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BENEEN > TLDORBENOFVIEHERIETS EDTHB.
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—LOTOMRHINTLS:

1. 1386 Linux
2. i386 MacOSX
3. win32

FRBUADTSY F T4 —LTOMARRERZBEEY—IXDA—RZ AFLTA VI —=ILT 3H
EMRHB. PigNoseldEARMI(ZCommon LisplBRDNBREN T SRBETHAILLEET 5. NS, SRARKR
CafeOBJr > 5 Y 5 HCommon LispEETHIREIN TR C Llc KB M, CafeOBI1 VI TFUH(F
TSV RT3 —LOSEDA VAT I —X PR CUWEBRKENDI-—RRFENTNSI L, EDLSKF
Common Lispfll BRTEHEMEIT D LIEZIRBVOMNRIRTH D, BE2005FEDRF =R TIE, LUTOULE
RTOEMENERSNTUL (R 21CEB FREBE TS Y T4 —LIETEGY X TRV, FH(c
DUVTEBRDNE ZORF 1 XY rESBINTZW). 272 LIRE(EAllegro Common Lisp(ver.8.0
D) ETCORKEEREEINT &b, ZNUNONBRTHELG S 1Y I =L TEDIHENIIREE
TET VWKL, EEBEITZNHIND Common Lisp MIBR(C DV THEIRIL, The Association of
Lisp Users O 7Rk— L/ R—Thttp://wuw.lisp.org NSDU VD& EBET, ABICAFTES.
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[ Common Lisp JEXR [ BBT>v T2 —L \
GCL(version 2.3 ) i386 Linux, BSD
Sun Sparc, Sun OS 5(gcc)

Allegro Common Lisp (ver5.0l4 L) | Linux
Windows95/98/2k?

CMU CommonLisp Sparc Slaris
i386 Linux
CLISP i386 Linux

xR 2.1: CafeOBJ r V57U 5 OBENITRE

2.2 1YRA+=IEE

2.2.1 EHRERN

CafeOBJr VA FUHFBEICIY R T LREY—-RENCFUAERTERAIN TLIENR, REGN
1 FIERCLIBANPLTH B KlckRfzEHD, N FURERFi386LInux, 386 MacOSX,
& Windows(win32)M3DNDF Sy b T4 —LDHTHD. BAERHINTLSCafeOBI1 V5 F )
5 (ver.1.4.6L0F)(FPigNoseliiRZ & A TWVBEHENZAFINERL. 15 TFY 5 (ECafeOBJ
DRRR—LR=I

http://www.ldl.jaist.ac.jp/cafeobj/
NS DYO—-RHRS.

V—ERE Unix DT—F7—H1THER(TAR) 7 7 1 L% gzip (CL > TE HzHEDTHB. <
NIC(& CafeOBJ 1 Y FUFBHEDY —XEFFNTW 3. LEOY 1 bHOSEKKICTOYO—-R
AgETH 3.

2.2.2 Y=-2Z2Wh5DrV R =I5

DETEY —RBRED I 7 IV ER(CTFsAMIEL—Ya YEES. CNEERATZEI VR
—WERBRY —XT7AIPS1 TSUFEERML T LI FUDRERSNS. FIXE Unix £
TIEIRDLSICLTERT S

% gunzip -c cafeobj-1.4.6.tar.gz | tar xvf -

ZDHIDIGE dcafeobj-1.4.6 E WS BFIDT LI RUNEBSTNBZ(ETTHS. UTERLTE
BENzT« LI RUDTTA YR —IUEEE RITTBFHELES.

Unix/Linux ETDr Y +=IEiE

(A) Allegro Common Lisp®i8& #FHHA 9 3 Common LispLIEBZR M Allegro Common Lisp(ACL —
ver.8 IB)DIBEICIEYV—XOA—RFRHh5D+ VX F—=ILDERBICETHD. ROLSI(CITS.
TW—OA-REBAINTVEIN, N=IaVvBhFVEDNHTHSZ. SBENCIFVICEARLERIZIFETHS.
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V—REEBBEULET AL NUABET S.
| % cd cafeobj-1.4.6
. Allegro Common Lisp Z#2&19 3.
% alisp
. ACLALATE AT B(CL-USER(1):IFACLO OV T+ TH B).
| CL-USER(1): :1d make-deliv.cl

CNEE>TY—XA-—FH5DY AT LOBENMERINSG. CNHHT L Sdiste >
T4LORUDTFICCafeOBJ ¥ A TUAADNBRINTWVB(ETTHS.
. dist ANBE#T 3.

% cd dist
ZF Z(ZlFcafeobj-1.4EWVWSBFIDT 1« LU FUDHS. CUATICA VYT IRERUET
RICMBERZ S TSURBRERBREINTLS.
. WEB(ZIG U T cafeobj-1.4 Z@EHGE T LO MY CBHEL <(FOE—-T 3.

% tar cf - ./cafeobj-1.4 | tar xvf - -C /usr/local
LoOBITEA I TYUS%E/usr/locald Fictar AV Y RZE AL TCIAE-LEE(WBWBIKE
BICLDOE—&T31H8(F cp AV RIEBFZESHEW).

A —PRBHEICETIACERNEVIESEE, sudo IVY RE VWS D, TENZHESHERS
BOBEER, BRZFE > TLWB3I1—Y(CHKFETS. 1 VI F—LARERTRLOTEICESE
TBE(TE.

LAV TUSDOERTIAVY Y R(dcafeobj-1.4/bin/cafeobj THD. ZNEPATHONE > TWVWB T «
LORYICOAE—ELLIEBE, H63WECDT7AIVICIYVYRY YD) Y D%ERLS.
% cd /usr/local/bin
% ln -s /usr/local/cafeobj-1.4/bin/cafeobj .
L DOFEITIE/usr/local/binle, RTOAVIADIYVYRUYD UV DRERERS L.
. cafeobj-1.4% /usr/local/N1 VX b —JLURIBEEFZ NTRTTHS. ZFNLADFZEAANA
VRR=IWUREBEEA VI TIIRKDIBHZE BREITDIMERHSD. CNICIERD2DDAEE
NHd:
a) cafeobj AV RAE(BIET 3/53E. cafeobja VY Ridshell ROV T +THS. COFE(F
RDELDICIE>TUVD.
exec ${CAFEROOT:-"/usr/local/cafeobj-1.4"}/1isp/CafeOB] -- $*
Z @ "/usr/local/cafeobj-1.4"DERE A VA L—ILED T« LU FYRITEBEITNIEL
W, BIZECYRAb=ILET LD RUDJopt"THNIE, LiE%E
exec ${CAFEROOT:-"/opt/cafeobj-1.4"}/1lisp/CafeOB] -- $*
DESICEBETNIE L.
b) Ecafeobj AV FOABZR THMNIED, RIBEHCAFEROOTRFZE TN TLINEZEN
EAYVIAM=WE T LI MIRELTERATS. BIZEFEAL TL\BshellR bashdiz

gl

export CAFEROOT=/opt/cafeobj-1.4
D& S5 % .bashrc/ & (CEBE L THFEF L.



(B) 20 {iddCommon LisplABRDIBE Allegro Common LispANDAUEZRTY — X A—RH\S5 A
VL= TBBER>UTOFHEE(CHKS2. Unix (Linux) ETOA VI R—ILIEIATOL S (C1TS.

1. 74 XANJVE1—YaVEEBRLET LD FUABET 3.
| % cd cafeobj-1.4.6

2. A9 3 Common Lisp MEBRY, 1 VI —=ILEDT s LI RUD BREETDS. CNIZET«

ZRVE1—Y3VICEENTLS configure AV Y RERDELSICLTRBEITI &L

<175

% ./configure [--with-lisp=<LispfLIBRIEE>] \
[--prefix=<— >V X k—)U5>]
C T, <LisplERIEE> (FR—X & U THEAT S Common Lisp WIBR DIEETH D, AT
DEDODHMNSIEET S -

(1) gl —GCL

(2) acl — Allegro Common Lisp (ver 5.01 BI'F)
(3) acle — Allegro Common Lisp (ver 6.x)

(4) acl7 — Allegro Common Lisp (ver 7.x)

(5) ac18 — Allegro Common Lisp (ver 8.x)

(4) cmu-sparc - CMU Common Lisp, Sparc Sun OS
(5) cmu-pc — CMU Common Lisp, i386 ¥/ ¥

(6) clisp — CLISP

FICEBEZTORFNE gcl NFT T = IL K TRIRENS.
<AVRL=IE> F, YRFTLEAVIAS=ITE3TALIRID RRABEBEITZIENT
H3. FICIBENEGTNS, 772 ET Jusr/local R1 VY X b=V & B, BIZIE, FICRT
BT Lisp WEER & L T Allegro CL(ver8.x) & 1 8E L, ¥~ X b —JUSE(EBEEE(/usr/local)
ELTHBALTWS.
‘ % ./configure --with-lisp=acl8
3. make AVYRIEL ST, YXRTLOBE/A VI +—ILETS.
% make bigpink
% make install-bigpink
RYID make VY RDOEMCL>T, YXAFTLOOAV/ICILR 70N, 2RO make AV R D
KMCEL>T, YRTLDEED T LU RMJICA YR =T N3B.

Windows ETOr YR b=IVFik

A9 2 Common LispAIER M Allegro Common Lisp(ver.8.x)DiE&E (& L TEE L zUnix LT«
VAR=IEEERETHD.

FNLADCommon LispfMBR(CDWTEIY —IHNS 1V X h—=Ib%& 175 L T—REGZEH H A
BINTLRLONEIRTHS.

RECCCIREHULLBEDICTERINESHEIRIETNTULEL, BELZDESDERITLTSIFEFLVHRWMBEEXT—HW
REIT3E ZWTHD. DLWTIKERAEREAMSE LW INEREH DRz,




2.2.3 NRAFVERDOT YR M=K

NAFTYBNDIBE, A1 VYIAL—=ITNBZIAVITIUIEIIVYRT7O—-Y, DEDODEFTHRIC
Common Lisp MEBRZEME & LG, TODO

i386 Linux

Windows

2.24 {ARCYAF=IVEh3IH

1V X = )V%EM CAFEROOT THo TR E, RO £5(C18B ¢

« CAFEROOT/bin/cafeobj : #it#iw X 7 LDOEIFAF Nz CafeOBJ1 >V H FU S DiEEEHO~Y
VR,
« CAFEROOT/cafeobj-1.4 : 4« Y FPUSDSA TS UEEBNI ST« LOIKY. ZDOFT L
OrUDTRUTOLSICIES
- exs: CafeOBJ OBIEEI 1 —IL T 71 ILHMSHST NS
lib : #REEHRY X T LDEHCRHBIREI 12 —I)LT 7 1)L “fopl.mod” BTN S.
bin: 487U DERENIBRETND.
prelude : CafeOBJ V57U S DHHAILT 7 1 LDIBIBPT. UTDT 7 1 ILDNED N
3.
* std.bin: CafeOBJ) 1 V5 FUSNENET 2 L CTHBERBIMHAEZ ET 7 1)U,

* site-init.mod : MEEROYIERILT 71 J)b.
INSEA VI TUINEEIT IBICERIIICHKENDS.

2.3 EeEBSE

PigNose DMEFHAE Nz CafeOBJ + V5 F U 5 DBENG AL, BHED CafeOB) 1 v FUH &R
<EACTH 3. LT TlE Unix/Linux DIBE, L WindowsDZENZENDIHFEIC DV TEHE(CEBAT
3. AT EONEREDFEM, KLU CafeOBJ BIRICDULTIE CafeOBJ) 1 Y5 FUSIDY
ZavIb 4]EEBREI NV, E e CafeOBJ EEEIC DUL\TIE [ClEERI L.

Unix/Linux E®DBEE VYR “cafeobj” [C&X>TA VI TUINEBEEIND. Emacs H B UL\,
XEmacs ZfE>TWBHBHEEF, T+ AU E 21— 3aVICHB L Tu Bcafeobj-mode /v —3I%
FFWTA YA TS EXNETES. FMlE, 7 XU E 21— 3 0 elisp/cafeobj-mode.el =&
TNz

Windows EDBE V- XBEMNHNSA VYA M—=ILUEBEER, 1 VA —ILFHRICL>TIERST
Nz cafeobj.dxl ZFTIVO VY DITBRBET, A VI TUINEEMST nN3.

NAFTUBNOEBESE, MLz 7 U5 —3 & LT CafeOBlexe M A VX —JLENBD
T, ThzEEsHInELo.



2.3.1 fopl.mod OO—F

BRELHESRS 2T LDNBIMES B 728D (1, “fopl.mod” EWS T 7 A ILEA VA FUHICO—RT 31
BERHSB. DT 71 )VICEPigNoseDIEREE FRHT 3 LHICHB LRI FHRDOMBHAHFEI 12—
FOPL-CLAUSED EFHA®, ZDMiD BIBRTENZHNDCafeOBIR U U T MEBRSTNZT 71 ILTH
3. CafeOBJIC(EEHEIO— F#ENH D, HHHIAH T 1 —IJUFOPL-CLAUSED ¥ TEBI NI
BHER(Cfopl.modMO—RENBLDICFHEE SNTVND. COIzHBEH(FF Tfopl.modz O— K
ERGDZE:IE AR

H5NUHO—RLTEEWEERX, 15T 5 ZiRa L izElc,

CafeOBJ> require fopl

DESEULT, require AVYRIEL>THA—RTES. WEWEINZANTIFEZAEALLH, VX
T LEERE T 7 1 )b (site-init.mod)[C EDOAVY RELVWNTEL &ERMTHS. Unix(Linux) £ TFIFA
ITI3BEE, R—LFT LI RJYNDETIC .cafeobj & WS RFID T 71 ILHH B &, CafeOBJ1 v
5T)E FRBIFCNEDNH LT 7 ILELTEDINTVWEIABZETIS. LED site-init.mod
= BAWT(CZDT 7 IV “require fopl” ZELNTEBWLWTERL.
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1

BTV Y

ARET(EPigNoseY 2T LD THIRBIVYIVICDWTHAT R, AEOWNABEHZENELR
E(resolution principle)(cED Wz EEBHIHE (DLW THEANLGHBEBEIZIFEREL TV
3. A CEEGRHEZEHE N, ARAGHBEXEM([(1]1F) 2B L TARLL. &R C
[ CCTHEVWAESAIIRBI VI VRMERL TLW3EEDHRIL—ILIEDW TEHAHZDT
MEBIZIH U TENEERINZL.

3.1 REBIVIVOHEEE

BRACBRARTZEDRBI Y IV IESZEC—EARERERD L TOEEN HEZRHIZED
TH3W, cNZEESDLEBBHNICER B ERDL S (CES !

+ CafeOBJ EV 21—V TEEINREZ, FSZ8T—HERERECE C Nz FOPLEBRINT
B)DREBEREHIFTL,

* ZDEIV1-IWONRICEWNT, BISNTERENEY 1 —ILORED S DREBHFEEE KB
NESHERBEICEK > TIRT 3.

AR &L S (C REXICIEEBHERE (resolutio principal) [1]1%F AWM, FE%ZKS 28D paramod-
ulation EC3E)N ERIL—ILELTEINTLS. BRHICAWLWSNBIERIL—IVICZEERNG
binary resolution (C.1E) (0 X T, (negativ/positive) hyper resolution (C.2E), 7z unit result-
ing resolution MEARETNTW 3. &z, RERNCEFINIBEEER 7 4+ —LOBGHEEEEE LT
demodulation(CAE)HEFHFATNTLD. o HEREEE & U TIE Set of Support Ei&(SOS Bilg) =
BuwTuna’.

REIVIVERBPAAREA VI T, BED CafeOB) 1 VI TFUFEL TIHRASEDNZE
H|EATES. TVIYVORBEIFEOSEER, VYR HEULTREHATNS.

TSOSHIRRURB I Y I VYDOEECDWLWTIE & 3.9 (ClEARLE.




3.2 CafeOBJEY 1—-JVDEER

3.2.1 FOPLX

PigNose [ H (7 B FOPLX (FBHE NDIE L EHKKIC CafeOBJ IHETHD. CNFHEHAHFEIT 21—
FOPL-CLAUSE(% 3.38 ZZ2R) TCERTN TL\ B (FOPLX DEX DFFMILEE 3.45 TEHHAT )M, C
NIEREKDCafeOBIEFEICL B E HFKB L (TIHRAL L (CFOPLN ZFEZ B L S(CTBHDTEER
THd. CNzBENICRET S0,

CafeOBJHHH#IAH DY — | Bool Z, FOPLOEREZRIRI 3HDY—rEe L THEAT 3.

EWSTHHMESNTWVS. Y — hBool FFRIBEEZTEER L TSRS £J 1 —JLBOOL’ TRE
BINTULEEI21—-ILTHD, CafeOBITIS KCHEEDRVRDBOOLEY 1 —LIERAENTES
LIZZ2TOEI 1 -)bIC BRI YR-—FINTNS,

CDENSEZBDE

Y — FBool(CafeOBJIAIZFOPLOI (MEE) & BBIRE N3 |

EWSETHID. FoOfMinCafeOBJIE(FHAIAHY — kBoolIADIE)FRENDS|I#E L THIRT B
DTIHEWEED, FOPLTOEYEREFREINLL. £/zCafeOBJ Y a1 — )TNz NIE(L,
CNBBEERELTUTTRR 3LS(CHERRTINS.

3.2.2 FROHR

CafeOBJ D(RHIZ)ERE, ROLSBFEE L TWVS3

<EB> = <HB> if <FH> .

CN%EFOPLMimplication(&E ->)

<%HGE> > <kKB> = <HIL>

EBRT S, TECNBETEFMTHSD. T, ~[FFOPLYDEEZXRIRERETHSD. T |
(FRIENZRIFOLXRIRTH B (k3.1 =22R).

~<EMG> | <ED> = <HI>

2LBR(Z(FBOOLHS 1 YR— F ENBTRUTH-VALUET EHINTLS.
3CafeOBJ [Cld eq E/z(d ceq TEE T NS ARSI L, beq /2[4 cheq TEE TN REZHNN2BLHZM, T
EFNS5EXFIET(CRS.



C T, CafeOBJERD=ZFOPL®D

—/E
£/ 5

E2-LRIRLTULSB FITEE. resolution ZITSBRICIE, B
NEEORZHERY (CEBRUTHWS. CNEYXTLDNBEFNCITSOT, MABE I

Bl TRCR ZESHUEERZRV. FHO<KGE>NEEEINTLIIBEE(E, B

EVWSFOPLOFERN &4 3.

3.2.3 $HdiAHBEDRFIR ()

(2 CafeOBJMD Y — ~Bool DIEIL, BEIMIIC FOPL X & HHEETNB &Rz, CafeOBJ(C(EBool &
BDY—rETBIARL—IDBNWNK DOMEF AT TWDS., NS FHEHPAHFEY 12— ILBOOLEZF
DHYTEIA—IVTCEEINT VBREDTHBIN, RK3INCHRLELSICENS & BHRNICHGT 3

FOPLBBHES FANE Y X T LNEBRT 3.
CafeOBJ#HAHIAFHREE | FOPLERERS T

_and_ & (GmER)
_or_ _|_ GREERD)
not_ ~_(B%E)

_implies_ > _(BR)
_iff_ <->_(A%)

_and-also_ _&_ (GmiEfd)

_or-else_ _|_ GmEEFD)
_==_ _=_ (%75)

= =_ = (
% 3.1: A FHIMEEDERIR

FEFHIAHD xor_(exclusive or) (CEHL TIZ,

pxor q --> (~p | ~q)&(p | q)

D& SLREFMBERETS

3.2.4 HIHERA

CafeOBJTIIRE & U TRHNEFRNLEND TRG < EBRAUEER AIRETH BN,

TEEBRRNKFOPLOIGEICDWTIEIEIAEZETEIEE 3.

CNZEEY)

(E/S C EFARTIETH B> DTzt PigNose TIIBBHAC LI NEBEFBEIND. CNEHET,
PigNose ZFAT B (C LTz > TIEUTICHBIF 2 L SHHIIEEREN H3 !

