE L LA VD
T, RICHTOERE CMATEMIESEIIL T Th
EHFFHAPEATE 2 EPFHEZ > Tn3 ™9 5
FEMAE A 13 B AR O L CEE ORI &
HERAT Ao v s h, RMATIEI AR EGERR
DL CHEDFMAEE 2N DA NS,

RS T 2 BRI I W ERFS T BT S B 3 2
EHRERREIREITI NS, COFHEICE ST, T2
EZEEE, B, e EoREEEE T o faae, F
Ry, @EFEEEEOMEE I T 2REET2 5,
TRRERYE HREEEA O ST 1R Al A BRHS % 6 BE & Lz
T, Metis-AS DEHBEIETE— Pk > T2 —¥FDONA
LI SEBIETTZ 5,

IR EEEETEI D AT, %< DBE, MEEL
T YR HREDERELE LT 5, 2T, Metis-AS
DHBFETE—FNRIZLALYOFHEE X EENCT Y
DD, HEOLBEEIBE S NG ED A2 —FIC
HEERD D, i LT -l zmEs 5
25k, TOEEOIHENTE T LBIEZ o5l
BT HELHAMER E LB, D20, UTOHNT
ST T 6NEG,

(1) JRANEEBOIIE 2 BHtA T 5.

(2) EOLBEMIHEENS L, 2—FDH Iz
HOWTHiEL BT 2,

(3) (2)Z2BVKRTZLiICk > CEHOIARET
X¢ 5B,

(4) BPECHEAE LR I R R R R B AL
DT, (1) DUHEAR S,

2 — YR S 2 5 B I E OB ERES Th

ha, ik, ADShicETOERIC—TEDES

¥ CTOERBERFEEMENCRAL, TTOES

%{_{[
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] BREH (HROEKH) )

HMoREBEDES

[ HREIRET (AR EMCEIRER) F—Q%ﬂ%i@ﬁﬁ)
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| 7t 547 (@pwEng) —(Fns54%8)

4 Metis AS TXBENIY 7 b v = PHERORN
Fig. 4 Software development process supported by Metis-
AS.

WA DO FILH R - S N2 D 2FARD b DT
HB, 2—FPBESTHBEES 2755, BEALD
HOBIOREIC > THREIN S,

Metis-AS BT BB OBRKE EHA I AR
BRaf, TN EXETIHHmBEMC OV TRI4CE LD
=R
®EZ 21— IILDIREE

Metis-AS DHARIZEY 2 —VHEMTERI NS, T
BEHDEY 2~ )VESET LIZE, T A—F0
HEZ L BEHOEFC L > TEY 22— VORRLE
B LS BEEL CRETE 2, ez, H£ED
V- 2BERET SV A MEEOIEE, UToL>
WEtiRTx %,

spec LIST with [elm/X] has
uses BOOL protecting ;
srts assume X, list;
cons
[1: ——>list;
[ ]: X, list——>list;
Z ZTTRIEE assume i, YV — b X ONESED O FE
BINL2bDTHD L E2ERPL TS, ZOEYa
—VICESRFH R AT 5 &, X OBEICREL T v
U X b ORRRHEE 2 EEEH S 3 3, X OERIC
BosBECO>WTE X OBRT I ERI N
5L THHABGRE SN D, F/2, BTV a—VE2FAT
LA TEERIF 2T S B, ERAM T NTDEY
o — VR R B L CHERR 21T 5 48, protecting FE5E
WEoTBRBENZEY 2 - VIOV TEHABROEH
BHYFRHDT, BRI A OEE B AD
HEWMZ RAZF O FPRINS,
o005 LEHR

