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(b) ZOLETOEEBTEIEARAKBZRIET 3.
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BENEEN > TLDORBENOFVIHEHERIETS EDTHB.

(b)EOEENTEIAKE L, 5230 %Y — b —BRERERENRE L, resolution [RE[1]%
R=REUVERBIVIVELTERI NTVS. REI VI V@RI UZEEBIHEYXTLELT
FNEAITZIENAEETHD. CNEAVBECL> T, FAE(FCafeOBJTRR S NIZARKRICTL T
FIEHRBEBECETIIENHES. RRI VY VBRI, BICR< M5 Nz BEIEEIAR
Otter [3]E5B8E(C L TEDEEENRE SN, TV I Y OHKEED DOEEESEARM(COtter DY T2
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2000 RAE(FRETRARZ LS N FUBANEER LG >TED, RFAGHEBENEVRDFIAB
ZMCommon LispMEBREAFLTCA YR M=)LT ZRER G HE>TVS. UMTOTSv LT =
—LOTONRHINTLS:

1. 1386 Linux
2. i386 MacOSX
3. win32

FRBUADTSY F T4 —LTOMARRERZBEEY—XDA—RZ AFLTA VI =T 38
EMRHB. PigNoseldEARM(ZCommon LisplEBRDNBREN T SRBETHILLEET 5. NI, SRARKR
CafeOBJr > 5 7Y & HCommon LispEETHIRINTWVB C £lC KB M, CafeOBI1 VI TFUH(F
TSV hTa—LOSEDA VAT I —X PR CUWEBRKENI-—RRFENTNSI L, EDL SR
Common Lispfll BRATEHEEMET D LFEZIRBVONRIRTH D, BE2005FEDRF =R TIE, LUTOULE
RTOEMENERSINTUL (R 21CIEB FREBE TS Y T4 —LIETEGY X STEGV. FH(c
DUVTEBRDNE ZORF 1 XY hESBINZW). 272 LIRE(EAllegro Common Lisp(ver.8.0
D) ETCOREEREEINT &b, ZNUNONBRTHEL S 1Y I =L TEIHENIREE
TET LKL, EEEITZNHIND Common Lisp MIBR(C DV THEIRIL, The Association of
Lisp Users Ok — L/ R—Thttp://wuw. lisp.org NSDU VD& EBET, ABICAFTES.


http://www.lisp.org

[ Common Lisp JEXR [ BBT7>v T2 —L \
GCL(version 2.3 ) i386 Linux, BSD
Sun Sparc, Sun OS 5(gcc)

Allegro Common Lisp (ver5.04 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 EHRER

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

http://www.ldl.jaist.ac.jp/cafeobj/
NSO YO—-RHRS.

V—ERE Unix DT—F7—H1THER(TAR) 7 7 1 L% gzip [CL>TE HzHEDTHSB.
NIc(& CafeOBJ 1 Y FUFBHEDY —XEFFNTW 3. LEOY 1 bHOSEAKKICTOYO—-R
AgETH 3.

2.2.2 Y=-2Z2Wh5DrY R =I5

DETEY —RBRED I 7 I ER(CTFsAMYEL—Ya YEES. CNEERATZEI VR
—WERBRY —-XT7AI®S1 TSUFEERML T LI FUDRERSNS. FIZXE Unix £
TIEIRDLSICLTEMTS

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

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

Unix/Linux ETDr Y +=IEiE

(A) Allegro Common Lisp®i8& #FHHA 9 3 Common LispLIBZR M Allegro Common Lisp(ACL —
ver.8 IB)DIBHICIEYV—XOA—RFRH5D+ VX F=ILDERBICETHD. ROLSI(CITS.
TW—O-REBAINTVEIN, N=IaVyBhFVWEDNHFTHSZ. SBENCIFVICEARLERIZIFETHS.
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V—REEBBEULET AL NUABET S.
| % cd cafeobj-1.4.6
. Allegro Common Lisp Z#2&19 3.
% alisp
. ACLAATE AT B(CL-USER(1): IFACLO OV T+ TH B).
| CL-USER(1): :1d make-deliv.cl

CNEE>TY—XOA-—FH5DY AT LOBENERINSG. CNHT L Sdiste >
T4LORUDTICCafeOBJ ¥ YA TUASADNBRINTVWB(ETTHS.
. dist ANBE#T 3.

% cd dist
ZFZ(ZlFcafeobj-1.4EWVWSBFIDT 1« LU FUDHS. CUTICA VI TFTUIRERUET
RICMBERZ S TSURBRENRBREINTLS.
. WEB(ZIG U T cafeobj-1.4 ZBHE T LU MY ECBHEL <(FOE—-T 3.

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

A —PRBHEICETIACERNTVIESEE, sudo IVY RE HULWSH, TENZHESHERS
BUOVBEE, BRZF > TLWB3I1—Y(CHKFETS. 1 VI F—ILAERFMERTRLOTEICES
TBE(TE.

LAV TUSDOERTIAVY Y Ri(dcafeobj-1.4/bin/cafeobj THD. ZNEPATHONNE > TWVWB T «
LORYICOAE—ELLIEBE, H63VWECDT7AIVICIYVYRY YD) Y D%ERLS.
% cd /usr/local/bin
% ln -s /usr/local/cafeobj-1.4/bin/cafeobj .
L DOFEITIE/usr/local/binle, RITAVIADIYVYRUYD UV DRERERSTE.
. cafeobj-1.4% /usr/local/N1 VX b= JLURIBEEFZ NTRTTHS. ZFNLUADFZEAANA
VRR=IWUEBEEA VI TIIRKDIBHZE REITDIMERHSD. CNICIERD2DDAEE
NHd:
a) cafeobj AV RAE(BIET 353, cafeobja VY RidshellROVU 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—IVED T« LU FYRICEEITNIEL
W, BIZECYZAb=ILET LD MU Jopt"THNIE, LiE%E
exec ${CAFEROOT:-"/opt/cafeobj-1.4"}/1lisp/CafeOB] -- $*
DESCEBETNIE L.
b) EDcafeobj AV FOARBZRTHMNBIED, RIBEHCAFEROOTREZE SN TLINEZEN
EAVIAM=WE T LI RNIRELTERATS. BIZEFEAL TL\BshellR bashdiz

al&

export CAFEROOT=/opt/cafeobj-1.4
D& SR %E .bashrc/d & (CEBE L THFE L.



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

1. 74 XANVE1—YaVEERLET ALY FUABET 3.
| % cd cafeobj-1.4.6

2. Y % Common Lisp BRYY, 1 VA= ILEDT s LI RUD BREETDS. CNIZET«

ZRVE1—Y3VICEENTLS configure AV Y RERDELSICLTRBEITI &L

<175

% ./configure [--with-lisp=<LispfLIBZRIEE>] \
[--prefix=<— >V X k—)U5>]
C T, <LisplMERIEE> (FRX—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

FICBEZTORFNE gcl NFT T4 IL K TRIRENS.
<AVRE=IEK> F, YRFTLEAVIAS=ITETALIRMID RRABEBEITZIENT
H3. FCEBENEGTNS, T2 ET Jusr/local R1 VY X b=V & B, BIZIE, FICRT
BIT(& 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, YRTLOBE/A VI +—ILETS.
% make bigpink
% make install-bigpink
RYID make VY ROEMCL>T, YXATLOAV/IC LR 70N, 2RO make AV R D
HKMCEL>T, YRTFLDEED T LU RJICA YR =L N3B.

Windows ETOr YR b=IVFik

A9 2 Common LispAIERHAllegro Common Lisp(ver.8.x)DiE&E (& ETEE L zUnix LT«
VAR=IEEERETHD.

FNLADCommon LispfMBR(CDWTE>Y —INS A VX h—=Ib%& 175 L T—REGZEH H A
BINTLRLONEIRTHS.

RECCCIREHULLBEDICTERINESHEIRIETNTULEL, BELZDESDERITLTSFEFLVHRWMBEEXT—HW
REIT3E ZWTHD. DLWTIKIERAEREMSE LW INEREH DRV,




2.2.3 NRAFVERDOT YR M=K

NAFTYBNDIBE, 1 VAL—=ITNBZIAVITIUIEIIVYRT7O—-Y, DEDODEFTHRIC
Common Lisp MEBRZEME & Lk, TODO

i386 Linux

Windows

224 ARV AF=IVEh3IH

1V X = )V%EM CAFEROOT THo TR E, RD £5(C1EB ¢

« CAFEROOT/bin/cafeobj : iR X 7 LDOEIFAF Nz CafeOBJ1 >V H FU S DEEEHI Y
VR,
« CAFEROOT/cafeobj-1.4 : 4« Y FTUSDSA TS UEEBNI ST« LOIKY. ZDOFT L
OrUDTRUTOLSICIES
- exs: CafeOBJ OBIEEI 1 —IL T 7 1 ILHUISHST NS
lib : #REEHRY X T LDEHCHBIREI 12 —)LT 7 1)L “fopl.mod” BTN S.
bin: 487U ODERENIBRETND.
prelude : CafeOBJ V5 U S DHHAILT 7 1 LDIBIHBPT. UTDT 7 1 ILDNEDH N
3.
* std.bin: CafeOBJ) 1 V5 FUSNENET 2 L THBERBIMHAEZ ET 7 1)U,

* site-init.mod : MEEROYERILT 71 L.
INSEA VI TUINEEIT IBICERIICHKENDS.

2.3 EeESE

PigNose DMEFHAE Nz CafeOBJ + V5 F U 5 DBENG AL, BHED CafeOB) 1 Y FUH &R
<EACTH 3. LT TlE Unix/Linux DIBE, L WindowsDENZENDIHZEIC DV TEEICEBAT
3. AV TUSEONEREDFEM, KLU CafeOBJ BIRICDULT(E CafeOBJ) 1 Y5 TFUSIDY
Za7Ib 4]EBREI NV, E e CafeOBJ EEEIC DLWTIE [ClEERI L.

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

Windows EDBEE V- XBEMNHNSA VYA M—=ILUEBER, 1 VA —=ILFHRICL>TIERST
Nz cafeobj.dxl ZFTIVO VY DOTBRET, A VI TUINEEMST N3.

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



2.3.1 fopl.mod OO—F

RELHESRS 2T LDNBIMET B 728D (1, “fopl.mod” EWS T 7 A ILEA VA FUHICO—RT 30
BERHSB. DT 71 )VICEPigNoseDIEREE FRT 3 LHICHB LRI FHROMBHAHFET 12—
FOPL-CLAUSED ESHRA®, ZDMiD BIBHRTENZHNDCafeOBIR U U T MEBRSTNZT 71 ILTH
3. CafeOBJIC(EEHEIO— F#EBNH D, HHHIAH T 1 —IJUFOPL-CLAUSED ¥ TEBI NI
BHER(Cfopl.modMO—RENBELDICFHEE SNTVND. CDOIzHBEH(FF Tfopl.modz O— K
ERGPZE:IE AR

H5NUHO—RFLTEEEWEERX, 15T 5 ZiRa L izElc,

CafeOBJ> require fopl

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



A\

1

BTV Y

ARET(EPigNoseY 2T LD THIRBI VI VICDWTHAT R, AEOHNABEHZENELR
E(resolution principle)(cED Wz EEBHIHE (C DLW THEANKGHBEEIZIFEREL TV
3. A CEEGRHEZHE N, ARRGHBEXEM((1]1F) 2B L TARLL. A& C
[ CCTHEVWAESAIIRBI VI VRMERL TLW3EEDHRIL—ILIEDW TEHAHZDT
MEBIZIH U TENEERINEZL.

3.1 REIVIVOHEEE

BRACBRARTZEDRBI Y IV IES ST —EARERERD L TOEEN HEZRHIZIED
TH3W, cNZEESDLEBBHNICER B ERDL S (CES !

+ CafeOBJ EV 21—V TEEINREZ, FSZET—ERFERECE C Nz FOPLEBRINT
B)DREBEREHIFTL,

c ZDEIV1-IWONRICEWNT, BISNTERENEY 1 —ILORED S DREBHIEEE KB
NESHERBEICEK > TIRT 3.

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

REIVIVERBPAAREA VI T, BED CafeOB) 1 VI TFUFEL THRASEDNZE
B|EATES. TVIYVORBEIFHEOSERER, AVYF HELULTREHATNS.

1SOSHRRURBI Y I VYDOEECDWLWTIE & 3.9 (clEARLE.




3.2 CafeOBJEY 1—-JVDEER

3.2.1 FOPLX

PigNose[Z & (7 BFOPLX (FBHE NDIE L AKRIC CafeOBJ IETHD. CNFHEHAHFEIT 21—
FOPL-CLAUSE(% 3.38 ZZ2R) TCERTN TL\B(FOPLX DEX DFFMILEE 3.45 TEHHAT )M, C
NIEREKDCafeOBIEFEICL M E HFKB L (TIRAL L (CFOPLN ZEZX B LS (CTBeHDTEER
THd. CNzBENICRKRET S0,

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

EVWSTHHMESNTWVS. Y — hBool FFRIBEEETEE L TL\SHHHAH EJ 1 —ILBOOL’ TRE
BINTULEEIT21—-ILTHD, CafeOBITIS KCHEEDRWVRDBOOLEY 1 —LIERAENTES
LIZZ2TOEI 1 -)bIc BRI YR-—FINTNS,

CDENSEZBDE

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

EWSETHID. FOMnCafeOBJIE((HAIAHY — kBool IADIE)FRENDS|I#E L THIRT B
DTIHEWEED, FOPLTOEYEREFREINLL. £/zCafeOBJ Y a1 — )TNz NIE(L,
CHBEERELTUTTRR 3LS(CHERRTINS.

3.2.2 FROER

CafeOBJ D(RHIZ)ERE, ROLSBFEE L TWVS3

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

CN%EFOPLMimplication(&E ->)

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

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

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

2LBR(Z(FBOOLHS 1 YR— F TN BTRUTH-VALUET EHINTLS.
3CafeOBJ [Cld eq Z/z(d ceq TEE T NS ARSI L, beq /24 cheq TEE TN REZHNN2BLHZM, T
EFNS5EXFIET(CRS.



C T, CafeOBJERD=ZFOPL®D

—/E
£/ 5

EB2-LRIRLTULWSB FITEE. resolution ZITS5BRICIE, B
NEEORZHHERY (CEBRUTHWS. CNEYXTLDNBEFHNCITS>OT, MABE NI

Bl TRCR ZESUEEFRZRV. FRO<KGE>NEEINTLIIBEE(E, BEf(c

EVWSFOPLOFERN &4 3.

