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§9.5.4 ARZDTEEM
MEZEDOTLEMITOVTHAZT S, &

BENDTEEMZEELDANIHRARIILTERL, @
R BX5E £ (refutation completeness) T#H 5., T HhHHE., L.

BIEX
b, ME

— R EREDREANTEETRETH
EIIDTFEEFEHTHENTED, CNIFEBEEEZERBRELTEY.,. KB=EQELVS

FEBAFRAE LRYIDG 6. BMEEIBITIRICEIITS. EWSZEEEKRLTLS
MEEIEX. KBEQWPHYILDOMNEIMERT=HIZ. KB' =KBA-Q& L. KB'Hh b FE(false)
NEHINEINESINARD, KB LFENEHINMNEEEEDRELYKB = QMY ILD
TE2MERTEVWS I CTOEEIX, TKBARRTETHD G 6IE. ARRXTv T TREAILIIHA
ERZDIENTED] EWSTEEZRTETHD,

ERIIRDR Ty TIKYREN D,

1. TILTSVDEBIZEYFERTHE

B -Rn o aff ii_t' (ifET I'-'EI RE il ii_tb\ﬁrj-é &
ZRY,

2. MBI SN -—REREESRIE (L, aniEa

WMIBO-HOMEZEICEY ., ARKETEOHEETS
EMNTES,

3. Hb LIFfRA(ifting lemma)lZ & V., BE—tZ ALV -—FEBEREO-HDR

oaff = ? '.%’5%(:&"5(,\(%~ hbﬁ
REERIED-ODOREEEFMGAAINFET S EETT,
OINTSVDEE
EiAey

ENEEMERI L TCRVEELGEMEIINISVOEETHD. TILTSVDEEXHIET
BEBHIZIEFET VL OODMEEEALGZLE WTFEL
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T)LT S U5EE (Herbrand universe): BE & CIIRMIZ—ERERIEBORER%E CNF ICE# L &
SETERT S, BIEASICTRL, SOIILT S UEBHJAIUTHSELN S ETOERIEOEST
H5

1. SHDE#HES
2. SHDEHEES. L LERDLGLDGZ 5 EMEEFA,
fBl: S = {=P(x,F(x,A)V-=Q(x,AVR(xB}ETHEE—D2FEITED),
Hs ={A,B,F(A,A),F(A,B),F(B,A),F(B,B),F(AF(4,4)),}

DFEY., HEREPTEOLN TSI ETOREBES LERESTZH O THLICENTEHARELRIEE
ETHELTVEIDATILITS VEETH S,

fafl(saturation): SEEEE L L. PEERBRIEOES LT 5, SHOEHKICH L. FENESHUVATEE

BEBREZRALTCERHZR/LIZLEEMENS, SITHLPHLEATENSEDEE, P(S)E
£

T)LT S UEE(Herbrand base): BIEESSOIIL TS VAEEISHT HEMIEISOITIL TS VEELME
Eh. Hy(S)EEMN D,

fBl: S = {=P(x,F(x,A)V=Q(x,A) VR(x,B)} T B(LEDHIERL),
Hs(S) = {~P(A,F(A,A)) V-Q(4,A) VR(A,B),
-P(B,F(B,A)) v -Q(B,A) VR(B,B),
—P(F(A,A),F(F(A,A),A) Vv -Q(F(4,A),A) VR(F(A A),B),

—-P(F(A,B),F(F(4,B),A)) VvV -Q(F(A B),A)VR(F(AB),B), -}

TI)LT S5 o DEE(Herbrand’s theorem): BIEEESHTERTEETHDHE L. RERRELH(S)DARER
NEENEET 5.

EEASHRETRLE S STOERICTILT S VREDEZRA LEREI(TIL TS VEE)DHIC
RETREGERENELET S, VWS ETHD, 2FY. SHRBFEELL. SFELTILTS VMR



BOEZRALTWTIE, ARFETRRFEGSOERENGEONS, EVDZETHDH, EMEH
[CEEHENEFNGVDT, EREBEEFMEREXE LD, MEREICETIMEEITETH
BLEMDNO>TNENT, TANEHEENRETETHLILL, FEEZLIEHTHIENTE
Do

Ot EIf#RE

MR T DRMEETEG S, —BREREOMEECH L THEEEMENIRYIDOZ LERS
BWEWTEL, ZOR=0%FL EITHELTENSEENH D,

B EFaRE(lifting lemma): CGECGEEBMEHRB LGV DOEE L., CIEGEC,ECDEER &
T5, LL. ODCLECDRETHEIETDE. RODESIGCHFET %, (1) CHC,EC,DRET
HY. QCHCOEEFTHS,

