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Satisfiability with truth table

Example formula:

¢:=-(a— (bV —0c))
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Satisfiability with semantical algorithm

Eval(a, p) = a(p)
Eval(a, —A) —Eval(a, A)
Eval(a, AV B) Eval(a, A) V Eval(a, B)
Eval(a, AN B) Eval(a, A) A Eval(a, B)
(
(

Eval(a,A— B) = Eval(a,—A)V Eval(a, B)
Eval(o, A<+ B) = Eval(a,A— B) A Eval(a, A < B)

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 4 /12



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 4 /12



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) =

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 4 /12



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 4 /12



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) =

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 4 /12



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, —a) =

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, —a) = —Eval(e, a) =

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 4 /12



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) =

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) = Eval(a, b) V Eval(a, —¢))

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) = Eval(a, b) V Eval(a, —¢))
Eval(a, b) =

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) = Eval(a, b) V Eval(a, —¢))
Eval(a, b) = 0

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) = Eval(a, b) V Eval(a, —¢))
Eval(a, b) = 0
Eval(a, —c) =

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) = Eval(a, b) V Eval(a, —¢))
Eval(a, b) = 0
Eval(a, —~¢c) = —Eval(a, ¢) =

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) = Eval(a, b) V Eval(a, —¢))
Eval(a, b) = 0
Eval(a, —~¢c) = —Eval(a,c) = 1

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) = Eval(a, b) V Eval(a, —¢))
Eval(a, b) = 0
Eval(a, —~¢c) = —Eval(a,c) = 1
Eval(a, bV —c) =

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) = Eval(a, b) V Eval(a, —¢))
Eval(a, b) = 0
Eval(a, —~¢c) = —Eval(a,c) = 1
Eval(a, bV —c) =1

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) = Eval(a, b) V Eval(a, —¢))
Eval(a, b) = 0
Eval(a, —~¢c) = —Eval(a,c) = 1
Eval(a, bV —c) =1
Eval(a,a — (b V —¢)) =

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) = Eval(a, b) V Eval(a, —¢))
Eval(a, b) = 0
Eval(a, —~¢c) = —Eval(a,c) = 1
Eval(a, bV —c) =1
Eval(a,a — (bV —c)) =1

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) = Eval(a, b) V Eval(a, —¢))
Eval(a, b) = 0
Eval(a, —~¢c) = —Eval(a,c) = 1
Eval(a, bV —c) =1
Eval(a,a — (bV —c)) =1
Eval(a, ~(a — (b V —¢))) =

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



Satisfiability with semantical algorithm

Example formula:

¢ :=-(a— (bV —0))

ma:a=0,b=0,c=0:
m Eval(a,—(a — (bV —¢))) = —Eval(a,a — (b V —¢))
Eval(a,a — (b V —¢)) = Eval(a, —a) V Eval(a, b V —¢)
Eval(a, ma) = —Eval(e,a) = 1
Eval(a, bV —c) = Eval(a, b) V Eval(a, —¢))
Eval(a, b) = 0
Eval(a, —~¢c) = —Eval(a,c) = 1
Eval(a, bV —c) =1
Eval(a,a — (bV —c)) =1
Eval(a, 7(a — (bV —¢))) =0

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



NNF conversion

Only operators —, V, A, negation only in front of atomic propositions.

Example formula:

¢ :=-(a— (bV —0))
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CNF conversion: The exponential way

CNF: Aiz1,n Viet,om i

Example formula:

¢»:=(@anb)V(-cA(dVe))

(anb)V(—cA(dVe))

= (aV (=eA(dVe)))A(bV (—cA(dVe)))

= (aV (—end)V (mcAe))A(bV (—cAd)V (—cAe))

= (aV-cV(-che))A(aVvdV (—che))A
(bV =cV (—cne))A(bVdV (—che))

= (avV-cVv-c)A(aV-ocVe)A(avdV-c)A(aVvdVe)A
(bV=cVac)A(bVacVe)A(bVdV-c)A(bVdVe)

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 6 /12



CNF conversion: The exponential way

CNF: Aiz1,n Viet,om i

Example formula:

¢»:=(@anb)V(-cA(dVe))

(anb)V(—cA(dVe))

= (aV (—cA(dVe)))A(bV (—cA(dVe)))

= (aV (—end)V (mcAe))A(bV (—cAd)V (—cAe))