AREBRBCHIZHFEREE 0OAULOUTSILOEETHD,

V7>

UFSIORENMDEMEAINETHS. Iz,

WelE ZREFRER)EREZOEEESS. Az, BER {P(2), -Q(z,y)} &, Vavy(P(z) V -Q(z,y) EEIKT 3.
SERRAt = ¢ EAADIISNEBREL, BEBEROUEEQRBCL>TRRIZLicLD HIBRENRRIEAL

THBM,

VRTLlE>T BBRROR DEBAZEDCRD CLIIRETHS.



B HRA(trans, ctrans (C& > TEESINZNE)EFERATERL.

FMEBEENZRL — 5 HEHIAH Y — ~Bool Z 5| #ICFHF > TV TR 5750,
RESHND=CAEFAD=L ZXFI LKL,

if_then_else_fi (ZfEATEEL).

ANy FahEE (LY — bk 8>) FEATERL.

HHAHDER(LispEAHTER SN TS ED)Eresolutionlc AWS Z &FTERWL., Y XF
LFNS5=EET 3. B Ldemodulator(FE CA4B)E UL TIIERATEZINT, Y X7 LIZEH
HIlc 25 Zdemodulator& U THERET 3.

Ol OEIINE

3.2.5 Z0 (i) CafeOBJ {HHAHEY 1 —ILDIKEWV

BOOLEY 1 —JILDIFWCDWTIFE 3.2.3 HITHRAREEM, £ Z Tld, NATPRSTRINGE D Z Dt fH
FHIAHTEY 1 —ILO—RERIZIRWVICD WTRAR B, IB7E CafeOBJ « V5 T U S ZIZLATDEF+IAH
EYV1-IHEHR TN TWS

NZNAT NAT INT RAT FLOAT STRING
CHARACTER  2TUPLE  3TUPLE 4TUPLE  PROPC

CNSDEI21-ILDSE, PROPCEZHIHE L THIDETOEIMPAHFET 21— U [CEFTNBRE(EIX
DESEWMOIFNER(TS !

s ETONEB(LFEHFAHFD)demodulatorE UL THOHEHINS.
c o THRIV—IWERAWEFHEEEOEL(C(EIAV SN,
s RENZTOEREEBEINS.

EJ1—JPRCEY TEI 12— JLICHDEI 2 —)UICH LT PigNoseld > F < #EE L 7E L.

3.3 #Hd#iAHEY 1—)b - FOPL-CLAUSE

HBEI1-IWTREBIVIVOEEZMNAT B(CE, ZTDEY 1 —)b XARTFOPL-CLAUSEE L\ 5
BIOMAHET 21— BT TEI 21—V D—DICHE>TVBRB)DNREBETHSD. COEI1—-)FY
2TLDZA4TS) T 74 )Ufopl.md TEERS N, FOPLOBERXDOBYNERINTWNS. IR
T Ls(&, FOPL-CLAUSE DNBIASTNTWBEY 21— L TIEPigNoseORBT VI Y TEA SNz EEN
FERATERLSCRTREERET 3° .

3.3.1 FOPL-CLAUSE B E#EA

£33 21—JU FOPL-CLAUSE ZfEICEIBT S 728(c, BN CafeOBJX 1 v F iclude FOPL-CLAUSE
DNEBRINTWLS.
655 2.3.1 B TR 2ED fopl.mod (&, ¥ X7 L DFEL T 7 )L site-init.mod (Z, require fopl EWV\S5 VY REWVN

THELHIEELST, YRTL(CafeOB) 1 VI FUD)EUSE LIF 28 (CEHBNICY AT LAICA—RENZLSCTBZIENRTE
3.




set include FOPL-CLAUSE on -- BIEM@AEBGMICT S (#IHAE)
set include FOPL-CLAUSE off -- BEh#@iA%=EICT S

CNITSTHENCEBETIEHICL>T, EYVa1—IlNTaxbBW\Igoallc LB NEEES (F3.58%
sB)NHEERLEBES, BEMIC FOPL-CLAUSE MZDEJ 1 —IVICEATND L5 Y AT LADNIRE
5. AV FOYHRERnTH D, RICEANEVLRD CN%E of fICT BB (LML,

3.4 FOPL DB

CZTIEFEY 12— JUFOPL-CLAUSECER SN BFOPLOBXY %9 . FOPL MOX(FCafeOBJIETEKIR
TNBEEBECiRTZ. FDY — k(LFoplSentence& BT (F5M, TTmUL7zCafeOBJY —+E
EXCRENTVBR LSS, HHFAHFY — bk Bool D LIV —FEULTEESTNTLS.

FOPLMZ OV —-F+EE
[Bool < FoplSentence]

CDHESHIC KL > TBoolMCafeOBJIEIZFOPLDOX &E#E D, F/ZBoolED A RL — 5 (ZFOPLODMEE
EHIEEIND.

3.4.1 REBERESFOEX

RIBBEFDOBYZCafeOBJNARL —FEETRI EUTOLSCKRB (KlcBF K 3.1E€E8
BR).

SRIEFN

op _|_ : FoplSentence FoplSentence -> FoplSentence {prec: 107}
REH

op _& : FoplSentence FoplSentence -> FoplSentence {prec: 101}
B

op ~_ : FoplSentence -> FoplSentence {prec: 0}
a8

op _->_ : FoplSentence FoplSentence -> FoplSentence {prec: 120}
R

op _<->_ : FoplSentence FoplSentence -> FoplSentence {prec: 120}
S5

op _=_ : FoplSentence FoplSentence -> FoplSentence {prec: 51}



R, REFICEALTETOLSICERBRINTNS.
£RREF(forall)

op \A[_] _ : VarDecllList FoplSentence -> FoplSentence {prec: 125}
ZTEPRE F(exists)

op \E[_] _ : VarDecllList FoplSentence -> FoplSentence {prec: 125}

C T, VarDecllist(FZE# B H B L\ (Fon-the-flyDEHE S (VAR:SORTOFEZNDZEHMEE - VARIFZEH A,
SORTIFY — R TH3) £ AV VRE() TR > TUREENTH B,

3.4.2 iR - mENE

SElCRRTz8 D, Y — ~FoplSentenceMIBMFOPL X TH D, BIFi TR L e REBERES F PREF = H
WTEREND. F/ZBooMEDO A RL —H E—RRICHREBELE U THRSEINZDT, BELHEGEED
CafeOBJ DA RL —FBESICL>TITSC N TE 3. MBEDIBAEIL, 518 %ZF 278V Bool DEH
BHELULTESINERL.

ZhEHlclE, ToLS(cCafeOBIJDprediEX =AWV Z DN ERNTH S

pred P1 : S1 S2 -- 25|18 kR
pred PO : -- fnRR

3.4.3 FOPLXZ ool

TIC FOPL Xl L ZMBRADEBRFIZTRT. CHE HIHAHD NAT ZXAREI 12— )b L TERAL
FENTHZ. BECESHRECHEAITNIBXE FEAKOEETHERANSLER TEBLIEHEST
WBZENTREINZTHBS'.

TCZTHIRLELDIC, B3EV1—ITCREBIVIVERBWVWTEIMEESE HTHEWVWZLMBES(E, open OAVYRI(CLDT

ZFDEI1-IE XRICTBEEBLCARL -2 3 VPOREBEOEMNETEEGIRREC L, BB(Cprotecting(FOPL-CLASE)ET 3 C
&L > T PigNosed ¥REZFIFAT R C&ETES.




-- NAT Z2XZik& L TRWS

open NAT

-- FOPL X iz AIgEE I B /z8(C FOPL-CLAUSE ZH#iA T B
protecting(FOPL-CLAUSE)

-- i, RBEOEE

pred p : .
pred q : .
pred r : .
pred P : Nat .
pred Q : Nat .

pred R : Nat Nat .

pred S : Nat Nat .

-- Nat O E¥

op a : ->Nat.

-- t1 ~ t5 (& CafeOB] O let Z¥.

lettl=(p ->q) >(q->r) .
let t2 = \A[X2:Nat]\E[Y1:Nat]\A[X1:Nat]\E[Y2:Nat]R(X1,Y1) & S(X2,Y2) .
let t3 = (\A[X:Nat]P(X) -> (\E[Y:Nat]R(X,Y))) &

(\A[X:Nat]~ P(X) -> ~ (\E[Y:Nat]R(X,Y))) .
let t4 = (\A[X:Nat]P(X) -> (\E[Y:Nat]R(X,Y))) |
(\A[X:Nat]~ P(X) -> ~ (\E[Y:Nat]R(X,Y))) .

let t5 = \A[X:Nat]P(X) ->
(\E[Y:Nat]1(R(X,Y) -> P(a)) &
(\A[Z:Nat]R(Y,Z) -> P(X))) .

-- show term t1 & 93 &lck>T, YRFLHKII—-XULT
-- IBERTIDCENTES.
show term t4 .

3.5 FOPL ZIC&3RENEE

FOPLXIC LB NEBNOEESZHEEE T I, RICRIFHEBYNEASITNZ, INSEREBEI VY
VDETDOBRCZFDMD CafeOBJ MBE ONIBEHE THRICAHWLWSNSB. 7272 L, CafeOBJ OfF
¥V > K (reduce, breduce, exec) TAHHWB3 Z &EFHFRE W, KRBT VI VICKBIFEEBIBHEICOHFE

1. ax <SAJL> <IE> .

+ aX([F FOPL XIZ LB NEBZEETZENTHD.



+ <IB>(FY — I FoplSentence MIB TR (TN SR,

s XCESINLERABIEIREFKD CafeOBJ D red VY R execAVY R THEAITNZIESTHR
ZBAE LTESHETERL.

c<SRILEREBOSANILTHD, BE® CafeOB) DNEBDO SN EEUBX E LRKICE
EEAgEE 9 3.

« <IB> OFCEHEZEHNEIRT IHEEE, N5 ERENIC 2EREFVCEREINTLS
EDERRT 3.

2. goal <SAJb> <IB> .
goalldax AR TH B M, <IBE> DBEEZBHN (CB3EHEDTHD, “ax ~ <IB>"DEHREE
THh3.

ax& goal IR N CafeOBJNNEBE S X(FRNPLEBRREA) NEIBTEIIHBABESEEC(CTEHEREL
TRUW. 2, CafeOB) HEIV 1 —JURRIAY Y E(show <EV a1 —-IbT>)ICL>T EYVa—ILHRAMN
RIRSINBERICIE, axtPgoallC LD FOPL XEXRTREINB L SICIRB.

FOPLXZ(C &L 3 RENEERM T(X FOPL XICLZNEBEEFEDHITHS. < C TEREH(Int) EDKN
BAR(<=)[CDVTOH REBDOE DN FOPL X(C K > TERETNTLS.
mod! INT* {

[ Int ]

op 0 : -> Int

op _+_ : Int Int -> Int

op _-_ : Int Int -> Int

pred <=_ : Int Int

vars M N : Int

ax M <=M .

ax 0<=M&0O<=N->0<=M+N.
ax M<=N->0<=N-M.

}

LFOBITE ax CLBREBEEETICEHRHEZEHEM HB3 UL (E N RHIRELTWS. chs Ll
WD, EFREF(C K > THENCREINS. o> THXE
ax 0 <=M&O<=N->0<=M+N.
(&,
ax \A[M,NJ O <=M&0O<=N->0<=M+N.

EAFTHB.



3.6 RBRIVIVOFHRIAVVFE

CCTREBICHASNEIVY RO TEZEHTETTS. BLOIVY ROZFMICONTIE
BOETIBREHT .

flag AVY R RBEIVIVOIRABKBOREY, TVIVOBEZHET2HDTESTIR T35
DZEREITBLOODAVYRTHB. BIIIRDESD.

<flagd VYV E> :: = flag(k7>54%>, { on | off })

FE—BIHD<T ST FRELIEVWISTDBRITHD, EZFIHT 755D on/off Z5&
93, 7STOBEPLZOERKICOVWTIEERT S (8 3.11F).
param VYK flag AVYRERKREC, TVIVOEBEZHIET IHD/IISTA—TIDEEE 175
EHHIVYRTHS.

<paramIA Y YV K> :i= param(</3S X =58>, <{BE>)

INTR—FBHEZREL VWIS A—F DA, B> FERELLZWMETHD, BHEZ
IBET D, REARELMEOEHEIBELD/ISSA—5 BICEDHSNTNS. /IISA—TDEEY
BIRCDWTEIERT 3 (5 3.12 5).

save-option AVY K BAREINTVNRI ISHTENRSA—IDEZZEIENTTHRET I ZHD
IV YRTHh3.

<save-option J¥ Y K> ::= save-option <A T3 V$H>

BEMATIaVESTISTENRSA—HIDRAEEERETS. <A TYa v (FEED
EHFH. & 3.101ETHAETS.
option VYK TSP NRSA-SIDEZETHHEICE LD, save-option OV ~ K TLREIIC
RESNTVBTST/NRSA—SEZRAMBE UTRET 3 HOAVU R,

option { reset | = <A F¥a Vs> }

<A TV avasE, LHEIIC save-option AV Y REZAWTREL T HWed T3 VD &H]

ZIEET S, resetZiEEIT DL, TTCHOENVHECHREINS. FHM(E 3.101ETEHHET
3.

dbreset REI VI VL, MMEI 21— IVTHEHREETIZCHE>T, TETILIE BEMHFTL
BIEYS. ‘db reset’ (DT —IR—XDOYPEAKREEIT S$HDOIAY Y R THS(CafeOBJ £
J1-IONBEHERCERTS OF, COAVYRREESN Y= VI TITONS.) @
BIEHERETIV YR resolve’ DEHI TCNZTSUENSS. BEITE—FN (T3> auto b3
L\[F auto3 & on) THRETSHBBRIFETH 3.

list AVYEK J350W0/SX—5, FHERCAVWSHIES(sos ¥ usable - i) DR BEXRTYT
BEHOAVVRTHS.

<listaV¥YY K> ::= list { axiom | sos | usable | flag |

param | option | demod }

ZFNZENDEIHDECH L TRRTINZIABERDED :



axiom : XREIV1—ITESIN VS AEBEZHENTHFE

sos . HiES SOS [CEFEN3H

usable : HifES Usable [CEENTULWBHET

flag D IS D—BEREDREE

param : NRSA—HD—BLBRENRXEE

option : save-option AVYRTE—TENiATyavan—§
demod : demodulator —E

JER: flag, param, option M3DDIBEZERRE, list AVY RRBMER DI DI, FKlHRRZIV R
T LfHA{E Y 2 R db reset MEFTINETH B, Tz, demod (CBEL T, db reset
ERITCY T LDVER U7z demodulator DHMIBRIND. Y X T LFZDERTI(E
HiAHFDERN(FRLEINLispEE TR TN TULS EX)DH %, demodulator & U TEIR
3. TNADOREICDOVTIE Y X7 LERTHIC demodulator EENBDT, CDRR
THIZEIEHFRZ L.

sos AVYYVRK HIES SOS ZREITBHOIVIUE. H5H U db reset METEINT LWBINE
NH3d. BXIITDOED :
<sosAVYYE> ii=sos { = | + | - } <BiEES>
F—BIMOEKRIIUTOED :
= sos Z <BIES>TIEESNIZHNESICERET S
+ . BE® sos DRBIC <BES>TEEINZHEZMZ 3
- ¢ IBE®sos K5 <FES> CIRESNZEZHIFRT S

T, <BEE>OBXEITOEDTHS

<BiES> ::= '{' <ENEE> { , <EO¥ERE> 'Y

<EIIBRE>E, NESARNI, fiH#AlF, H3VWE1etBEHEZD WINHTH S, RNEBSANIVIE,
CafeOBJ MNEBEE TIEEI NG, REBO SN, F#HFEI I T LANHFEERT IRICEX
S5NB3ENTHD, listaxioms AVY RFICL>DTHIBENTES. let EHBNIBEINE
BAE, BEEOZEHCREINTVWIEZHERNCERLZEONAVSNS.

FIEE DB, ROBAICHSEDET B!

1. BIEENEFOHEG, CNEEHREFFThD ERRY 3.

2. HFTEEVBE, TITREBOSANILTH D EMRIRT 3.

3. 2 TERYIIREN—DEHEVEEE, let ZHRATH S EERT 3.
FOVWTNOBRICL>TE, INBNHNSHEVWBEEIS—ET3. HiigEE L TRENSAN
IWRIBRESINZHS, ACSRIVEF > AEBN EHEET IBEE, TNE5ONEBE2THRIE
ESNEEDEMRIRT .

SOS £/ EHICIEZETHD, Tz db reset ZIT>FRRTE [CHREINSD. sosOAVIYR
DETICHEST, usable EEOABHNEHERE LT RHSNS. DFD, list axiomsTRR
TNBENS SOSEFNDABREZED E-ofcEDNusable EGE L THRESINS.



resolve AVY K REIVIVERBIIBZZHOIAVIYE., RIVYRERITBHICL>T, REIT
VIVICLBEEIHAIOCIN BRI NS,

<resolved ¥V K> ::= resolve {. | <T 71 ILF&>}

BN T 7AW BSTIEESINZ T 7 M IAD/ISRBDIBEEL, EEED T 71 IbARTOT
N, R (EVFRES)DBREZEERIAN OTNRHEAITNS.
clause AV YK BETNRZIE%E Skolem EXEOFHERICERL, BREZHMFT 3. RBD 7zH 03
YYRTH 3.

<claused VYV K> ::= clause <I&> .

<IB>(F Y — FoplSentenceMIB TR (FN(EME 5L, BE OBZHERNICEREL THNEYT
3.
show/describe AV Y K &R NCafeOBJO VY > Rshow& describeZihik LIz ENTH B.
<showd VYV F> ::= show <BfID>
<describe VY K> ::= describe <BiID>
EE5DHBEE <MIDTHEESNZIHZHFI 3. <HIDEEHOHEAFTHD, 'list
axioms’' A2, ‘list sos’' EMIAVY R TR NBINANSHBCEMTES. describeBE
&, BEDEINCafeOBJEY 1 —ILOREBZHERIC BL THESNEHTH > ZIHE, MY
BNENRENTHDIHDERE HE THFTB.
lexaAVYF lrpo [CLKBBEORNEBRZTSBRICAVWSNIEEFDIEFBEFRZERIT D HDOIV
YRTHB. COIVYRIEDWVTIE, 8 3.16.2 BITEHHET 3.

3.7 PigNose ®O—REMIIGE O Y T @&

VT LDHEMTEREISI SR BFETHASININ, CCTIIBEBELHER L THRIRPEFER
FELEDODVWTIHRRNS, FIIEEEESNIHBENGHEVNVSOARERLEEDTHS !

(1) BAENRETZEI 21 —-IVEF—TY
CNEETXMERIZIEI 21— ZEHREITIONEENTHIN, SEAZETI IR, BF
MG ARL =5 RNBEDEBMEENMTONS EBESINS. HIZ(E, SEANKR(T—-IL)E
93 FOPL X(&, BIINEBE UTEMICESINZCENRZVERBDONDS. Cofeshlcld, 7—7F
VX ERAWNBONMENTH B.

(2) (MEI(ZIH U T) FOPL-CLAUSE %= 1 ViR—

HFEARITONIRE LB EY 1 —IVDY TEY 1 —JUICFOPL-CLAUSE DEEICEMIATNTVNBDTH
ng, TNERETH 3.

(3) WMEBIZIH L T)FRL =5 PNEBEDEMES
(1) TRARZED.

(4) RBIT VI VDitE

(4-1) TUIVOERTREBEDHRTE
TSHT/INSA=IDNEREET D, Y Za7IVE—RDIBEE, ¥ X T LOHERE(db
reset), SOS FIESDNREEFZTD.



(4-2) FEBAETT
resolve AV REFTL, TVIVEERH:NT 3.
TICBH CEERFETRT. CCTIIEBETE-REAVZIES L, FEICTHERIL-ILE XTI IES
D2DODFMRETNTNDR. WTNEEMGZHTH I, LTRREZEEOHBENERBDONBZIOY S
FOBEERBRLIEEDTH 3.