EEH 0]

Ci G G G
c' Cc

(REEHRA) (RAE AN

5il:
C, = -P(x,F(x,A))V=Q(x,A) VR(x,B)
C; ==N(G(y),z) VP(H(),2z)

C==N(GW),FHD),A))V-QH®D),A) VRH),B)

C; = ~P(H(B),F(H(B),A)) vV ~Q(H(B),A) vV R(H(B),B)
C; =~N(G(B), F(H(B),A)) v P(H(B), F(H(B), A))

¢’ = -N(G(B), F(H(B),A)) v ~Q(H(B),A) V R(H(B), B)

WoT, MEREBOMEEE —EREREOMESEICIIHMICEFRASH Y. EREBOMSEIZE L
TFENEHEIND G L, —EREREOMEBZIIEVTHFENELH SN S, 2T, EZXbh
=R FEREOREXN S LAETRTHNE, —HEREREOMESEICEVTLT FENEL
Ehbd,




§9.5.5 & (equality)

SETEHSICETRHANLGEM =N, FEZHS-HD 3 DO7 TO0—FHEHET S, 1 DED
FHiEklF, EEEL—BREBRBICESONEEZEATLIHETH S,

(RHERA R D 2 1)

Vx,ylx=y =y=x]
Vx,y,z [x=yANy=2z = x = Z]
(REED REMERI )
vy [x=y = (P(x) & Pi(3))]

vx,y [x =y = (P,(x) & Pz()’))]

(BB EERR)
vw,x,y,z [w=yAx=z = (F(w,x) = Fl(y,z))]

Yw, x,y,z [W =yAx=2z = (Fz(w,x) = Fz(y,z))]

CDESIREEMASETHESMNE—RAFEREEZRRIHAENTE D, Tz LEOLE
FFESOEBEICET 2OMNMYPTLGHBAE L L > TS,

2 D2BDFEEF, FEERSHBBUNZEMT 5HETHD. CSTREZDEENT S,

TEDalL—Y 3 (demodulation): x =y & WS EHINHNIX, ZDEMDEalCENTEENHxE
ECyICEEMZ 5AE, BRI,

Father(Father(x)) = PaternalGrandfather(x)
Birthdate (Father(Fahter(Bella)), 1926)
ThHhoT=L &,
Birthdate(PaternalGrandfather(Bella), 1926)

LRI DAETHS, ROEIITTE VaL—YavEERSNS, EEDIHEY, yITH L,



X=y myV--Vm,
SUB(SUBST(0,x),SUBST(0,y),my V-V m,)

f=t=L. UNIFY(x,z) = 0. zIdmITHEBHT H5EENDIETH S, SUB(x,y,m)I&. mBPIZEENHx %
yICEEMZ HIEETH D,

INTEDaL—2 3> (paramodulation): TEVaL—Yavidx=yE WS EOEHICLMERTSE
BOA, ChE—ROEDHMIHEKRST S ENTESD, EFEDEY, yITH L.

Lv-Vvlvx=y myV--Vvmy,
SUB(SUBST(0,x),SUBST(8,y),SUBST(0,l, V-V 1, VmyV:-Vm,)

fzt=L. UNIFY(x,z) =0T, zIdmITHRT 52FEENDETH D, NTEVaL— 3 VIE—BEREE
WEICH L TEELHREEZ 5,

3 D2BEDAHEIE. B—e7ILIVXLENRLT, FEHEREJZSIFETH D, AL 1+2=
2+ 1F—MBICE—ETELVA, x+y=y+xEWVWSTEARYIDI ENDLAM->TLVNIZE—1L
[ZRINT %,

HOPIZ—EREBREOTCEMARDEHEEL. BNV -V I MEBHFEELTLS, &
N EERBICAWLIE, —BREREOHBOEZHEZERIT IRKESLHBTICESEZA 5, Otter,
Prover9(Otter M), SPASS, E, Vampire, Waldmeister 2 ENH S, FELNOT D@L LRI
Proverd &9 3HTHD,

§9.4.2 ®ETIOS 5324 (logic programming)