3.2.3 $HdiAHBEDRFIR ()

(2 CafeOBJMD Y — ~Bool DIEIL, BEIMIIC FOPL X & HFEETNB &Rz, CafeOBJ(C(EBool &
BDY—rETBIARL—IDBNNK DOMEFHF AT TWDS., NS IFHEHFAHFEY 12— ILBOOLEZF
DHYTEIA—IVTCEEINT VBREDTHBIN, RK3INCHRLELSICENS & BHRNICHGT 3

FOPLBBHES FANE Y X TLNEBRT 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,

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

D& SLREFMBERETS

3.2.4 HIHER

CafeOBJTIIRE & U TRHFLIEFRNLEND TG BBRAUEER AIRETH BN,

TEEBRNKFOPLOIGEIC D WTIEIEIAEZETEIE 3.

CN7ZEEY)

(E/S C EFARTIETH B> T DTzt PigNose TIBBHAC LI NEBEFBEIND. CNEHET,
PigNose ZFAT B (C LTz > TIEIUTICHBIF 2 L SHHIIEEN 53 !

AREBRBCHIZHFEREE 0OAULOUTSILOEETHD,

V7>

UFSIORENMOEMEAINETHS. Iz,

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

THBM,

YRTLlE>T BBRRAOR DHBRZBEDCRS CLIFRETHS.



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

FMEBEENZRL — 5 HMEHIAH Y — ~Bool Z 5| > TL\TIFE 5750,
RESHND=CAEFAD=L EXFI LKL,

if_then_else_fi (Z{ERATEEL).

ANy FaREE (LY — bk 8>) FEATERL.

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

Ol OEIINE

3.2.5 Z0({tio) CafeOBJ {HFHAHEY 1 —ILDIKEL

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

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

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

s ETONEB(ZFRHFAHFD)demodulatorE UL TOHEHINS.
s o THRIV—-IWERAWEFHEEEOEL(C(EIAV SN,
s RENZTOEREEBEINS.

EJ1—JPRCEY TEI 21— JLICHDEI 2 —)UICH LT PigNoseld > F < #EEL7F L.

3.3 #Hd#iAHEY 1—)b - FOPL-CLAUSE

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

3.3.1 FOPL-CLAUSE B E#EA

£33 21—JU FOPL-CLAUSE =fEICEIBT S 7/28(c, BN CafeOBJX 1 v F iclude FOPL-CLAUSE
DNEBRINTWLS.
655 2.3.1 B TR 72ED fopl.mod (&, ¥ X7 L DFEILT 7 )L site-init.mod (Z, require fopl VS5OV Y REWVN

THELHIEELST, YRFT L(CafeOB) 1 VI FUD)EUS LIF2HE (CEHBNICY AT LAICA—RENZLSICTRZIENRTE
3.




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

CNITSTHENCEBETIEHICLDT, EYVa1—IlHNTaxbBW\Igoallc LB NEEES (F3.58%
sB)NHEERLEHBES, BEMIC FOPL-CLAUSE MZDEIJ 1 —IVICEATND L5 Y AT LADNIRE
3. XAV FOYHRERnTH D, RICEANEVRD CN%E of fICT BB (LML,

3.4 FOPL DB

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

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

CDHESHIC KL > TBoolMCafeOBJIEIZFOPLOX &E# D, F/ZzBoolED A RL — 5 [ZFOPLOMOMEE
EHIEEIND.

3.4.1 REBERESFOEX

RIBBEFDOBNYZCafeOBJNARL —FEETRI EUTOLSCKEB (KlBF 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 — hRTH3) £ AV VRBE() TR > TUREENTH B,

3.4.2 s - mENE

SElCHRRTz8 D, Y — ~FoplSentenceMIBMFOPL X TH D, BIFi TR Lz REBERESF PREF = H
WTEREND. F/ZBooMEDO A RL —H E—RRICHREBEL U THREINZDT, BELHEGEBED
CafeOBJ DARL —FBEEICL>TITSC N TE 3. MBEDIBAEIL, 518 %ZF 278V Bool DEH
BHELULTESINERL.

ZDfEHlclE, ToLS(cCafeOBIJDprediEXZ=FHWNZ DN ERNTH D

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

3.4.3 FOPLXZ ool

TIC FOPL Xl & ZMBRADEBRFIZTRT. CHE HIHAHD NAT ZXAREI 12— L& L TERAL
FENTHZ. BECESHECHEAINIBXE FEAKOEETHERANSLER TEBLIEHEST
WBZENTREINZTHBS'.

TCZTHIRLELDIC, B3EV1—ITREBIVIVERBWVWTEIMEEE HTHEWVWZLMBES(L, open AVYRI(CLDT

ZFDEI1-IE XRICTBEEBLEARL -2 3 VPOREBEOEMNETEEGIRREC L, B(Cprotecting(FOPL-CLASE)&E T3 C
&L o T PigNosed ¥REZFIFAT & TES.




-- NAT Z2XZik& L TRWS

open NAT

-- FOPL X iz AIEE I B /z8(C FOPL-CLAUSE ZHiA 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 ZE¥.

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 H& 93 &lck>T, YRFLHKII—-X LT
-- IBERTIDCENTES.
show term t4 .

3.5 FOPL ZIC&3RENEE

FOPLXIC LB NEBNOEESZHEEE T B, RICRIFHEBYNEASTNZ, INSERBEIT VY
VDETDOBRCZF DM CafeOBJ MBEE ONIBEHE THRICAHWLWSNSB. 7272 L, CafeOBJ DfF
¥V > K (reduce, breduce, exec) TAHHW3 Z &EFHFRE W, KRBT VI VICKBIFEEBIBEICOHFE

1. ax <SAJL> <IE> .

+ aX([F FOPL XIZ LB NEBEZEETZENTHD.



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

s XCESINLEABIERFRD CafeOB) D red VY R execAVY R THEAITNZIESTHR
ZBAE LTESEHETERL.

c<SRILEREBOSARNILTHD, BE® CafeOB) DNEBO SN EEUBX E LREKICE
EEAgEE 9 3.

- <IB> OFCEHEZEHNEIRT IHEEE, N5 ERENIC 2EREFVCEREINTLS
EDERIRT 3.

2. goal <SAJb> <IB> .
goalldax AR TH B M, <IBE> DBEEZBEHN (CB3EDTHD, “ax ~ <IB>"DEHREE
THh3.

ax& goallIREFKNCafeOBJNNEBE S X(FRNPLEBRREA) NEBTEIIHBALSEEC(CTEHEREL
TRUW. 2, CafeOBJ) HEIV 1 —JURERIAY Y B(show <EV 1 —-IbT>)ICL>T EIVa—ILHRAMN
RIRINBERICIE, axtPgoallC LB FOPL XEXRTRINB L SRS,

FOPLXZ(C L 3 RENERM T(X FOPL XL ZNEEFEDHITHS. < C TEREH(Int) EDKN
BAR(<=)[CDVWT D REBDOE DN FOPL X(C K > TERRETNTUL S,
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 LI NARHIRELTWS. skl
WD, EFREF(C K > THENCREINS. > THXE
ax 0 <=M&O<=N->0<=M+N.
(&,
ax \A[M,NJ O <=M&0O<=N->0<=M+N.

ERAFTHB.



3.6 RBRIVIVOFHRIAVVFE

CCTRFBICHASNEIVY RO TEFEHTETTS. BLOIVY ROZFMICONTIE
BOETIBREHT .

flag AVY R RBEIVIVOIEABKROREREY, TVIVOBEZHETZ2HDTESTIR TS
DEREITBLOODIAVYRTHB. BXIIRDESD.

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

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

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

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

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

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

BEMATVaVESTISTENRSA—HIDRAEEERETS. <A TYa v (FEED
EHFH. & 3.101ETHATS.
option VYK TJSTPNRSA-SIDEZETHHEICE LD, save-option OV ¥ K TLREIIC
RESNTVBTST/NRSA—SEZRAEMBE UTRET 3 HOAVUR.

option { reset | = <A F¥a Vs> }

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

ZIEET S resetZiEEIT DL, TTCHENPHECHREINS. FM(E 3.101ETEHAT
3.

dbreset REI VI VL, MMEI 21— IVTHEHREETIZCHE>T, TETILIE BEMHFTL
EBIEYS. ‘db reset’ (DT —IR—IXDOYPEAREEIT S$HDOIAY Y R THS(CafeOBJ £
J1-IONBEHERCERTS OF, COAVYRREESN Y= VI TITONS.) @
BIEHERETIVY N resolve’ DEHI TCNZTSUENSS. BEIETE—N(T7>5 auto b3
L\[F auto3 & on) THRETSHBBRIARETH 3.

list AVYFK J350®0/ISX—5, FHERICAVWSHIES(sos ¥ usable - i) DR BEXRTYT
BEHOIAVVRTHS.

<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 [CEENTULBHET

flag D IS D—BEREDREE

param : RS A—HD—BLBRENEXEE

option : save-option AVYRTE—TENizATyavan—§&
demod : demodulator —E

JER: flag, param, option M3DDIBEZERRE, list AVY RHRBEMER DI DI, FKlHRRZI R
T LPHA{E Y 2 R db reset MEFTINETH B, Tz, demod (CBEL T, db reset
ERITCY 2T LDER Uz demodulator DHMIBRIND. Y X T LFZDOERTI(E
HiIAHFDOERN(FLEINLispEE TR I N TUVB EX)DH %, demodulator & U TEIR
3. TNADOREICDOVTIE Y X7 LAETHIC demodulator EENBDT, CDRR
THIZEIEHFRZ L.

sos AVYYVRK HI&ES SOS ZREITBHOIVIUE. H5H U db reset METEINT LWBINE
NH3d. BXIITDOED :
<sosAVYYE> ii=sos { = | + | - } <BiEES>
F—BIBMOEKRIIUTOED :
= : so0s Z <BIES>TIEESNIZHNESICERET S
+ : BE® sos DRBIC <BES>TEEINZHZMZ 3
- ¢ IBE®sos K5 <FES> CIRESNZEZHIFRT S

e, <BEE>OBXEITOEDTHS

<BiES> ::= '{' <EERE> { , <EO¥ERE> 'Y

<EIIBRE>E, DNESARNI, fiF#AlF, H3VWE1etBEHEZD WINHTH S, RNEBSANIVIE,
CafeOBJ MNEBEE TIEEI NG, REBDO SN, FF#HFIEI T LANHFEERT IRICEX
S5NB3ENTHD, listaxioms AVY RFICL>DTHIBZENTES. let EHBNIBEINE
BAR, BEEOZEHCREINTVWIEZHERCERLZEOHRAVSNS.

FIEE DB, ROBAICHSEDET B!

1. BIEENEFOHEG, CNIEEHREFFTHD ERRY 3.

2. HFTEEVBE, TITREBOSANILTH D EMRIRT 3.

3. 2 TERYIIREN—DEHEVEEE, let ZHRATH S EEIRT 3.
FOVWTNOBRICEL>TE, INBNHNSHEVWBEEIS—ET3. HiigEE L TRENSAN
IWRBRESINZHS, ACSRIVEF > AEBN EHEET IBEE, TNS5ONBE2THRIE
ESNEEDEMRIRT .

SOS £/ EHICIEZETHD, /e db reset ZIT>FRRTE [CHREINSD. sosOAVIYR
DETICHEST, usable EEOABHNEHERE LT RHSNS. DFD, list axiomsTRR
TNBEH S SOSEFDABREZED 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/IARBDIBEEL, EEED T 71 IbARTOT
N, R (EVFRES)DBREIZEERIAN OTNRHEAITNS.
clause AV YK BESTNRZIE%E Skolem EEXFEOFHERICERL, BREZHFT 3. RBD 7zH0 3
YYRTH 3.

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

<IB>(F Y — FoplSentenceMIB TR (FN(EWE 540V, IBE OBZHERNICEREL THNEYT
3.
show/describe AV Y K &R NDCafeOBJO VY > Rshow& describeZihik LIz ENTH B.
<showd VYV F> ::= show <BfID>
<describe VY K> ::= describe <BAID>
EE5DHBEE <MIDTHEESNZIHZHFI 3. <HIDEEHOHEAFTHD, 'list
axioms’' A2, ‘list sos’' EMIAVY R TR NBINANSHBCEMTES. describedBE
(&, BEDEINCafeOBJEY 1 —ILOREBZHERIC BL THSNEHTH > ZI1HE, MY
BNENRENTHDIHDERE HE THFT 3.
lexaAVYF lrpo [CLKBBEORNEBRZTSBRICAVWSNIEEFDIEFBEFRZERIT D HDOIV
YRTHB. COIVYRIEDWVTIE, 8 3.16.2 BITEHHET 3.

3.7 PigNose O—REMIIGE X O Y T @&

VAT LDHEMTEREISI TSR BFECTHASININ, CCTIIBEBELHER L THRIREFER
FELEDODVWTIHRRNDZ, FIIEEEESNIHENGHEVNVSDOARERLEEDTHS

(1) BANRETZIEI 21 —-IVEF—TY
CNEETXMERIZIEI1—-IZEREITIONEENTHIN, SAEAZETI IR, BF
MG ARL =5 RNBEDEBMEENMTONS EBESINS. HIZ(E, SEANKR(T—-IL)&
93 FOPL (&, BIINEBE UTEMICESINICENRZVERBDNDS. Cfehlcld, 7—7F
VX ERAWNBONMERNTH B.

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

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

(3) WMEBIZIHE L TO)ZRL =5 PRNEBEDEMES
(1) TRARZED.

(4) RBIT VI VDitE

(4-1) TUIVOERTREDHRE
TSHT/INSA=IDEREET 2D, YZa7IVE—RDIBEE, ¥ X T LOHERE(db
reset), SOS FIESDNREEFZTD.



(4-2) FEBAETT
resolve VY REFTL, TVIVEEHNT 3.
TICBHCEERFETRT. CCTIIEBETE-REAVIES L, FEICTHERIL-ILE XTI IES
D2DODFMRETNTNDR. WTNEEMGZHTH I, L TRREZEEOHBENERBDONBZIOY S
FOBEERBRLIEZEDTH 3.



-- FOPL-CLAUSE MBE(CKH U TEEBINICHBATN 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—-IWEFd—-—TVITB
open TEST1

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

--> CCTCEBALIEVWC EZEMAETES.

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

goal mortal(Socrates) .

**> (4) RBEIVYYoiddEh

**> (4-1) PigNose EITERIBEDETE

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

-=> WEER DY X T LIEDT, option reset ZB/IBEITIFB3 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—IbEHAO—X @ #BIAX

close



TREYZaAT7INE-—RFDIBETHD. HIEF LOFT—FE-—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, YXTLOHMBBIEEBRICETIS
S MENRH B
db reset

**> S0S FIES 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 TETEHRBHRORTCARAADEFL E THMNENFE
TNB. YXRTFTLOEEERRED, BRERARZZHICEFOHZERICAVNT M> TEHELREND
3.

3.8.1 fIRTN—REER

—RICHIERDESHERATRTIINSD.



