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(The first-order predicate logic)
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lr:l_Tllll

o {E{A(individual)IC BT & 4B % i 7E (predicate) & U Tk D &l
- 13l
S(X): xIEZFAE, 1(x): xIEEET, Y(x,y):xlFyk DFEL
S, LY: iNZBEL S, xZ#

vx(S()> 3y (I(y)AY(x, ¥))))
ETCDREICIEED LD F EOHEIN WS

(BTOxIE, & UxD2ERSIE H2HEMyh W\ Txidyk DEW

BX):xIE/TH D, FX):xIFRNS
=(Vx(B(x)oF(x))) ZETDEIFRNBZRTIEAERL
Ax(B(x)A—F(x)) THR U



T XA (syntax)

s&5= (vocabulary)
- P:NEERE S EAHDE
- FEEEESEHRDES
- CEHEBDES

=

- V:EHRERDES

n>$




18 (term)

- RRULIA

- EHLIA

-t  tDNETHD, 5| HOEKELETDEE
f(ti, ..., tn) [FIE

fnea (FREE T\ formula)

-t ...t NIETHD, pHn3|HMDMBELED EE,

p(ti, ..., tn) X AR

- QL EDRETHERDEE, (@), (@A)

(@IvP2), (PiD@), (vx®i), (Ixp)lEameE
- V, 3% =305 (quantifier) & £/,
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o ZIEEEKT 5. EEEDREEDERS (&
- 0, vx, FyH—FRL)
- TDRICA, FDRXICV
- O —FFHL
7
A(X)VB(x)AVY(C(x,y)>D(y))l&
(AG)V (B)A(VY(C(x,y)2D(y)) ) ) ) DBSED
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e

x,y DEEHZ BRABUCRELTE RS
- Vx3Iy(x=2yvx=2y-1)
= AyVx(x=2yvx=2y-1)
- Vyax(x=2yvx=2y-1)

= AxVy(x=2yvx=2y-1)
c;c%n%ne:@ot DIRERTH B D

KlcEnN

EULLTENIREES> TWED
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1.

Use the predicates

A(x,y): x admires y

B(z,y): z attended y
P(x): x is a professor
S(x): =z is a student
L(z): =z is a lecture

and the nullary function symbol (constant)
m: Mary

to translate the following into predicate logic:
(a) Mary admires every professor.
(The answer is not Vax A(m, P(x)).)
(b) Some professor admires Mary.
(¢) Mary admires herself.
(d) No student attended every lecture.
e) No lecture was attended by every student.
f) No lecture was attended by any student.
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. Use the predicate specifications

B(xz,y): x beatsy

F(z): =z is an (American) football team
Q(x,y): x is quarterback of y
L{z,y): x loses to y

and the constant symbols

c: Wildcats
j: Jayhawks

to translate the following into predicate logic.

(a) Every football team has a quarterback.

(b) If the Jayhawks beat the Wildcats, then the Jayhawks do not lose to every
football team.

(¢) The Wildcats beat some team, which beat the Jayhawks.
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2l T\ (subformula)

IR (occurrence)

SEHEEERT 2BETENIHEEZOGEDORHLE L
>

.
p’z A(X)VB(x)AVY(C(x,y)2D(y)) & 9 5.
@DEBD I
A(x), B(x), C(x,y), D(y)
C(xy)>D(y)
vy(C(x, y)2D(y))

B(x)Avy(C(x, y)>D(y))
A()VB()AVY(C(x y)>D(y))
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Z % (free variable) &

Ri&EZ % (bound variable)