—EREREF O SIS VI EEELTHWA I ENTEL LS IC—EREREORBIZHREZ
MF, #FREaFO—)LL, ETPERZFERICELETOIS I VI EEFRER OS5
VUERBETER, REMITEE L LT Prolog MFET 5, Prolog TIXRDFDE &5 D>— kRN
BOHKS.

ll/\lz/\"'/\ln:h

2L, BLBEUVRFEYTILTHD, CNODHEIFHR—VEEFIEND, L AL A ALITFERT
1 (body) EFE(EH, hiEA~ Y F(head) EFEIEN D, RT A BBV ZEERT S EMNTE. Ay Fhiz



TOEEEET D ELETED(true=>hEVWSIHDEEEZTHLIRW)AY FETMOHEDEIET
77 b(fact) EFEIEN D, R—UEIICR T HEIRIEREE T, RARESHRETIEINSHERAEZTERM
MO)BEICEERAZ T 5 EMNTE S, Prolog TIlE, FEBAICKRELI-& EIX, FIBAZEEZR L THORR
ZEHELIZWC ZEZTI. COEZTRLODIEZNY I RT3V END,

Prolog IZIERD & 5 %G HIROHEREA DLV T LS,

B —Z R (unique names assumption): LR 5EHIEEL DA TPV bEIET, DF Y. John =
Daniel E VWD DIFEICE—ELIZERRT . £ BABLEHTHY JEICHTEFSE. f(xy, -, xp) =
LY )DDx, = Y1, Xy =V EHRBDEZIZOHFEYILD, DF Y. Prolog [THITEESDUNIE
FZDODIEFE LT D LIZFLL,

KBIZ &k 5B TE (negation as failure) & BAtH 54k 5% (closed-world assumption): IEUJ 735 I)LDH& L Hik
ZABEVDERETHS, £ T, Prolog IZIFEKIZLDBENEASINTNS, CHIEFRTAIZHE
DT IN-INEFENDEE. IDFAZETITL. L L. I OFEANTELGN o1 & EEIDFEAN
TERIEITL., IDFEANTE - EEITIEIIFIATE G212 EICT 5 HETHDH, —FEhEE
MEDBELIELGLIBETHSILITER, £, COHER. MEARA—XRICTEEINTLVEGWLD
7O MEIETEESINZT 7V FELTERSINTWSZ LITH D, CHIFFAEFREREFEIEND,

71y b(out): GEBAICKRERL=& &, SEAZEERL TNV I b3 v )), DB ZEELIZW T &I
BHM. TONYY bS5y ERFAMICHEFIMICIEDD EATES, COREBOZEEDY M E
W3, Ay FERWSHIET, TRITSIVIEREICEITS if XD IGFHFRLEERRS S
CENTED,

Prolog TIXR— V&L AL AAL, = hERDESIZKRT,

T790 MERD K SI12KT,

BRHDEXFIERXFE L., BFE. EH. BROBXFIINIXFELZLINTEERE.



i -

male(namihei).
male(katsuo) .
male(tarao).
female(fune).
parent(namihei, katsuo).
parent(fune, katsuo).

father(X, Y) :- parent(X, Y), male(X).

E174

> ?- father(namihei, katsuo).
yes

> ?- father(namihei, tarao).
no

> ?- father(X, katsuo).

X: namihei

Enter ";" for more choices, otherwise press ENTER --> ;

no
> ?- parent(X, katsuo).

X: namihei

Enter ";" for more choices, otherwise press ENTER --> ;

X: fune

Enter ";" for more choices, otherwise press ENTER --> ;

no

f5: 1) X +® append

append([1, Y, Y).
append([AIX], Y, [AlZ]) :- append(X, Y, Z2).

EXSLTR

> ?- append([1,2,3], [4.5.6], X)-
X: <1, 2, 3, 4, 5, 6 >

Enter ";" for more choices, otherwise press ENTER --> ;

no
> ?- append(X, Y, [1,2,3.,4])-
X: < >

Y: <1, 2, 3, 4>



Enter ";" for more
X <1>
Y: <2, 3, 4>

Enter ";" for more
X: <1, 2>
Y: <3, 4 >

Enter *;" for more
X: <1, 2, 3>

Y: <4 >

Enter ";" for more
X: <1, 2, 3, 4>
Y: <>

Enter ";" for more

no

choices,

choices,

choices,

choices,

choices,

otherwise

otherwise

otherwise

otherwise

otherwise

press

press

press

press

press

ENTER -->
ENTER -->
ENTER -->
ENTER -->
ENTER -->
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