Ia s AR BN EHE 2 R A

iz v 75 AT 5, HERZ R s Su s T
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ANDEBFRE ML DL DOBREIN TS
WS, Metis-AS (Prolog i) 13 Prolog 7’0 75 A % 45
U, Metis-AS/PIM 12 KL1 7’01 775 A 24T 5,
—fiz, ELSETBREI NI 70T A TRETDOR)
RONHRE & 72 B 08, Metis-AS DRI 2R3 %E
TN EORMESEE EZEL T b 70, e
BNCZEH L 72 70 75 A B W T R &% P RE
ik ew, £, MetissAS/PIMick>THEon?
KL1 7w 7 A FE#HN %y S 21— b LT PIM
FTHFIEITE NS T2, Prolog 770 75 AZHART
BHEEELEIN TS,

® A FEERIC KX BFERBE oM E

Metis-AS TIEHMHERENEM LB 270D X 7
FARAIME 2 — Y EETE S, Kz, LP? Ty
AT LHAAEIR ST WL I XDRAYETH, DFED if
(c, tlel, fleD 7z B % if (¢, t{true), flfalse]) iz Z5#a
T HIEIE, UTO XS itk TE 57,

#Hif(C, T, F)==R #H>
[if(C,T1, F1)==R]
where replace(C, true, T, T1),
replace(C, false, F', F'1) ;
Z 2T, replace(C, true, T, THE T cBIF3 CD
FTARTCOEBE% true KEE#Z, ZOMKE%E TL iR
TUT T ADEVRZLTHS, $£iz, x&y=true %
%R % x=true & y=true ® 2 DOHER K HHET 5
BREQMIELLITO L 5 WHBEICERTE S,
#H X&Y==true #fif>
[X==true, Y==true];

¥ 7, JRREEEEEIC B VL ORI X D B bR
TO8, BASGL = ACGHaE a0 #aE), C(RHR)
HEDBENEZSNTWwD L, BEO>S 5 -~
vFEAWERISERAS NS, T2, BEs L
T —x+x=02FH 3N, - OBEMED

# AC [+];

DEDICEEENTWEE, at+tb+(—a)+c B EDR
Ebote~BHTEILENTES,

ZOED A FHEERIEFERAN L EHIEA*ER T 5 L
TAREREEZEZONBDT, 1—FBRINEEELT,
AT W e & O BITHRR 21T 2 5 R Metis-AS ©
RERBHEZ-TW5, L, XFH#ERmRREZD
bODOIEL & & EHAFHOMN THER T 2 2 L 38 L
WOT, MEEHETHRCIZFOZUECHLOEE
DB H B,

May 1995

R 1 Metis-AS DEEHREL 2D b0
Table1l Main facilities of Metis-AS and their objectives.

* el & tltruel WEBT B L, BB 2 c OHEBR
true WEEH#Z 2 Z L2 ERT 5,

HEEEE Stk | For B | HROTEL & | EROEL S
FREARAT VN A
BT A aN
mm st A O
TEFELE A O @)
FAP AN O
o BHEED S L

—Mwz, V7 MY o7 OEREROIEL S ownT
;T s,

(1) TRk nzw (Geet),

(2) FEREFES D (EFFE,

(3) EEPERICHEEL TS (HBEOELS),
(4) FEHAPAFCHEEL TW2 EROELX)
REWHBEERSL, ZheDBEHINL T, KETHK
NPz Metis-AS DEBEHEBESHAL 252 £ 5 L HHEL
TWAEHHEZR1IORT., Z0ORIBWVWT, OTRL
TEH R SR RRETE R, ARESRETE 25 2 &
IEFTBHLDTH5, TLEDRIEWEICHISHTD
B0, 2 —WHRFEHEL T WEBER 2RI 3
BLEROHK T 2WIALT 5 2 L BN TATRE 2 72 ©
Thd, M, FEEBRERTH-THHBEZLTH
N, Thic U st e EEril A U, BRkE
HEHEREBELEWSKEERTT0L I ENTE S,