PZMmEET D,

QICHBITBExDHIENERELSY, IODRA—/ICHDEE
ZDxDOHRIFHRESNTND & LY,
ZOTCTIRITNIFERATH D E WD,
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X A (substitution)

o Alt/x]
- WEXAFOBERHZ R xZECIEtCESZTR]RA
=ofE
o I

- AZx=2vy=3x& U, tZy+2&9 5.
- CDEZTA[tI], T7R1D5E Aly+2/x] &
y+2=2vy=3(y+2) £ 78 B,
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o
- BZax(x=2vy=x+)ax>0& U, tzxy+2& 9 5.
- CDEZ B[t/IX], I7R15E B[y+2/x] I&
Ix(x=2vy=x+)Ay+2>0& 73 5.
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o
- CZay(x=2vy=x+)Ax>0& U, uZy+2&9 5,
- CDEZE Clux], T7PD5 Cly+2/x] &
Ay (y+2=2vy=y+2+)Ay+2>0 & 7R 575 L),
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o (AN, REBEMERUEHZRALTIEWFRWN,
e E5T BN REXHAZTERET D,
o #l:
- C:3y(x=2vy=x+1)ax>0, t:y+2D & &
- ClE 3z(x=2vz=x+ )Ax>0E A U7& DT
- (L7 7 [EME)
- C[t/x], 978105 Cy+2/x] E3z(y+2=2vz=y+2+1)Ay+2>0.
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=K (semantics)

D: 7835 (universe): ZZ2 TR WES,ZEHPEHRDE
p: fi¥{E (assignment): ZELDE G VarH* 5 FHIED N D B
Q={true, false . EIREE T
M: €7 /L (Model)
LUTORBZES DI EICKD
—DDETILMOEET 5
- n5|HERE ST LTM D —D
- n5|BGEEEESpIcXI L TpM:D"—Q
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o IHVENED

ERFETIIME L UOHHEpICIRET 5.

o M[t]p:IEtDOREKR EHDBEEICLDBINNESR
- thZEHXD & Z M[t]p=p(x)

- th¥f(ty, ...

) D EE, M[t]p=M(M[ti1]p, ..., M[tn]p)
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o M[p],: MBPDEIR MEDEEICKDIFNIER

PHp(tl, ..., ta) D EE, M[@]o=p"(M[t1]p, ..., M[tn]p)
ehHY D EE, M[P]pldEM[w]ph MfalsedD & = D H
true, Z D1t [ false

PEHYPIAP2D EE, M[P]plEM[@i]p B M[P2]p B trued
& E D drtrue, T DAt (Efalse

PP v D EE, M[P]plEM[@1]p K T2 [EM[p2]pHY
true® & = D Htrue, € D (Efalse

PP I>P2D EE, M[P]pldM[@i]pH true THHED
M[2]p B trueD & E D Frtrue, = DM [Efalse
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p[vix]: iHEPpICXT UT, xDENHDHveDICHZTcHD
ERZ3eX-3

pLv/x](y)= {p(y) fxty
v if x=y

- EHvx D EZE, M[P]pldEARVICTLTH
M[@]opm D trueD & E D Frtrue, Z DB [Efalse

- ODIXQIDEE, M[P]plEM[@ ]pmxDitruel 7R S
VINFRTET 5 & E D Hrtrue, Z DAttt [dfalse
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* Mp|=¢
- mEEHNETILME HHEpP TFE R Al HE (satisfiable)

%
- fiREQPHYEE (valid)

- &

=p & EABEMPICTDVTH Mpl=p
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FENHIER (formal system)

o NI

- H Y (valid)R &
o HEFmAA

- =D Lo aEDLS

e DZ LR AENDER

o fnzaN EEPA PIAE(provable), JE#EAIHE(deducible)

- N, AR DOERAD#ED & U (RERR (proof)) H 5
SF (YT

il
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HEsmAR A
NK (B R EREE)

NI HEPE -AVA
[A] [B]
A B AAB AAB A B Av B C C
() ——— () (vl) (VE) —
AAB A B AvB  AVB C
[A] [A]
B A>B A 1 A A 1
() —— (EB—— (h——— (H——— (L ———
ADB B A 1 A
[Ala]]
Ala] VxA[X] Alt] axA[x] C
(V) —— (vB) @) ——— (3E)
VxA[X] A[t] AxA[X] C
a: eigenvariable a: eigenvariable
AX]ICHARIMMRET DIREICH & term AIX]ICHCITH,

Engn ARIDMERF T B IREICHIRNIEL

27