= (aV-cV(-che))A(aVvdV (—che))A
(bV =cV (—cne))A(bVdV (—che))

= (avV-cVv-c)A(aV-ocVe)A(avdV-c)A(aVvdVe)A
(bV=cVac)A(bVacVe)A(bVdV-c)A(bVdVe)

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 6 /12



CNF conversion: The exponential way

CNF: Aiz1,n Viet,om i

Example formula:

¢»:=(@anb)V(-cA(dVe))

(anb)V(—cA(dVe))

= (aV (=eA(dVe)))A(bV (—cA(dVe)))

= (aV(—eAd)V (mcAe))A(bV (—cAd)V (—-cAe))

= (aV-cV(-che))A(aVvdV (—che))A
(bV =cV (—cne))A(bVdV (—che))

= (avV-cVv-c)A(aV-ocVe)A(avdV-c)A(aVvdVe)A
(bV=cVac)A(bVacVe)A(bVdV-c)A(bVdVe)

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 6 /12



CNF conversion: The exponential way

CNF: Aiz1,n Viet,om i

Example formula:

¢»:=(@anb)V(-cA(dVe))

(anb)V(—cA(dVe))

= (aV (=eA(dVe)))A(bV (—cA(dVe)))

= (aV (—end)V (mcAe))A(bV (—cAd)V (—cAe))

= (aV-cV(-che))A(aVvdV (—che))A
(bV —cV (=cne))A(bVdV (—che))

= (avV-cVv-c)A(aV-ocVe)A(avdV-c)A(aVvdVe)A
(bV=cVac)A(bVacVe)A(bVdV-c)A(bVdVe)

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 6 /12



CNF conversion: The exponential way

CNF: Aiz1,n Viet,om i

Example formula:

¢»:=(@anb)V(-cA(dVe))

(anb)V(—cA(dVe))

= (aV (=eA(dVe)))A(bV (—cA(dVe)))

= (aV (—end)V (mcAe))A(bV (—cAd)V (—cAe))

= (aV-cV(-che))A(aVvdV (—che))A
(bV =cV (—cne))A(bVdV (—che))

= (aV-cV-c)A(aV-cVve)A(avdV-c)A(avdVe)A
(bV—acV-ac)A(bV—-cVe)A(bVdV-c)A(bVdVe)

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 6 /12



CNF conversion: Tseitin's encoding

Example formula:

¢:=(@aAb)V(-cA(dVe))
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CNF conversion: Tseitin's encoding

Example formula:

¢:=(@aAb)V(-cA(dVe))

m 2 < (a2 Va3)
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CNF conversion: Tseitin's encoding

Example formula:

¢:=(@aAb)V(-cA(dVe))

m 2 < (a2 Va3)
ma(anb)
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CNF conversion: Tseitin's encoding

Example formula:

¢:=(@aAb)V(-cA(dVe))

m 2 < (a2 Va3)
ma(anb)
m a3 & (—c A asg)
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CNF conversion: Tseitin's encoding

Example formula:

¢:=(@aAb)V(-cA(dVe))

a1 < (a2 Va3z)
(anb)

az <> (—c A aa)
(

dVe)

az <>

asg <
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Example formula:
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CNF conversion: Tseitin's encoding

m he(p1V p2)

m h<>(p1 A p2)
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CNF conversion: Tseitin's encoding

= her(pLVop2)
=(h—=(prVp2)) A (h<(p1V p2))
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CNF conversion: Tseitin's encoding

= her(pLVop2)
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CNF conversion: Tseitin's encoding

m her(p1LV p2)

=(h—=(pVp)) A (h(pVp2))
- Eﬁh V(ptVp)) A (hV—=(p1Vp))
_ A
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CNF conversion: Tseitin's encoding

m he(p1V p2)
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(h=(pVp2)) A
=(-hV(pLVp2)) A
= ( A
( A

I3

(h<—(P1 Vv p2))
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CNF conversion: Tseitin's encoding

m he(p1V p2)

(
(h—=(p1Vp2)) A
=(-hV(pLVp2)) A
= ( A
( A

I3

(h<—(p1 vV p2))
(hV =(p1V p2))

(hV (=p1 A =p2))
(hv=p1) A (hV-p2)

