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In the first order predicate calculus, as well known, most of the procedures for checking the
validity of an arbitrary formula, were supported by Herbrand’s theorem. J.A. Robinson has given

one of those procedures named as “Resolution Principle”.
In this paper, we present an another method for checking the validities of formulas by using

Herbrand's theorem and the following proposition:

“There exists an algorithm to determine for an arbitrary open formula B(,, ---,¥,) whether

there are such terms r; that B (r,,--,7;) is unsatisfiable, or not.”

A program which is an implementation for the above method, is also reported.
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Obtain such a open formula D(xl,---,xn) from A
that 7A 1is unsatisfiable if and only if
Vx, .- -Vth(xl s*++5X,) 1s unsatisfiable,

|m<—1

( Are there such T1: sH(D(xl,---,xn)) that \

D(T11,++,Tin) A+ “AD(Tm1s* * *5Tnn) 18 unsatisf‘iable?/

NO YES A is valid.

A—'m 4—m+l]
A

Fig. 1 Procedure for checking the validities of
formulas, based on Herbrand’s theorem.

A is an arbitrary
given formilas...
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74 is unsatisfiable if and only if
Yx, ...Van(x”...

,xn) that

5%, ) 1s unsatisfiable,

Is D(xxx, . ,le)A *AD{%Xmzs - x"““)(@ 10 @4' )\
false f rbitr:
(@rl Prk ) false for arbitrery truth values
of Piyrer,Pp?

o1

[ R S |
| Let T ={f),+.- &y} denote all the primitive |
| formulas in D{(xyy,+**,X;n)A««AD(xp, 5" ", xpn) |
|

| T |'
I N (*2) |
| Let {{P,,,-v-,@,kl},'",er,-'-,@rkr)},be the v-th| |
| element Cy ir all the partitions {Cy,+«,Cau}of T'.| |
KT, 1 @ @
: e T :
T o P55 @) |
| l
I !
! |
| |
I

|

r
5 YES
*5 -~
_.}Y‘?ﬁ (22 Y - -
VES (#)
___________________ - A is valid
N=1
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meam the coincidence relation between two figures.

" veeD3
(%) B(,f_t-.l . @;.‘ ) denotes the substitution which replaces &y,

««+, Piky in B with a propositional variable Pi.

Fig. 2 An implementation of the procedure illust-
rated in Fig. 1, by using an enumeration of
the partitions of an arbitrary finite set.
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Fig. 3 A procedore for enumerating all the parti-
tions of the set {1,2,...,N}.

=
o

(¥=11) * Bany=o{1.--|10

v =ololo|1]ol2|3[1]4]5]6

/xtl_—OI clol1lo]2}3|2]o]o

O N W s U oy~ O
2é \

b1 P2 P2 Pa P Pe Br A 1=0/0|o}o}o]o}o]ojoo
{ T?i( ny+l = ny (1=10,9,8)
max nJ+1 > n,
3%

Fig. 4 An example of the relation between v and
v-+1, (two successive indeces of partitions).
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Example : V.W.0. Quine's paradox.
A=73Vx[P(x,2) =73y (P(x,9) AP(3,%))]
(phase 1) 7 A 125t L SR R NEEMIZ I\ s TR 7L e
V,D (%1, -, %,) ZRDEKRXEHD (8=2).
VeV 7 P(z,a) V7 P(2,%) N 7 P(%,2) IA[P (3, @)
P(f(2),2) IN[P(z,a) VP(z,f(2)]]
(phase 2) TD(ry, 712) A\ /AD (Tp1, Tma) BFERTEE
LD iy NEETEN T OHEE m=1,2, -

THlewv, HEIND T THIT %,
(m=1) © & ERXEFEINCHE GLIEE), m=2 s,

%GIVEN FORMULA
SHLCX(P(XeZ) ==Y (P(XsYIEP(Y X))

AYRY 7 F?I % JTnIh.

==3X0@XL(P(X1eX0)m=3XZ(P(XLeX2)EP{X24X1)))

CI3N* 3¢t 93> 1 L33,

(m=2) DLXFLRDISCHENTHEESN AR
EwmIhde

FD (%, 21) \D (%2, 25) OIREA ROEMEIX

I'={P(z,a), P(z1, %)), P(xbzl) P(f(z1), 2)), Pz, f
(21)), P(23,a), P(zp;%3), P(f(2),25), Plzyf
(23)) Y ={b1, -+, 1o}
I o5y# C, % Ci={{p,
{b10}} Al T
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= X NI N VX,

HX0EX1 (=P (X1eX0)VRX2(=P(X1oX2)V=P(X2eX13))E(3X2(P(XLeX2)EP(X24X1))IVP(X14X0U)))
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@X1EX2 (=P (X1 AIV(=P(X1X2IV=P(X24X1)))ECPIXIsFL(XI)IELEP (FLIX1) 1 X1)IVP(X1sA)))

V 2 novF & x 2tuntq

@‘1@X2((-9(X1|A)V2'9(X1-xZ)V-P(XZ-Xl)))&((P(XI‘A)VP(FI(Xl)-Xl))&(P(Xl-A)VP(leFl(Xl)))))

%NORMAL FORM

“P(X10A) #~P X1 X2) #~P(X24X1)/P(X1eAI#P (F1CX1) e X1Y/P (XL A #P{X1F1(X1))

~PO#=PU#=PU/PO#PL/PUP2
~PO#=PU*=P1/P0&P2/PU=*P3
=PQu#=Ple=P0/PO#P2/PU*P3
=PQ#=P1#=PL/PO#P2/PUsP3
-PO#=Ple=p2/PO#P2/PU*PL
~PO#=Pl#=P2/P0#P2/PUsP3
-PO#=Pla=P2/POs#P3/PUPL
~PU#=Pl®=P2/P0sP3/PUsP4
%END ALL CASES

%NORMAL FORM

/P(Y11AI#P(F1C(Y1) Y1)

=PUXLyA) #=P (X1 e X2)#=P(X20X1)/PIXL A)#PCFLIX1) o« X1)/P(X11A)#P (X1vFL{X1)) /=P Y1 rAI#=P(YLloY2I8#=P(Y24Y])

JP(YLeA)#P(Y14F1TY1))

~POx=PU#=PU/FO¥PL/PO#P2/=PO#=PUs=P0/PO*PL/PO#P2
~PO*=PU#=PU/PO#P1/POSP2/-PO¥=PU#=P(/PORP1/PO4P3
meent senNe=0(e=PU/PO*P3/POMP2

“PO#=~PO*=PU/PORPL/FPURFrLs~rv- , =

~PO#=PU#=PU/PO#P1/PU#P2/=~PUa~P3#=ph/PUsP5/P0#P6
~PO#=PO#=P0/POxP1/PUSP2/~P1#=P1#=P2/P12P3/PluP4

XACCEPT

~PO*=PO*-PO/PO#PL/POKP2/=P128=P1#8=P2/P1#P3/PlupP4

Fig. 5 An application of Program CHK described in §5 and §6, to “73,v.,(d(x, 2)=73,(p(x.y)
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Table 1 Execution-times for the example in §5,

Running time
Case when the listp-[Case when the listp-
rinting is neglected|rinting is performed
sec. sec
Phase 1 6.5 6.5
Phase 2 [m=] 4. 5.
m=2 6. 14.
Total 16.5 25.5

Refer to Fig. 5,
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