<BIBES>:[<EHERE>] FOPLX

LT, <HES> 3V AT LNFICEFMCEIDNIZERETHS. WRETFIEI1—IVICEFE
NERPDOREHSESNZRVDIMIC L T ES1HEID[T SN, MEFIER1 T OEESHIEPLS
NTIL. BHEF, TV 1—-ILORENS n BOENESNcET R E, BIES n+ 1 HSEIDIRS
N3 LEN> THBESOASLBLHEHE HiL<ERSNZHEESHICLS.

HBESDORIZENE N> CTLLK SN<BHBENRTIND. CNEZDEINE DK SEHERIV
=), HB3VERBRIBICLDER SNENERITENTHS. BHEREOEANLAABICDOWVWTE
FEINSEESBRINGZV. —RRICEI 21— ILOREHNSESNZEHL, BHEBENRETHINS [] &
RRENB. BL, back demodulation F(L L > T EZTRMISNIBEEH D, COBEEFNS (CHIG
LIEBHEBEN RRINZIDT, I LEEFSERFEZHL.

RB(CHD FOPL XMFRTREINS. UTSILA 2 U EHBHBER, TNSHREN(]) TRLTE
RSB,

3.8.2 Skolem ¥ RTHER

FOPL XH\SHIERAZRREINIIBE, EEREFHH o ZIHTI(C Skolem BB BFER I NS,
ZDRTNO—EERERDBEDTH S !
EHDIEE Dofe-<N>.<Y— >

I ERF OIS #f-<N>.<Y—F>

ST FERBTHD Y XAT LRNEHICEIDFTF S, eV — M EEMDEY — b DREITH
3.

3.8.3 EH¥

IRATFLDEENEY IR, EHBONTEINEN EESND. LER>T, MAERNEE L
TEBRUEXIC H22BHEFERIBHBNEZEND. Y XTLDNERULUEZEHIE, XDOKLS5EHR
BICHES :

_V<N>

CCTNE Y X LNEFTEDIRZEAMTSH B,

3.8.4 HNDENZHI

EBRDOFOXRTHZZEDONRT. TOHIT, 1 AFESTHD. BHINZHTELEL, ADFIDRSH
BHEROBMEIZE([NERT>TVS. ULWTHZEBR TS U T IILBRRINTUVDS. COBEIFE—
BT, UFSILE—DTH 3. #c-1.Account (VX T LHERL L 7z Skolem BT 3.



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

ROGIEI1260)EE—FDOXRTHITHZIN, BRIETH D BHEREBENKRTINTUNS. COHIDIE
A& para-from(Z £ B paramodulation from ¥ I/L—J)U (CHEUV T, unit-dellc £ % unit deletion MY
ez EDERSD. para-from (B8 L T, 81 7 A paramodulator T&H D, CNNES 2 (EBSI N
CENED. RVT H1 1 (2&L D unit deletion N TSN, BREL T OIINERKZ. &H, B
BEMCDVTIZ, 85 3. 155 THET 3.

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

TE2DDUFSILHSEBRINZFNDRTATHS. T T SILHREN(]|) THRESNTRERS
NTW3., vwx [FIYXTLRERLZEHTH 3.

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

3.9 HRIOCXDHE

3.9.1 EIBA#EE - SOS

RBRIVIYo#mEBoEANL given-clause 7Y XL THD ([3]) T, SOS(Set Of
Support) IS A NOEELERN—BERIFN TE3([1]). COEBOEXAZUTICHHRT 3.

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

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

DNREARABETHDIELETRETOETD. TN, £2TD FOPL XZHFERIC L, resolution [REB(CED
WTHIZER L TIT<. ZOEBTEHFNSSNNERBSNZEHESNIMR, CHLE, & Fil
REBEFBEEHEITDT A, Ay A, SREBAIBEERET D &, A1, As,..., A, DT, Bi0BE%
T5>DE|ETHD. COT7AT 7L DBEBNICRIAT DM SOS BEETH 3.

BNES S OEMAPEETIE S - T NRREABETHDIFC, S D set of support EFENS.
PigNose MBS, 1A S EEBEXMEI 1 — IV TCESINEZRENESIC WY S. set-of-
support B} &(F, EESHDOEMT (CBT S L5W2DDHHNSDERZES. T, ETHEY
M\ set of support BT &3 L SHEE(T set-of-support EiE EEENS.

SOS BBR(CBIL TIXRDEENK DL D[1]:

SEBROTBABETH DL OBEHNEGEL, T SOWBREF ETS. HELS-T
NIRREBEREE T D E, T % set of support &£ LT S S ZEHEEH T D LS4 set of
support SEIENZEHET 3.



PigNose TIZEINESZ TN L 575 usable & sos EIE(E NB2D(CH(F, BHEDER% sos
DESEDH UTzEiE usable CEENDE EDETOHTSILDICTSD. sos NEDRBADEFES T
(set of support) [EXMBT B &R,

usable : & (resolution)E{T5RRICHERATINIFNES.
s0s : HCIEERINZVEDES.

IZRAFLIE, CDOES(CUTREIETHZ sos FIEANSHZ—DEDH LU T usable [CAN, CDFiE
TGR usable [CHEFENTVLWeHIEDREATERZTS. EHINEZHIL, sos AANSNABEOHERICF
nwsnsd.

ZOBRTE, FIFENFHINES % sos & usable DEBSSMIIRD DI 300 BERH DM, BEL,
SEEANRE T BENE sos CANNIERL., BRI ZEHEBE— R TE, ANHDSSE, EOHIED
UFSILDOHNSIEBE )& sos NAN, TENLDAOT(DELK EE—DDEDY TSIV ZETH) (&
usable NANB LS ICERESNTULS. CDBA, EOEBTE X

SOS ANICLBIBHOM 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. CHDEZTLUTICRIHEEL 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 EHERRER, COARICLIERTOCIOEIV
—TOBBEIROELSICHKS

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 ZHAVWVTELEAZERT 3.
FilelcERSNBHEIE, given-clause Z—HDERE L THS,
(L usable (CHEINIEHTHS.



(4) FfelcERSESNEHFCH LT, '"BRAYOBRE £175.
CNZENRRUESIE sos ANINZ, 25 TRUVLWEIZETS.
end

COERTOTCIDEIN—TOFMIETHEATIMN, ROLSBETERENE T STl Ll
FEINW: BIRIE B CNE AL BHASBHIDICENERK, e A & BOMAMN sos (CE
FNTVBENIRETS. H©U A M givenclause & UTRIRENBZ &, LONEBEBMETHRALZED,
NS usable ANBBEINT, #E BNETEINS. LKL, AL BETCOCEZEHIZZ LKW, BEK
5, BIERE sos (CHZHNE5THS. C DEHI(CIE, B M given clause & U TRERIEN S FTHEERIE
B5EWV, TERFNE, C H2E BHEINBZ LB >TLESIDNSTHB.

sos M\S ‘HiZE—2OR’' 3\ A&k MABNTISTICL>THRETS. REI VI VIC@EERTOELID
EEERIEIT 27202, SETFEBITSTNBABRINTSD, 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 DIBRITFESBENERCHE 3. 5D

WINDTSTE off DIFEE, 'REBVLE Z#IRTS. BINEHEEFE E2TOYTIILICE
FINBIEETOPEHOBZSSHLIEEDT 3. YHICEC 5D TSTFEESE off (T
EEINTED, Lieh> THDOEHICK > T given-clause HhEIRETNS.

EHTD given-clause MFR(CEIL T, KRERICEE S UMHHGEHIFEINE TNd. T80
5, pick-given-ratio E WS /RS A= IMEFEL, TNITIE OBYEE » NERESNTULZIEAE,
sos WS OEOEL n BIEBR MZ20)C, ESTEEEL T, sos DEBEHSHZRODEHT. C
NETDHE WE, WO ETR>TH, MIHID sos (LIS N TULzEIH S DELENE BN
W, EWSEREICHESARERS 25 THS.

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

'"REBMGEHRIV—-IVE B TRRZED, REIVIVICE BHOERIL—IVHBARINTS
b, MABBNISTCE>THEALZWER L—ILERETSD. CNICEUTOBENRSS:

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

CNSDOITSTDOYMBEIFET off THD, LMo THERBIL—IVEBIRSN TLGEWL., BH
DIV—IZRABICFEATSENAETHS. BEIE—FTE, ADHOESICHLT, BEDR
BXHREZTV, BHGHERIL—ILOTY bz BIRT 3 (53,1381 2R).



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

EHMOME EHECHL TE, MTTRIVENEEIND. LOBMETRLEZ BAMOT XN (&
CNECEFINBENTHS. TT, XTVIOBESIC*HODODVWTVWBEDEAFYaryTHb,
TS0 DECHKEZEL TRITIIHNEDNNRESTND.

1 BHEIZ—DREDICDIEZRS
*2 BHEAIZHFT S
3 demodulation =9
*A EXORASHITZETD
*5 unit deletion =9
6 A—DUTFSIEVY—ITFB
*7 factor-simplification =9
8 tautology Z 2 ZIBE(XIETT, WIEZHRS
*O INETTIBEER>IETT, NWEEKDS
*M0 UFrSIZEY—HT3
11 usable 3 L\(& sos ICBEENDHIC K > T subsume N3 BHFETT, NWEZKRS
(forward subsumption).
12 5|7 —TIVICEHRL sos (TIBIIT B
*3 EBMINZEIZHFT 3
14 VFSIWE—REAEEFRVETHONE, RENERSI N,
15 — @BV TSI EEUEHE—E)THIHEE(E, usable & sos (CEEFNIHEDHET, TN
ERBT DL SEHIZEET (unit conflict).
6 RENERSNES(E, SEARZHNFT 3.
*17 demodulator £ U TEZX 3 ME S D ZFARSB.
M EDWMEE, HRIV—IVICE>TEBESNEETOEERECTL T ST, TNHE->H
ET, H5HTRTENTICE> I ETOEEFHIICHT 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 K > T subsume N3 L SEEISTHIBRT B
(back subsumption).
*20 EHEID factoring Z1TW\, @A D factor ZRLIET 3.

3.10 IS ENSA—HDEE

TSTENRSA—IRIERI VI VDORTEREHITZ XA v F P TETIRHNREZIBET 37
HNENTHD, FRAENR AV FTEZRET 3 (F3.68ZER). TREISTEL/IASTA-FIDED
REBITHZ. ARDTSTRINSA—IDEIK (FFE3NMBEE312ETHAT 3.

flag(binary-res, on) -- binary resolution 8% T B
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

2T LDDERICEEI L BRI, B TSTR/NSX—S IR EDBREMECHEE b N3, FEE
FRADBMIECH L TCINSDEZBEYICERELTIYRTLZ FRAITZIDITHIN, BENHEGE
ZRELTHESCENERZ EENTHSD. CDROHOIOY Y Kiisave-optionTH B (BB 3.6 EZ S
BR). save-optionTREIZEN I TREBELEZ TV aV(ETHT ST/ISTAXA—F EFNSDIEDGIHEH)
(FoptionAV Y RIEL>THM AT CENERS. T, 77yava2TCHHBEICYEY RT3
DICH, optionAV Y REFEAT 3.

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

flag(back-sub, off) -- 3B/E

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

YRFLENENICHBATIEES, 7570/ S X—IDEICEL TRELZET 3B/NNHB. £T
mUIEBAID&L S, " BE2TEMBREBICYEY AL, RWTEA T3 VOREETOSEVWSFENEE
gBEBL.

BEDISTDHREEEIBIC(E List AV RERAWS.

‘ list flag

T, INSA—FOEEEEMBICEH, @ClList AV RE AL3.

‘ list param

311 239

3.11.1 given clause BIRICAAT 37355

HROEIL—TOEY AU IVEIC sos FIEEHNSED ESTNS3Hi(E given clause & [E(EN S,
given clause &£ UTRETBULEIZRIRT 3, ELWSORBENHETHD & (FERICRARz. HIDE
TEEF, FENECEFNBIVTFTIILDETOEETHD. UTIIDEST LR, VT IIVCEFEFNIED
ETOEHETH D, BOESE, ZNICEINBIEEFEEBEOHZRELIZEDTHS. given
cluase MBIRAEE, UTO 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 ZHIN stack WE & H7E L T, given clause = EIRT 3. FIHAEIL off.

input-sos-first #JHAE(Z off. LU on K 5(E, ¥HAD sos HESC FFENTVIRHECHWL T, A
W HDIFBNTRBREHFNERESIND. > TEH THERIRT IR, #IHIIKET sos (€&
FINTUVENMBENIC BIRENB L (TE3.

randamize-sos #HE(L off. EL on G5 (E, HINDEH N BAUHIHNEHH > 1HE, RINELEZRE
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 #HA{E off. on %% 5 (E 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 #@®I—-IICEATI IS5
HMOBHICFERATBIMERIL— I ZRETZIZTITHD, UTOEDHH S !

auto #HAE(L off. on BKS (Y X T AICEBRIL—ILDFBIR® ZOMOFIE T ST, INSA—=FZED
HREEEED. FULEIEIIB3BEESBINLL.

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

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

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

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

para-into #HAE(L off. on % 5 (&, given clause (X4 T % paramodulation ME{TET 3. paramod-
ulation Z VS IBE, RMEE(ICET 3 REAI(X = X)), —BRICERETHD. chzBEN
[CERET BDDM, TD universal-symmetry TH 3.

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

para-from #JHA{E(L off. on MIZE, given clause & paramodulator & U 7z (usable, & & T sos
BFEND HICX L TH) paramodulation MEFTETMNB. paramodulation ZFWL3IBE, FEM
(CRTBDRHFEI(X = X)W, — BRI (FAE T B (LD universal-symmetryDEiZE S6R).



demod-inf #IHA{E(L off. on DIFE, HHNEHRIL—IL THIHD LS I, given-clause [ZXd 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(ZERZZ TV
#)(cX L T, binary resolution #3179 3 :

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

dist-const #JHA{E(L off. on DIFE, ETHOEHEIEWVICERRZRDIED (AHELTEKS. ILEDE5,
c1=c DEDIBEDITFSIVDHD, ¢; & o MBIEZIEBIETH > 21BH, false &1, [A—
D HBEF true &L THKS. Skolem EHICEAL TR DI ST FHER TN 3.

3.11.4 Paramodulation I[CR3T 37545

Paramodulation OEMEZHITEHI T B37ZHDTSTEHTHD, UTFTOEONRH S :

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

para-from-right #H{E(Z on. on DIHFE, FX 1 =r & r — | £EHFMAD(F Tz paramodulation M 1T
hn3. para-from LU para-into @HDERIL—ILICENTH S.

para-into-left #JHAME(L on. on MIFE, paramodulation NESNBIVWREG B EFLIFEDERD
EDMAI(E X9 % paramodulation MAJAEE 783, para-from & L U para-into @A D#ERIL—IU
L THEMTHSB.