5. /7 bz 7 HAREEEROG

KETIE, Metis-AS 3o icyY 7 7 = 7HAEOE
BEFET 20 EEELHEICL > TRS, FIfEE L
T, [V _R—FHRY ABE]D 23, B5i2
HAROEARFE R T, COHRCB W TEE L HE I,
(1) VHPRE T EDORICH T 28 IEIER b 2w,
(2) Ry EHELOBCRT 2EFEIEEL 20,
(3) Ry VRN 2 RREIETH 2, &
EThY, InsBBCERE L TRRENA TV S,
Metis-AS W2 X 2XBHRHET 57012, & OHEZW
CODDEDEEGATYS, Fhold, (el) s
ZB5BIBDRRY, (e2)EE S W T DT,
(e3)ELRDFIE, (ed) LEZRAHOANE, %L T(ed)
LR DOER LY, O5DThH 5,
® SHEVRAEAT

BT & > TRAICER SN 2D, (el)D &
DR HRR D ThH B, BERBITE — N T OR
EFiAALE, ZOEYIEEBICERINS. (el)
REET S L, Rz (e2)DFEASNZOHERTICOW
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spec T L~ FNREZ B has
use BOOL protecting;
sorts &, LIS, BIEET;
functions
WA AT BERE, B IEREARE-->E RS ;
E’H’E#"/T%Pﬁ BT, 12 1R B> B R
PERE, %%-—>bool

if | then . else:bool, ﬁltl%fﬁﬁ 15 AL B R - —> 2 I P 4

if _ then _ else :bool, BT, BRI R-~>BhEHR;
constructors

InitStop:-—>fF P

AddStop pEE S, ﬁmﬂ%fﬁ‘i&-»ﬁk%ﬁﬁ!

Fi,...,F6:-—>R&E;

B, Wil -->BEER;

Amb:-> {5 kA ; /*** (e2) ERENRL VAT xx/
forall

f,.,.,ﬁf;:ﬁ%%%;
axic;ms ’ [xxx (ed) RE VB FIFREORRE *#ic/

fﬁ/#ﬁﬂf (f1,AddStop(£2,s))
=if f1=f2 then AddStop(f2,s)
else Addsmp(-ry/#?ﬂf (f1,s),£2);
/xxx (el) BIMIEDEY ***/
BB (£, Inxtstop =15 1k ;
/*%x (e5) Eﬂia‘]tikt) 3274
EM’F#‘T%P@ (f1,AddStop(£2,s))
==if f1=f2 then #¥I- else BI{E{ERBM (£1,s);
@ﬁf’ﬁ#ﬁméﬂﬁ (f1,AddStop(£2,s))
== if f1=f2 then i else BHEIERBM (£f1,s);
[x¥% (€3) WIBDFF *+x/
= is_equation.on M¥%E;
if is_if then_else_on & I-PEIHR;
if is_if then else_on Bi{EHER;
theorems
B{EHRB R (£, InitSto
BIERRBR (£1, ﬂw/?ﬁﬂf (£2,5))
==Eh{EH RS8R (£f1,8) when ~(f1=£2);
BEERBR (£, K& T (£,5))==H1k;

end.

5 ITUNR—FARY AREDIIMS

Fig.5 Algebraic specification example of elevator opera-

tion.

[METIS-AS]-> ukb .................. fEROFZH{ LR
[ unfailing completion for "L ~_—ZNR & e ]
New R & UHTFIS (A4, AddStop(B,C))==>
if (A=B,AddStop(B,C),AddStop(B, R # L TFiF (4,0)))
New BMEHIREBE (A, InitStop)==>#&1k
New BIEE-RBM (A, AddStop(B,C))==>if (A=B, f£1k, BIEHITREB (A,0))
New if(A=B, {¥i:, BMEIERBIE (4,0))
==>if (A=B, 8, BHEHETBM (4,0))
###sas8 INCONSISTENT #as#sass ... .. .. FREDHER
By @& =L ... ... FRNBEORKT
You want to inspect ? (*y/n) yes
###%444 CHECK THE FOLLOWING ####u#s
Axiom(s):
EMEHRBHR (A, AddStop(B,C))==
if (=B, {Eik, BEHEREBIR (A,0))
ENfEHERE M (A, AddStop(B,C))==
if (A=B, i, BERERBM (4,0))
............ FREEBIXE T LI ABORT

X6 ZrESEHEORT(1)
Fig.6 Execution of unfailing Knuth-Bendix (1).