—hV p1V p2)
—hV p1V p2)

m h<>(p1 A p2)
= (h—(p1 A p2)) A (h(p1 A p2))
= (=hV (p1 A p2)) A (hV =(p1 A p2))
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CNF conversion: Tseitin's encoding

m he(p1V p2)
=(h—=(pVp)) A (h<—(p1 V p2))
=(hV(pVvp2)) A (hV=(prVp2))
=(=hvpivp) A (hV(=p1A-p2))
=(hvpVp) A (hV=p) A (hV=p)
m her(p1 A p2)

I3

(

(h—(p1 A p2)) A (he(p1 A p2))
= (=hV (p1 A p2)) A (hV =(p1 A p2))
=(~hvp) N (=hVvp) A (hV=p1V-p)
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CNF conversion: Tseitin's encoding

¢p:=(anb)V(-cA(dVe))

h< (p1Vp2)=(=hVp1Vp2)A(hV=p1)A(hV—p)
h < (p1Ap2) = (=hV p1) AN(=hV p2) A(hV =p1V —p2)

ap & (aaVvay) =
a <> (anb) =
a3 (nchay) =
ag < (dVe) =
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CNF conversion: Tseitin's encoding

¢p:=(anb)V(-cA(dVe))

h< (p1Vp2)=(=hVp1Vp2)A(hV=p1)A(hV—p)
h < (p1Ap2) = (=hV p1) AN(=hV p2) A(hV =p1V —p2)

ai < (aaVvas) =(-aiVaVas) Ala1V-a) AlarV-asz)
a <> (anb) =
a3 (nchay) =
ag < (dVe) =
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CNF conversion: Tseitin's encoding

¢p:=(anb)V(-cA(dVe))

h< (p1Vp2)=(=hVp1Vp2)A(hV=p1)A(hV—p)
h < (p1Ap2) = (=hV p1) AN(=hV p2) A(hV =p1V —p2)

ai < (aaVvas) =(-aiVaVas) Ala1V-a) AlarV-asz)

a <> (anb) = (nay V a) A(—a2 vV b)  A(azV—aV -b)
a3 (nchay) =

ag < (dVe) =
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CNF conversion: Tseitin's encoding

¢p:=(anb)V(-cA(dVe))

h< (p1Vp2)=(=hVp1Vp2)A(hV=p1)A(hV—p)
h < (p1Ap2) = (=hV p1) AN(=hV p2) A(hV =p1V —p2)

ai < (aaVvas) =(-aiVaVas) Ala1V-a) AlarV-asz)

a <> (anb) = (nay V a) A(—a2 vV b)  A(azV—aV -b)
az <> (mc A aa) (—az V —c) A(—azV as) A(a3VcV-ag)
ag < (dVe)
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CNF conversion: Tseitin's encoding

¢p:=(anb)V(-cA(dVe))

h< (p1Vp2)=(=hVp1Vp2)A(hV=p1)A(hV—p)
h < (p1Ap2) = (=hV p1) AN(=hV p2) A(hV =p1V —p2)

ai < (aaVvas) =(-aiVaVas) Ala1V-a) AlarV-asz)

a <> (anb) = (nay V a) A(—a2 vV b)  A(azV—aV -b)
a3 < (—mcNas) = (—azV o) A(—azV as) A(a3VcV-ag)
ag < (dVe) =(-aaVvVdVe) AagV-d) AagV—e)
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CNF conversion: Tseitin's encoding

¢:=(@anb)V(-cA(dVe))

CNF(¢) =
(—\31 VayV 33) A (al V ﬂaz) VAN (31 V —|a3) VAN
(maz Vv a) A (ma2Vb) A (a2Vv-aVv-b) A
(—az V —c) A (mazVais) AN (a3VecV-as) A
(mraavdve) A (aaVvV-d) A (asV-—e) A
ai
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Resolution

Lkl (SLEL L)
Choodi I 10)

Examples:

(avb) (—aVe)
(bVe)
(avb) (—aVvb)
(b)
avb —aV-b
= ( )(trl(le) )

(a) (=a)

"0
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Resolution: completeness

(aVP)AN...AN(@VP)AN(maVQ)A...(maV Qm)AR
&
(PLVQI)AN...A(PLV Q)N ... (PaVQI)AN...(PhVQm)AR

Similar: Quantifier elimination

¢ < ¢[true/a] V ¢[false/a]
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