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

para-from-vars #JHA{E(L off. on DIBFE(E, ZEH 5 D paramodulation ZBMICTS. DTS
H% on (93 & IEFE(CZ < D paramodulation MEFT SN B ATEEM NS B, para-into B L
para-from WA DMERIL—ILICTH L TBMLE IS T THS.

para-from-units-only #JHA{E(& off. on DIFE paramodulator £IEDFBEIL, (FRNDOH N5
3)B—Hi(CBR 51 3. para-from & & U para-into MADHERIL—ILICH L TEMTH 3.

para-into-units-only #JHA{E(Z off. on DIFE paramodulation /R &R BHE, (FROHH S
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 FFEHATNTLIEL.

para-skip-skolem #JHHE(L 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, BHINHI(CT T B unit deletion WIEBHNHES NS, unit
deletion & (&, HICEEND U TSIV, sos £zld usable (CFENBZIE—FOEFEICHE>TUW
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) (LK > TEBRES NGV, EEES unification (&L > T
ZH X M instantiate SNBINSTHD. CORKFICERIT DIV T IIEETRESIN, BRE
LTEHENESNS BEEH S, (unit deletion (&, BEFINNTE—FHERKDLSBRBHICE
MERGMETHS.)
delete-identical-nested-skolem #JHA{E off. on MIFH, Skolem BAHMMNRI L TVWBR L SKIE%R
FoRE%ZRET 3. HlZ(E, f I 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
EQYTIIEWSEZIBIEMUVEZS. COMNBOETENE, BiZRBPIKITIZIETHIN, &
—HITIEVWEID subsumption ¥|EEHNEEILSNBIZEEH S.
for-sub #JHAE on. on DIFE, FHfc(CBHE SNz BCHT BUNEDBRIC, AIAE subsumption R&E
(usable 3 UL\ sos (& FMNBHIC K > T subsume TNBHE SHDRE)NTHON, ZNDI5H
BIELUE 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 3H)NMTHONB.
factor #HAME off. on MIFH, factoring WEMNM UTD2OOERTHEAINDS
1. FirIGEBHEICN T 3 BE{CLE
BHL, BHEI C IV C & subsume 3 L S57F factor ZHF>TLWBKE 5, RENSTK
factor CEIZBEE]RZ 3.
2. I RRBEICN T H#RIL—)U:
factoring R TH . MDHERIL—ILEFRED, given clause (ZIFE BT NEL.

3.11.6 Demodulation EEXOMAZID(FICEATI IS
Demodulation ®EI{EE, FEROEATZOEZTN(FTOUBEFIEH T D ZHD 7S5 TBETHS.

demod-history #JHAfE on. on DIFE, BN demodulate TNZIHFE, demodulator B id FS %= &
DEHBEOT (LFFTS.
order-eq #1HA{E off. on NIHFE, EXNALNELLDEN->ZIBE CEALZEZANBRZIZ(E
] ORMKRICEALTIE, 8 3.16.1 & 3.16.2 fix &),
eq-units-both-ways #JHA{E off. on DIHFE, FRXRDOHHNSHIE—H (CRAL T, EAEESH5D
MENFETEEE KD, EBROEEE, 754 order-eq DEICHKTET S :
* £ order-eq N off B5(L, FX a =4 CEALT B =a NERHFCEEFERINS.
« order-eq Mon B5 (L, EXROEGLOAETMNIFIN EREN>EBEICOH, B =a MERK
aNd.



dynamic-demod #JHA{E off. on MIFE, R > 7z, FRIFRFIHUEBENES N TLUBEOE LD
DITRFFES Nz BN, Fz 78 demodulator & U TEIFEEIND. DL SIC, HRETRE T demod-
ulator & L BT N3 Hi% dynamic demodulator & IF3. PigNose (Z (&, demodulator % Fl)
BHENETE T 21EE(F 5 <, —BBHIANZERLNTE T®O demodulator (& dynamic demodulator
TH3. f£> T, demodulation EEEFERA LIZVERIIE, <D 755 % on [CREL THLME
& 3.

REFEDOVWTIE, 3161 & 316.2H1Z2 B CDTS5T% on [CRRET B &, BEIMIC
order-eq ¥ on (L5 BTN 3.

dynamic-demod-all #JH3{E off. on MIFE, Y XA F LRETOFHZEHE%Z demodulator £ F
RLAHB(E 316181 ER). CHO TS0 % on [CRET S &, BEMIIC dynamic-demod &
order-eq M on (CERESND.

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

DERIC, EBMIIC demodulator & L TERI N B8 - LD dynamic-demod 755 DA% S0,
- & lex-#&k%F, 3L\ Irpo-i&k7F THO>TERLWEETNS. FHLEFE 3161 &£ 3.16.2 fix

back-demod #HA{E off. on MIBE, F/z %k demodulator BEMETNBEIC, ZNEALT usable,
sos, RUMRE®D demodulator (ZX4 L T, demodulation TN, CHOTSTMon TN
&, BEMIIC order-eq & dynamic-demod 7 S5\ on (CERESNB.
kb #HBME off. on MIBE, ¥ X 7 LDOHFHETRE(E Knuth-Bendix O ZE{EFHMENLSKIREVE T
3. COTSTRERICEAITSTTHD, FIERILSECLTMDTISTZRETDIENT
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 (CSNDRMNEGS.
Irpo #JHAME off. on MIBHE, FHENEHIR/Y XER(lexicographic recursive path ordering - Irpo) (
LOTEHOXKNMNEBZITS. off DIFFF, EHEEMEAFERIECLILEBRBFEATINDS
(#3.16.281%228R).
lex-order-vars #JHAfE off. C DT ST (& lex-#k#F D demodulation &, BIICE TN BED K/ LR
EIT5>ABFHTOIMELHIET S, COTSTH on DiFHE, FERIEIC L 3EDIERTFEE
lEFr &5, D& D, EHIBEDIEFBRICEVWTRENS L, EHELTDIERE ZEIOFEER



IBETH 3. COTSTH off DFE(EF, ACEBHNE SH EVWSHEDHNTOND. BLEIE
HRATPEHTERVBEEOLREE TONGZW. FIZE X Y ZEHETS. (X)) & f(Y) %
Lb® 9 % &, lex-order-vars Ht on MDIFEFLEENTHON, f(X) D BHUNSTWEHIESTNS. L
NLCDTSTMoff DIZEDOHBIERE TREAL (IBFDTMNTERW)ERS.

7354 1rpo D on (£5E > TLBIBA, lex-order-vars MDE(E demodulation DEE(C (SFEE =
B5Z210\(3.16.15).

3.11.7 ANBOREICETSI IS

simplify-fol #JH{E on. on MIFH, FOPL X ZHiFER (C ZHT BBR(C, tautology DIREGREZZTD
RNOBRENIBANES NS, BE/CNIE(E CNF BBOERIC Skolem {EEfT o> B TERETNS.
CORRICHERNEHE LI BEEEDESIM, 752 process-input I off DIBHFIL, ¥ X7 L
FENZRHEL GV - REESNZGEEARRMND S f2) & LR,
process-input #HA{E off. on MIBH, FHAD usable H LUV sos HIEBICEENTVIHICHL T,
HEDNEZENS DRIV ZEAL THESNEEEEHITH 3D O L SBNENES NS (B
BN T DNBMBEOSHEANEI0.2HICHZNT INEEBINLZL). EBROBEFICNT S
WMIBE, CNSOAA (ERTBUETIE, UTOEWVWRS S @
(1) ABHICK LTI, max-literals & & U max-weight /35 X —5 ([C L B3HIHT X L (FiTHON
KU\, &7z, delete-identical-nested-skolem 757 (C L3 7 X & fTHOMNELN.
(2) usable [CE&FENTULzHIE, NEBOBRIFIND EHESINE 158, TDOEZF usable [CE
NN 3(EEDELHEI sos (CEMIND).
(3) EFNFICEET 3 75T (8H3.11.8%88R) M off DFETE, W DHDBEBRHNEIESI NS,

3.11.8 EIFICEATSI I35

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

print-kept #JHA{E on. on DIBFE, M BREEMNMRR TN D & HIESNIBE, TNEHFT 3.

print-proofs #JHHE on. on DIFE, ZENESNIEFIC ZOBHEBREGIARN)ZHFT 3.

print-new-demod #JHA{E on. on DIFE, HMBE TEMICENM S Nz demodulator & Z DESEED
FI3. ANFHNITINEBDIHSE, COTSTDEICHNNDST, HIFINS.

print-bak-demod #JHAfE on. on MDA, back demodulation NETSNZH%E ZDEEHNET 3.
ATIEIN back demodulation ENZIBEE, COT ST DEICFEDST HIFETNSB.

print-back-sub #HA{E on. on MIHE, back subsume SNzEi%E ZDEENFT 5. ANEMN back
subsume ENEZIHZE(E, COTSTDECHDDST HIFEITNS.

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

3.11.9 ZoftnI>55

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



order-hyper #JHA{E on. on MIFE, HESmIL— LD hyper-res & neg-hyper-res (C X 2 BHDER(C, B
FBITEIRCL S BHRNEEI NS, D2FED, Y754 LFHOY TS IIE, ZNRERAOEDTSH
3 (ACHICZENEIDKEVWI FTIILREWN)EZT(CDH, resolve DIRESTND. KEST DL
B(F, REBELESZHERIBTHRBIBCL>TITONS. (CDHT ST, EED hyper resolution
—hyper-res 750 L 2#MR IV—ILZFHVBER, £ TOHEIN 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, ERICETOFNBEREBN TR N, BRIVESTHI &

(FIRIAESNGEV. IBEICL>TEIYXT LN clash T3 CEEHDIDT, SFEINZ0.

3.12 IS X=5

RSA=FRFEFLEFEOBHETHD, HATOTCXOIEZHEHIT 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 TVWBR/NDEIERIYE, X7z most-positive-fixnum &7k >
TWBDERAL K RRKDEEEHE= BRI 58

3.12.1 EFEHRRRENSXA—5

max-seconds [-1 ... most-positive-fixnum]
PIHREE -1. BU n# -1 5, cpu BHEREAN N n WICEL BRI CIHERERERZHRIET 3.
RELERREE H<ETERERTHD. Y XTLIF, 3 given clause (CFAT 3 WEBE R TR
2RI, CONRTA—FCLBHNERET 3.

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

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

max-given [-1 .. most-positive-fixnum]
FEAMEIE -1. BLU n £ -1 185(E, XD H U7z given-clause DEMN n {BI(SZE L 285 T, SEBREE
RzhlEd 3.

8Common Lisp MIBRIC K> TINSDREDNEEFETEEETH .



3.12.2 SHAICHITISHKERENNS A=Y

max-weight [-1 ... most-positive-fixnum]
PHAME(E most-positive-fixnum. ERMSNIZBEHEIDEHFNCD/AISTA—FI TIEESNERE
B2 BB, Z0OEHZETS. -1 FEHRZEIKT 3.

3.12.3 Z0ftinIISX—5

pick-given-ratio [-1 ... most-positive-fixnum]
PHEAME(L -1, sos DS fiZEH CRIMEE, CCTHRESNEZHOEHLEZIL, EHICEFEL5TI,
sos &Y R hEREUTETEICH 8% given-clause & U TGRS, -1 (FIERELZEKT 3.
demod-limit [-1 ... most-positive-fixnum]
PIHAEE 1000. —D DY FFIlcx LU T—EI(CEfTF % demodulation TH & ZT X O#
DRAEZIEETS. ETRIAOBNCCTEEINZHZBZ FBRT, ZOUTIILD
demodulation (XTI NS, [EMN -1 DIFE(EH ENEWEEEKT 3.
max-proofs [-1 ... most-positive-fixnum]
VIHAMEF 1. —EDHER TOTCXTHEONLEETOEMN, COIRSA—F TIEES NI ZEL
FEEBICHER IO ZHT 3. -1 [FRFIREEKT 3.
stats-level [0 ... 4]
YIEMEIS 2. R T O LI DREICHNFSNBMEMBEROFMEZIEET 3.
max-sos [-1 ... most-positive-fixnum]
PIHAME(E -1. sos (CHERIATNTLIHIDBMC D/IISA—I TIEESNTWL 3HEZBZIBE
(C, max-weight /SIS X—5 OBEEBHREEZRTI . -1 FEHBRZEKT 3.

3.13 BHE:E-F

AEITCEEBME—RICHIFBRIITISTONSA—INDTE YT 1, sos & usable NOEIDIRD 93 (F
(CRAL TEHEAT 3.

73545 auto 3L\ auto3 Mon DIFE, RBEI VI VI, ANEGIREE > TLS CafeOBJ £
J1—-VCEBENZILNENSEBSNEZHES)Z X+ vV L, W DO DOBEFBIXNEHEZRANRT
HRIL—ILERREIRZEERTET D, BRSNS EREIR(E(T S5 control-memory Z R (T (E)&E
& refutation complete (REAIEELGEMIES THNIE, MITREERS)THSD. LHL, MERORVE
ONEERES NS & FHFIRETEGV. BBE—RFTE, 2L OBEGEEEOIBANTIEETH
3. T, AAICKRHT D LORIBETE, FERCLIFEIMADRVWERRZIR T 3.

755 auto/auto3 &, IDEDTISHTDEYF st VI EDEKICET ShETNELRSKEW. T
BHE, ¥ VK flag(auto,on) EMEND TS0 Ty hAVYREDEXICA VI TUHICANEIND
RETHS. 7545 auto(auto3d) Non [cttw FSNERRT, MOKET B3 TS TP/IRZ X—FHRRK
DESICHEBBRESNS:



+ 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 AVYRICE>PTREI VI VUNEBEBITNBIRIC, YXT LI ANEZESEL, B
SNEBXHNREEEOARABNS ENHRIL—IVEFERTIN £HUET S, TOBREYK TS TP/
SA—FDOBENTONZ. ANFOEBERBICHARSNIBXHNGEHEIUTOENTH S !

(1) propositional H
DED, ETCOMNRERZHLITVES.
(2) Horn Ei1H
DFED, ETOENELA—DDIED) T3 ZEFDIBES.
(3) equality h\&p 3 M
DED, VG EE—DND A=BHB3LE ~(A=B) DFED UTS I ZHEI28INHIIHE.
(4) equality axiom HM& B H\
DFED, M EE—DA=B - B=AICHHYT 3 FIRHI3HE.
(5) HIlcEEND U TS IMEBDOERKXE

DEE, INSOMBEZHEFIEDEBEL 6 DOT —X(CHET D

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

INSEDT—RCHBLUTEDLSBERENGSEINZINE, Y XTLOENER 2FETHIENER
3. —RICEXNEETNBIBEA(L, paramodulation, demodulation NERGETEME T ND. DI
B, lHEERER, 755 kb HB W kb2 ZAREBMIC on (T B ETITD (kb KU kb2 (EDWT
(&, 58 3.11.68i%281). auto & auto3 MEBWFZ CDHITH D, auto NDIFE L kb, auto3 DIFE(E
kb2 Mon [EENB. HEDEMEFELRLTHS.