-- FOPL-CLAUSE MBE(CH U TEEBNICHBATN S L SICHRET S
set include FOPL-CLAUSE on
module! TEST1 {

[ Human < Life ]

pred mortal : Life

op Socrates : -> Human

- EHB3ENDIEET

ax \A[X:Life] mortal(X) .

> HBNIEZ O YT MEE

ks (1) WRETIBIEI1—-IWEF—-—TVITB
open TEST1

**> (2) FOPL-CLAUSE (ZBEICEHIASNTULSDTHH THWAT ISHE(EFLY.
> (3) BEICIHU TRERZREDEMES

--> CCTCEBALIEVWC EZEBMAETES.

--> ZhiZ ax ~ motal(Socrates) & .

goal mortal(Socrates) .

**> (4) RBEIVYYoiddEh

**k> (4-1) PigNose EITERIBEDETE

--> ZF0av(FST/INRNSGA=F)=UtY .

-=> WEEE DY X T LIEDT, option reset ZB/IBETIFB3 C EMKE

option reset

--> B#E—RTETIS
**> auto mode

flag(auto, on)

-- kS ZDTSHELY LT3 ERLDIBHRERNE NSNS, try it!

-- **> flag(very-verbose,on)

--> SERRIF1DTRL
param(max-proofs, 1)

**5 (4-2) SEBAETT
-=> IVIVERENT S
resolve .

¥ WIREI 1—I)bEHAO—X @ #BIAX

close



TREYZAT7INE—RFDIBETHD. HIEF LOFT— R E-—FDFEEERL TEST1 ZBEL TV 3.

*¥ks REVZaTIVE—RICKBH

**> manual mode

*ks TSNS A—H EHHIREICRT

option reset

¥ WREI1—-IWEF—-—TVI3
open TEST1

> ALV EZEES | SERRBICSANIVEEELTVLS

goal[GOAL]: mortal(Socrates) .

¥ YZaATIWE—FRREDOT, YXTLOHMBBIEEBRICEITIS
> MENSH B
db reset

**> S0S BIEES DRE
sos = {GOAL}

*k> M)V —JLE U T negative hyper resolution %
**> ﬁﬁb\é
flag(neg-hyper-res, on)

> TUIYDiEE)

resolve .

S XREI 1 —-IboHs/O—=X

close

3.8 HIDOENZFER

VRFLETHR, HB3VNEIVYRICEL 2T TETEHRBHRORTPARAADEZFL E THMNENE
INB. YXRTFTLOEEERED, BRERARBZHICEFOHEERICAVT M> TEHELBEND
3.

3.8.1 fIRTH—REER

—RICHIERDESHEATRTRIINSD.



<BIBES>:[<EHERE>] FOPLX

LT, <HIES> FY AT LNFICEFMCEIDNIZERBTHS. WRETFIEI1—IVICEFE
NERPORNEHSESNEZRVDIMICT L T ES1HEIDRT SN, MEFIER1 T OEHFSHIEPLS
NTIL. BHEF, TV 1 —-ILORENS n BOENESNcET R E, BIES n+ 1 HSEIDIRS
N3 LEN> THBESOASLBLHEE HiL<ERSNZHEESHICLS.

HBESDORIZENE D> CTLLK SN<BHBENRRTIND. CNEZDEINE DK SEHERIV
=), HB3VWERBRIBICLEDER SNENERITENTHS. BHEREOEANLABICDOWVWTE
FEINSEESBRINGZV. —RRICEI 21— ILOREHNSESNZEHL, BHEBENRETHINS [] &
RRENB. BL, back demodulation FL L > T EZTRMISNIBEEH D, COBEEFNS (CHIG
LEBHEBEN RRINZIDT, I LEEFSERFEZHL.

REB(CHID FOPL XMFRTREINS. UTSILA 2 EUEHBHBEERF, TNSHREN(]) TRLTE
RSB,

3.8.2 Skolem ¥ RTHER

FOPL XHO\SHIERAZRREINIIBE, FEREFHH o ZIHBI(C Skolem BB BFER ST NS,
ZDRTNOD—EERERDBEDTH S !
EHDIEE Dofe-<N>.<Y— >

I ERF OIS #f-<N>.<Y—F>

ST FERBTHD Y XAT LREHICEIDFTF S, eV — F>EEMDIEY — b DREITH
3.

3.8.3 EH¥

IRATFLDEENEY IR(C(E, EHBONFEINEN EESND. LER>T, MAENRQNEE L
TEBRUEXIC H22BHEFERIBHBNEZEND. Y XTLDNERULUEZEHIE, XROKLS5EHR
BICHES :

_V<N>

CCTNEY T LNEFTEDIRZEAMTSH S,

3.8.4 HNDENZHI

EBRDOFOXRTHZZEDONRT. TOHIT, 1 KFESTHD. BHINZHTELEL, ADFIDRSH
BHEROBMEIZE([NERT>TVS. ULWTHZBR TS UTSILBRRINTUVDS. COBEIEE—
BT, UTFSILE—DTH 3. #c-1.Account (¥ X T LHERL L 7z Skolem BT 3.



1:[1 0 <= balance(#c-1.Account)

ROGIEI1260)EE—FDOXRTHITHZIN, BRIETH D BEHEEBENKRTINTNS. COHIDIE
A& para-fromlZ &3 paramodulation from &@LU — )L (CHEL\ T, unit-dellc £ % unit deletion MY
Nz EDEESD. para-from (CBE L T, 81 7 A paramodulator T&H D, CNMNES 2 (SEBSI N
CENED. RVT H1 1 (2&L B unit deletion N ETSN, BREL T OIINERZ. &H, BH
BEMCDVTIZ, 85 3. 155 THET 3.

126:[para-from:7,2,unit-del:1]
#c-1.Int <= balance(#c-1.Account)

TE2DDUFSILHSEBRINZIFNDRTATHS. T T SILHREN(]|) THREINTRERS
NTW3., vwx [FIYXTLRERLEZEHTH B.

10:[] ~(_v45:Int <= _v44:Int) | 0 <= (_v44:Int - _v45:Int)

3.9 HRIOCLXDHE

3.9.1 EIBA#EE - SOS

RBRIVIYo#mERBOEANL given-clause 7Y XL THD ([3]) I, SOS(Set Of
Support) IS A NOEELERN—BERIFN TET3([1]). COEBOEZEXAZUTICHHRT 3.

Ay,.. A, ZHIIR, B &E@lmE 93 &, PigNose (&
Al,AQ,...,An — B

HEHIAT 3 EHICRESEZ AW,
AiNAy---NA, N~B

DNREARABETHDIELETRETOETD. TN, £2TD FOPL XZHFERIC L, resolution [REB(CED
WTHIZER L TIT<. ZOEBTEHFNSSNNERBSNZEHESNIMR, CHEE, & Hil
REBEFEEHEITDT A, Ay A, SREBAIBEERET D &, A1, As,..., A, DET, Bi0BE%
T5>DE|ETHD. COT7AT 7L DBEBNICRIAT DM SOS BEETH S.

BNES S OEMAPEETIE S - T BNRREABETH DHRFC, S D set of support EFENS.
PigNose MBS, IS S EEEXMEI 1 — IV TCESINEZRENESIC WY S. set-of-
support B} &(F, EESHDOEHMT (CBT S L5W2DDHHSDEHRZES. T, ETHEY
M\ set of support BT &3 L STHEE(T set-of-support EiE EEENS.

SOS BBR(CBIL TIXRDEENK DL D[1]:

SEBROTRBAETH DL OBHNESEL, T SOWBREF ETS. HELS-T
DNIREBEREETDE, T % set of support &£ LT S WSZEHEEH T D LS4 set of
support SEIENZEHET 3.



PigNose TIZEINESZ TN L 575 usable & sos EIF(E NB2D(CH(F, BHEDER% sos
DESEDH UTZEiE usable CEENDE EDETOHTSILDICTSD. sos NEDHRBADEFES T
(set of support) [EMBT B &R,

usable : & (resolution)E{TS5RRICHERATINIFNES.
s0s : HCIEERINZVEDES.

IZRAFLIE, ZDOES(CUTREIETHZ sos FIEANSEHEZ—DEDH LU T usable [CAN, COFiE
TGR usable [CHEFENTVLWeHIEDRETEREZTS. EHINEZHIL, sos AANSNABEOHER(CF
nwsnsd.

ZOBRTE, FIFENFHINDES % sos & usable DEBSSMNIIRD DI 30 BERH DM, BEL,
SRR E T BEN%E sos CANNIERL., BRI ZIEHEBE— R TE, ANDHDOSSE, EOHIED
UFSILDOHNSIEBE )& sos NAN, TENLDAOE(DEL EE—DDEDY T3V ZEZTH) (&
usable NANB LSICERESNTULS. CDBA, EOEBTSEXE

SOS ANICLBBHOM LUTOHIOESEZEZZ3.

P(g(xlayl) xiayl)

1)

(2)  ~P(z2, h(22,y2),92)

(3) ~P(x3,y2,u3) V P(ys, z3,v3) V ~P(x3,v3, w3) V P(ug, 23, ws3)
(4)  ~P(k(z4), w4, k(24)).

sos = {(4)} £93. > Tusable = {(1),(2),3)} TH3. CHDEZTLUITICRIHEEL sos & set
of support &9 3 set-of-support SEETH S :

(5)~P(x3,y3,k(23)) V P(y3, z3,v3) V ~P(x3,v3,k(23)) (4) & (3)
(6)~P(x3,y3, k(h(ye,v3)) V ~P(x3,v3, k(h(ys, v3))) (5) &£ (@)
(na 6) &)

3.9.2 #@mrAtRnEN-7

B CRE T VI V(E sos BEBE TSR ZEHERRER, COARICLIERTOCIOEIV
—TOBEBEIROELSICHS

while (sos MZETHKEL, HOEHNRBEHINTULEW)
(1) sos HS'Bix—DE' T, CN% given-clause &[E3.
(2) given-clause % sos H\'5 usable (€ 7.
(3) 'REBWMLHERIL—-IVE ZHAVWTELEAZERT 3.
FilelcERSNBHEIE, given-clause Z—HDRE L TH S,
(L usable (CHEINIEHTHS.



(4) FfelcERSESNESCH LT, '"BRAYOBRE £175.
CNZENRRUESIE sos ANINZ, 5 TRUVLWEIZETS.
end

COERTOCIDEIN—TOFMIETHEATIMN, ROLSBETERENE T ST LI
FEINW: BIRIE B CNE AL BHASBHIDICENERK, £fe A & BOMAMN sos (EE
FNTVBENIRETS. HU A M givenclause & UTRIRENBZ &, LONEBEBMETHRALZED,
NS usable ANBEINT, #E BNETINS. LHL, AL BETCOCEZEHIZZ LKW, BEK
5, BIERE sos (CHZHNE5THS. C DEHI(CIL, B M given clause & U TRIEN S FTHEERIE
B5EWV, TERFNE, C H2E BHEINBZ LB >TLESIDNSTHB.

sos M5 ‘HiZE—2R’' 3 A& MABNTISTCL>THRETS. REI VI VIC@EERTOELRD
EMFERIEIT 27202, SETFEBITSTNBABSINTSESD, given-clause DERGEEZD

—D2THD, TN22I75 FENICBEHRTZENTHS -
sos-queue ! sos EFANTH UEiE(queue) E R THIDRBIRZ1TS

sos-stack : sos ZEANEE UEBE(stack) E R TRIDEIRZITS
sos-queue NIBE(FBBIEDIER, sos-stack DIBRITESBENDERCHE 3. 5D

WINDTSTE off DIFEE, 'REBVLE Z#IRTZ. BINEHEEF E2TOYTIILICE
FINBIEETOPEHOBZESSHLIEEDT 3. YHICEC N5DTSTFEES5E off (T
EINTEHED, Leh> THOEHICK > T given-clause HhEIRETNS.

EHTD given-clause MFR(CEIL T, KRERICEE S UMHHDGEHIFEINE TNd. T80
5, pick-given-ratio E WS /RS A= IMEFEL, TNITIE OBHEE » NERESNTULZIEAE,
sos WS OEOEL n BIEBR AZ30)C, ESTEEEL T, sos DEBEHNSHEZROHT. C
NETDHE WE, WO ETR>TH, MIHID sos (BTN TULzEIH S DELENE BTN
W, EWSEREICHESARRERS 25 TH S,

given clause MBIRICBERT B3 ZDMD T ST CDNTIE, 8 3.11.1 HizS8RI Nz

'"REBMGEHRIV—-IVE A TRRZED, REIVIVICE BHROERIL—IVHBARINTS
b, MABBNISTCE>THEALZWER L—ILERETSD. CNICEUTOBENRHS:

750% D ORIV

auto . BE}MmE-—FR

auto3 . BHEE—FR

binary-res : binary resolution
hyper-res . hyper resolution
neg-hyper-res : negative hyper resolution
para-into :  paramodulation into
para-from :  paramodulation from

CNSDTSTDOYMEEIFET off THD, LMo THERBIL—IVEBIRSN TLGWL. BH
DIV—IZRABICHEATSENAETHS. BEIE—FTE, ADHOESICHLT, BESR
BXHREZTV, BHEGHERIL—ILOTY bz BIRT 3 (5FH3.1381=2R).



FIERRUEDSTEADET, HERIV-IVOBIRICEKRIZ 75T, & 3.11.3 THEINT
wn3.

EHAMOWME SEHE L TE, MTTRIVENEEIND. LOBMETRLUE BAMOT XN (&
CNECEFINBEDNTHS. TT, XTVIDOBSIC*HODODVWTWBEDEAFYaryTHb,
TS0 DECHKEZEL TRITIIHNEDNNRESTND.

1 BHEIZ—DREDICDITERS
*2 BHEAIZHFT S
3 demodulation =9
A EXORASATZETD
*5 unit deletion =9
6 A—DUTFSIEVY—ITFB
*7 factor-simplification =9
8 tautology Z 2 ZIBE(XIETT, WIEZHRS
*O INETTIHBER>IETT, NWEEKDS
*M0 UFrSIZEY—HT3
11 usable 3 L\(& sos ICBENDHIC K > T subsume N3 BHFETT, NWEZKRS
(forward subsumption).
12 5|7 —TIVICEHRL sos (TIBINT B
*3 EBMINcEIZHFT 3
14 VFSIWE—EAEEFRVETHONE, RENERSI N,
15 — @BV TSI EEUEHE—E)THIHEE(E, usable & sos (CEFEFNIHEDHET, N
ERBT DL SEHIZEET (unit conflict).
6 RENFERSNES(E, SEAARZHNFT 3.
*17 demodulator £ U TEZX 3 ME S ZFARSB.
M EDWMEE, HRIV—IVICE>TEBEHSNEETOEERECTL T B, TN ->H
ET, H5HTRTENTICE> 2 ETOEEFHIICH L TUTONENRESI NS !
*18 LN T v 17T, #ilz’& demodulator NER SN TL I S(E, ZN5 &AL T back
demodulation Z{T5
*19 usable 3 L\ sos [CEENBIET, BHEIC L > T subsume N3 L SEEISTHIBRT B
(back subsumption).
*20 EHEID factoring Z1TW\, @A D factor ZRLIET 3.

3.10 IS ENSA—HDEE

TSTENRSA—IRFIERI VI VDORTEREHITZ XA v F P LT IRHNREZIBET 37
HNENTHD, FRAENR AV FTEZRET 3 (F3.68ZER). TRISTEL/IASTA-FIDED
REBITHZ. ARDTSTRINSA—IDEIK (FFE3NMBEEI12ETHAT 3.

flag(binary-res, on) -- binary resolution 8% T3
flag(back-sub, off) -- back subsumption Z#EZhlcd S
param(max-given, 100) -- given clause O¥%Z 100 ([CFRET B



3.10.1 7355 /135 X =5 {EDORTE/MHA{b

V2T LDDERICEEI L ZBRICE, FTSTR/NSX—S IR EDBREMECHEE b N3, FEE
FRADBMIIECH L TCINSDEZBEYICERELTIYRTLZ FRAITZIDITHIN, BENHEGE
ZRELTHESCENERZ EENTHSD. CDROHDOIOAY Y Kiisave-optionTH B (BB 3.6 EZ S
BR). save-optionTREIZEN I TREBELEZ TV a v (BTHT ST/ISTAXA—F EFNSDEDGIHEH)
(FoptionAV Y RIEL>THM AT CENERS. T, 77y ava2TCHHBEICYEY RT3
DIZH, optionAV Y REFEAHT 3.

option reset -- ETCEYHEICRT
flag(hyper-res,on) -- TSNS A DEE

flag(back-sub, off) -- 3BE

param(max-seconds, 3600)

save-option option-set-1 -- IREDEXEE%E option-set-1
-- EVWSAHIEN T TRE
option = option-set-1 -- BlEfFoTHBVWeA TV a v EFIA

YRFLENENICHATIEES, 7570/ S X—IDEICEL TRELZET 3B/NNHB. £T
mUEBID LS, " BE2TEMBREBICYEY L, RWTEA T3 VOREETOSEVWSFENEE
gBEBL.

BEDISTDHREEEIBIC(E List AV RERAWS.

‘ list flag

Tz, INSA—FOEEEEMBICE, @ClList AV RE AL3.

‘ list param

311 739

3.11.1 given clause BIRICAAT 37355

HROEIL—TOEY U IVEIC sos IEEHNSED ESTNS3Hi(E given clause & [E(EN S,
given clause &£ UTREBULEIZRIRT 3, ELWSORBENHETHD & (FEICRARz. HIDE
TEEF, FENECEFNBIVTFTIILDETHEETHD. UTIIDEST LR, VT IIVCEFEFNIED
ETOEHETH D, BOESE, ZNICEINBIEEFEEBEOHZARELIZEDTHS. given
cluase MBIRAEE, UITDO T ST &> THIfEHENS



sos-queue on DY, sos ZHID queue BB & H7E L T, given clause & RIRT S. FIHAE(L off.

sos-stack on DB, sos ZHIM stack WE & H7E L T, given clause = EIRT 3. FIHAEIL off.

input-sos-first #JHAE( off. LU on KX 5(E, ¥HAD sos HESC FFN TV I RHECWL T, A
W HDIFBNTRBREHFNERESIND. > TEH THERIRT IR, #IHIIKET sos (€&
FINTUVENBENIC BIRENB L (TE3.

randamize-sos #HE(L off. EL on G5 (E, HINDEH N BAUHIHNEHH > 21HE, RINELEZHRE
TETEMERITEIRT 3.

Z fih, given clause MBIR(C(L, /185 X —4 pick-given-ratio MR T 3 (53.12.3F=E2R).

3.11.2 ZofttOEI—TEMEICEATSI 75

print-given #JHAE off. on %% 5 (3 given clause NNEBIRESNBE(C, ZDEIZEHIFT 3.
print-lists-at-end #JHA{E off. on I 5 (&, sos, usable FHES & demodulator D—EBEF %, #iR
W=D TEICITS.