[METIS-AS]-> uk
{ unfailing completion for "L <—&PN/R & L #ffn |
New 7R TS (A, AddStop(B,C))==>

if (A=B, AddStop(B,C) ,AddStop(B, R & LT (4,0)))
New BHFHETRBIR (4, In1tStop)==>{$ﬁ:
New BIERERBME (A, AddStop(B,C))==>if (A=B, ¥51L, BHEISTREBHR (4,0))
**<ERR>** function "ﬁ’5~/?$1:U‘(Fl,InitStop)“ is not reducible.
*k<ERR>** function "7R ¥ TS (F2,InitStop)" is not reducible.
**<ERR>** function "7 # #TFJ (F3,InitStop)" is not reducible.
**<ERR>** function “ﬂ553/3¥7tﬁy(F4,InitStop)" is not reducible.
*+<ERR>** function "7 & TS (F5,InitStop)" is not reducible.

.................. BEEBOARELMDORT

7 EEEELOFET(2)
Fig.7 Execution of unfailing Knuth-Bendix (2).

REWEAEZ WY 7 by = 7R EES | Metis-AS 1199

TOEEPHE SN,

o EEITMILIC & 157

RO REHEE2ITS &, B61RT & 5
DFEWFEEIND, ZOE, HEF Ny Fick 5T,
FEERFEHEIITER R AENRREINE D
T, 2-PEIOBHE»SHBOFEE2EINLET T
EWSTES, ZOBITHE, BY (e3)%RHIRT S
%5 BIEL R HESMET 2 £, 5FRET D
IO WHEEREOTEEENFREENE, IhoDr
7 —FRmiE, Ry UETUEES [R5 V| TF(,
InitStop) | E WS AHRH LU TREETH S 2 L 24
RLTWE, ZHIZXD, ZOEEMMEIEEBROY
HRIRTE InitStop WX L TEZES M Tk 2 L A3
S ERY, (ed) DEFFTIC, [RF VT, Init-
Stop) = = AddStop (f, InitStop) | 7z % AH % BINT 2
WA, IOBIHREREMET S L, SERF
B PO FKRENTICTRENKT T 5,

® (TIRDEREEITIC & DENERESR
SRR B TR EBEETULET
X8R T, 27, YIEBRETCIEEORS oL,
RIZ5FEDRY 2 FTEERY T2 — T3, 2
Z T, [state:=t]% 2 E0R1Z t DEFHIHE S 2 REEZH
state ~MUA T 2 18%E, [ @state] 1% state ~MRA S
T3 EZ2RT 21HE, [@liz 1 DR 0ElEREL
BT 2IBETH B, ZOETERE»S ,3%,5%
BB EFEBRICEF SN TV 2 L BSERT
5,59 —F3HEDORY R T HIIREE @Wmﬁi,
B 51 5 BT 2BEIE R 2 2R T % L B0
PIELIREN, INETOFETTIIEBDOBEY (e5)
EHRETZ2IENTERY, 2hid, TulIA0F
NY TREBWTT AN —ADARRIC L > TN BE
HENDZDERICRIES 2 5.

o JRINEEIRIERAIC & BREE

IR ERREFBAIC £ 5> T 3 DD EHOEFAA R R4 2

Term> state:=R # VT (F3,InitStop) .
=x=> AddStop(F3,InitStop) ........... RITERDET
state = AddStop(F3,InitStop) ...... {2 EREEHORR

Term> state:=R & TS (F5,estate) .
=*=> AddStop(F3,AddStop(F5,InitStop))
state = AddStop(F3,AddStop(F5,InitStop))

Term> state:=/R & T (F3,@) .
=*=> AddStop(F3,AddStop(F5,InitStop))
state = AddStop(F3,AddStop(F5,InitStop))

Term> EMEIRTREMR (F5,0).
=k=> {Z|k
state = AddStop(F3,AddStop(F5,InitStop))

8 MHIDRIT

Fig.8 Execution of reduction.
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[METIS-AS]-> pro ................