RICANED sos H KLU usable ANDIRD D IFTHBIN, EDOFH(TARTH UFSILNEDE) % sos
~, ENDADOEHEIE usable AANSNB.

3.14 REHER

AEMTRHERTOCIRTHICNESIN 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 (CANSNEEHDEEE. 7> process-input D on
&3, usable ° sos DFIHAE S (C X L TITON B HIIE(C L > T, usable
H B\ sos ([CESNEHD BESEINS.

forward subsume N TE TSN IZEID G EHEL

back subsume ENTETSNTZEIDEETEL

tautology L¥IKF SN TR TSNH DA

given clause £ LT sos EGHNSED TN BN EEE
max-weight Z#Z 272 H(CIETESNTZEDEEHEL
demodulation (C L 2 E TR X CIMDHREET.

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

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

SRR (CfTHOM T back demodulation D& EH.

sos [CBENTLIEIDHL.

usable CEENTLBEIDH.

demodulator M#.

binary resolution ([c & > TEH I NZHD S

hyper resolution (£ &k > TEH I NIZEIDEETEL

negative hyper resolution (& > TEH I Nz HFIDHEHE
paramodulation into (C & > TEHSINZED BEHEL
paramodulation from (& > TEBH I NE D SEHEL
demodulation & 1T > 7z [E1#4.

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

factoring TEM ST NIZEIDEETEL

T3> print-stats DfER on THORBEIIC, RITOTIDKEDI(Z, 2N FTIRESNREHE

WHENZEEINDB. IZ T 3HABHRONBIE, /35 X —45 stats-level DEICH L THRBEZEZ 3. —
BRI stats-level DENKZWVWE, &K DEHMGBREZHNFEIND .

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



3.15 FEEAKEZDENF

EEHINESNZIBEIIC, THZER I I BRICEAZAZIBICZED Z LICL > T, ZHOEHBE
EHBENARETH B, 5 3.8ETRARSNTVRED, IEHNFIIRICE, 7 DEBHEBEREEED
BTCRTRIND. > T, INSOEZBIFESDIRICTA 2 X ME, SEEARRBR)ERZEN
Hik3. ¥ X7 L&, 7S print-proof i\ on DBHIC, ZHICHBDODIEIC, COLSHERERZH
F93. FTEEBOIAARNZDAITH S © REDE 163 WNESNZEHTHD. COEEEHT S
DCEONZEN, ABSOEVWBICRRIINTVWIENES. CNSOFNEBHEREZRZIE(CK
D, EOLSFBEZRT EHNEFSNHZERRNBZENLEKS.

** 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

HMORTOEBHERRE—MRHCRDOEE L TLS ¢

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

DFD <«BHER> £ 1V VREBETHEREZENDTHD. —DO0 <BHERE> (&, BAMIICE DKL SN
BCL>THERSINEINETRYT <BHIL—IU> &, 73 VT <HES> a1V 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. UMTEBHERDOGHHBICDVWTEHRAZT 3.

[bin-res:clause-1,clause-2]
binary resolution(bin-res) ([c & > TEM TNz, clause-1 [ given clause DEIFES. clause-2
(&, TN & resolve LTzEIDEIES.
[prop-res:clause-1,clause-2]
propositional resolution(prop-res) (£ & > TER TN fz. clause-1 (& given clause MEIHES.
clause-2 (&, M & resolve Uz BiDEIES.
[hyper-res:clause-1,claus-2,..,clause-n]
hyper resolution(hyper-res)(c & > THER SNz, clause-1 (& given clause DEIFES. 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 (M & resolve LTzEINEIES.
[para-into:clause-1,clause-2]
paramodulation into(para-into) [ & > 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], clause-2 H paramodulator T&
3.
[fsimp:]
factor simplification(factor-simp)(C & > T K SNz,
[back-demod:clause-1,claus-2,...,clause-n]
clause-1...clause-n (£ & o T back demodulate(back-demod) TN TER SNz, CDBA, L&
BEDNTYIFIBHOAB EBIRMCEESINTL S,
[demod:clause-1,clause2,...,clause-n]
clause-1..clause-n (£ & T demodulation BEE N TER ST Nz, back-demodDIHFE & AR,
ZVIFIGEHOAREIERIBRICEREINTUNS.
[copy:clause-1]
AERLIE Tclause-1DEiZ IE— L TER ST NZ.
[flip:]
FROEALZODANBRC L >TER TN,
[unit-del:clause-1]
clause-1 & ® unit deletion(unit-del)lc & > TERK Tz,
[back-unit-del:clause-1]
clause-1& Mback unit deletion(back-unit-del) (C & > TER ST Nz,



3.16 JEODIERE{I(F & Demodulation

75 order-eq M on MBBICFEFROERLDDOEORNEBRNTHO N, KEWAZEELLICE>T
RKBJILSWAREZ B EVWSUENMTONB(CNE TFEROAMEDT] EFER). CofilcETHETF
BXART, HOKESOLER BifTonsd. KINERICERL T, TEMEERNIE] & FEXFERA
|IBRE(Irpo) ] (lexicographic recursive path ordering) M2EDIBFRNITDS>EEES5HMN ALS
N3 ( NEMEFERIE] FRASERNGEREZRLZEVWC ENS Ad Hoc KIBFRAT T EE/FENS. )
T30 lrpo RCNS EESDIEFR DT EFERT IHERD, N on DIFEE Irpo ZFAV, #5T
IEFNUL ad hoc RIEFED(FZEALS.

3.16.1 HHEFFEIE - Ad Hoc
IEDIERE (Ad Hoc)

BT HERNECLBEOLBNIES, Y XTLTIE, THERIE] & TEH -FHERIE] O2EED
IERAS (FEEDMEDNTNS, FMABNCNSERIRT S CENERBIDIFTIELEL, IBREDFETS
NIRICIHU T, Y XTF LRI NSZE FULDFTULS.

BHERXE CNEEANGHERRCLBIESDIEF DT THD. 2DNDEELRT S BRI, TN5%E
ENSANEGATITE, BEEZIREFIEEHIVEERIC HBEDLEERTA MY T3, C
NSOEWCRZZIBEDRKNNEROBER BN, BEOXKNBRERET D, BHESEOHRIE T
S 4 lex-order-vars D{BEICIKTET 3.
lex-order-vars Hion. CDBFPEEHELHRONREGD. BERIESIEFT—FNTVERD

S5NTHD, BEHATFZDRAOEHSE NETKNERDHD. BRIO LOFERIEFCLD

&E ~ =5 IVEBD2DDZBIFHEAEE )EDT, HENIRCLBZBEDIERED(FE ~—

SITH 3.

ZHRB(ICL > T, BNNGEOXNEERENELT IHBENRH D L SFEINEL.

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

HOIEF RN TH B (RNDHERRTAELRIBENH D). BEHZLROWRE(F LK

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

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

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

FoFAMITF (Ad Hoc)

T > Jorder-eq 1t on T, lrpo B off DIFE, BHEAICET NB3EXNY TSN a=CHLTa &
BEHBLT, MTFOLSITUEBENEI NG, COWBDOC &%, SRDBED (T & T3,

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



2. 6L—H0EN TEH-FHETNIR] THHLEIDKEVWFERE KEWENEDICHKB L SICAANS
ns.

DFED, RKEVWANBCEBRIIRKRBZ L SCT7LYIENE. UL Irpo &2 AL eBAAEDIFTERU
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 LREROBETCEHINZENDERY TSILOHEETE
— fi%&, DA demodulator(BEE X RA) &£ UL THWBARLLEH#S. £ U, process-input/® on TH
S>TzBAI(C(F, usable XU sos (& ENTUVIYHEESOEL DHFIICZVLWL TER CNENEET N
3. BENICE, ERXZ2 a=T3E, UTOLSHRENR ESNZ(CONBTESEANEICHA
DHFTNTVNBEDEREL TWS.) TOHRAT, - FIEFEEREOXNERREITZIDICANSNTL
. IRDE, t -t Tt KODKXKEVWEBZEKRT B. e, vars(t) (&, Bt ICEFNTVIEHDE
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 ThHNIE, FX% demodulator £ T 3;
(b) €U dynamic-demod-all M off TH D, wt(p) < 1, E5(E, X% demodulator £ 3.
3. £U, 73574 dynamic-demod-lex-dep & dynamic-demod-all DA H on DIFE (S,
a) a & B REH=EBEINER—, HD
b) vars(a) D vars(B),
THNL, EX% lex-#kFD demodulator & 9 3 (CREI-3.16.1 = BR).

Lex-#&#%® Demodulation (Ad Hoc)

BINTLVREHELTEALC X CEEFRZZ200EN, @—EH 3158, 200EE, [TH% &S
LTRU] £EHNB. ANEPE;H demodulator (&, FRX a =4 1CHVT, a & 3 IV B = EER
LTRU] BEIC, lex-#kEFD demodulator EE(EN 3. (lex-#kEDEHI demodulator OHIFE(CD
WTIE, 31618 Z2BINizn).

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

3.16.2 LRPO

BB (Irpo)

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



ThBdEWVWS CERHB. DFD, R & demodulator DEE E L, §F N 3% demodulator M
Irpo DEHKRTAHIL LD XKEFWKS(E, demodulation (demodulator Z/& WM S HLDEE (SEET
3) 7OLRERT IR ENRIAESTND.

Irpo (EKBLEERIE, (1) ERY T IILOAMAD(F(EBENGERELDKE BB3LDICESTHRZDEH),
(2) EFWH demodulator & L TEDONEZZIH, 3 L\ Irpo-#k#F D demodulator &2 N EHE L
2D, (3) Irpo-#k%E®M demodulator ZEATEIHNEHNZHET 3DICHNS B, LERUNDIHR
TEATND C E(FHE.

ARV -5 BROIERFHT - lex APV K

lrpo ZEAT 315G, 2L —5BBICETIIERDFRRH SN TV EEFNEESEL. N
lex AVY RERAWTEEI S ENERS. OV ROBXIEIRDED TH B !

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

<op1_1> P <op_n> FARL —HEETH 3. EAICH BB NTVWERET 3. KHHRLEARL —5FES
ELT* & SKOLEM D2 DMWY XA T LATFHNEINTLNS

¥ lex OVYROBIHICBREINGEDN 21RO DARL I ITRTEZ KT D. NS5 (XZEITDHE S
HERIECTERTNIERNSNS.
SKOLEM < X5 LLBERR L 7z Skolem B8#K. Skolem BE#RE T (X ZainFHERIETHRINS.

BIZRETOLSBEI 2B >zETD !

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 —FIEFFERDES(CES

x_ = _[_»=_—_»>_+_+=s»=c>b>a

L DOFEITIE SKOLEM DIBEDEL. * H B0\ (& SKOLEM IEEMNEIHY X ~CE WMESIIE, UTo L
SEYRATFLHEBRT S :



1. *IBENEINE, U ~OREIC * ZBINT 3.
2. SKOLEM EEENE (FNUE, U X b DFRFE(C SKOLEM =BT 3.

DFD, INSHAANEBEINIZRKOBRELRDLS(CESB !

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

Fz, lex AVY FOBENEWMBEEDARL -5 ESDIERFD (F (&

lex(*, SKOLEM)

ELRBEEAUTHS. TRHE, ETDARL —IBSEEMHERNIETH BN, eV XT LA
HER T B Skolem BEBIIREKRTWEHET 3. KITBRTzEH D, Skolem BHE L DR (LTS
NIEC K B.

lex AVY RT, * XU SKOLEM EVWSARL —FRBENFMNEBESINBIEC LD, MAENCHN
S5NBAZEF 2ZIRL —FeERERKGELLEBIDTE, EFZINIHELNGVR, ROLS(CL
TINZOBERS. WTHDOBEE, FIAEOERLIARL — 5 Z5 | BOBTERNM L = 2RIZ AL
nEKV FIZERABER * EVWS258IDARL —FEERELTVWBIBEIRF, ¥/2£FB3c&Tn
ZEBRIZCENERKS. ELNBEHRTHN (X */0 EINEFRL. SKOLEM DIBEEEKRTH 3.

lex AV YFRICEATIERE lex OV R 'dbreset’ ZET I IFICHEESNTULEITNEL G5
V. BEIE— RDBEFIBERICCNMARBINZIOTRHABLRVN, Y21 7ZILE— ROBRCIEEEI
BTHB.

EXnAMED(F (Irpo)

B, 75T order-eq ' on THD, H3FRNY TSILD EESHDEIENMBA LD Irpo IETKE
WES(E, KEWADSIBHBEBICENMB LS CHTEZSND.

Dynamic Demodulator O$IE (Irpo)

7354 dynamic-demod I} on MIBFH, Y AT LIE 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
(&, TCIERNDABEDIIHNFEATULS). £ 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-&k#Z® demodulator (&, BEEHRZ SNEBROEN TDIELD Irpo DEKTNSKE35HE
[CDH BHINS.



=FMH B EE

4.1 {T1EHFHLIREES X 5 L OBEEE

HBEI1—IMBRIDEI 1—-IVM'EHBEI BHNESH, ILHEHEEI 1)L M TERIN
RRBOTARTZE M DBEEITINESHEIRIET SHETHSD. CORIEDEZ M HS M ANDF
A GAREE & 138,

RREEIUAT O 2 RETITHONS ¢

1. M D5 M ADITZFvXvFIT

CHUTERR M DMEER M TEDSN TV IHEEZ R I 2HD BXERZRZITLBINE S
NERBEIZIENTHD. AIERIBESCE M ODIVTZFvhs5 M ODITZFvADER (VT
Z—F v & — signature morphism)NEK ST NS .

VO ZFvRENR—DEFELLGVEBEER, 48R M MR M OMEEZE Rz 9 C L (FARAIET
HB3NDT, FMRIAFCOFRTERERELIRTITS. BH, —BNICY T ZF v HIEFE
HWEEIDIELEHHD .

2. M' "5 M ~NOFH{CIREE

CNFNITESNEV T ZFvHRICKIDIBEBXEBRICE ST, 48k M BREK 18 M’ Oise
ERICBEITHNESHNERIETIZIENTHD. M DFEREFNET NEVIT ZF v HTEEEL, #
N M ZEWVWTERDIDNE SHZEFHL T L <.

REITSD M OFAN, BEOFRN(ARSFIN)THDH, HIVWEIRFSFIATHINCL>T
UTO&S (CNBNRERS.

ARFNNBE RRINLEEFX/DREOEEZ M OAERICIMZ, ENANSRBHBFSNBH
ESHERBIVIVEZRVWTIRIET . REBENESNNEZDOEN(CET 3 MR
(FRRINT 3.