3.11.3 #@WmI—-IWICEATI IS5
HMOBHICFERATBIMERIL— I ZRETZIZTITHD, UTOEDHH S !

auto #HAE(L off. on BKS (Y X T AICEBRIL—ILDFBIR® ZOMOFIE T ST, INSA—FZED
HREEEED. FULEIEIIBBEESBINLL.

auto3 #HAE(L off. auto 7S T ERABKTHIM, 755D REN—RG S, FMIE 3.138% S
BEnrzu.

binary-res #JHA{E(E off. on X5 (S, FGHDEHD Tz (ZOMICERESNTVIHERIL—ILE
BT T) binary resolution ZFWV%. CDTSTZ on TR &lEL>T, factor HLT,
unit-deletion 7SO MZNZNEEFHMIC on £153.

hyper-res #H{E(E off. on B S (FMENFZESIN TV S ERIL—ILESHET), EHEFOERICIE
® hyper resolution ZFW\ 3.

neg-hyper-res #JHHE( off. on TS FMDEESNTVBHERIL—ILEGDHE T), BHEIDERR
[C negative hyper resolution ZFUL\3.

para-into #HAE(F off. on % 5(d, given clause (XT3 paramodulation ME{TET 3. paramod-
ulation Z VS IBE, RAMEE(ICET 3 REAI(X = X)W, —BRICERETHS. chzBEN
[CERET DM, TD universal-symmetry TH 3.

universal-symmetry #JH{E(S off. on DIFE, ANEE LT, EEM(CRET 3 RHNBICKTILT B
(X=X [CHE I3E0)zEBNIENT 3.

para-from #JHA{E(L off. on MIZE, given clause & paramodulator & U 7z (usable, & & T sos
BFEND HICX L TD) paramodulation MEFTETMN3B. paramodulation ZFWL3IBE, FEM
(CRTRHFEI(X = X)W, —BRIC(FAE T (LD universal-symmetryDEifZE 26R).



demod-inf #IHA{E(E off. on DIFE, HHNEHRIL—IL THIHD LS I, given-clause [ZXF L T
demodulation MEFTETNB. CDT ST M on DIFE, given-clause RIE—h, BED &
HECX LU TERUNIENBTNS.

prop-res #HAE(E off. on DIFAE, U TORGNHBE I ND BAIC, MERENGCEH(ZEHZZ IV
#)(cX L T, binary resolution #3179 3 :

« 7354 binary-res M off
« 7374 hyper-res & % L\ neg-hyper-res 1\ on
CDIBEF, resolution DR EGBIMEERZZITRXVEDIC RESNS.

dist-const #JHA{E(L off. on DIFE, ETHOEHIEWVICERRDIED (AHELTEKS. IEDE5,
c1=c DEDIBEDITFTSIVDHD, ¢; & o MBIEZIEBIETH > 21BH, false &1, @—
D HBEF true &L THKS. Skolem EHICEAL TR DI ST FHER TN 3.

3.11.4 Paramodulation I[CE3T 3755

Paramodulation OEMEZHITEHI T B37ZHDTSTEHTHD, UTFTOEONRH S :

para-from-left #HA{E(Z on. on DIFE, paramodulator & UTHERAINZER I=r &, | >r &FA
[D(F7z paramodulation M{THOMNB. para-from & &K U para-into M7 DRIV —ILDOEIMEIC
BWTH 3.

para-from-right #H{E(Z on. on DIFE, FX 1 =r & r — | EHFMAD(F 7z paramodulation M 1T
hn3. para-from LU para-into @HDERIL—ILICENTHS.

para-into-left #JHAME(L on. on MIFE, paramodulation NESNBIVWRELG B EFIFEDERD
EDMAI(E X9 % paramodulation MAJAE L 783, para-from & L U para-into mA D#ERIL—IU
L THEMTHSB.

para-into-right #JHA{E(Z on. on MIFE paramodulation METNIWREK D EFZZIFEDER
DABRAIC [T B paramodulation MAIEEE %S, para-from & & U para-into mH D#ERIL—
WIEH L TEMTHS.

para-from-vars #JHA{E(L off. on DIBFE(E, ZEH S5 D paramodulation ZBMICTS. DTS
H% on (93 & IERE(CZ < D paramodulation MEFT SN B ATEEMNSH B, para-into B L
para-from WA DMERIL—ILICTH L TBMLE IS T THS.

para-from-units-only #HA{E(& off. on DIFE paramodulator £IEDFBEIL, (FRNDOHD 5K
3)B—Hi(CBR 54 3. para-from & & U para-into MADHERIL—ILICH L TEMTH 3.

para-into-units-only #JHA{E(Z off. on DIFE paramodulation /R EEBHE, (FROHHS
153)B—HICR 5N 3. para-from $ &L para-into A DHRIL—ILICT L TENTH 3.

para-ones-rules #JHAfE(S off. BEC DT ST FFEHATNTLEL.

para-skip-skolem #JHE(Z off. WEC D T ST EER TN TLVRL.

3.11.5 BHEAOWNEICRETITISY
BHEAICH L THEINZWBZHIE T B7ZHDTSTTHD, UTOEDHRH S !



unit-deletion #JHA{E off. on MIFE, BH TN T B unit deletion WIEBHNHES NS, unit
deletion & (&, HICEEND U TSIV, sos £zld usable (CFENBIE—FOEEICHE> TV
3 B8, TNSDUTSLERETZNETH 3. Az paX) | q@X) EVWSHO2EED
UFS)iE, E—8 qu,V) EE>2TRESNBZ(CIT, X EVRBERTHD, MIEEHET
3-LUTERR). LHL, B—8  q(u,b) (X2 TEBRES NGV, EEES unification (&L > T
ZH X M instantiate TNBINSTHD. CORKFICERIT DIV T IIEETRESIN, BRE
LTEHNESNS BEEH S, (unit deletion (&, BEFINNTE—FHERDLSBRBHICE
MERGMETHS.)
delete-identical-nested-skolem #JHA{E off. on MIFE, Skolem MR I L TVWBR L SKIE%R
FoE%ZRET 3. HlZ(E, f 1 Skolem BB TH B L SIFBE, F(f(x)) ® f(g(f(x))) £V
LORBENEZSUEZIRET 3.
sort-literals #JHA{E off. on DIFE, MZRELEHMCEINBZ VTSI ZE, KEE)D U T3, R
EQYTIIEWSEZIBIENMUVEZS. COMBOETENL, BiZRBRPIKITIZIETHIN, &
—HITIEVWEID subsumption ¥|EEHNEEILSNBIZEEH S.
for-sub #JHAE on. on DIFE, FHfc(CBHE SNz BCHT BNEDBRIC, ARIAE subsumption R&E
(usable 3 UL\(& sos (c& FMNBHIC K > T subsume TNBHE SHDRE)NTHON, ZNI5H
BIILUE OERICERGHRZDT, CNERETS.
bak-sub #HA{E on. on DB, FZITFRFINZEHZHV T, BEET subsumption LIB(FDHIIC K
> T subsume N3 & 574 usable $ 3 L\(& sos NDOEIERET 3F)NMTHONB.
factor #HAME off. on MIFH, factoring WEM UTD2OOERTEAINDS
1. FiIGEHEICNT 3 EEC0LE
BHL, BHEI C IV C & subsume 3 L S57F factor ZHF>TLWBKE 5, RENSTK
factor CEIZBEEHRZ 3.
2. I RRBEICN T S H#RIL—)U:
factoring IR TH . MDHERIL—ILEFREGED, given clause (ZIFE BT NEL.

3.11.6 Demodulation EEXDOAZID(FICEATI IS
Demodulation ®EI{EE, FSROERATZOEZTN(FTOUBEFIEH T D zHD 7S5 TBETHS.

demod-history #HA{E on. on DIFE, BN demodulate TNZIHFE, demodulator B id FS %= &
DEHBEOT (LFFTS.
order-eq #1HA{E off. on NIHFE, EXRNALNELLDEN>ZIBE (CEALZEZANBRZIZ(E
] ORMKRICEALTIE, 8 3.16.1 & 3.16.2 fix &),
eq-units-both-ways #JHA{E off. on DIHFE, FRDOHHNSHIE—HF (CEAL T, EAEESH5D
MENFETEEE KD, EBROEEE, 75 order-eq DEICHKTET S :
* £ order-eq N off B5(L, FX a =4 CEALT B =a NERGCEEFERINS.
« order-eq Mon TS5, EXOEGLOAZTMFN EREN>EBEICOH, B =a MEK
aNd.



dynamic-demod #JHA{E off. on MIFE, R H > 7z, FRIFRIFIHUENES N TLUBEOEB LD
DITRFFES Nz BN, Flz 78 demodulator & U TEIFEEIND. DK ST, HRETRE T demod-
ulator & L CBIE N3 H% dynamic demodulator & IF/3. PigNose (Z (&, demodulator % Fl)
BHENETE T 21EE(F 5 <, —BBHIANZERLNTE T®O demodulator (& dynamic demodulator
TH3. f£> T, demodulation EE=FERALIZVERIE, <D 755 % on [CREL THLME
& 3.

REFEDOVWTIE, 3161 & 3162H1Z2 B CDTS5T% on [CRET B &, BEIMIC
order-eq ¥ on (CE& BTN 3.

dynamic-demod-all #JH3{E off. on MIFE, Y XA TF LRETOFHZEHE%Z demodulator £ F
RLAHB(E 316181 ER). OIS0 % on [CRET S &, BEMIIC dynamic-demod &
order-eq M on (CERESND.

dynamic-demod-lex-dep #JHAfE off. on MIFE EHI demodulator (dynamic-demod 7S ' on

DERIC, EBMIC demodulator & L TERI N3 - LD dynamic-demod 755 DA% S0
- & lex-#&k%F, 3L\ Irpo-#&k7F THO>TERLWEETNS. FLEFE 3161 &£ 3.16.2 fix

back-demod #HA{E off. on MIBA, F/z %k demodulator HEMETNBEIC, ZN%EALT usable,
sos, RUIRTE®D demodulator (ZX4 L T, demodulation TN, CHOTSTMon TN
&, BEMIIC order-eq & dynamic-demod 7 S\ on (CERESNB.
kb #HBME off. on MIBE, ¥ X7 LDOHFHETRE(E Knuth-Bendix O ZEEFHMENLSKIREVE T
3. COTSTRFERICEAITSTTHD, FIERILSELTMDTISTZRETDIENT
H3:
flag(para-from,on)
flag(para-into,on)
flag(para-from-left,on)
flag(para-from-right,off)
flag(para-into-left,on)
flag(para-into-right, off)
flag(para-from-vars, on)
flag(eq-units-both-ways, on)
flag(dynamic-demod-all, on)
flag(back-demod, on)
flag(process-input, on)
flag(1lrpo, on)
kb2 kb LEKRTH N, BEMBRESIND T ST NS5, para-from-vars M off (CSNDRNELS.
Irpo #JHAME off. on MIBE, FHENEHIR/Y XER(lexicographic recursive path ordering - Irpo) (
LOTEHOKXNMNEBZITS. off DFFF, EHEEMEAFERIECLIEBRBFEATINDS
(#3.16.281%228R).
lex-order-vars #JHAfE off. C DT ST (& lex-#k#F D demodulation &, HIICE TN BED K/ LR
EIT5ABFHTOIMELHIET S, COTSTH on DiFE, FERIEIC L 3EDIERTFEE
lEFr &5, D& D, EHIBDIEFBRICEVWTRENS L, EHELTDIERE ZEIOFEER



IBETH 3. COTSTH off DFE(EF, ACEBHNE SH EVWSHEDHNTOND. BEIE
HRATPEHTERVBEEDOLREE fTONGZWL. FIZE X Y ZEHETS. (X)) &£ f(Y) %
tb& 9 % &, lex-order-vars Bt on MDIFF(FLEENTHON, f(X) D BHUNSTWEHIESTNS. L
NLCDTSTMoff DIZEDOHBIERE TREAL (BEFDTMNTERW)ERS.

7354 1rpo D on (£HE > TLBIBA, lex-order-vars MDE(E demodulation DEE(C (SFEE =
B5Z210\(3.16.15).

3.11.7 ANEBOREICETSIISY

simplify-fol #JH{E on. on MIFH, FOPL X ZHiFER (C ZHT BER(C, tautology DIREGREZZT
RNOBRENIBANES NS, BE/CNIE(E CNF BBOERIC Skolem {EEfT o B TERETNS.
CORRICHERNEHE LI HBEEEDESIM, 75 process-input I off DIBHFIL, VX7 L
FZENZRHEL GV - REESNIZGEEARRNMND S fz) & LR,
process-input #HA{E off. on MIBH, WHAD usable H LV sos HEBICEENTVIHICHTL T,
HENEZENS DRIV ZEAL THESNEEREHITH I3 DO L SBNENFESI NS (B
BN T NBMBEOSHANEI02HICHZNT INEEBINZL). EBROBEFICNT S
WMIBE, CNSOAA (CRTBUETIE, UTOEWVWRS S @
(1) ABHICK LTI, max-literals & & U max-weight /35 X =5 ([C LB HIHT X L (FiTHN
KR\, &7z, delete-identical-nested-skolem 75 J(C L3 7 X & fTHOMNELN.
(2) usable [CE&FENTULZHIE, NEBOBRIFIND LHESINE 15E, TDOEF usable [CE
NN 3(EEDELE sos (CEBMIND).
(3) EFNRICEET 3 75T (8H3.11.8%88R) M off DFETE, W DHDBEBHNEIESI NS,

3.11.8 EIFICEAYTSI I35

very-verbose #JHA{E off. on DIFE, MG LEIBHEMN HIFTNB.

print-kept #JHA{E on. on DIBFE, M BREEMNMRFSIN S & HIESNIBE, TNEHNFT 3.

print-proofs #JHH{E on. on DIFE, ZENFSNIKFIC ZOBHEBREGIARN)ZHFT 3.

print-new-demod #JHA{E on. on DIFE, HMBRE TEMIICENM S Nz demodulator & Z D ESEEN
FI3. ANFHCNITINEBDIHSE, COTSTDEICHNNDST, HIFINS.

print-bak-demod #JHAfE on. on MDA, back demodulation NETSNZHE ZDEHEHNZET 3.
ATIEINN back demodulation ENZIBEE, COT ST DEICFEDST HIFETNS.

print-back-sub #HA{E on. on MIHE, back subsume SNzEi%E ZDEENFT 5. ANEMN back
subsume ENZIHZE(E, COTSTDEICHDDST HIFETNS.

quiet #JHA{E off. on DIFE, TTHOBWENFNMFI T NS,

3.11.9 ZofttnI>55

control-memory #JHA{E off. on MIFE, BEIMIIC sos ¥+ X% J5lZ LTz max-weight /35X =5 D
BRERENEERLTS.



order-hyper #JHA{E on. on MIFE, HESmIL— LD hyper-res & neg-hyper-res (C X 2 BHDER(C, IE
FBITEIRCL S HIRNEEI NS, D2FED, Y754 LFHOY TIIIE, ZNRERAOENDTSH
3 (ACHIICZENEIDKEVWI FTIILREWN)EZ(CDH, resolve DIRESND. KEST DL
B(F, REBLESZHERIBTHERBIBCL>TITONS. (CDHT ST, EED hyper resolution
—hyper-res 750 L 2#R IV—ILZFHVBER, £ TOHN Horn BiTH - IFE (T (FEELR
TH3.)

propositional #JHA{E off. COT ST M on DIFE, Y X T LEETOHHMERENTH B ERE
LT, ZNICRBEIESNIZNEZT 3.

CNITST% on LT BHE, ERICETOHFNBEREBN TR TN, BRIVEETHI &

(FIRIAES NGV, BEICL>TEIYXT LM clash T3 CEEHDIDT, SFEINZ0.

3.12 IS X=5

RSA=FRFEFLEFEOBHETHD, HATOCXOIEZHEHIT Z2ENTHD. KETIIHR
TOCXMEBBIZ/NRSA—FCDODVTHATS. RSX—50BMEEEG [M .. N] EWSKRET
METS. cNEMBENMUTZE BIKY 3. RIMEDOIKRE T most-negative-fixnum £%&> TS
D&, Common Lisp DIERTHRE SNV TV B R/NDEIERIYE, X7z most-positive-fixnum &7k >
TWBDERAL K RRDEERHEE BRI 58

3.12.1 EFHRRRENSKXA—5

max-seconds [-1 ... most-positive-fixnum]
PIHRMEE -1. BU n# -1 5, cpu BHEREAN N n WICELU BRI CTIHERERERZHRIET 3.
RELERHREE H<ETERERTHD. Y XTLIE, 3 given clause (CFAT 3 WEBEE TR
2RI, CONRTA—FCLBHNERET 3.

max-gen [-1 ... most-positive-fixnum]
PHEE -1. BUn#£ 1651, SLZEn @0 BEAIZER LR T, SERAERZHIET 3.
Y XTLIE, 3 givenclause [CEATRMBEZE TIRILIKRT CONRSIX =5 (L L B3H%Z
BREITZNT, RELEHMEHFTTE HRZXTHB.

max-kept [-1 ... most-positive-fixnum]
PHEF 1. BUn# 1651, BEZ n BOMN FREFSNET, dHAEREZFRIETS. &
2T LIF, 3 given clause [CRATRNIBZETIRZZFRT CD/IASX—F (L LD HIHZR
BIZNDT, BELEBEHKEITE BHXTHS.

max-given [-1 .. most-positive-fixnum]
FEAMEE -1. BU n £ -1 185(E, RO H U7z given-clause DEMN n {BI(SZE L 285 T, SEBREE
RzhIEd 3.

8Common Lisp MIBRIC K> TINSDRENEEFEETEEETH .



3.12.2 SHAICHITISHKEREINISA—H

max-weight [-1 ... most-positive-fixnum]
PHAME(E most-positive-fixnum. RS NZBEHEIDEHFNCD/AISTA—FI TIEESNEE
B2 BB, ZOEHZETS. -1 FEHRZEIKT 3.

3.12.3 Z0finIISX—5

pick-given-ratio [-1 ... most-positive-fixnum]
PHEAE(L -1, sos DS fiZEH CTRIMEE, CCTHRESNEHOELZIL, EHICEFL5TI,
sos &Y R NEHEUTLTEICH 8% given-clause & U TGRS, -1 (JIERELZEKT 3.
demod-limit [-1 ... most-positive-fixnum]
PIHAEE 1000. —D DY FFIlcx LU T—EICEfTF % demodulation TH & ZT X O#
DRAEZEETS. ETRIAOBNCCTEEINZHZBR FBRT, ZOUTFIILD
demodulation (XTI NS, [EMN -1 DIFE(EH ENEWEEEKT 3.
max-proofs [-1 ... most-positive-fixnum]
PIHAMEF 1. —EDHER TOTCIXTHEONLEETOHMN, COIRSA—F TIEES NI ZEL
FEEBICHER IO ZHT 3. -1 [FEFIREEKT 3.
stats-level [0 ... 4]
YIEMEIS 2. R T O LI DREICHNF SN MEMBEROFMEZIEET 3.
max-sos [-1 ... most-positive-fixnum]
PIHAME(E -1. sos (TSN TV IHIDBMC D/IISA—I TIEESN TV 3HEZBZIBE
(C, max-weight /SIS X =5 OBEEBHREEZRTI . -1 FEHBRZEKT 3.

3.13 BHE#E-F

AEICEEBME—RICHIFBIITISTONSA—INDEYT 1, sos & usable NOEIDIRD 93 (F
(CRAL TEHEAT 3.

73545 auto 3 U\ auto3 Mon DIFE, RBEI VI VI, ANEGIREE > TULS CafeOBJ £
J1—-IVCEBENZILNENSEBSNEZHES)Z X+ v VL, W DO DOBEFBINEHEZRANRT
HRIL— IV ERRERZEERTET D, BRSNS EREIR(E(T S5 control-memory Z R (7 (E)&E
& refutation complete (REAIEELGHIES THNIE, MITREERS)THS. LHL, MEORVE
ONEERESI NS & FHFIRETEGV. BBE—RFTE, 2L OBEGEEEOIANTIETH
3. T, AAICKRHT D LORIBETE, FECLZIFEIMAORVWERRZIR T 3.

755 auto/auto3 &, IDEDTISHTDEYF s VI EDEKICET ShETNERLSKEW. T
BHE, ¥ VR flag(auto,on) EMEND TS0 £y hAVY REDEXICA VI TUHICANEIND
RETHS. 7545 auto(auto3d) Non [ctw FSNERRT, MOKET BT STP/IRZ X—FHRRK
DESICHEBREINS:



+ process-input = on

+ print-kept - off

+ print-new-demod - off
+ print-back-demod - off
+ print-back-sub - off

+ control-memory - on

+ max-sos > 500

+ pick-given-ratio »> 4

+ stats-level - 2

RWT, resolve AVYRICEDTREBEI VI VNREBEBITNBIRIC, YXT LI ANEZEEL, B
SNEBXHNREEEDARABRNS ENHRIL—IVEFRTIHN £HUET S, TOBREYK TS TP
SA—FDOBENTONZ. ANFOEBERBICHARSNIBXNGEHEIUTOENTH S !