ECEE May 1995

... . HEWREEORTR

[inductive theorem proving for " L_— &R & L HfE"]
Prove BME/RBM (A, InitStop)==1li (xy/n) 7 y
Prove if(~(A=B), ByEIERBHR (A, K& AFT (8,0)), BIRETRSR (4,0))

=W{EETRBIR (4,0) (x,y/n) 7 y

Prove BWEFERBIR (A, R¥ AT (A,B))==81: (*y/n) 7 y

###4#444# DISPROVED #####t##
{81k = i®iE (theorem)

You want to inspect ? (*y/n)

##a#### CHECK THE FOLLOWING ######3#

Target(s):

Eh{EFERBER (A4, InitStop) == &

Axiom(s):

BERRBM (A, InitStop) == &1k

T(heorems) : 3 generated, 3 remain.
S(implifiers): O generated.

Narrow(s) : 0 found, O asserted.
Reduction ¢ 1 steps.

Runtime : 40 msec

( 0% for selection,

0% for narrowing,

0% for ordering, 0% for T-reduction,

100% for others )

9 SRS E R O EIT

Fig.9 Execution of inductive theorem proving.

RE T (A, InitStop,PushStop(A,InitStop)) :- ¢ .
AR # T (4, PushStop(B,C),D) :- !,

=(4,B,E),

RE AT (A,C,F),

if (E,PushStop(B,C),PushStop(B,F),D) .
REARTS (4,B, REAFFT (4,B) = 1 .
B e RB IR (A, InitStop, Hi@) :- ! .
SRR (A,PushStop(B,C),D) :- !,

=(4,B,E),

BfERTB8H (a,C,F),

if(E, f#1E,F,D) .
BEFERBR (4,8, BfERRRBIE (A,B)) - ¢ .

10 ZEHUZ & - T o7z Prolog v 75 Af

Fig.10 An example Prolog program obtained by transfor-

mation.

&, M9DE S WEHORKIUNE T oS, FEHED
FERER D TWERNEZ IR TDCHET Ny %
HEEIT 5 &, otk (e BEROBEHE L TER
ENhb, INEEBELULARCE > CTEEEZIHT 2
&, SERRMNEEOBRNIOHER SRS,
® Prolog 7’075 LA~NDZEHR
ZHLTIELEREEEINIERZ T 0T T AANE
BWEANTTO b NI A TEeRD [TVR—FIARY
fE] DK% Prolog 7025 ANFH L To s R 2 K]
10 12T,

6. bR FHE

Metis-AS ORI ERE & 2 OXERE 2 BFD
ERCMER LR TS, 29, BT
SAERE L ERTA S £, 0BJ2,0BJ3, CLEAR, ACT
ONE, ASL ¢ i3 +43 7 E EAFHARBSEE M 1> - T
WKLY, Ik, REFE L D b EER R EHE L N
DEDNZEBHDEFZ 60D, 20B]Y X EHEEHD
72 OREPIREE L T 588, SN O SIS
B+ E 2%\, Larch # X+ %2 EHIFHZ
LP X EH e RIAFIRE 2B § % 2%, Larch 3%

FEEE (LSL) BB B W T EE & 2 £
TIRABERR P AL Thigwn?,

—f, HERZBEM2Z T2 X BREICR
TRSPECY OfFHA% T & % UNICOM %, REVE!?,
RRL'"W 7%z ¥, EHRFAR BT 2 b OBEL S FFET
5., LoL, BEAERERENRY AT AT, Itk z
EEY 2 —WEED Lo DN A—F B TER
Wik Y, A ESEE L TOBES RS TH 3,
I U T Metis-AS T3, WEFERER M2 T-EY
a— VR EREBEELTWE, ok 2, RoST A
— 7L THRSEET 2854, TheEBELLT
WML TBIFIE, Y2 —VFIHEORI EFEEIEIE % 5
WTENT A OELMEERETE S, I,
OBJ2 ® OBJ3 i B 1J % #&4 (theory) Ek® ##REED
ETERLIEDDERDZIENTE S,