TIRBHBICE IR VI ZFvE, 2TITORCEFBZIAVY RRUBHICH BT 3 EEXITEN. YTZFvIvFY
HHEITSCE, EDXVYE/BYE REDOXY YR/ BHICBETENE, V— MEREEEICE—RARTLIE LW, h
F—MBCEREBETEEVR, V- rE2OELARY—rIRA CF—9BEBEKRITZEDERET B3 ET, S XFE]
YYFVOOBE (GBTEN, BREEENTEELS.
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BRREADBES TRINZFNCDOVTIHIEME(coinduction)Z XTI 3. IHIEME M
BINTNE, COFERICET BFMGRIERING 2 CHIFHEC DL T (X 5EZESHR).

BEBENEC S, RUNIRFSFAORUBEETEBROER (BikY —~DF
RTH>TH)THBIELTUEINTND. RENERESEA(COVLWTIEZFDER
OIRIEDFECEET DIERIAT NMBETH D, ARRIEY X TFLICHIFRIERICD
nWTE, SBOFEELTEINLTWS.

M OETOERICDOVWTRIARKINT UL, M IS M AOFMCRIEEKINTHSD. &
FU—MC—BEREREBCS TIEBEIAMRAITRERETHDINDT, FHCRIAENED SNTcE
HEERGIERE, ATVFEAERE)DLREZBX HSICE, BREAHE L THRELERT
93. ELIDBAETE, ENE RNOBRIENRINLEH > VG EDBHRMNIL - —(TRT
TN,

4.2 BRIV RFLOHRIA?ZVE

RN ZHDOFBD IV Y RIERD2DTH B !

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

sigmatch (kEY 1—JLI-1>) to (KEIY21—JILbH-2>)

KEYa1—)R-1> THESNZIEI1—-IbH\5, GEY21—IbR-2> THEESNZEI 21—
AD, ARV D ZF v HIE S TR, BREFAEBCIRTT 3.

CafeOBJ TERYTZF v HO & %& view LS, view ([Z[FRBIND(FSNZDREITE
BIR3ENERDILS(CE>TVS. sigmatchTIL, BRERzview(V T ZF v H)NDELR
MU THE YiEREIE DT, MABCEIOZRIOY X N %IRRT 3. view ZEBR T 3 Z ENHEE
B> BEIEE, BZOU ERTT S.

HHLIREEDIET sigmatch OV Y RDOBERTH/ SN view DRBIZIBEL T, FHMlbORI%Z 17

SEZETRID. BXIIRDBEDTHSB.

check refinement <view#>

BREEDBRVMIITH NS, "ok” ERTL, BRAKES 3 VWERADBECE "ng” L &R
IBEEBIC, EOFRORENRN L BN > e ERTY B
4.3 YUZFvOvFVY

431 YOZFvPYFVINERRA

VOZFeNYFUIRMEIEEATOBYHNERLEERET Z2ENTHD, THRETOY I ZF v
HeRPdelCL>TINETS.



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

IO ZFwRYFUIE, ZDODEI1-IVM ENE EZSNT, M H5 N (T Ba8EET YT
“FYREETHETDZ. M DODIT_Fv% (S,%), NOIYT_Fv% (§.Y)&TD. YT _Fvil
£, (5,3) M5 (9,%) ADBERV : (5,%) - (9,%) THD, V [EZD0HF DA

vV:s — ¢
V:y — Y

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

AR YT ZFrHZeE2TRHZD(E, —RICEHRLGBBETEGEVN, BLADYXTLTREY—F
ZORICARY - FFRAICT—IBERBKRI DI LD CRELTCHEZZHRILL, SRAAEZARELE
LTWna.

CafeOBJ TV —FDES S 22BNV —hk D & H LXK ENB (S=DUH). D ICEFEN3Y
—hEAIBY — bk, VIZSLKENBEDIZIEHRY — b EEEN S, AIRY — MMOBEDENGT — 5 B
ERIBIZENDTHD, BikY — ~EABREBER OLSBRBNLA TITH L ERRIBZHDY
—+TH3. BACRAOARY — FERA—DOTF—9BZEKI DI ENDEHLT, LLSEF TRE
TIMWRPIXTLDARICEWVWT, T—IEREEINTVS BIRESA1TSIDELSIBEDNE
BEITR)EWSEKRTHD.

4.3.2 VIZFvevFVIOM

TH&SBIDONEY 1 —), STACK & QUEUE BV RFLIRA—K 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 !

CafeOBJ> sigmatch (QUEUE) to (STACK)
(V1)
CafeOBI>

COBINIGE, BRELTTIDD view V1 BAESNTz. CNMDRERICIZEDLSBARABTKEONER 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, ROLS(CVY W
EvogETncunadc Enagna.

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

% 4.1: QUEUED\5STACKAD VY v EV T

COBIDBE, SNUADT v EV T ERAEETH S

4.4 HH{tBREINH

AETIFMEREEDERMZE Y.

4.4.1 QUEUE & STACK

84.3.2 BEOMBIT sigmatchd VY RIZ K > TEBR 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>




BERFEXKTH D, QUEUE (CBIT 3 EDRIEBMSTACK (CHEWT HRESNIEVHNDMEIFZFIN TV S.
COBRIEHNCEASHNTH B, HIZIELRDOQUEVEDNEE

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

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

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

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

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

ERBNEL.

4.4.2 E/FREBRELEOFEENOH

RIEBCEMTH BN, EOEKRWMIZRT. 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(* ) NEHINEEY1—-ITHSB. TV
—JU MON ([d—REMIIEE /) « RIS E2IBREZE DRHR)Z E&ELIZEDTH B.

INSOEI1—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
ZENDTHS. COBRMMNELVHNE SHE, TERFMERIEICLDARZERDL ST BRELRB.

TIMES-NAT> check refinement plus
yes

BRETCIOED, G LEZED TS S.



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

O view ([CBIL TEHEHREBZTULWRERN OK THNE, BRABLEOHNIEE 1 ZETELRRE
JARTHBDEBRIBZCENERS. LOVYEVITRFERNICELVWEBONZDER, LKLY
27 LIF VFSKERBROLSBERERETS.

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

CHIE TIMES-NAT [CHWVWT DNMIED OEBHNARERLZHTH S, D2FD * NEBENTOER
ge=ca=a(leZBTETR)E BMEBITDLDICEBINTULWEWZHTH D, 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.
NSEESNBZIOTRETHD. B, EJ1—JUMON[ZHEWT, 7RL—4 ; 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, SEEESBICEZNED RIHEWSHERICKBET THB(—RRICHMILRIITHRINT 3185
IBENEW).



ETIVREY X T L

51 EFIREY T LOMEE

ETIWRBYXTFLOENE, AFREBROEHFEDETEBRINZYZIFTL R, TYyROVIR
BT —IBEHLEVSRREMER/ZI L MBNICREBEITZICLETHD. HMbEmkeEY
27 LTHN 2B IR (co-indution) E—BDREM EH BRI ENABETHZINDT, ETIVIRE
VT LIRBEFRNDOFMMERIECE ALS5Nn3.

ETIVBRBOEAHAE L,
© YRAT LOYHRREIRIRE) ERBIREIUEN 5EZ 51,
« IREED\ S BR ORI E TOREICDWVWT, EXZ5NEMENTBRININE SHERET S

CETHD. COBEEOERELUTIEIRDIBFONEZZSND !

EEICRTY COBE, YXRTLEEZNEEER/RIZITENMRIEESIND.

RAEHRULTERY C0BE, YATLOETRIORICEZSNIEEHERBIILEVWK SERE
NEEITBCENIEHEINE. ETIVBEY X T LIE, FOBRIREHNS DEIT 25 & REELE
ns, RENE L TRT.

ERTEDTTERTY s OFWEBIFCRACLK, ETIREBF—RICRERETHLB3DOT, HiHilc
EHSNIHAEEROEHAEEZBBELEESICE, ETIMBEBYITLREBER AEDFTFRT
3. CHBETE, BENMERTUEETRINCOVTOER (FIEBRT 3.

511 EFIREOHNETAHAR

REARICBFBETIREICOVWTIE, YXRFTLOMEOZRRERET JLTYXLICEL Ty
SREZEEZELELTVS. LSIBRCHTZIFRHREET ZAVD C ETREMRFEMLADUEER
MR TEBR LIC, ETIVRE ZILDYILEAEBRNOBEDRLULAEE LTER LS NEZS, K
BIVIVERAWREBEHEICKIERENAEEEE>TUS.

FHEREMOETIVREZAICE > THRATS. SALLZVWREMZRY BEZP(X:h) X (X
BY—bhoEH)ETEE, REUP DETIVIRE (BAETD)FHREERDK SEMREEICEET 5

51



IE=X p, TEZE5ND. T, BHRY—rLOREBENNIET 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, KR P(X) ORIIKEE
pre(P(X)) (&, 2THOAYV Y E m (€DWLT (W)P(m(Y,X)) OEE (disjunction) & & > 2 REBGHE V)
EUTERBSNS. CCTYR>MOT7UT«(CEYGEY—FERDRE ZHOEETHS. BEN
C(&, po(X) (&, ZTHE N XTYTTREMPX) ZWBCENTER L SHERENESERL T
Wws.

EROFERGNET B ENMRIESNTVNBINBEDOD, BRXTYvITIREITZ(H3 n (c
DNT ppyr = p) E@RSIEL. LIeM>T, 7L JUXLTBIIHBESICE, 1)BRETINE, 2)
pp(init) EE> TREIFER, 3)EES5EFRHE, O3BODOBERNESN, NELERDETIVREY
27 LORTHERICHILT 3.

HIAZEDETIVRBEFHETCDOVTE, KR P(X) OXIREE post(PX) & E &I NISEERDEL
RNELTERETES. CDOLSI, BIRE(NIt), KR& £/ (P(X), XRIREE(post(P(X))), BIIREE
(pre(PX)NERBINTULNE, PEEICHFTIETIVREFHRETZ RBEI VI Y ZRHVCERESSE
ELTITSC EMTES. LWDOIEE, COENKRETIVBEYITLOKLTSHS.

5.1.2 FOIREEEDERITAN

TRRREEY X T L(CH T B3 IREFHOF MR (C BRI BIAEZT S (C (&, KEOX(ENS
BR)ZEREBEHEL TREMETIREBEZZTINERL.

PIZE, IRESFNs ~ tZHHT B CEREBOX (st) ZIREE LU T BERERFR==(ETORE
MOENRUC)NLREUZRFDOC LZ2REERV. CNEMUTOBRICEATZIIERE ULTERET
F, AR ZEMETIRBERRICRBI VI Y 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 ICREENSH B check IV Y RZEH R LZ RICRITAVY RERWS:

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



CCT, <hEER> &, HBIREBY—b HICEAIBRE P(X : H) DRAITHSD. <HHKE>
(&, H DWEREZERIRIBZEHRIRL—FDRBITHS. T2 30D of <XUKIB> N\&H o125
B, RERIKE> TXRREINZ YT LIREICT L TSNS, 25 TEOINDE, VX T LRER
I3Y—h HDEHZEXARE L TREZEHEY 3.

COOAXYYRFOBEEUTOED TH 3. RERPKET2BRBCH(FTITONS. F—ERBEEHIHX
RICBBLT P OO DONESHDIRETH D, BEZRMEERXAYV Y FEZBAUEXIRT P BNRILT
BINESHE RETBIL—TTH3.

EASZARICEAS BRE I IYHXARICET BIRERUTOLS (TN 3.

1. MEBRENSKIE 1, EROLSCLTRET S
- check IV Y RT <XBRE> c MEESNTNBRSE L =c £ T3
C EEBINE, TNEDIBREE LTEEEINT WBET T3 = 1)

2. P(ty) BRIIT BHE SHEFANS.
T, RBIVIVERWT, ~P(h) BREWRSh BEhE LS5R3CECk>TTHONS.

« P(ty) NRIITBH/E OK E L TE—REERTTS.
« ~P(t) DREICKBRLZIBE:
-t NEEDNIREIC LB ENTH > ZIBE,
a) P(I) NRILT BMESHERANS.
*RITBES5EOK ELTE—BREERTTS.
* AR5 (L, REIEBIAMICRS 726, iverb: P(I) BNRIZIT 3 H\E S HERFN
3
CBIIINE, COEREANRAIE D, CORRTETIVIREEZIRT I 3.
- RBRIITES(E, NG & U TEZEBATL.
-t NEEDNIREIC LB ENDTENSZIBE, KB E L TEZBBEATL.

AXVy FBERAXIMTORE LTHRRNZE—BRETRRELGSZEBER, REANREL > Pt) TR
BRIVIVERWTHRAZITOBROFLLGAREE LU TEMENS. CNEMBETHEAITZIXAV Y FE
BAUEXRICEWTIHREC KRUEXRICOVWTEAKTHD, BDRLDEICZNDET XBLE
EONIBEREBMEINTITL. COFNBOESE Ar £ 9 3.

LeisT, E—BRETAROBAE Ar = P(t) TH 3. BINOBEE Az — (TES) £153.
EBETORBERIUTOLS (L THFONS.

1. RENRXNIRES C =HH1ET 3.
© KXMPRIE> c MEESNBEE>E C=c £T 3.
c ESTHREINL, C=1&T93.

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

3. XIRBRTFES M =ZEE5(CHHLT 5.



BT R, XIRES C RELHBEIN VY IT LYY —IOFHNRE L >TREBI VI VNMET T
B2FETRDIERT.
a) ClEBINBRBIE ¢;[cDV\WT !
i.C=C—-¢ £T 3.
ii. M [CEBFNBEXMMBERT gen; [CDWVT, ¢; & gen; DS, RENRIE t,j Z1F3.
BESNZME P (CBBLT, Ple) RBRDIIDONE SH%ERARS.
6. TN DI (TN, FIHHRAEICT L T P(< >) BMEDIIDHE S HEARS.
a) PIEREE(C L TRDIIDIBRF OK £ 93
b) DM erWEE(E, -P) Zd—)be LT RBEZHH#BEHCLD, REZET. REINEN
MUIEINZHZFT 3. WITNDOBEE, KEMDREICARINE L TRTTS.
HICET3ZETOXAYV YR m; (XL T, V(Y).Pm(X,Y)) BNEDIIDNE SHZEFHARS.



5.3 EFIIREDERFG

TIFBITOEC DOV TOEMIEHRTSH D,
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 <=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) .

}

TIJa2—J)UINT GEBOLAZKETHZ M, |MOTOEOIRZEREIT I HICHERERVEREERD
BOHHNMEFRIESTNTWS, OEFEY 12 —JU ACCOUNT TEZBSINTWVBRENY — k Account (C
L TEFIVMETNTLS. BRERF(attribute) balance (FIBRENEEESERIENTH D, XV YR
dposit & withdraw (&, ZNZFNEEDFEFTANE FIH UICHEYT S, OFEDOEARE(L, T new-
account TR SNTHD, YHHOETESE 0 THD. 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 > ZHFI(C, withdraw MEITHR, BRE LU THREEN N £(FEZ C
' RRELTWVB. —RIENY - FZAVWTCOELSBIY T LIREBRZ RIRT31HE(EF, £T
DREFICT L THICREBELERREL TPLIHNEN £2. FlZ (L withdraw DIBE, BEESN N LD
DIZVBE (€ withdraw(N,A) BRERITSNGEVDER LEDORETHSHNT H3M, COBFETEIYXT LA
KEN TEELIRV] EVWS &7 RIBIBRERHD. NN, E5—D0 withdraw (BT 3N

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

Thd.
TIF 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 .