(1) propositional H
DED, ETCOMNRERZHLITVES.
(2) Horn Ef1H
DFED, ETOHENELA—DDIED) TSI ZEFDIBES.
(3) equality h\&p 3 M
DED, DG EE—DND A=BHB3LE ~(A=B) DED UTS I ZHEI28INH 5.
(4) equality axiom H& B H\
DFED, Mg EE—DA=B - B=AICHHYT 3 FiIRHI3HE.
(5) HIlcEEND U TS ILEBDERKXE

DEC, INSOMBEZHEFIEDEBELE 6 DT —X(CHET D

(1) propositional
(2) ZETOEHINE—HFIT equality
(3-6) {equality, Horn} ®4DnEHEHE

INSEDT—RCHBLUTEDESBERENGESEINZINE, YXTLOENER 2FETHIENER
3. —RICEXNEETNBIBEA(L, paramodulation, demodulation NERGETEME I ND. DI
B, lHEERER, 755 kb HB W kb2 ZARAEBMIIC on (T B ETITD (kb LU kb2 (EDWT
(&, 58 3.11.68i%281). auto & auto3 MEBWFZ CDHITH D, auto NIFE L kb, auto3 DIFE
kb2 Mon [EENB. HEDEMEFELRLTHS.

RICANED sos H KLU usable ANDIRDDIFTHBIMN, EDOFH(TARTH U FSILNEDE) % sos
~, ENDADOEHEIE usable AANSNB.

3.14 REHER

AETRIERTOCIRTHICNESIN S S IS ITLRMEBRICOVWTHAT 3. UTICRITDE
YRTLDNETHRICRESNBBEHRN—ETHS.



cl-generated
cl-kept

cl-for-sub
cl-back-sub
cl-tautology
cl-given
cl-wt-delete
rewrites
unit-deletes
empty-clauses
for-sub-sos
new-demods
cl-back-demod
sos-size

usable-size

demodulators-size

binary-res-gen
hyper-res-gen

neg-hyper-res-gen

para-into-gen
para-from-gen
demod-inf-gen

factor-simplifications

factor-gen

HRPCEN S NIZEIDEETEL

BHREINDSE, sos (CANSNEHDEEE. 7> process-input Hon
a3, usable ° sos DFIHAES(C X L TITON B HIIE(C L > T, usable
H B\ sos ([CESNZED BESEINS.

forward subsume N TE TSN IeEID G EHEL

back subsume ENTETSNTZEIDEETEL

tautology L¥IKF SN TR TSNH DA

given clause £ LT sos EGHNSED TN EDEEE
max-weight Z#Z 272 H(CIETESNTZEIDEEHEL
demodulation (C L 2 E TR X OIMDHREET.

unit deletion [Z& > THIBRE Nz U TS ILDOEETEL
HRPCEEINEZEZHOEEE.

sos (LB FENBHIC L > T subsume 1, BTSNz BIDFETEL
HESRTP (CHE R T M7z demodulator MEEHE.

SRR (CfTHOMN T back demodulation D& EH.

sos [CBENTLIEIDHL.

usable CEENTLBEIDH.

demodulator M#.

binary resolution ([c & > TEH I NZHD S

hyper resolution (£ &k > TEH I NIZEINDEETEL

negative hyper resolution (& > TEH I Nz HFIDHEHE.
paramodulation into ([C & > TEHSINZED BEHEL
paramodulation from (& > TEBH I NZE D SEHEL
demodulation & 1T > fz[E1#4.

factor simplification %17 > 7z [EI#4.

factoring TEM ST NIZEIDEETEL.

T3> print-stats DfENR on THORBEIIC, RITOTIDKEDI(Z, 2N FTIRESNZREHE

WHENZEEINDB. IZ T 3HABHRONBIL, /35 X —45 stats-level DEICHLC THRBEZEZ 3. —
BRI stats-level DENKZWE, K DEHMGBREZHNFEIND !

- stats-level DEM 0 ~ 2 DBHFUTORBHRZHFET S
cl-given
cl-generated
cl-kept
cl-for-sub
cl-back-sub
- stats-level i\ 3 LI EDIHZEEE TOMEBRENFET 3.



3.15 FEEAKE ZDENF

EHINESNZIBEIIC, THZER I I BRICEAZAZIBICZER Z LICL > T, ZHOEHBE
EHBENARETH B, 5 3.8ETRARSNTVRED, IEHFIIRICE, 7 DEBHEBEREEED
BTCRTRIND. > T, INSOEZBAFESDIRICTA 2 X ME, SEARRBR)ERZEMN
Hik3. ¥ X7 L&, 7S print-proof i\ on DBHIC, ZHICHBDIEIC, COLSHEREARZH
F93. FTEEBOIAARNZDHITH S © REDEI 163 WESNZEHTH . COEEEHT S
DCEONZHN, ABSOEVWBICRRIINTVWIENES. CNSOFNOEBHEREZRZIE(CK
D, EOLSHBREZRT EHNEFSNHZERRNBZENERKS.

** PROOF

1:[] 0 <= balance(#c-1.Account)
2:[back-demod:161] ~(0 <= (balance(#c-1.Account) + #c-1.Int))
5:[] ~(0 <= _v34:Int) | balance(deposit(_v34:Int,_v33:Account))
= balance(_v33) + v34
6:[] 0 <= _v62:Int | balance(deposit(_v62:Int,_v63:Account))
= balance(_v63)
10:[] ~(0 <= _v41:Int) | ~(0 <= _v42:Int) | 0 <= (_v41:Int
+ _v42:Int)
136:[para-from:6,2,unit-del:1]
0 <= #c-1.Int
150:[hyper:136,10,1] 0 <= (balance(#c-1.Account) + #c-1.Int)
161:[hyper:136,5] balance(deposit(#c-1.Int,_v175:Account))
= balance(_v175) + #c-1.Int
162:[back-demod:161,2] ~(0 <= (balance(#c-1.Account) + #c-1.Int))
163:[binary:162,150]

k%

3.15.1 BHEERORYS

MORTOEHERRE—MRHCRDOEE L TULS ¢

<EHEER> = <BHBE{, <EHERE>}*
SEHHERE> = <EHIV-IL>  [<EIESS{ <EBES>1]

DFD <«<BHER> £ 1V VREBETIEREZENDTHD. —DO0 <BHERE> (&, BAMIICE DL SN
BCL>TERSINEINETRYT <BHIL—-IU> &, 773 VT <HES> IV VIS TRIFZY
A5 B. FIZE,

para-from:6,2,unit-del:1



TI(&, para-from & unit-del MBIV —)U (CHHY L, para-from (&, §i6 & 2 M, 7z unit-del T,
MES 124703 vo <HBES> ELTHED. UMTEBHERDOGHHBICDVWTEHAZT 3.

[bin-res:clause-1,clause-2]
binary resolution(bin-res) ([c & > TEM TNz, clause-1 [ given clause DEIFES. clause-2
(&, TN & resolve LTzEIDENHES.
[prop-res:clause-1,clause-2]
propositional resolution(prop-res) [ & > TER TN fz. clause-1 (& given clause MEIHES.
clause-2 (&, cM & resolve Uz BiDEIES.
[hyper-res:clause-1,claus-2,..,clause-n]
hyper resolution(hyper-res)(c & > THER SNz, clause-1 (& given clause DOEIFES. clasuse-
2 .. clause-n [N & resolve UTzE DEIES.
[neg-hyper-res:clause-1,clause-2,...,clause-n]
negative hyper resolution(neg-hyper-res) (C & > THEM T N7z clause-1 (& given clause M
fI#S. clause-2 ... clause-n (FZ M & resolve LTzEINEIHES.
[para-into:clause-1,clause-2]
paramodulation into(para-into) [C & > TER TNz, clause-1 MA YU I F JLIRH], clause-2 M
paramodulator T& 3.
[para-from:clause-1,clause-2]
para-from (C K > TEK TNz, clause-1 WA Y JF JLDOH]I, clause-2 H paramodulator T&
3.
[fsimp:]
factor simplification(factor-simp)(C & > T £ SNz,
[back-demod:clause-1,claus-2,...,clause-n]
clause-1...clause-n [Z & o T back demodulate(back-demod) TN TER SNz, CDBA, L&
BEDTYIFIBHOAS EBIRMCEESINTL S,
[demod:clause-1,clause2,...,clause-n]
clause-1..clause-n (£ & T demodulation BEE N TER ST Nz, back-demodDIFE & AR,
ZVIFIEEHOAREIERIBRNICEREINTUNS.
[copy:clause-1]
AERLIE Telause-1DEiZ IE— L TER ST NZ.
[flip:]
FROEALZODANBRC L >TER TN,
[unit-del:clause-1]
clause-1 & ® unit deletion(unit-del)lc & > TER Tz,
[back-unit-del:clause-1]
clause-1& Mback unit deletion(back-unit-del) (C & > TER ST NIz,



3.16 JEODIERE{I(F & Demodulation

75 order-eq M on MBBICFEFRNOERLOEORNEBRNTHO N, KEWAZEELLICE>T
RKBJILSWAREZ B EVWSUENMTONB(CNE TFEROAMEDT] EFER). CofilcETHESTF
BXART, HOKESOLER BifTonsd. KINERICERL T, TEMEERNIE] & FEXFERA
Z|IBRE(Irpo) ] (lexicographic recursive path ordering) M2EDIBFRNITDS>EEE5HMN ALS
N3( NEMEFERIE] FRASERNGEREZRLZEVWC ENS Ad Hoc KIBFRAT T EE/FENS. )
T30 lrpo RCNS EESDIEFR DT EFERT ZHERD, D on DIFEE Irpo ZFAV, #5T
IEFNUL ad hoc RIEFED(FZEALS.

3.16.1 HHEFFEIE - Ad Hoc
IEDIERE (Ad Hoc)

BT HERNECLBEOLBNDIES, Y XTLTE, THERIE] & TEH -FHERIE] O2EED
IERRAT (FAEDMEDNTNS, FMABNCNSERIRT S CENERBIDIFTIELEL, IBRDFETS
NIRICIHU T, Y XTF LRI NSZE FHULDFTULS.

BHERXE CNEEANGHERRCLBIESDIEF DT THB. 2DNDEELRT S BRI, Th5%z
ENSANEGATITE, BEBZIREFILEEHIVEERIC HBEDLEERTA MY TT3. C
NSOEWCRZZIBEDRKNNEROBER BN, BEOXNBRERET S, BHESEOHRIEG T
S 4 lex-order-vars D{BEICIKTET 3.
lex-order-vars Hion. CDBFEEHELHBONREGD. BERIESIEFT—FNSTVERD

S5NTHD, BEHRAT(FZDRAOEFESE NETKNERDHD. BRIO LOFERIEFICLD

&(E == IVEBD2DDZBIFHEAEE )TN T, HENIRCKLBZBEDIERED(FE ~—

SITH 3.

ZHERB(ICL > T, BNNGEOXNEERENZLT IHBENRH D Ll SFEINEL.

lex-order-vars H\ off (#JHAME). ZHER—DEHTHINESHLEITHNHUESINDS. K> T

HOIEF RN TH B (RINDHERRTAELRIBENH D). BEHZLBROWRE (F LUK

WDT, HU, ty <to, THD, 0 ZEREBEBRE URIZES, tioc < teo THB. DD, ZHD

instantiation &7 > THIEOMERHIR K/NEIRICED D (FR0N.

EH-HENIE —DNBEELRT IR, FITRVICEDEHBCEENZI TR —5 & BHROBD
BEHTHRTSZ. —AOEOANEFNG, IEFICHNTE XFVWEHEINS. BHDOENE
H#HEICHZE(, lex-order-vars M\ off DIZFED, HFENIETOLLRER U HBEZES.

FoFAMITF (Ad Hoc)

T > Jorder-eq 1t on T, lrpo B off DIFE, BHEAICET NB3ERNY TSN a=CWLTa &
BEHBLT, MTFOLSITUEBENESI NG, COWBDOC &%, FRDBED (T & T3,

1. EE55HOEMICED(ED)EIETHNI, BIENRERDAIDIC KB3LS(CAENSNSB.



2. 6L—H0EN TEH-FHETNIR] THHLEIDKXEVWEERE KEWENEDICHKB LS CAANS
ns.

DFED, RKEVWANBCEBRIIRKRBZ L SCT7LYIENE. UL Irpo &2 AL BEAEDIFTERU
TH3.

Dynamic Demodulator ®#IE (Ad Hoc)

7 > J'dynamic-demodd 3 L\, dynamic-demod-allit on @ IBE, 7> Jorder-eqt BEINIIC on (C
BoTWBEITTHD. COBAR, VAT LREROBETCEHINZENERY TSILOHEETE
— fi%&, DARE demodulator(BE X RA) &£ UL THWBARLLEHH#SB. £ L, process-input/® on TH
S>TzBAIC(F, usable XU sos (& ENTUVIYHEHESOEL DFIICZVLWL TER CMENEET N
3. BENICE, ERXZ2 a=T3E, UTOLSHRER ESNZ(CONBTESEANEICHA
DHFTNTVNBEDEREL TWS.) TOHRAT, - FIEFEEREORNERREITIDICALNSNTL
. IRDE, t -t Tt LODXKEVWEBZEKRT B. e, vars(t) (&, Bt ICEFTNTULIEHDE
B, wt(t) [FBEt DETTHS.

1. £L 8N a DE)BHPETHNE, TDER%E demodulator & L THWS.
2. 5L TEH-HERIE] OEKRT a8 THD, vars(a) Dvars(B), NDBE
(@) €U dynamic-demod-all A\ on ThHNI(E, FX% demodulator £ T 3;
(b) €U dynamic-demod-all M off TH D, wt(B) < 1, E5(E, X% demodulator £ 3.
3. £U, 73574 dynamic-demod-lex-dep & dynamic-demod-all DA H on DIFE (S,
a) a & B REHZEBEEINER—, HD
b) vars(a) D vars(B),
THNL, EX% lex-#kFED demodulator & 9 3 (CREI-3.16.1 = BR).

Lex-#&#%® Demodulation (Ad Hoc)

BINTLVREHELTEALC X CEEFRZZ200EN, @—EH 3158, 2D00EE, T8 % &R
LTRU] £EHNB. ANEPE;H demodulator (&, FRX a =4 CHVT, a & 3 IV B = EER
LTRU] BEIC, lex-#kEF D demodulator EE(EN 3. (lex-#kEDEHI demodulator OHIFE(CD
WTIE, 31618 Z2BINizn).

lex-1%7ZD demodulator (&, EFBZ SNEZ/BEROENTODIELD MFHERIEl ThSLLEIIEES
[CDHBERHEIND.

3.16.2 LRPO

BB (Irpo)

HENHRB/ RIER (lexicographic recursive path ordering) (FIBDOLL BETSHEES—DONH
ETHD, 755 Irpo Mon DRFICAVSNS. EBRERIMEE E U T Irpo (&, termination B



ThB3EWVWS CERHB. DFD, R & demodulator DEEE L, §F N 3% demodulator M AED(
Irpo DEHKRTAHIL LD XKEFWKS(E, demodulation (demodulator Z/& WM S HLDEE (SERT
3) 7OCRELTIT B ENRIAESTND.

Irpo (EKBLEERIE, (1) ERY T IILOAMAD(F(EENEGERLDKE BB3LDICESTTRZEEH),
(2) EFWH demodulator & L TEDONFZZH, 3 L\ Irpo-#k7F D demodulator &£7%&23 M EHE L
2D, (3) Irpo-#kE®M demodulator ZEATEIHNEHNZHET 3DICHVNS B, LERUNDIHR
TEATND C & (FHE.

ARV -5 BROIERFHT - lex APV K

lrpo ZHEAT 315G, 2R —5BBICEITIIERDFRRH SN TV EEFNEESEL. N
lex AVY RERHAWTEEI S ENERS. IV ROBXIEIRDED TH B !

<lex AVYYVE> 1:= lex(<op1_1>,....,<0p_n>)

<op1_1> P <op_n> FARL —HEETH 3. EAICH BB NTVWERET 3. KHHRLEARL —5ES
ELT* & SKOLEM M2 DMWY AT LATFHNEINTLNS

¥ lex OVY ROBIHICBREINGEDN2IZERDDARL I ITRTEZ KT D. NS5 (XZEID B
HERIECTERTNIERNSNS.
SKOLEM < X5 LLhERR L 7z Skolem B8#K. Skolem BE#RE T ZainFHERIETHRINS.

BIZRETOLSBEI 2B >zET D !

module! LEX

{ [Elt]
ops abc: ->Elt
op _+_ : Elt Elt -> Elt
op _*_: Elt Elt -> Elt
op s : Elt -> Elt
op _-_ : Elt El1t -> Elt
op _/_ : Elt Elt -> Elt

Cl
Cl
A

lex(a, b, ¢, s, _+_, *, _*))

=Vl

ELRBEDARL —FIEFERDES (GBS :

x_ = _[_»=_—_»>_+_+=s»=c>b>a

L DOFEITIE SKOLEM DIBEDEL. * H B0\ (& SKOLEM IEEMNE Y X L CE WESIIE, UTo L
SEYRATFLHEBRT S :



1. *IBENMEINE, U ~OREIC * ZBINT 3.
2. SKOLEM EEENE (FNUE, U X b DRI SKOLEM =BT 3.

DFD, INSHAANEBEINIZRORELRDLS(CESB !

lex(<op_1>, ..., <op_n>, *, SKOLEM)

Flz, lex AVY FOEENEWMBEEDARL -5 ESDIERD (F (&

lex(*, SKOLEM)

ELRBEEAUTHS. TRHE, ETDARL —IBSEEMHERNIETH BN, eV X T LA
HEMR T B Skolem BEBIIREKRTVWEHET 3. KITBRTz& & D, Skolem BHE L DR (LTS
NIEC K B.

lex AVY RT, * HXU SKOLEM EVWSARL —FRBENFMNEBEESINBIE(C LD, MAENCHN
S5NBAZEF 2ZAIRL —FeERERKGELLEBIDTE, EFZINIHELNGVNR, ROLS(CL
TINZOBERS. WTNDOBEL, FIAEOERLIARL — 5 Z5 | BOBTERNM L = 2RIZ AV
nE&V FIZERABER * EVWS258I8DARL —FEZERELTVLWBIBEIRF, ¥/2£FB3c&Tn
ZEBRIZCENERKS. ELNBEHTHN (X */0 EINEFRL. SKOLEM DIBEEEKRTH 3.

lex AP YFRICEATIES lex VYR 'dbreset’ ZET I RFICHEESNTVEITNEL G5
V. BEIE— RDBEIIBERICCNMARIBINZOTRHABELRVNR, Y21 7ZILE— ROBRCIEEEI
BTHB.

EXNnAMED(F (Irpo)

B, 75T order-eq ' on THD, H3FRN) TSILD EESHDEIEMEA LD Irpo JIETKE
WES(E, KEWADSIBHBEBICENMB LS CHTEZSND.

Dynamic Demodulator O$IE (Irpo)

7354 dynamic-demod I} on MIBFH, Y X F LI ETHOFRICEL T, #FN 58 demodulator £ L
THEZIEVWNE SH%E FARZ(T S5 dynamic-demod-all (&, lrpo N\ on DIBFFEERINDB) FX
a=B1CENT, Irpo BT a = 8 THNIE, FR(F demodulator £ (CDHIENRTONBERT
(&, TTIERNDHBEDIIHNFEATULS). £ L, dynamic-demod-lex-dep M on TH D, EXNEE 5D
BEMDBIEXNT LT Irpo DEKRTNSLKEL, DD B ICBENTVIEHEE T o lCEHRID ©
DTHNE, FXF Irpo-#KkZF D demodulator &N 3.

Irpo-{#%#® Demodulation (Irpo)

Irpo-f&k#Z® demodulator (&, EEHRZ SNEBROEN TDIELD Irpo DEKTNS K E3HE
[CndH BHINS.