£z, %L OREVEFZBRIENEwRSR2EALT
WEOT, BAIERRERICERESECEWE S, A
H ORI RS ELRE (left linear) »DMEEHE (non-
overlapping) = IR & N3 Z L 23% v, Zhicst
LT, MetisAS DABIXEFTHRFERsNLOT, BT
BEROFIRPLEE Uk, —7F, BRIENERRZ
HHT 2% OFHEE, ACHREERE - TifER ke ¥
IR =Ry FREDEEDENY -V FIZ
Lo THERDEARER2ED TS, L, ZOED
BEEZESHCH S oicid, ACH—bik ¥ O
B2 T, EiEROIE PSR TR =
DIEFEZ ELLET, Is3HROMEEANE LB
B ZEANE RS, 2T Metis-AS T, t#HE%EH
WTFEHPHEMLE T2 L ZICDAIDED/ Y — <
v FEITO, WHROELPEL s WEETOXES
ToTw5,
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.50 Y IC

AESCTIE, REEEEEHA WY 7 Ny = 7TRI%
XEBRIE Metis-AS DBERERREUC DV TaliNTz, B
1, Bz id Metis-AS 2Rz X5 A OFER«HREF
EECEL D A TV B, Metis-AS OHEEER S E IR
FEHEOR S ZEHL TR AN DD TH L0,
T OEHE CRAENIEE 25 e dbF 2N 5,
HEOBHBEC DWW HAERrA L&Y 2HEE LT

i,

(1)
(2)
(3)
(4)
(5)
(6)

B — b ~DHLEE,

G0 G (AE) DHEA,

& 0 IR RRRE D FEHH,
BB ELR AR DE A,
REEHES RIER) 08 A,

B D & B—fb/EREEH O E A

REMETOND, 5%, BRER»SBOINEE
FEINRANDER &, ZAUCHE D R O M%)
EOEC R T L b3S, Metis-AS % SR & MeariE
DNTVADENTBREEXEREAIGEL T LT
ETHD,

B

AWFEE, B5HRavEa—y7ra ey

MFGCS) D—BE L TITbiiz b DTH 5, WD
BaE Lo, 1C0T WHE—FIEE, B4

& =wt

FuAR (B, NINRFHER), BRRZY R T

L) T by TEESRIRR EAE—FTR, AN
—RIPRICEH LT, F, KB 28
D OERCERBZE 2V P BSED TR Y
ST L ET.,

1) Avenhaus, J.
Rewriting Based System for

2 % X ®

et al.: TRSPEC: A Term
Algebraic

Specifications, LNCS 308, pp. 245 - 248,
Springer-Verlag (1988).

2) Bachmair, L.: Canonical Equational Proofs, p.
135, Birkhauser (1991).

3) Dershowitz, N. and Jouannaud, J. -P.: Rewrite
Systems, Handbook of Theoretical Computer
Science (Leeuwen, J. ed.), Vol. B, Chap. 6, pp.
245-320, MIT Press/Elsevier (1990).

4) Ehrig, H. and Mahr, B.: Fundamentals of
Algebraic Specification 1 & 2, EATCS Mono-
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8% (HERECEEFEOEIGRA)

(2] HaAdt7varThds iRt

{ek o0 EUEORELEET.

{z)sh s 2REVERELTS 2 00BN LORELERT
{a)sh Ws2REIEBELTS 2 ®1ELEOREL2ET.

