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Simplification of First Order Formulae
FUMIO MOTOYOSHI and TAISUKE SATO

ElectroTechnical Laboratory, Umezono 1-1-4, Sakura-mura,
Ibaraki-ken, Japan.

This paper presents an algorithm to simplify first order
formulae. Although simplification algorithms for Boolean
expressions were studied in the field of switching theory and
almost established, there has been few researches on that of
first order formulae inspite of many studies on theorem
proving. Our algorithm simplifies the formulae on Herbrand
universe, where all predicate symbols have no meanings and
are differenciated from others only by their names exept the
predicate ’'unifiable’. Simplifications on Herbrand universe
are actually necessary in the area of program transformation
or program synthesis and our algorithm produces plausible
results in that problem. .
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f‘(a1,a2,...,am)==g(bI,b2,...,bn) = Tfalse.
P g Rinsd, meénhWRHs e (U 1)

1'(a1,a2,...,am)==f(bl,bZ,...,bm) =

al==blAa2:==b2A. . . Aan==bn (U 2)
X == x = truc | (U 3)
X ==3a = false,

ald x e @MY, xBMafildhTndes (U 4)
X==aAp = x==aApla/x)} o (us)
V¥V X IX== = Tlalse (U 6)
Ix:x==a = true (u7)
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plal/x1l,...,an/xn)A(Y x1i...¥V xn:p)
= ¥ xli...¥v xn:p (R 1)

plal/x1l,...,an/xn)A(3x1i...3xnip)

2 plail/xl,...,an/xn) (R 2)
aplal/xl,...,an/xn)A(VY x1i...¥vxn:ip) = false (R 3)
(Elyli...E!ynt‘lp{yl/xl,...,yn/xn})/\(Bxl:...Exn:p)

= false (R 4)

(3y1:...3ynip{yl/x1,...,yn/xn))v(3xl:...Elxn:p)
= Ix1:...3xn:p (R 5)
’W(Eylt...Byn:p(yl/xl,...,yn/xn))V(Exl:...E!x:p)

= true (R 6)
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Tltrue = false (1T 1)
1 false = true (1 2)
p Afalse = false (T 3)
P Atrue = p (T 4)
p Vv false = p (T 5)
P V true = true (T 6)
Qx:p = p. xMpIicBhirn e X (T 17)
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(pAq) 2 TpVvVTigq (A1)
“i(pVvaq) = TIpATIg (A 2)
pA(qvVTr) = (pAa)VI(pAT) (A 3)
TQXx:p = Q'x:7p (A1)
(Qx:p)Ar = Qx:i(pATr),

XMWrefilshnene x (A 5)
(Qx:p)lvr =2 Qx:(pvr),
XWrHICBhAne s (A 6)
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Q7. Qx:-(Qy:-+p)
Q8. Qx:-(Q'y:i=-p)
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max(x ,u):=men(x ,u)AY Yy :(men(y ,u)=>x)=y).
meM(X,U)3=(3Z1u==[x‘Z])V(_:_iV13W¢(u==[W|V]/\mem(XvV))).
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max(x ,u):=mem(x,u)An(x,u).

n(x,u) i=((vy:ivz:au==(ylz)v(3y:Tz:iu==(ylzIAx)=y))
| Ay vivw:iau==(w|v))v(Iv:3wiu==(wlv]an(x,v))).
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(Fy:Fz:vvivwiu==(ylz)lAax)=yATu==(w|v]) Vv

(F3y:3z:3v:iFwiu S(ylz)AaxdeyAu==(w]vIamn(x,v))
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LB, ZZTCQTDORNEDPOV Y V2 2 RUDTDWICH>oTL 22 ERT
ET. FOHIF
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a( X ,U)i-not(U=(W]|V]).

(X, (W|V])):=-X)=W,mn(X,V).
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