=3l

4.1 {T1EFHLIREES X 5 L OBEEE

HBEI1—IMBRIDEI1—-IVM'EHBEI BHNESH, ILHEHEEI 1)L M TEHRIN
RRBOTARTZE M DNEEITINESHEIRIET SHETHSD. CORIEDEZ M HS M ANDF
A GAREE & 138,

RREEEUT O 2 RETITHONS ¢

1. M D5 M ANDITZFvXvFIT

CHUTERR M DMEER M TEDSN TV IHEEZ R IO D BXERZRZATLINE S
NERBEIZIENTHD. AELKIBESCE M ODIVTZFvhs5 M ODITZFvADER (VT
Z—F v & — signature morphism)NEK ST NS .

VO ZFvRENR—DEFELLGVEBEER, & M HMIER M OMEEZE Rz 9 C L (FARAIET
HB3NDT, FMRIAFCOFRTERERELIRTITS. BH, — BTV T ZF v HIEE
HWEEIDICELENHD .

2. M' "5 M ~NOFHMCIREE

CNFNITESNEV T ZFvHRICEIDIBEBXEBRICE ST, 48k M BREK 18k M’ Oise
ERICBEITHNESHNERIETIZIENTHD. M DEREFNET NEYIT ZF v HTEEEL, #
N M ZEVWTERDIDNE SHZEFHL T L <.

BREITSD M OFAN, BEOFRN(AIRSFIN)THDH, HIVWEIRFSFATHINCL>T
BUTO&S (CNBNRERS.

ARFNNBE RRINLEEFX/DREOEEZ M OARICIMZ, TNANSRBHBFSNBH
ESHERBIVIVEZRVWTHRIET . RENESNNLEZDOENICET 3 MR
(FRRINT 3.

TIRBHBICE I3 VI ZFvE, 2TITORCEFBZIAVY RRUBHICH BT 3 EEXITLN. YTZFvIvFY
HHEITSCE, EDXVYE/BYE REDOXY YR/ BHICBETENE, V— MEREEEICE—RARTLFE LW, h
F—MBCEREBETEEVR, V- rZ2ORELARY—rEIRA CF—9BEBEKRITZEDERET BT ET, S XFE]
YYFVOOBE (GBTEN, BREEENTEELS.
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BRREADNBES TRINZFNCDOVTIHIFEME(coinduction)Z XTI 3. IHIEME M
BINTNE, COFERICET BFMGRIERING 2 CHIFHEC DL T (X 5EZESHR).

BEBENEC S, RUNIRFSFAORABEETEROER (BikY — ~DF
RTH>TH)THIELTUEINTND. RENESRESA(COVWTIEZFDER
OIRIEDFEICEET DIERIAT NMBETH D, ARRIEY I TFLICHIFRIERICD
nWTE, SBOFEELTEINLTWS.

M OETOERICDOVWTRIARKINT UL, M IS M AOFMERIEEKINTHSD. &
EU—MC—BEREREBCS TIEBEIARAIITRERETHDINDT, FEERIAENED SNTcE
HEERGIERE, ATVFEAERE)DLREZBX HESICE, BRERAHE L THRELERT
93. ZELZDBAETE, ENE RNOBRIENKIDLEH > VG EDBHRMIL - —(TRT
TN,

4.2 BRIV RFLOHRIAZVE

FHRIED ZHOFBED IV Y RIERD2DTH B !

D ZFePYFIITDIBE 20DTIV1—-ILEEELT, FNSORTOIY T Z_FrIvFUI%E
5% BRI 3. BXIERDOED :

sigmatch (kEY 21 —JLI-1>) to (KEY 21—JILH-2>)

KEYa1—)R-1> THESNZIEI1—-IbH\5, GEY21—IbR-2> THBESNZEI 21—
AD, ARV D ZF v HIE 2 TR, BREFAEB(CIRTT 3.

CafeOBJ TEYTZF v HO & %& view LS, view ([Z[FRBIND(FSNZDREITE
BIR3ENERDILS(CE>TLS. sigmatchTIE, BRERzview(V T ZF v HNDRLR
N U Tl YiaREIE DT, MABCEIOBRIOY X M %IRRT 3. view TR T 3 Z ENHEE
B> BEIEE, BZOU ERTT S.

HHLIREEDIET sigmatch OV Y RDOBER T/ SN view ORBIZIBEL T, FMlbORI%Z 17

SEZETRID. BXIIRDBEDTHSB.

check refinement <view#>

BREEDBRVMIITH N, "ok” ERTL, BRAKES 3 VWERADBECE "ng” L &R
IBEEBIC, EOFROREDRN L BN > e ERTY B
4.3 YUZFvevFVY

4.31 YOZFvPYFVINERRA

VOZFeNYFUIRMEIEATOBNHNERLEEZRET Z2ENTHD, IHRETOY I ZFv
HeRPBdElCL>TINETS.



CafeOBJ EVa—JUlc & > TRRENB LKL, (5,2, E) OFEE LTWB. 2T (S,%) Bys=
FrTHD, S FY—FOER, S FEIMBLVBRR S DY —McBINB LS 7R —5 D&
BTH2. T, EEEIV1I-ITEEINZRED £EE5THD, T (CEFINIEENFE LG HFNE
BoSRWHEZRR LeEDTHS.

IO ZFwRYFUIE, ZDODEI1-IVM ENEEZSNT, M H5 N (T Ba8EET T
“FYREETCHETEZ. M DI T ZFv% (S,%), NOIYT_Fv% (§.Y)&TB. YT _Fvil
£, (5,3) M5 (9,%) ADBERV : (5,3) - (9,%) THD, V [EZD0HF DA

vV:s — ¢
V:y — Y

NoBHINE. CCT, XCBENBZEARL—F f: s1...5, = s [CEALT, V() :
V(s1)...V(sy) = V() BY @O ARL = THREINEESHEL. —RICCNEF/BRI LSO
BREERHDBZOT, BRURELR YT ZFrRE—MICEHTHS.

AR YT ZFrHZeE2TRHZD(E, —RICEHRLGBBETEEVN, BLADIYITLTREY—F
ZORICARY - FFRAICT—IBERBKRI DI LD ERELTCHEZZHRILL, SRAAEZARELE
LTWna.

CafeOBJ TV —FDES S E2BNDY—hk D & H LXK ENB (S=DUH). D ICEFEN3Y
—hEAIBRY — bk, VIZSLKENBEDIIEHRY — b EEEN S, AIRY — MMOBEDENGT — 5 B
ERIBIZEDNDTHD, BkY — ~EABREBER DL SBRBNLAT TITH L ERRIBZHDY
—+TH3. BCRAOARY — cERA—DOTF—9BZEKIDIENDEHLT, LLSEF TRE
IIMWRPIXTLDARICEWVWT, T—IEREEINTVD BIRESA1TSIDELSIBEDNE
BEITR)EWSEKRTHD.

4.3.2 VIZFvevFVIOMH

TH&SBEIDNET 1—), STACK & QUEUE BV RFLIRA—R aNTVBEDET 3,



mod* STACK(X :: TRIV) {
*[ Stack 1*
op empty : -> Stack
bop top : Stack -> Elt
bop push : Elt Stack -> Stack
bop pop : Stack -> Stack
vars D : Elt var S : Stack
eq pop(empty) = empty .
eq top(push(D,S)) =D .
beq pop(push(D,S)) =S .

mod* QUEUE(X :: TRIV) {
*[ Queue ]*
op empty : -> Queue
bop front : Queue -> Elt
bop enq : Elt Queue -> Queue
bop deq : Queue -> Queue
vars D E : Elt var Q : Queue
beq deq(enq(D,Q)) = enq(D,deq(Q)) .
eq front(enq(E,Q)) = front(Q) .

QUEUE (33 1 —#&(FIFO)%, STACK (X5 v UBE(LIFO)Z ZNENXRIBLIEZEI 1 —-ILTHB.
CDIRRET, sigmatch ZRTI B ERDLSERBRELG S !

CafeOB]> sigmatch (QUEUE) to (STACK)
(V1)
CafeOBI>

COBINIGE, ERELTTIDD view V1 BAESNTz. CNMDRERCIZEDLSBARABTKEONER S
(Z(&, CafeOBJ @ show view AV RFERHWS :



CafeOBJ> sh view V#1
view V#1 from QUEUE(X) to STACK(X) {sort Elt -> Elt
hsort Queue -> Stack
hsort ?Queue -> ?Stack
op (Queue : -> SortId) -> (Stack : -> SortId)
op (Elt : -> SortId) -> (Elt : -> SortlId)
op (_=*=_ : Queue Queue -> Bool) -> (_=*=_ : _ HUniversal _
_ Huniversal _
-> Bool)
op (empty : -> Queue) -> (empty : -> Stack)
bop (front : Queue -> Elt) -> (top : Stack -> Elt)
bop (enq : Elt Queue -> Queue) -> (push : Elt Stack -> Stack)
bop (deq : Queue -> Queue) -> (pop : Stack -> Stack)

LFOFERHS Queue (CEET B ARL —5 (S, Stack ICEATB3FARL —5 (WL T, ROLSCVY W
EyogETnctunadc Enagna.

QUEUE — STACK
empty — empty
front —  top
enq —  push
deq —  pop

% 4.1: QUEUED\5STACKAD VY v EV T

COBIDBE, SNUADT v EV T ERAETH S

4.4 HH{tBREINH

AETIFMEREEDERMNZE Y.

4.4.1 QUEUE & STACK

864.3.2 BEOMBIT sigmatchO VY RZ K > TER TN view VT (Z BBL TEHMBILREEZ1TS &, X
DESICEB !

CafeOBJ> check refinement Vi1
no

eq front(enq(E,Q)) = front(Q)

beq deq(enq(D,Q)) = enq(D,deq(Q))
Cafe0BJ>




BERFEKXKTH D, QUEUE (CBIT 3 EDRIEBMSTACK (CHEWT HRESNIEVHNDMEIFIN TV S.
COBRIEHNCEASHNTH B, HAIZIELRDOQUEVEDNEE

eq front(enq(E,Q)) = front(Q) .

&, F1-CHBERZEMLTEF1—DHERICHBIERICE BLOBVWEZRBLELETH
%. % view V1 (CX D TSTACKEY 21 —)VIZ BIRT B ERD LS5 B.

eq top(push(D,S)) = top(S) .

CNERI YO CERZBMU TELABEZRICEEMEHREN, EWSEZ E>TVBDIFTHD, L
B> TRIVIDEREFET 3. BEMIC(E STACK DRI

eq top(push(D,S)) =D .

ERBNEL.

4.4.2 E/)RFEBRELEOFEENOH

RIEBCEMTH BN, EOEKRWMIZETRT. FITUTDEI1-ILERET S ¢



mod! TIMES-NAT {
[ NzNat Zero < Nat ]

op 0 : -> Zero

op s_ : Nat -> NzNat

op _+_ : Nat Nat -> Nat
op _*_: Nat Nat -> Nat

vars M N : Nat

eq N+ s(M) =s(N+M.
eqN+0=N.
eqO+N=N.

eq @ *N=20.
eqN*0=0.

eq N*s(M) = (N*M) +N.

mod* MON {
[ Elt ]

op null : -> Elt
op _;_ : Elt Elt -> Elt {assoc idr: null}
}

TIME-NAT (&, BRBEZDOLEORBLE(+) EWNNFE(* ) NEBINEEY1—-ITHSB. TV
—JU MON [d—REMIIGE T/ « R(BITE2IBREZE DRAHR)Z EHLIZEDTH B.

NSOEI1—IEFEEEIOHE LT, ROLSE view ZEEH L THD !

view plus from MON to TIMES-NAT {
sort Elt -> Nat,
op _;_ > _+_,
op null -> 0

}

ILIERESNBLS(C, CNEE/ A FOBMTZBREOD 0, 2IBRE ; ZRLEL UL THERL
EDTHS. COBRMMNELVHE SHE, TRFMERIEICLDARZERDL ST BRELRB.

TIMES-NAT> check refinement plus
yes

BRETCIOED, G LEZED TS S.



RIC, B/ A ROEATT null & 1(s(0)) (C, 2IBEE _;_ ZNMFE(*)ICY Y F Uk view times %
ULTDESICEERT S -
view times from MON to TIMES-NAT {
sort Elt -> Nat,
op _;_ > _*,
op null -> s(0)
}

O view ([CBIL TEHEHREBZTULWRERN OK THNE, BRABLEOHNIEE 1 Z8TE LRE
JARTHDEBRIBZCENERS. LOVYEVITRFERNICELVWEBONZDLER, LKLY
27 LIF VFSKERBROLSBERERETS.

CafeOBJ> check refinement times
no
eq [ident12] : null ; X-ID:Elt = X-ID:Elt

CHIE TIMES-NAT [CH VT DNMIED OEBHNARERLZHTHS. D2FD * NEBENTOER
ge=ca=a(leZBTETR)E BMEBIDLDICERBINTULWEWZHTHD. CNEEBETIH

(C, I8

eq s(0) * N
eq N * s(0)

& TIMES-NAT [CBMT 3 ESFLL WL, EBRICIE 2 DOHDONEE

eq N *s(1) =N .

&, BEIICES TN TLBINE
eq N*s(M) = (N*M) +N.
NSEESNZIOTRETHD. B, EIJ1—JUMON[ZEWT, 7RL—5 ; O idr: BEHS
JZATFLDEEERT D NE

eq X-ID:Elt ; null = X-ID:Elt

(&, 56D check VY ROETRRTCEARELG >ABD—E(C(E RIRT N TULVEL.

TIMES-NAT Z# ED & S (C U TIBIE L2186 T view times & BEZH L, check AV Y RERITT
3, SEREESBICEZNED RIHEWSHERICKBET THB(—RRICHMILRIITHRINT 3185
IBENEW).



ETIVREY X T L

51 EFIREY T LOHMEE

ETIWRBYXTFLOENE, AREBROEHFEDETEBRINZYZITL R, Ty ROVIR
BT —IBEHLEVSREREMER/ZI L MBNICREBEITZICLETHD. HMbtmkeEY
27 LTHN 2B IR M (co-indution) E—BNREM EH BRI ENABETHZINDT, ETIVIRE
VR 7 LIRBEFXNDOFMMERIECE ALS5Nn3.

ETIVBRBOEAHAE L,
© YT LOYHBREBIRIRE) ERBIREIUHEN 5EZ 51,
« IREED\SBR ORI E TOREICDWVWT, EXZ5NEMENBRINZINE SHERET S

CETHD. COBEEOHERELUTIEIRDIBFONEZZSND !

EEICRTY COBE, YXRTLEEZNEEERIZIENMRIESIND.

RAEHRULTERTY C0BE, YATLOETRIORICEZSNIEHERBIILEVWK SERE
NEEITBCENIEHEINE. ETIVBEY X T LIE, FTORIREHNS DEIT 25 & REXELE
ns, RENELTRT.

ERTEDNFTTFRTY s 0OFWBIFCRACLK, ETIREBF—RICRERETHLB3DOT, HiHilc
EHSNIHAEEROEHAEEZBBLEESICE, ETIMBBEYITLREBER AEDFTFRT
3. CHBETE, BENMERTUEETRINCOVTOER (FIBRT 3.

511 EFIREOHNETAHAR

REARICB IR ETIREICOVWTIE, YRTFTLOMEOZRROERET ILTYXLIICEL Ty
SBEZEEZELELTVS. USIBRCHIZIFAHREET ZAVD C ETREMRFEMLADUEER
MR TEBR LIC, EFTIVRE ZILDYXLEAREBRNOBEDRLULAEE LTER LS NEZS, K
BIVIVERAVWEREBESHEICKIERENAEEEE>TUS.

FHEREMOETIVREZAICE > THRATS. SALLZVWREMHZRY BEZP(X:h) X (X
BY—bhDEH)ETEE, REUP DETIVIRE (BAETD)FHREERDK SEREEICEET 5 M

51



IE=X p, TEZE5ND. T, BRY—bLOREBENNIET SV XTLOREBESDHLEEREBEEES
Z TWBRISEEINRL.

* po(X) = —P(X)
* Pnr1(X) = pa(X) v pre(pna(X))
« —pn(init) MESHEREI TV T EICRARD

U init @YRTLOBREERIEBY —F h DO)EHRESTHD, K& P(X) ORIIKEE
pre(P(X)) (&, 2ETHOAYV Y E m (€DWLT (W)Pm(Y,X)) OEE (disjunction) & & > 2 REBGHE V)
EUTERBSNS. CCTYR>MOT7 YT (CEYGEY—FERDRE ZHOEETHS. BEN
(&, po(X) &, ZTHE N XTYTTREMPX) ZWBCENTER L SHERENESERL T
Wws.

EROFERINET B ENMRIESNTNBINBEDD, BRXTYvITIREITZ(H3 n (c
DNT ppyr = p) E@RSIEL. LMo T, 7L JYUXLETBIIHBESICE, 1)BRETINE, 2)
pu(init) EE> TREIFER, 3)EES5EFRHE, O3BODBERNESN, NELERDETIVREY
27 LORTHERICHILT 3.

HIAZEDETIVRBEFHETCDOVTE, KR P(X) OXIREE post(P(X)) & E &I NISEERDEL
RNELTERETES. CDOLSI, BIRE(Nit), KR& £/ (P(X), XRIREE(post(P(X))), BIIRRE
(pre(PX)NEBINTULNE, PEEICHFIETIVREFHRETZ RBEI VI Y ZRHVERESE
ELTITSC EMTES. LWDHIE, COENEKRETIVBEYITLOKLTSHS.

5.1.2 FOIREEEDERITAN

TRRREEY X T L H T3 IREFHOF MR (C BRI BIAEZT S (C (&, KEOX(ENS
BR)ZEREBEHEL TREMETIREBEZZTINERL.

PIZE, IRESNs ~ tZHHT 3 CEREOX (st) ZIHREE LU T BERERFR==(ETORE
MOENRUC)NLEUZFDOC LZ2REERV. CNEMUTOBRICEATZIIERE ULTERET
F, AR ZEMETIRBERRICRBIVIYY ZAVWTLET B ENTES.

© ra(X,Y) = ~(X=+=Y)
* ra1(XY) = ra(X,Y) v pre(ra(X,Y))
« arn(s,t) DESIHREIT YT ECRARNS

5.2 EFIRETOHRIAVYUFEF

EFIVRETIE CafeOBJ (CREENSH B check IV Y RZEH R LZ RICRITIAVY RERWS:

check { safety | invariance } <iZE#> [ of <3ZHRIE> ] from <#DHAIREE>



CCT, <hEER> X, HBI3REBY— b H ICEAIBRE P(X : H) DRAITHS. <HHKE>
(&, H DWEREERIRIBZEHRIRL—FDRBITHS. T2 30D of <XUKIB> N\&H o 2iH
B, RERXIKE> TXRREINZ YT LIREICT L TSNS, 25 TEOINDE, VX T LRER
I3Y—h HDEHEXARE L TREZEHY 3.

COOAXVYRFOBEEUTOED TH S, RAERFKET2BRBCH(FTITHONS. F—EREEHIHX
RICBBLT P OO DONESHDIRETH D, EZRMEERXAYV Y FEZBAUEXIRT P BRILT
BINESHE RETBIL—TTH3.

EASZARICEAS BRE I IYHXARICET BIRERUTOLS (TN 3.

1. MERENSIE 1, EROLSCLTRET S
- check IV Y RT <XBRE> c MEESNTNBRSE L =c £ T3
C EEBINE, CNEDBREE LTEEEINT WBIET T3 =)

2. P(ty) BRIIT BHE SHERFANS.
T, RBIVIVERWT, ~P(h) BREWRSh BEhE L5R3CECk>TTHONS.

« P(ty) NRIITBH/E OK E L TE—REERTTS.
« ~P(t;) DREICKBRLZIBE:
-t NEEDNIREIC LB ENTH > ZIBE,
a) P(I) NRILT BMESHERANS.
*RIITBES5EOK ELTE—BREERTTS.
* AR5 (L, REIEBIAMICRS 726D, iverb: P(I) BNRIZT 3 HE S HERFN
3
CBIZIINE, COEREANRAIE D, CORRTETIVIREZIRT I 3.
- RBIITES(E, NG & U TEZEBATL.
-t NEEDNIREIC LB ENDTENSZIBE, KB E L TEZBBEATL.