MEE P (&, DBOEENRLTO KDINSKBEBIBERN, EVWSCEERIBIBENTHS. <l
MEBRICKILTBEE, ETIREYITLEZRAVWTHARS | 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, ETIVBRBEYITLNBHINTNE, CNERTIIER/BRIIRDODELSICHEBIET T
53 (COBFITIELEEDEI 13— IVEERSTICETIXI YT % 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, BOBEUERREITONT, RST1LARIT RNDTTITERT L TLS.



S HIRE

ARETEIEHERE(COVWTHEHRT 3.

EIEEBAICEVWTIRE A DS BIERTER L ID5 A BERIRHICF, AZKRELT

ONNERRBAZERA IS CLlcL>T B EEL. BHFE(CKZIAADHEF, ROEIEREKR
A+FB <<= {A-B}-0O(FE) <+ {A -B}INKEEAREE

ZRAWT {A,-B} BRBRETHICEERI CECL>T BEENIC A- B Z5AT 3.
UFCheZzIaZE>TRTYPLL LTS,

A1 BIENEESES

FACAEIRNZEHZzSILVESEEDTETOEHENRBEINTVEIH EINANZLETH S
CEE -ADREAETHBCERBRALETHS. 2FD - ADNKEAETHICEEZTRIEN
HRNE ADNEET H2EBRITZIBNTES. ZTCTRAORRBREMEEND D EEERY
3.

Z O XO— L LIEZE#R(Skolem normal form) E[E(EN D, BEEER(C £FREEFLUHFTENKG
VWREROERTH S, FEO—ERERENL RETREUZREI I —L LEER(ICERTE
3. COZ%E 20— L Lfb(Skolemization) EEA., XO—L LMBIC K > THRSNZRIEE TTORMN
RBRETNDEZTZFDEZ(CR>TRETNS.

A.2 B

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

12T <« (& if andonly if DELk.
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/

RET>I Y OEMEDF

AETRRBEIVIVOHRERCDOVWTXDFREHBAZTS.

B.1 MR —TniEE

REIVIVE, HERETHZVEHMORENMRISINBZ I T, EBESNIZHRIL—ILIC LB
TEHHZERLDDFE. CONBEDBERFIUTDED TH 3.

1. BEOE IV —FREZ [NIEBRIG | (CERETS.
2. B —TDHOMBILLEZRTIT S. (5 B.2 ).
3. VHEIB DR, ¥ X7 LIRED TLIEMREE | 185 (3 sos N5 1DHIZEREIRL % given-
clause &9 3.
4. given-clause MZEHEL, D' DY X7 LWERRREN BT | THBRD, UTONEZR DR
9.
a) MRETIBIR cl-given (1 &0Z 3.
b) 7354 print-given I} on MIFA, given-clause ZEIF T B
c) given-clause % usable DREIEMT 3.
d) given-clause NS 7S T TIRESNTLWBERIL—ILZRHWVT, fix BHT 3. (5 B.3 £,
£ B.4).
e) BADY X7 LIRENRTRGFCERIT 2YHNE SHZEFANS. (5 B.5)
f) Y7 LAOBREIREN MUIB#kEE | DAGZRSE B TIRECEAIZIAvE—I% AL, L
—FEIRITHT.

DTN ST D, SinEY, BHEONE, BTHENE TOTCIICDOVWTEHEMICHRBY
3.
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B.2 YRFLOHL

resolve AVY RMEESNIERBI VI UNEFHINDS. ZOBRRBIVIVEEIL—TFICA
BHIC RITXARDEZTE (CHE WV THRBULIEB D 1z H OFHRLLEBE{TS.

FIRVICRBI VI YDERTNXIRE T3CafeOBJEY 2 —JUICEEL THO HHRDOERETD

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

RWTCRBIVIVOEIN—FICABHIC, UTOXSHEHHGLER K7 NS,

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

2. #EHEHRE ST O (CHHET 3.

3. 730 auto 3 L\(F auto2 Mon DIBFICENICIGU R TS TP RS A= DEIHMTEY 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 (CEFEFNZRHICH U TEREDER]/
EHRE(E B3.2 IS LUE B4 Hiz2R) Z2EAT 3.

B.3 EHEIERIVYVEHMIEEH

VR T LOPBMANE(CHENT TSTTEESNTLZERRA (CHG LTz BHEAERT Y I Y
BNBEXEE TN, FHeECEHENER TN, sos (TEMINS.

1. max-weight /35 X—4 NOFAE(B.3.167)
a) U 73S control-memory X on THALL, IBED sos FIEG(C EHRINTLIEH DO
EHAN, MBS (E max-weight RS X -5 ERHET 3.
2. binary resolution MEfT
a) H LIS binary-res B on TH o7& 5(E, binary resolution ZE1T9 3 (5 C181xS

BR).
b) binary resolution DFERBSNIEFHGEBHANDER(CDOVT SEHEADOENIEZRITI 3
(% B4 E1Zz28 — UTERR).

3. hyper resolution ME{T
a) ®©L IS hyper-res M on TH>7z1& 5(d, hyper resolution ZEfTF 3 (5 C.2H= &
b) hyper resolution DIERFSNFHTZEBHANDEZL(CDVWT EHEIDOEUEZRERITI 3.
4. negative hyper resolution ME{T
a) U, 7354 neg-hyper-res 1t on TH > ek 5 (&, nagtive hyper resolution Z£f79 3
(B C28 =228R).
b) negative hyper resolution DIERFSNEFHTZEBHANDEL (CDLWT BHAIOEBUEZ
X179 3.



5. paramodulation into MET
a) U, 73> para-into i on TH o727k 5 (4, paramodulation (into) #£179 3 (88 C.3f
Z=Z2R).
b) paramodulation (into) TR/SNEEHMELBHANDZR(CDOLWT EHHAORUEERTT
3.
6. paramodulation from ME{T
a) U, 7354 para-from H on TH o 2/E5(d, paramodulation (from) ZE179 3 (88 C.
3EZEER).
b) paramodulation(from) TRESNEHFHZEBHEDORLCDOVWT BHEOBNIEZETT
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 =FHDOEHA sos [CERINT(TE TSNS,

TSCEFDH A AN—ENBEREHMZIZIBAIC, max-weight RSA—SDEEBEEFHRALIZEE
5. CNIE TS control-memory B on (76> TWLWB BB ICETINS.

B.3.2 HilcXd SAIWE

B ANE(T S5 process-input M on DIHFE)P BHETNEHICEL T, HlZX(E max-weight /3
SAXA—HTHIRTNBIHNETE, TFTFLHNREVCLPRENCATRGHATHIHESHD
1R & (subsumption ¥ tautology)Z £1TL, BIRNZIHNE T3 MH ZHAEIT S. F/z dymanic
demodulator OERPZEHNERSNEHNEHNDRBEZ XTI 5. BEENGUEBEOARBTEUTOMHE
DTHB :

1. BZRANBRELTEIREHNENZHANS (55 B33 H1=z2R). BRVBTEIREHMELG >
78 Z0HEHIRT 3.
HNEHZAET 3.
REHEIR cl-kept DMEC 1 £I1Z D
7> print-kept Mon TH B3N, ANFICKT BUETH > 7z15E clause ZHIF T 3.
7 >4 dynamic-demod M on T& D, dynamic demodulator (CB8T 3HRE (8 C.4.1 B DER
M demodulator £ LT D ULVEIEHIESNEIBE, TNHSHFK demodulator Z{ERK T
3. CORT S print-new-demod 1 on THI3HHBWVWEANFICHT B WIBETH > 2188,
YER U 7z demodulator ZFIFE T 3.
6. ZHIDREBEZITS. ZFAITHH>RIBZES,
a) EL/3S5 X =% max-proofs M -1 (BSNDAMBADEICHIRZ (T ELV)TEEL, EHE
Nz O BIRETEIR empty-clauses) DIED, /85 X —4 max-proofs (LEL TL\E 5,
VRFLREE TRAGBAHICELRZ] £ UTRBRI VY VEHEY 3 (KEREL).

vk wN



B.3.3 filcdINBOREBEANS

1. IOEBBZEMNITIEZ, CN%Z clause £TB
2. 73574 very-verbose H on THMNIE clause ZENF T B
3. clause (€ demodulation &Y.
£ U IS4 very-verbose ion THH, EEWMIN—ETEETINTUNEEZTRZIER
D clause & EHIF 9 3.
4, ERNOERILOHADF
T35 order-eq M on MIBRICETITS. cDEE
« 7355 Irpo M on THHUL, Irpo(lexicographic recursive path ordering) (Z £ BB D (F
ZHWVS(% 3.16.2 BiEER).
« Z5TRIEFNGE, FERBCLZERDIBEFDFTZETS (5 3.16.1 HiEE2R)
5. unit deletion SMIEZ=fET .

7354 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 (5B B.5.2 HiEES8HR). DO simplification Z{To 1z

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

HIMN tautology WENERANRSB(F B.3.5 £ 22H). £ L Z 5G5S (EHEHER cl-tautology

= 11BYY. COLSEHIIHERBFES LBV ZHIOEE RIRETHL] EHETS.
8. weight 7 X M(BHMICT L TOH TV, AN L TIE EFESNZW) ¢

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

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

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

BRELTREL TLIENMBOEIC subsume SNBLSHEITH > 2IBE(E, CDEIFTT
RO TERIREITHEL] CHIEL, MEMEWD cl-for-sub (1 MR 3. F e, clause %
subsume I B3I sos FIESICEEINTLBIENTH > BEIL, HEHER cl-for-sub-sos (C
1ZMZ%. 5T S very-verbose i on TH3M, ANFICHT S WBTH>BS(E,
BN subsume SN EEHFT 3.

B.3.4 Unit Deletion

CNEEHICFRAITIHFZERIETDICENENTHD, FMCEFEND Y TSILOEN 2 U EDIE
BlCAHNBE. COMBOTRETBIEI TSIV (CDUVT, sos HBU\E usable [ §FENdH—
BOUTFIIDDIE, A VRAIVIN DBEICEFELLE 3EONFETIHEAIC, UTZIV I ZHl
(RY2UIETHB.



B.3.5 Tautology {&#

Pl | ~P] ...

EWSTEZE LTZEIIS tautology TH 3D T, IEBOHRDRICIFILZEL. COXSBEITHINE S
H&EHIET 3 DM Tautology BB THS.

B.3.6 Subsumption Xk

B1C DB D %& subsume §3&(E, D ICEBENDIETCOYTIILIRC DENDDY FSIVE 1V
2 VRETRHRICEI>TESNBLSBEBEETHSD. D2FD COARD LO—BNGEHTHB &
WSENTES. COLSBIBEH D BIUETHD, C NHENEFHGEBHEDERICE 5L,
CDRAEZEITS DM Subsumption 7 X L TH 3.

B.3.7 Forward Subsumption X k

BHEINZEMN sos H B0\ usable (CEENBHIC K o T subsume N3 BE, COEFIZLIED
HERICIERICUZBEWITRTH B). CDI&E%Z forward subsumption 7 X ~ &[S,

B.4 Hilcxd SENIE

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

AL TIEROBMUZHE T IRENEEFOIICERS LEDE TELTHN TLVzD(EL
T, BUEBTREYECHZHELEHCLI > TARICEILSEHREOHN HZ3NESHEHANS.
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
SSCHEEEHENERINZCEEH 3.

BHERIICEUTOL STUENETIND !

1. EHOANEZ
7 >4 eqg-units-both-ways H on D\ D, BT ROEMNE—FITHD ZDYU TS ILH equal-
ity U SIWERDY FIIL)DBEIC LTOREBZTS !

« 73> order-eq M off THZ3M, H2WEVTIILD EREMEDFDENHEEKLEH S
EDTHZESE, LMTOMESE 175, 25 TRIFNEECHE LIEL.,
a) EXNOEAIBEANBRZ ) TS IVEER L,
b) cCNZEH—DUTSIVETIHGE—MZEIERT D
o) ER LB BHERE(C copy-rule & flip-eg-rule #3893
d) {ER Uiz, BHERILE - 85 B.3.281 - (TS,



2. back demodulation MEFT
7545 back-demod M on M\ D, clause [EZXITT B demodulator MEIMIEBCER TN TLI\Z
BEICEITY 3. back demodulation (& C.4.2 Bizx S,
3. back subsumption ®7 X
754 back-sub H on DIBEICITS(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 S H, ANHI
([CT BB T & BIBAICIL, back subsume LEBX v E—IEHFT 3.
4. factoring
7 >4 factor M on DBHICITS
5. back unit deletion
754 back-unit-deletion M on M D clause NE—FIDIFE(CITS. 5 B.4.2 Hix SR,

B.4.1 Back Subsumption X

BHRINZHEGEMN, sos HBL\(E usable CFENTULSHEIZE subsume 33 L S5KFIHE,
subsume ENZFEITTETHDINSHIFRT D ENHEED. CDIEE% back subsumption 7 k&
/38,

B.4.2 Back Unit Deletion

BHENBE—FDIBEE, TOYTIIVERENETCBAAERY TSI ZHIBRIBElcLoT
HEEBHEITIENERS. % sos HL U usable CEFNB3ETOFICTH L TETITBION
back unit deletion T 3.

B.5 HRIET DHIE

RBFTE/ S-S DECPEHOEL ZER L THEROTM/ICTOHEZ 175, TT/I5X—
Tk BTYFREDHERFIUTOLS (CERTEN, FNICHL>TY T LHNEBKENR ESNB.

1. /85 X —% max-given H\ -1 TG <, HEHEIHD cl-given H max-given U EDIFE, KE%=
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, RE%E
max-kept TET | £ T 3.

4, FRUMNGS TS &9 3.

ZEIDHEIRDELS(CLTITS.

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



a) 7354 print-message M\ on THNEEHNEHE S NZENFT 3.
b) #EHELR cl-kept & 1 T,
) HINEENTULBIHEEGHS CDEIZHIFRT 3.
d) #RETIEIR empty-clauses & 1 18P,
e) 754 print-proofs H\ on THNISHAAREHFT 3.
2. YFSILOEN—DDIZE(E—E)
unit conflict "&H3NE SHERARNSB(E B.5.1 FExLSMB). ZO’E unit conflict &> 7z
5, L TOUMEZ{TS.
a) print-message 7>\ on MIBF unit confict £IE > EHIFT 3.
b) 7354 print-proofs M on DIHEHEAZHFT 3.
c) FINFINTLBHEEGH S CDHZHIFRT 5.