(4t >~{<ﬁﬁ¥7ﬂﬁ§>H¢&V 5tﬁ)H%V1—Wﬁ%)%
(&I~ 7w ER s {( Uﬁm)/””h
(«7D§:ﬁ:(#£&§)%w ) ["where” ( Fu s

( A«v—agM>/”’h=v
B ), (BB ), (BT ) ")
EVa— g ) )Y

F sEEHE Y )
AL — 5/3_%):’#” { ¢
{(ARV—FEE )u="op(” (
op(” {
(9 a—EH Yum
"spec” ((E¥a—N& ) ["with” (/3T A—F¥E# )] "has”
{{(Rpiv s mER )
[ "uses” (BHREH )|
[ "sorts” ( Y —bREHK )]
[ "functions” (HETEH )|
[ "constructors” ( #mMFiEH ) |
[ "forall” ( E#EH )]
[ "axioms” (AEFEH )]
[ "theorems” ( EEEE# ) |
[ "lemmas” ( #EEER )
{{A¥HAEE)
"end” ” ~”
(/%7 A= 23R )
(BFt~ 7 EE )

» { (E’@E% ) Y N A }+1)]n
» g {(77DEF§‘>//”,"}+ »n

(%Wﬂ‘:ﬁ “{(%/1*/‘/% Y[ Twith? (95 A—FiERk ) |

["renaming” ( AEE# ) | [ "protecting” | ;" b
(BEER )u="0 {(EEES) /" "1
(EEES Ju=(Y— N4 ) "t" (Y —14 )

[ (B%a ) [ ”(féﬁ%{/*—l‘ﬁ;’ﬁ)]"to"(ﬁﬁ&%)

(Y= P&ER = { ["assume” | ( ¥V~ F & ) ";"
((ﬁﬁ‘?‘ﬁ’?@)"{ BEER ) =
(HERR-FER Ju={ (BEER ) 3
( BAER ) —["a.ssume”]{(E@&% J7 R (B - b ER)
(B%4 Yo= (M%F ) | (IRFEABEETF )7, 7.0 7, (RFHBEF )
(B~ PEF =] {(ADY =R ) [, W] ->" (V=14 )
(AN —bYu=(V—b &) [ (V—F& )" (BHE)

BREE o= {{(EE&L )[R "V~ A )" &

(
(B4 Yo= (BETF ) | (BENERT ), 707 (RFHERT )
(AEER ju={ (B )" | (ﬁf"é@fi\? )Y
T (SREAT ) | (FHAT )75 o
{( %K Y7 (ﬁ.‘#?ﬁ)&jl? )7
) PV RADRE )" B
] (PEBRYE ) 7==" (HEARTH )
)i= "terminal”
"otherwise” (% )
FRAE% ) = (%3 ) "foreach” ( B¥KF )
FHHHET Ju= (BT ) is_equation.on” (VY —h &)
IF EF o= (% T ) "is if then elseon” { Y —h 4 )
A ZBRIER Ju="88" (( A FRRER ) | (ACHKER) ).

| (R )

(A STHRFER Ju= (X)) maww>” 20 { (X)), k7
Pwhere” ( A ¥ EHT S T h)
(AC BIBUES Y= (7AC" | 7C7 )"0 {{(B& )Y /", B 17

(HERESE yu= (OH ) | (SEESIECRA RGN | (V- MMEREAGEHE )
(EARBIHOR Y= (BT ) P () Y7L () )Y

(V= NERIE Jum ()7 (Y- R &)

(V2% ), (B4 ), (BI5T ), (BT ), (BT o= (EH)
BEE ), (v — P4 )u= ()
FEEMET ), ( RERERF Ju= (
BESHE )= (0~900 DR )

B Yu="1x" | "fy” | "x£x” | "xfy” | "yEx” | "x£” | "y£”

(
( E¥) (BREK)
(
(

May 1995

KEEREE (E£5)

1958 4742, 1981 4 b4k T2
EOECERI R ZE, R (R B2 A+
1985~89 FE(FH HFritR o v v 2 —
& BANBHAE I A, BE B &
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