AXVy FERAXIMTORE LTHRRNZE—RETCRRELGSZEBER, RANREL > Pt) F R
BRIVIVERWTHRAZITOBROFLGAREE LU TEMEINS. CNEMBTHBAITZIXAV Y RE
BAUEXRICEWTEHEREC KRUEXRICOVWTEAKTHD, BDRLDEICZNDET XBLE
EONIBEREBMEINTITL. COFNBOESE Ar £ 9 3.

Lo T, E—BETAROBAE Ar — P(t) TH3. BIOBEE Az — (TES) £153.
EBETORBERIUTOLS (L THFONS.

1. RENKRXNRES C =HH1ET 3.
© XMPRIE> c MEESNBEE>E C=c £TB.
c ESTHREINL, C=1&TF3.

2. (REMES H =2ZEE (CHIHET 3.

3. XIRBRTFES M =ZEE5(CHHLT 5.



BT R, XIRES C RELEHBEIN IV IT LYY —IDFIHNRE L >TREBI VI VNMET T
B2FETRDIERT.
a) ClEBINBRBIE ¢;[cDV\WT:
i.C=C—-¢ £T 3.
ii. M [CEBFNBEXMMBERT gen; [CDWVT, ¢; & gen; DS, MENRIE t,j Z1F3.
BESNZME P (CBBLT, Ple) RBDIIDOHNE SH%ERARS.
6. TN DI (TN, FIHHREICT L T P(< >) BMEDIIDHE S HARS.
a) PIEREE(C L TRDIIDIBR> OK £ 93
b) DM eRWEE(E, -P) Zd—)Le LT RBEZHH#BEHCLD, REZHET. REINEN
MUIEINZHZFT 3. WITNDOBEE, KEUDREICARINE L TRTTS.
CHICET3ZRETOXAV YR m; (WL T, V(Y).Pm(X,Y)) BNEDIIDNE SHZEFHARS.



5.3 EFIIREDERG

TIFBITOEC DOV TOEMIEHRTSH .
mod! INT' {
protecting(FOPL-CLAUSE)
[ Int ]
op 0 : -> Int
op _+_: Int Int -> Int
op _-_ : Int Int -> Int
pred _<=_ : Int Int

vars I N : Int

ax M<=M.

ax 0 <c=M&O<=N->0<=M+N.
ax M<=N->0<=N-M.

mod* ACCOUNT {
protecting(INT")
*[ Account ]*
op new-account : -> Account
bop balance : Account -> Int
bop deposit : Int Account -> Account
bop withdraw : Int Account -> Account

var A : Account vars M N : Int

eq balance(new-account) = 0 .

ax 0 <= N -> balance(deposit(N,A)) = balance(A) + N .

ax ~(0 <= N) -> balance(deposit(N,A)) = balance(A) .

ax N <= balance(A) -> balance(withdraw(N,A)) = balance(A) - N .
ax ~(N <= balance(A)) -> balance(withdraw(N,A)) = balance(A) .

}

ETIa2—J)UINT GEBOLAZETHZ M, |MOOEOIRZERIBEIT I HICHERERVBERE LD
BOHHNMEFRIESTNTULWS, OEFEY 1 —JU ACCOUNT TEZBSINTWVBENY — k Account (C
L TEFIVMETNTUVS. BRERF(attribute) balance (FIBENEEEERIENTH D, XV YR
dposit & withdraw (&, ZNZFNEEDFEFANE FIH UICHEYT S, OEDOEARE(L, T new-
account TR SNTHD, YHHOEETESE 0 THBD. CNIFRE

eq balance(new-account) = 0 .



[CX2TREINTWLS. ZDMDONIE(L, deposit & withdraw DEMEDER H L VHINEGER
BLEEDTHS. HIZE

ax N <= balance(A) -> balance(withdraw(N,A)) = balance(A) - N .

&, REDEEEM N I ETH > ZHF(C, withdraw METHR, BRE LU THREEN N £(FEZ C
' RRELTVB. —RIENY - FZRAVWTCOELSBIY T LIREBRZ RIRT31HBE(EF, £T
DREFICT LU THICREBELERREL TPLIHNEN £2. FlZ (L withdraw DIBE, BEESN N LD
DIZVBE (€ withdraw(N,A) BRERTSNGEVDER LEDORETHSHNT H3M, COBFETEIYXT LA
KEN TEELIRVN] EVWSCEZE RIBIBRERHD. NN, £S5 —D0 withdraw (BT B3N

ax ~(N <= balance(A)) -> balance(withdraw(N,A)) = balance(A) .

Thd.
TIX ACCOUNT £V 1 — )V TETIVRBZTOHICAR LR €Y 1—)U PROOF TH 3.

mod* PROOF {
protecting(ACCOUNT)

pred P : Account .
#define P(A:Account) ::= 0 <= balance(A) .

op a : -> Account .

HEE P (&, DBOEENRLTO KDINSLKBEBIBLERN, EVWSEERIBIBENTHS. <l
MEBRICKILTBEE, ETIREYITLZRAVWTHARS | TRERZEDRODIODIVTETHS !

option reset

flag(auto,on)
flag(quiet,on)
param(max-proofs,1)
flag(universal-symmetry,on)
flag(print-proofs,on)
flag(print-stats,off)

open PROOF

check safety P from new-account .



BEOTT, ETIVBRBEYITLNEBHINTNS, CNERTIIEB/BRIIRDODELSICKEBIET T
53 (COBFITIELEEDEI 1 —ILEERSTICETIXI U T % bak.cafe EWSBEIDO T 7 1 JbIC
WNTH3B.)

CafeOBJ> in bank

processing input : ./bank.mod

-- defining module! INT'....... _«..* done.

-- defining module* ACCOUNT

** system failed to prove =*= is a congruence of ACCOUNT done.

-- defining module* PROOF

-- setting flag "auto” to "on”
dependent: flag(autol, on)
dependent: flag(process-input, on)
dependent: flag(print-kept, off)
dependent: flag(print-new-demod, off)
dependent: flag(print-back-demod, off)
dependent: flag(print-back-sub, off)
dependent: flag(control-memory, on)
dependent: param(max-sos, 500).
dependent: param(pick-given-ratio, 4).
dependent: param(max-seconds, 3600).

-- setting flag "quiet” to "on”
dependent: flag(print-message, off)

-- opening module PROOF.. done.




goal: P(new-account)*

** PROOF

1:[back-demod:2] ~(0 <= 0)
2:[] balance(new-account) = 0
7:[1 _v61:Int <= _v61
24:[back-demod:2,1] ~(0 <= 0)
25:[binary:24,7]

k%

** success

hypo: \A [ _V337:Int ] (\A [ _hole329:Account ] P(withdraw(_V337,
_hole329)))_
goal: \A [ _V339:Int ] (\A [ _hole329:Account ] P(_hole329)
-> P(deposit(_V339,
_hole329)))*_*

** PROOF

1:[] 0 <= balance(#c-1.Account)
2:[back-demod:161] ~(0 <= (balance(#c-1.Account) + #c-1.Int))
5:[1 ~(0 <= _v34:Int) | balance(deposit(_v34:Int,_v33:Account))
= balance(_v33) + _v34
6:[] 0 <= _v62:Int | balance(deposit(_v62:Int,_v63:Account))
= balance(_v63)
10:[] ~(0 <= _v41:Int) | ~(0 <= _v42:Int) | 0 <= (_v41:Int
+ _v42:Int)
136:[para-from:6,2,unit-del:1]
0 <= #c-1.Int
150:[hyper:136,10,1] 0 <= (balance(#c-1.Account) + #c-1.Int)
161:[hyper:136,5] balance(deposit(#c-1.Int,_v175:Account))
= balance(_v175) + #c-1.Int
162:[back-demod:161,2] ~(0 <= (balance(#c-1.Account) + #c-1.Int))
163:[binary:162,150]

k3%

** succes



goal: \A [ _V337:Int ] (\A [ _hole329:Account ] P(_hole329)
-> P(withdraw(_V337,
_hole329)))* *

** PROOF

1:[]1 0 <= balance(#c-1.Account)
2:[back-demod:134] ~(0 <= (balance(#c-1.Account) - #c-1.Int))
6:[] ~(_v34:Int <= balance(_v33:Account)) | balance(withdraw(_v34:Int,
_v33:Account))
= balance(_v33)
- v34
7:[]1 _v58:Int <= balance(_v59:Account) | balance(withdraw(_v58:Int,
_v59:Account))
= balance(_v59)
10:[] ~(_v45:Int <= _v44:Int) | 0 <= (_v44:Int - _v45:Int)
126:[para-from:7,2,unit-del:1]
#c-1.Int <= balance(#c-1.Account)
133:[hyper:126,10] 0 <= (balance(#c-1.Account) - #c-1.Int)
134:[hyper:126,6] balance(withdraw(#c-1.Int,#c-1.Account))
= balance(#c-1.Account) - #c-1.Int
135:[back-demod:134,2] ~(0 <= (balance(#c-1.Account) - #c-1.Int))
136:[binary:135,133]

k%

** success

** Predicate P is safe!!

CafeOBI>

COBIDZEEFEMTHD, BOBEURREFTONT, RST1LARIT RNDTTITERT L TLS.



S HIRE

ARETEEHERE(COVWTHEHRT 3.

EIEEBAICEVWTIRE A DS BIERTER L ID5 A BERIRHICF, AZKRELT

ONNERRBAZERA IS CLlcL>T B EEL. BHFE(CKZIAADHENF, ROEMEREKR
A+FB <+ {A-B}-0O(FE) <+ {A -B}INKTEAREE

ZHWT {A,-B} BREBRETHICEERI CECL>T BEENIC A- B Z5EAT 3.
UFCheZzIaZE>TRTYPLL LTS,

A1 BIENEESES

FACAEIRN—ZEHZzSILVESEEDTETOEHENRBEINTVEIH EINANZLETH S
CEE -ADREAETHBCERBRALETHS. 2FD - ADNKEAETHICEEZRIEN
HRNE ADNEYET H2EBRITBIBNTES. TCTRAORRREMEEND D EEERY
3.

Z O R O— L LIEZE#R(Skolem normal form) E[E(EN D, BEEER(C EFREF LHFTENKG
VWREROERTH S, FEO—ERERENL RETHEUZREI I —L LELER(ICERTE
3. COZ%E 20— L Lft(Skolemization) LA, XO—L MBI K> THRSNZRIEE TTORMN
RBRETNDEZTZFDEZ(CR>TRETNS.

A.2 B

HiH(resolution)[F2 D DEEFIRE L TH L LWEI(EIEZ B<HRRAUTHS. MBOLHF
FHBEREOMRCHEEE METS. LERE A, Ay, Ay EMBEE LT A1V Ay, Ay V A3 D5
AV A3 ZEL OHMERECTHOEHOHTHS.

12T <« (& if andonly if DELK.
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/

RET>IYOEMEDF

AETRRBEIVIYVOHRERCDOVWTX DFMEHBAZTS.

B.1 MR —TniEE

REIVIVE, HERETHZVEHMORENMRIINBZ I T, EBESNIZHRIL—ILIC LD
TEHHZERL DTS, CONBEDBERFIUTDED TH 3.

1. BEOE IV —FREZ [NIEBRIG | (CERETS.
2. R —TDHOMBILLEZRTIT S. (5 B.2 ).
3. VHEIB DR, ¥ X7 LIRED TR | 185 (J sos N5 1DHIZEREIRL C % given-
clause &9 3.
4. given-clause MZEHEL, D' DY X7 LWERRREN MUIEMKEE | THBRD, UTONEZER DR
9.
a) MRETIBIR cl-given (1 &0Z 3.
b) 7354 print-given I} on MIFAH, given-clause ZEIF T 3B
c) given-clause % usable DREIEMT 3.
d) given-clause NS 7S T TIRESNTLWBERIL-ILZREWVT, fix BHT 5. (5 B.3 £,
£ B.4).
e) BRADY X7 LIRENRTRGFCERIT 2YHE SHZEFANS. (5 B.5)
f) Y7 LAOBREIREN NUB#kEE | DAGRSE B TIRECREAIZIAvE—I% AL, L
—FEIRITHT.

DIETHHENSIRE D, SinBY, BHEONE, BTHENE FOTICDOVWTEHEMICHBEY
3.
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B.2 YRFLOHL

resolve AVY RMEESNIERBI VI UNEFHINDG. ZOBRRBIVIVEEIL—TFICA
BHIC RITXARDEZTE (CHE WV THRBULIB D 1z H OFHRLLEBETS.

FIRVICRBI VI YDERTNXIRE T3CafeOBJEY 2 —JUICEAL THO HHROERETS

1. AR -5 DEEIRMZHRET 3.
2. EV1-IVOREBEEIERNAEIRT 3.

RWTRBIVIVOEI—FICABHIC, UTOXSHEHHGLENR K7 NB.

1. 73> universal-symmetry 1 on DIFF(C, MFRRI(X = X)Z ADFITEMT 3.

2. #HEHEHRE ST O (CHHET 3.

3. 730 auto 3 L\F auto2 Mon DIBFICENICIGC R T STP RS A—-—FDEIHMTEY T 1V
J%&f15.

4, RITXARNDCafeOBJEY 1 —ILICEFEN S built-in demodulator &= & #£9 3.

5. 73574 process-input M} on MIBH, sos H & U usable (CEFENDRHICH U TEREDER]/
FHRE(E B3.2 IS LUE B4 Hiz2R) Z2EAT 3.

B.3 EHEIERIYVYVEHMIEEH

VR T LOPBMANE(CHENT TSTTEESN TV B ERRA (CHG LTz BHEAERT Y I Y
BNBEXREE TN, FHeEEHEANER TN, sos (TEMINS.

1. max-weight /35 X—4 NOFAE(B.3.167)
a) U 73S control-memory X on THALL, IRED sos FIES(C EHRINTLIEH DO
EHAN, MBS (E max-weight RS X -5 ERHET 3.
2. binary resolution MEfT
a) H LIS binary-res i on TH o7& 5(E, binary resolution ZE1T9 3 (5 C181xE

BR).
b) binary resolution DFERBSNIEFHGEBHANDER(CDOVT EHEADOBNIEZRITI 3
(% B4 E1z28 — UTEER).

3. hyper resolution ME{T
a) ®©L IS hyper-res M on TH>7z1& 5(d, hyper resolution ZEfTF 3 (5 C.2H=x &
b) hyper resolution DIERFSNFHTZEBHANDEZL(CDVWT EHEDEUEZRITI 3.
4. negative hyper resolution ME{T
a) U, 7354 neg-hyper-res 1t on TH > ek 5 (&, nagtive hyper resolution Z£179 3
(B C28 =228R).
b) negative hyper resolution DIERFSNEFHTZEEBHANDEL (CDLWT EHEAIDOEBUEZ
X179 3.



5. paramodulation into MET
a) U, 73> para-into i on TH o727k 5 (4, paramodulation (into) #£179 3 (8 C.3f
Z=Z2R).
b) paramodulation (into) TR/SNEEHMELBHANDZR(CDOLWT SHHAOBRUEERTT
3.
6. paramodulation from ME{T
a) ¥ U, 734 para-from H on TH o 2/&5(d, paramodulation (from) ZE179 3 (88 C.
3EZEER).
b) paramodulation(from) TRESNEHFHZGEBHEDRLCDOVWT BHEOBNIEZERTT
3.

B.3.1 max-weight I35 X —5 D%

HERETHD sos DIBREEB(FTIZHICABSIN TS /IS5 X—5 D max-weight THS. D/}
SA—SEZEBZ DT A 2FHDOEHA sos [CERINT(TE TSNS,

TSCEFDH A AN—ENBEREBMZZIBAIC, max-weight RSA—SDEEBEEFHRAEIZEE
5. CNIET S control-memory B on (76> TWLWBIBHICETINS.

B.3.2 HilcXd SAIWE

B ANE(T S5 process-input M on DIHFE)P BHETNEHICEL T, HlX(E max-weight /3
SAXA—HTHIRTNBIHNETE, TFTFLHNREPARENCATRGHTHIHESHD
1R & (subsumption ¥ tautology)Z £1TL, BINZIHNETI3WMH ZHAEIT S. F /2 dymanic
demodulator OERPZEHNERSNEHNENDRBEZ XTI 5. BEANGREBEORBTEUTOM®E
DTHB :

1. BZRANBRELTEIREIHNENZHANS (55 B33 H1z2R). BRNBTEIREHMELG >
78 Z0HEHIRT 3.
HNEHZHAET 3.
REHEIR cl-kept DMEC 1 £I1Z D
7> print-kept Mon TH 3D, ANFICKT BUETH > 725G clause ZHIF T 3.
754 dynamic-demod M on T& D, dynamic demodulator (CB8T BHRE (58 C.4.1 B DIER
M demodulator £ LT D ULLVEIEHIESNEIBE, TNHSHF K demodulator Z{ERK T
3. CORT S print-new-demod B on THI3HHBWVWEANFICHT S WIBETH > 2188,
YER U 7z demodulator ZFIFE T 3.
6. ZHIDREBEZITS. ZFAITHH>RIZES,
a) EL/35 X =% max-proofs M -1 (BSNDAMADEICHIRZ (T HLV)TEAZRL, EHE
Nz EBEHOBIRETIEIR empty-clauses) DIED, /85 X —4 max-proofs (LZEL TUL\E 5,
VRF7 LR TRAGBAHICELRZ] £ UTRBRI VY VEHEY 3 (KEREL).

vk wN



B.3.3 flilcd INEBOREBEANS

1. IOEBBZEMNIEZR, CN%Z clause £TB
2. 7354 very-verbose H on THMNIE clause ZENF T B
3. clause [ demodulation &Y.
£ U IS4 very-verbose Bon THH, EEWMIN—ETEETINTUNEEZTRZIER
D clause & EHIF 9 3.
4, ERNOERILOHADF
T35 order-eq M on MIBRICETITD. cDEE
« 735 Irpo M on THHUL, Irpo(lexicographic recursive path ordering) (Z £ BB D (F
ZHWVS(% 3.16.2 BiEER).
« Z5TRIEFNE, FERBCLZERDIBEFD T ZETS (5 3.16.1 HiEE2R)
5. unit deletion SMIEZ=fET .

754 unit-deletion Mon TH D, HDclause (CEFENBYTSILOEM 2 LI LD BEIC

LTI 3(FE B.3.4 Hrs8R).
6. factor simplification MET

7354 factor M on MIFHICEITI S (5 B.5.2 HiEES8HR). DO simplification Z{To 7z

B89 FRETIBIR factor-simplifications Z 9.
7. tautology Mi&&E

HIM tautology WENERANRSB(E B.3.5 £ 22H). £ L Z S5 5 (EHEHER cl-tautology

" 118BYY. COLSEHIIHERBEFESLBEVWZHIDEE RIRETHL] EHETS.
8. weight 7 X M(BHMICT L TOH TV, AN L TIE EFESNZW) @

BEINETMN/IS5 X —5 max-weight & X VW ZIHS, COF%E TERIREITRL] CHET

3. CORT S very-verbose i on THoZIES (L, FNEHFT 3.
9. forward subsumption =X ~

7354 for-sub M on DIHEICEITIT B(E B.3.7 HiEER).

BRELTREL TLIEINBDEIC subsume SNBLSHEITH > 2IBE(E, CDEIFTT
RO TERIREITHEL] CHIEL, MEMEWD cl-for-sub (£ 1 MR 3. F e, clause %
subsume I BHIM sos FIESICEEINTLBIENDTH > BEIL, HEHER cl-for-sub-sos (C
1ZMZ%5. 5(C TS very-verbose i on TH3MN, ANFICHT S WBTH>IBS(E,
BN subsume SN EEHFT 3.

B.3.4 Unit Deletion

CNFEH(ICFRAITIHFZERIETDICENEBNTHD, FMCEEND Y TSILOEHN 2 U EDIE
BlCAHN3E. COMBOTRET BRI TSIV (CDWVT, sos HBU\E usable [ §FENdH—
BOUTFIIDDIE, AV RAIVIN DBEICFELLE 3EONFETIHEAIC, UTZIV I ZHl
(RY2UIETHB.