B.5.1 Unit Conflict &

EzZonftB8—HE#REBIT3LSMK, sos HB3U\F usable [ FFNI3B—HFNE2THEZEL, ELSL
NEENZFNICOVWTREE EITLTCERHEIEDEHEITUETSH B.

B.5.2 Factoring JEE

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

FIZE, C=Pa)VP(fy)V~Qa) ELrEZE, (FEESIWE)SBME2EEDYFSIVIE,

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
HONETOE DY TS )% factor ® UFSIVTEETEZS. DL LT clause #EEILL T,
TTRE VTSI ZHIBRL TITKWETH 3.



HEsmIL— JUBRER

AETEBFEVHEHLRNCOVWTHECEHRAT 3.

C.1 Binary Resolution

binary resolution (FYF3ILEU TSIV 1 X 1 DFEED resolution JL—ILTHB. resolution M
2F—LEFRCIICRTEDTHD

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

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

ocLL'mgu

C.1: binary resolution ® X+ — L

RECRULERF—LT, ZDO0HRFEEA—DEHBEEZHE L TH> TLTIEE SRV, OREE,
SREOEHIBCIAZ—DICHBELSICEBMDODIFEZNTONT LWB s, BEINICHEINT
n3.

C.2 Hyper Resolution

HBIHHSENNZELRHEEZIHR, TNER/BIDIC BRE>REEXT v INREDE/SZ. >
T, ACBHENEHOERINIBENRHDF/S. CNEEFLLBRLVDOT, COERDITY T&
FTEHT —ED resolution L >THEHEL LS ETFTBDM hyper resolution THB.

REIT>IJ>VTlE, positive hyper resolution & negative hyper resolution M2&&E® hyper reso-
lution BEEZ IR L TWLB M, INSEVITNE —&D semantic resolution T D, Pl-resolution
EMFEN S L D —HIAR resolution rule DRI TH B .
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CCTEFTRAIC, D semantic resolution DEZHZ(CDWTEHRBEL(1]), DWT, hyper
resolution D XF—LICDWLWTEIAT S.

C.2.1 Semantic Resolution D& X%

[1]

BHnESES%, S={~PV~QVR,PVR,QVR,~R} £93. COMEEDTHEBFEEETT
DIZ, BEOD binary-resolution Z F> &, MTIETRILOFHEEBEE LD !

1) ~PVv~QVR SNOEXR

2) PVR S NEHR

(3) QVR S DExR

(4) ~R S DHEXR

(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) 5
(15) 0O 4) & (12) H5

BUHEAINSS, RERICFAERCHEDNTVEZDE (6) & (12) £ THS. Z0MOEHEIFE TR
THd. COKRBIELEOEHZRITZ0ON BNEKS.

EEBYE2DDTIV—T S, & S, [CRFBENERKZET B, e, BHRLCITI—TFICEETND
HiR L DR TIE resolution ZITHDHEWVNWET R, CHESICTRIET, EEINIHOBNED Z & (&
bESHhTHh3.

semantic resolution TI&, BID T IL—TF 53 (F (CHERR(interpretation) ZAWLS. LOHIT, (2) &
)& BRI ={~P,~Q,~R} TlE false TH3. —H (1) & 4) THEIND. CDOLSICTBC
ET, SEREIRT true CREBENDEZSTHRVWEDELICHEIZICENERD. REI VI VIE, HiD
REATRELGHESZRSENTHIHS, EQOLSHEBREZFALZELTE, TNRETOHZH
RBULEDEBETS L5BC LTV, LENS>T, EQLSHRIRICEL > TERESE 2D0NESICH
FIDCENABETHS. UTTE, ZOFINEES S METRARBIR I (CX>T, ZD20TIW—7
S1={(2),3)}, S2 ={(1), D)} CDEINTVBIENETS. COLSCHFELTE, (2) &£ (3) (& (4)
& resolve §3CEMERS. LT THRARB LS, T resolution (CDWVWTER(FTS Z EMMATRET
H3.



D& S7F resolution Z[EE#E Y 3 728), MEBEIEEDREDIER (G T EES &M EFXRSB. &2, S
(LE?*L% nl:lna"ﬁ(@
P>Q>R

EVWSIERZ[MFTZEDERETS. COIERMTOEET, 22081(KF7AE S; Of1, €E5RAEE S
Df) % resolve I 31BA, resolve NB3YUTSILT S, ICBITZHNDENE RAXOREBELZESZE >
TULWRIEINEESEL, EVWSHIRREZEMRTS. COFKDOEETE, R(F 2) HLV (3) TRAD

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

JRIZ semantic resolution CEB LRI TH B clash (CDWTEHBAT S, 9, ZOBIDEICD
WTCTRTHDB.

1) ~PVv~QVR
(2) PVR

(3) QVR

(4) ~R

IR 1% 1={~P ~Q,~R} &L, REBERLRSDIEFZ P>Q >R &I 3. LTHERLL2DDFEINE
BRTBE, RD2DO IDHHNEHEEKS

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

INSOMAEETICEDTHREIND. LIER>TINSE So AN, TNESE 9, CEFIBE
& resolve 3. (5) (X (3) & (6) (& (2) & resolve i3k 2. MAEERUEBR R ([CHK 3.

(7) R 3HeBG)MS
(8) R Q) &B)M S5

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

tOZDO0O ROBHERERD &, EBICHI (1), (2) & 3) DMEHN TS, BEGEB3DEENSH
BEONBIEFRTHD. EE5HN—DRITHRUETHD, FAE IERTHD, BOTERHKTHS. <D
ILE'E’EE< IHIC, clash EWSEERZE BAT S, clash DEZH(E, (1), (2), (3) P3IDDEM

5, FRAKGE (5) ® (6) ZRAET(IC, BEENIC RZEHITIEVSENTHSD. COBITE, £F
{(1),(2),(3)} & clash &3\, clash DFMIC DWTIE, RD/IAZT ST THET 3.

C.2.2 Pl-resolution DEH

[EBREL, PERETEOERMTETS. HOBRES (B,... B, N}, ¢ > 118 ROKH
EWET B, 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, DUTSIVE Eii=1,...q D DETRBPASIKREBLEELEIF > 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 (&, LETIRA7z Pl-resolution T R I (CBEEZBNFTEINTLIEL)
BaTHD.

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

Electrons: ~K1 I ~Kn

Resolvable with§

simultaneous | caa

unifer s
Nucleus: L1 nEas Ln Ln+1 . ~Ln+m
Hyper- S R ~SLN+1| sass |~SLN+m
resolvent

C.2: hyper resolution ® X F— Ly

KT nucleus £EH 23D, PR EE—DDEND Y TSI EEDETHD. REOBEGHESI(C
FCOLSBEBRRTHEET S, nucleus DEIRDEDY FSIIEDE, BOYFSILOHERFDH
electron MKREBTH 3. PIED, REAIBEGHESICEIOKLSHHNUNTHEET . nucleus (2T
D electron & TAKFIZ] resolve TN FNEHESTEV. BEBRELTED Y T3 IVDOHHSEDHEN,
EHETE LTE5NB(ED hyper-resolvent). < DEHE(E, LIED hyper-resolution X 7v 7T
electron £ UTHEAT D ENHRSB.



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, CN& dual REEERIZH B, positive hyper resolu-
tion TH 3. NlE, L THRARZXF—LT, UTFZILD [E/B ZWH(CTBETHSMN, Pl-resolution
T, BRI ICEFINZIRBYTIIVHNEERESZSVHBEIC AYT 3.

BEOETEZSNZERIE BREOYTSIOHFEEL Z ENRZ Lz, negative hyper-
resolution @ electron & U TAHW3ENER IO T, @ERHSKEABN > TOH, BASHAEL
TWB EE X 3. —7F positive hyper-resolution (&, IREH SERAMI(TTO, BIAZ O RN OIEE
TH3.

C.3 Paramodulation

paramodulation (FFSZI/RS HDHERIL—ILTHS. K C.3 (C paramodulation D X F— L%&R
9. KT, [ =r (& paramodulator (EOZERXY T3)), f(t) (F t ZRAIBICRHDELSBY TSIV TH
3. flor) &, ZDt & o(r) CESTBRZIEZ 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 ZEA LTz HD(f(or)) TE
FWZBElCE>THESNS.

C.4 Demodulation

demodulation (&, BHINHICERAIN, TNLCEEFINZIVTIILOT7 L% BHETS. F
5, | —r OfFE%Z LTz demodulator & D, 23U 7SIV I NEt ZEIBEE U TED Pt OfE%ZE
LTWVWBENDETD. CDETE, gl=t ERDELOE, BEHEBRNOH >EEFIC, | &, Plor] ([CE
TR B.

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



2T, EROEADEZAAENMITIBIBEN HD. RBEIYIVTHE, COIBROYEIC, BfikLiE
RIEE Irpo d 27 #HET 3.

C.4.1 EiTFEOdemodulatorfliE

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

2 =>4 dynamic-demod & % L\(&, dynamic-demod-all X on (C7& > TWLB KRTE, BT TS5
order-eq Mon ([CIE>TWVWBRETTHSB. CORE TSI Irpo M on DIHBFICE, ERDOMAETD(FDHE
ELUTLRPO %, 5 TRWVWSEEXRMEEH L HENIRIC LS HENTONS. COBRFNOEE
DIFRfTONB N, 2D HiH demodulator ELTHEZBINE SHE, ROLSBIET HESNS.
HEBRBONRE 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) HERIEDEIKXT 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
¢) 734 dynamic-demod-lex-dep & dynamic-demod-all ® @A MNon DEE, a & B M
ZHERNAINE, BXHICR—DIETH SHE(IC ORDER-DEP £ 9 3.
d) ZNLADIZEEFI NG £ T3
IS5 Irpo hion DS a) | DEFERDASE DIIMELLLITONTUVBRIZEA, OK £ T 3.
b) >4 dynamic-demod-lex-op M on DIFE, vars(a) 2 vars(3) ORDER-DEP &9 3.
) ENLIADIBEIENG £T3

L OMIET, vars(t) (&, B ¢t (CHRITB3ZEHDESEEIKT 3.

C.4.2 Back Demdulation OET

back demodulation &(&, BHINZEIMEDE—D equality Bi (—DD a =5 DEDYTSILD
HOSEBHE) T HoRIBEIC, F% demodulator & LTHWT, usable 58L& W sos CEEFNB
ETCOHEICEAL T demodulation #E{793ENDTH3B.

BHEMN demodulator & U TEBUIEEONE SHOHIEE, BEHEICH T BRIMNIE(FEB.3.26 =
SB)TITHhN TV,






(1]

(2]

(3]

(4]

(5]

E& Xk

Chang, C. and Lee. R.C., Symbolic Logic and Mechanical Theorem Proving, Academic Press,
1973

Joseph Goguen and Grant Malcolm, “A Hidden Agenda”, in Theoretical Computer Science,
Vol.245 No.1, 2000, pp.55-101

William McCune, “Otter3.0 Reference Manual and Guide”, Technical Report ANL-94/6, Ar-
gonne National Laboratory, 1994, available at http://www-unix.mcs.anl.gov/AR/otter/
AT.Nakagawa, T. Sawada, and K. Futatsugi, “CafeOBJ Manual”, avaiable at ftp://
ftp.sra.co.jp/lang/Cafe0B]/Manual/

Razvan Diaconescu and Kokichi Futatsugi, CafeOBJ Report. World Scientific, 1998

75



	目次
	PigNoseシステムの概要
	インストール/起動方法
	システム要件
	プラットフォーム

	インストール方法
	配布形式
	ソースからのインストール方法
	Unix/Linux 上でのインストール方法
	Windows 上でのインストール方法

	バイナリ配付のインストール方法
	i386 Linux
	Windows

	何がインストールされるか

	起動方法
	fopl.mod のロード


	反駁エンジン
	反駁エンジンの機能
	CafeOBJモジュールの解釈
	FOPL文
	等式の解釈
	組み込み述語の解釈(変換)
	制約事項
	その他の CafeOBJ 組み込みモジュールの扱い

	組み込みモジュール – FOPL-CLAUSE
	FOPL-CLAUSE の自動輸入

	FOPL の構文
	論理結合子の構文
	述語・命題の宣言
	FOPL文の記述例

	FOPL 文による公理の宣言
	反駁エンジンの新規コマンド群
	PigNose の一般的なスクリプト構造
	節の印字形式
	節表示の一般形式
	Skolem 関数の表示形式
	変数
	節の印字例

	推論プロセスの概要
	証明戦略 – SOS
	推論プロセスの主ループ

	フラグとパラメータの設定
	フラグ/パラメータ値の保存/初期化

	フラグ
	given clause 選択に関するフラグ
	その他の主ループ動作に関するフラグ
	推論ルールに関するフラグ
	Paramodulation に関するフラグ
	導出節の処理に関するフラグ
	Demodulation と等式の向きつけに関するフラグ
	入力節の処理に関するフラグ
	印字に関するフラグ
	その他のフラグ

	パラメータ
	探索制約設定パラメータ
	導出節に対する制約設定パラメータ
	その他のパラメータ

	自動モード
	統計情報
	証明木とその印字
	導出履歴欄の見方

	項の順序付けと Demodulation
	単純辞書式順 – Ad Hoc
	項の順序 (Ad Hoc)
	等式の方向付け (Ad Hoc)
	Dynamic Demodulator の判定 (Ad Hoc)
	Lex-依存の Demodulation (Ad Hoc)

	LRPO
	項の順序付け (lrpo)
	オペレータ記号の順序付け – lex コマンド
	等式の方向つけ (lrpo)
	Dynamic Demodulator の判定 (lrpo)
	lrpo-依存の Demodulation (lrpo)



	詳細化検証
	仕様詳細化検証システムの機能
	詳細化検証システムの新規コマンド
	シグニチャマッチング
	シグニチャマッチングの考え方
	シグニチャマッチングの例

	詳細化検証の例
	QUEUE と STACK
	モノイドと自然数上の演算の例


	モデル検査システム
	モデル検査システムの機能
	モデル検査の実行方式
	双対機能法の実行方式

	モデル検査での新規コマンド
	モデル検査の使用例

	導出原理
	節形式と節集合
	導出

	反駁エンジンの動作の詳細
	推論ループの構造
	システムの初期化
	導出節生成エンジン群の起動
	max-weight パラメータの調整
	節に対する前処理
	節に対する処理の検査内容
	Unit Deletion
	Tautology 検査
	Subsumption テスト
	Forward Subsumption テスト

	節に対する後処理
	Back Subsumption テスト
	Back Unit Deletion

	推論終了の判定
	Unit Conflict 検査
	Factoring 処理
	Factor Simplification 処理



	推論ルール概説
	Binary Resolution
	Hyper Resolution
	Semantic Resolution の考え方
	PI-resolution の定義
	Negative Hyper Resolution
	Positive Hyper Resolution

	Paramodulation
	Demodulation
	実行時のdemodulator判定
	Back Demdulation の実行


	参考文献