B.3.5 Tautology {&#

Pl | ~P] ...

EWSTEZE LTZEIIS tautology TH 3D T, IBOHRDRICIFILZEL. COLSBEITHINE S
H&EHIET 3 DM Tautology BB TH B.

B.3.6 Subsumption Xk

B1C DNEi D %& subsume §3&(E, D ICEBENDIETCOUYTIILIRC DENDDYFSIVE 1V
2 VRETRBERICEI>TESNBLSBBEETHSD. 2FD COARD LO—BNGEHTHB &
WSENTES. COLSBIBEH D BIUETHD, C NHENEFHGEBHEDOERICE 5LV,
CDIRAEZEITS DM Subsumption 7 X L TH 3.

B.3.7 Forward Subsumption X k

BHEINZEMN sos H B0\ usable (CEENBHIC K > T subsume N3 BE, CDOEFIZLIED
HERICIERICUZBEW TR TH B). CDIEE%Z forward subsumption 7 X ~ &3,

B.4 Hilcxd SENIE

FilcN g BNIE L (&, BINIE(E B.3.28N)%E >z HIICEAL TITONINETH D, COUNIEBICH
SEMNESTNBIRRTE, I TICEFOEITBEYLEES (sos & B UL\ usable)[CBIIENWLS.

AL TIERMOBMUZHUET IRENEFOIICERS LEDE TELTHN TLVzD(EL
T, BUEBTREYECHZHELEHCLI > TARICEZILSEHREOHN HZ3HNESHEHANS.
ZFOLOKBEMEFERELEBS(E, KRIZIH U THIBR(back subsumption) L7z D, Fifz [CER ST Nz
demodulator (£ & o TEIEME % B#I{t(back demodulation) L7z 9 3. &7z factoring (CL> T
SSCHEEEHENERINZ CEEH 3.

BHERIICEUTOL STUENETIND !

1. EHOANEZ
754 eg-units-both-ways H on N\ D, BT ROEMNE—FITHD ZDYU TS ILH equal-
ity U SIWERDY FIIV)DBEIC LTOREBZTS !

« 73> order-eq M off THZ3M, H2WEVTIILD EREMEIDFDENHEEKLEH S
EDTHZESE, LMTOMESE 175, 25 THRIFNERECHE LIEL.
a) EXNOEAIBZEANBRZ Y FSIVEER L,
b) cNZEH—DUTSIVET IHGE—MZE/ERT D
o) ER LB BHEBRE(C copy-rule & flip-eg-rule #3893
d) {ER Uiz, BHERIE - 85 B.3.281 - (CH\(FB.



2. back demodulation MEFT
755 back-demod H on M D, clause [ZXIGT B demodulator MEIMIEBCER TN TLI\Z
BEICEITY 3. back demodulation (& C.4.2 Bz S,
3. back subsumption ®7 X
754 back-sub H on DIBECITS(E B.4.1 BiZES8). clause [ subsume TNZE DD
DI FHREHEIR cl-back-sub ZIEPL Y. D& F print-back-sub 7545 M on TH B H, ANHI
([CXT BB T & BIBAICIL, back subsume LEBX v E—IEHFT 3.
4. factoring
7 >4 factor A on DBHICITS
5. back unit deletion
754 back-unit-deletion M on M D clause NE—FDIBE(CITS. 5 B.4.2 Hix SR,

B.4.1 Back Subsumption X

BHRINZHEGEMN, sos B L\(E usable CFENTULSHEIZE subsume 33 L S5KFIHE,
subsume ENBZFEITTETH DN SHIFRT D ENHEED. CDIEE% back subsumption 7R k&
/38,

B.4.2 Back Unit Deletion

BHENBE—FOIBEE, TOYTIIVERENYE TBAAIERY TSI ZHIBRIBE(cLoT
HEEBHEITIENERS. % sos HL U usable CEFNB3ETOFICTH L TETITBION
back unit deletion T 3.

B.5 HRIET DHIE

RBFTE/ IS - DECPEHOEL ZER L THEROTM/ICTOHEZ 175, TT/I5X—
Tk BTYFREDHERBIUTOLS (CERTEN, FNICHL>TY T LWNEBKENR ESNS.

1. /85 X —%5 max-given N -1 TR <, HEHEIHD cl-given H max-given U EDIFE, iKE%=
max-given THET | £ 9 3.

2. 135 X =% max-gen M -1 TIFE L, MEMEHD cl-generated M max-gen U EDIFE, K%
max-gen TI&T ] &9 3.

3. /35 X —4% max-kept !\ -1 TEE L, HEHBEIWD cl-kept M max-kept U ENIFE, KRE%E
max-kept TET | £ T 3.

4, FRUMNGS TS &9 3.

ZEIDHEIRDELS(CLTITS.

1. HICEINB3 U T SILOEMN 0 DIFE.
CNRIZEHTHD, UTOWNIBZRITT 3.



a) 7354 print-message M\ on THNEEHNEHE S NZENFT 3.
b) #EHELR cl-kept & 1 T,
) HINEENTUVBIHEEGHNS CDEIZHIFRT 3.
d) #RETIBEIR empty-clauses & 1 1P,
e) 754 print-proofs M\ on THNISHAAREHFT 3.
2. YFSILOEN—DDIZE(E—E)
unit conflict "&H3NE SO ERARNSB(E B.5.1 FExLSMB). ZO’E unit conflict &> 7z
5, L TOUMEZ{TS.
a) print-message 7> D\ on MIBF unit confict £IE> 7 EHIFT 3.
b) 7354 print-proofs M on DIHEHEAZHFT 3.
) FINFINTLBHEEGH S CDHZHIFRT 5.

B.5.1 Unit Conflict &

EZonftB8—HE#REBITE3LSMK, sos HB3U\F usable [ FSFNI3B—HFNE2THEZEL, ELH
NEENZFNICOVWTEREE EITLTCERHEIEODHEITUETH B.

B.5.2 Factoring JEE

B CIEEENS 2D2ULED(RAUFED)Y TSJIbIC, mgu(most general unifier) s &3 & LcE
ZT, cC(CHDEITIILDT LA, o EALZER) & C O factor EIEA.

FIZE, C=Pa)VP(fy)V~Qa) ELrEZE, (FEESIWE)SME2EEDYFSIVIE,

mguo = {f(y)/z} EHD. LEM>T, oC=P(f(y)V~Q(f(y) [& C ® factor TH 3.

Factor Simplification JAF

factor simplification (&, & 28I factor MITDEI%E subsume T3 EDHNHESHERN, 25T
SONETOE DY 7S )% factor ® UFSIVTEEITEZS. DL LT clause #EEILL T,
TTRE VTSI ZHIBRL TITKWETH 3.



HEsmIL— JUBRER

AETEBFEOHEBHLNCOVWTHECEHRAT 3.

C.1 Binary Resolution

binary resolution (FYFSILEU TSIV 1 X 1 DBEED resolution JL—ILTHB. resolution M
AF—LERCIICRTEDTHD

clause-1: ~L' My, ---, M,
clause-2: L[, K, ---, K}

binary resolvent: oK, --,0Ky,cMi,---,0cMp,

ocLL'mgu

C.1: binary resolution ® X+ — L

RIECRULERF—LT, ZDO0HRFEEA—DEHBEEZHE L TH> TULTIEE SRV, OREE,
SREOEHIBCIAZ—DICHEB LS ICEBMDODIFEZNTONT WBs, BEINICHEINT
n3.

C.2 Hyper Resolution

HZIHHSENMNZERHEEZIHR, TNER/RIDIC BRE>REEXT v INREDE/SZ. >
T, ACBHENEHOERINIBENRHDF/S. CNEEFLLBRLVDT, COERDITY T&
FTEHT —ED resolution L >THEHL LS ETFTBDM hyper resolution THB.

REIT>I>VTlE, positive hyper resolution & negative hyper resolution M2&&E® hyper reso-
lution BEEZ IR L TWLB M, NS EVITNE —&D semantic resolution T D, Pl-resolution
EMFEN S L D —EHIAR resolution rule DRI TH B .
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CCTRIEFTRAIC, D semantic resolution DEZ N Z(CDWTEHRBEL(1]), DWT, hyper
resolution D XF—LICDWLWTEIAT S.

C.2.1 Semantic Resolution D& X%

[1]

HnESES%, S={~PV~QVR,PVR,QVR,~R} £93. COMEEDTHEBFEUETT
DIZ, BEOD binary-resolution Z #5> &, MTIETRTLOFTHEEBEE LD !

1) ~PVv~QVR SNOEXR

2) PVR S NEHR

(3) QVR S DEHR

(4) ~R S HEXR

(5) ~QVR 1 & @@n5
(6) ~PVR 1 & @B)H5
(7) ~PV~Q M & @ ns
8 P (2) & 4) 15
9 Q B e mns
(10) ~QVR (M & @ M5
11) ~PVR (1 & 9)m5
(12) R (2) &£ (6) V5
(13) ~@ (4) & (5) 5
(14) ~pP 4) & (6) D5
(15) 0O 4) & (12) D5

BUHEAINSS, RERICFAERCHEDNTVEIDE (6) & (12) £ THS. Z0MOEHEIFE TR
THd. COKRBIELEOEHZRTZDON BNEKS.

EEBYE2DDTIV—T S, & S, [CRFBENERKZET B, e, BHRLCTI—TFICEETND
HiR L DR TIE resolution ZITDHEWVNET R, CHESICTRIET, EEINIHOBMNE DI Z & (&
HESHhTHB.

semantic resolution TI&, BID T IL—T 53 (T (CHERR(interpretation) ZAWLS. LOHIT, (2) &
)& BRI ={~P,~Q,~R} TlE false TH3. —H (1) & 4) THEIND. CDOLSICTBC
ET, S EREIRT true CREBENDEZSTHRVWEDELICHEIZICENERD. REI VI VIE, HiD
REATRELGHESZRSENTH NS, EQOLSHEBREZFALZELTE, TNRETOHZH
RBULEDEBETS L5BC LTV, LENS>T, EQLSHRIRICL > TERESE 2D0NESICH
FIDCENABETHS. UTTE, ZOBINEES S METRARBIR I (CX>T, ZD20TIWV—7
S1={(2),3)}, S2 ={(1), D)} CDEINTVBIENDETS. COLSCHFELTE, (2) &£ (3) (& (4)
& resolve §3CEMERS. LT THRARB LS, D resolution (CDWVWTER (TS EMATRET
H3.



D& 57 resolution Z[EE#E Y B 728), MEBEIEEDREDIER (G T EFES &M EFXRSB. &2, S
(LE?*L% nl:lna"ﬁ(@
P>Q>R

EVWSIERZ[MFTZEDERETS. COIERMTOEET, 22081(F7AE S; Of1, €E5RAEE S
Df) % resolve I 31BA, resolve SNB3YUTSIVT S, ICBITZHNDENE RAXOREBELZESZEE >
TULWRIEINEESEL, EVWSHIPREZEMTS. COFKDOEETE, R(F 2) HLUV (3) TRAD

MMEBEL B TEELEH, (2) & (4) & resolve TR EIFHEREWL, &2, (3) & (4) (CEAL TEHARK
Thd.

R semantic resolution CEBERBIMITH B clash (CDWTEHBAT B, 9, ZOBIDEICD
WTCTRTHDB.

1) ~PVv~QVR
(2) PVR

(3) QVR

(4) ~R

R 1% 1={~P ~Q,~R} &L, REBERLRSDIEFZ P>Q >R &I 3. LTHR/LL2DDFEINE
BRTBE, RD2DD IDHHREHEEKS

(5) ~QVR Me@)ns
(6) ~PVR MeBG)ns

INSOMAEETICEDTHREIND. LIER>TINSE So AN, TNEE 9, CEFIBE
& resolve §3. (5) (X (3) & (6) F(2) & resolve i3k 2. MAEERUBR R ([CHK 3.

(7) R 3HeBG)MS
(8) R Q) &B)h 5

B RIZ I TIX false DT, FN%E Sy AAN, CNE S, (CEFNDB HEDORET resolve #175. ~R
MS, (CHB3DT, ZH O #53.

FOZDO0O ROBHERERD &, EBICH (1), (2) & 3) DMEHN TS, BEGEB3DEENSH
BEONBIEFRTHD. EE5HN—DRITHRUETHD, FAE TERTHD, BOTEHKTHS. <D
ILE'E’EE< IHIZ, clash EWSEERZE BAT S, clash DEZH(E, (1), (2), (3) D3IDDEM

5, FREAKGE (5) ® (6) ZRAE T, BEENIC RZEHITIEVSENTHSD. COBITE, &8
{(1),(2),(3)} & clash &3\, clash DFMIC DWTIE, RD/IAST ST THET 3.

C.2.2 Pl-resolution DESH

[EBREL, PERELEOERMTETS. HOBRES (B,..., E, N}, ¢>11& ROEH
EWET 3K, semantic clash EIEENS :

1. Ey,...,E, & I T false



2. Ri=N&93.%i=1,... qlcDWT,R; & E; M resolvent R, NNEET 3.
3. resolve @NB E, DUFTSIVL Eii=1,...q D DETRBPASIHREBLEELEFT > TLB.
4, Ryp1 [F T IEZHWNT false

R,+1 % (Pl-clash {Ey,...,E,, N} @) Pl-resolvent &[E3. %7z, Ei,...,E, & electrons, N &
nucleus &[5\,

Bz,
E1:A1\/A3, EQZAQ\/Ag, N:~A1\/~A2\/A3

(‘:j% EE*RI % I = {""Al,""’AQ,"’Ag} t lJ, Jllﬁfi P % Al > A2 > A3 tj% Co)t%/ﬁ\, {El,EQ,N}
(& Pl-clash T& 3. D clash @ Pl-resolvent (&, A3 THB(A5 (& I T false TH B &EITER).

C.2.3 Negative Hyper Resolution

negative hyper resolution (&, LETRA7z Pl-resolution T R I (CBEEZBMNFTEINTULIEL)
BaTHD.

negative hyper resolution D X ¥ —LZKC.2(1cRT.

Electrons: ~K1 R ~Kn

Resolvable with§

simultaneous | cans

unifer s
Nucleus: L1 AR Ln Ln+1| === ~Ln+m
Hyper- S et S ~SLn+1| «sss |[~SLN+m
resolvent

C.2: hyper resolution ® X F— Ly

KT nucleus £EH 3D, PR EE—DDED Y TSI EEDETHD. REOBELGHESI(C
FCOLSBERKTHEET S, nucleus DEIRDEDY FSIVIEDE, BOYFTSILOHERFDH
electron MKREBTH 3. PIED, REAIBEGHESICE IOKLSHHNUNTHFET . nucleus (FET
D electron & TAKFIZ] resolve TN FNEHESTEV. BEBRELTED Y T3 ILDOHHSEDHN,
EHETE LTE5NB (KD hyper-resolvent). < ODEHE(E, LIED hyper-resolution X 7v 7T
electron E UTHEAT D ENHRKSB.



BAORBIYI VT, 7355 neg-hyper-res i\ on MBF(C EH & N3 negative-hyper-
resolution (CAHY T 3.

C.2.4 Positive Hyper Resolution

75 hyper-res i\ on ORFICERATNBDIE, & dual REEERIZH B, positive hyper resolu-
tion TH 3. NlE, L THRARZXF—LT, UYTFZILD [E/B ZWH(CTBETHSMN, Pl-resolution
T, BRI ICEINZIRBYTSIVHNEERESZSUHBEIC AYT 3.

BEODETEZSNZERIE BREOYTSILOHFEEL Z ENRZ Lz, negative hyper-
resolution @ electron & U TAHW3ENER IO T, @ERHNSKEABN> T, BASHAEL
TWB EE X 3. —7F positive hyper-resolution (&, IREH SEREAMI(TTO, BIAZE O RN OIEE
TH3.

C.3 Paramodulation

paramodulation (FFSZI/RSHDHERIL—ILTHS. K C.3 (C paramodulation D X F— L%&R
9. KT, [ =r (& paramodulator (EOZEXY T3)), f(t) (F t ZRAIBICRHDELSBY TSIV TH
3. flor) &, ZDt & o(r) CESRZIIEZ RIENDET 3.

l:TaL17"')Ln
f(t)aM17"'7Mm

paramodulant: f(or),0Ly,---,0L,,0My,---,0M,,

oltmgu

C.3: paramodulation ® X+ — L

KT, sigma &, YT SIU f(t) DEIE ¢t & paramdulator @ A8 I & ® mgu(most general unifier)
T3 (0l =t). paramodulant (& ¢t & paramodulator MHLI(C sigma ZBEA LTz HD(f(or)) TE
FWZBElCE>THSNS.

C.4 Demodulation

demodulation (&, BHEINHICERAIN, TNCEEFINZIVTIILOT7 L% BHETS. T
5, | —r OfFE%Z LTz demodulator & D, 23U 7SI I NEt ZEIBEE U TED Pt 0%
LTWVWBENDETD. CDETE, gl=t ERDELOE, BEHEBRNROH>EEFIC, | &, Plor] ([CE
TR B.

demodulator LT, L=R EWSEROUTISILOFDSKIENANWSNDE., %z, ED
EZMmzBHE L THWSEZESICIE, FROBFANMTIIRETHSD. D2FD, ASHDOIEFRRIRIC



2T, EROEADEZAAENMITIBIBEN HD. RBEIYI VT, COIBROYEIC, BfliLiE
RIEE Irpo d 27 #HET 3.

C.4.1 EiTFEOdemodulatorfliE

7 >4 dynamic-demod M on MIFE, REEIL > I V&, £TH equality (o = 3)%Z demodulator &
LTEZZIMN ESHEHET S.

2 >4 dynamic-demod & % L\(&, dynamic-demod-all A on (C7& > TUWL3 KRTE, KT TS5
order-eq Mon [CIE>TWVWBRIETTHSB. CORET S Irpo M on DIHBFICE, EROMAETD(FDHE
ELUTLRPO %, 5 TRWVWSEEXRMEEH L HENIRIC LS HENTONS. COBREFNOEE
DIFNTONB N, 2D HiH demodulator ELTHEZBINE SHE, ROLSBIET HESNS.
HERBONRE I 3Hi(F, ED equality h DBE—FTH 3.

1. BIDYU TSIV l(a = beta) CEAUTUATOHEZEITI S !
755 Irpo hioff DIFPE a) s M a DEIBETHNL :normal &£F 3
b) HERXIEDEIKXT a > B H\D vars(a) D vars(B) &5 (L,
i. 754 dynamic-demod-all i\ on THMNIE OK &£ T3
ii. dynamic-demod-all M} off T wt(B) <15 OK &9 3
ii. ZNLADIBEE NG £T3
c¢) 734 dynamic-demod-lex-dep & dynamic-demod-all ® @A MNon DEE, a & B M
ZHERNAINE, BXHICR—DIETH B HEIC ORDER-DEP £ 3.
d) ZNLADIZEEFI NG £ T3
IS5 Irpo hion IS a) | DEFERDASI DIIMELLLITONTVBRIEA, OK £T 3.
b) >4 dynamic-demod-lex-op M on MIFE, vars(a) 2 vars(3) ORDER-DEP &9 3.
) ENLADIBEIENG £T3

L OMIET, vars(t) (&, EH ¢t (CHIRITB3ZEHDESEEIKT 3.

C.4.2 Back Demdulation ®OET

back demodulation &(&, BHINZEIMEDE—D equality Bi (—DD a = DEDY TS ILD
HDOSEBHE) T HoRIBEIC, F% demodulator & LTHWT, usable 58L& W sos CEEFNB
ETCOHEICEAL T demodulation #E{793ENDTH3B.

BHEMN demodulator & U TEBUIEEONE SHOHIEE, BEHEICN T BRIMNE(SFEB.3.26 =
SB)TITHhN TV,
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Joseph Goguen and Grant Malcolm, “A Hidden Agenda”, in Theoretical Computer Science,
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