INF1a-CL
CNF KM SequentCalculus Tseytin
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Karnaugh Maps to produce a CNF / POS
identify blocks of Os

AG and write a sum for each
00 011110
00 1 0Jfo o
01 1 1.0 0
R84 (0] 1 1
10(0J(0) 1 1 (R'+A+G)(B+A+G")(R+A")

(FRVAVG)AN(BVAV-G)AN(RV-A)

m
ﬁ mnszm states: 64Ki subsets
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['aFa, A 1)

I'Fa, A T'Eb A r I'a,E b, A R
I'a—bEA (= L) Fba%@A(/ )
I'a,bF A ’ I'Fa, A T'Eb A
Taroea M Tearva B
I''aEFA T'bFEA ’ I'Ea,b, A .
cvoEA VD) TEavba (V)
I'Fa,A r I'aF A R
I'-aF A (L) I'E —a, A (R)



TakE A a (1)

a,bkEA Tk ab A
Tanbea M) Travoa VP
T,aEA T,bEA TEa,A TEbA
Tavora VY —Tranpa W)
I'Ea A (-1) T'akE A (-R)
I'-aE A I'E-a,A a,, b ': C
R
b,F —a,c a,bF c
~L R
b, ~cF —a,c b,bFE —a,c
I VL
—a,cV bFE —a,c b, ¢cVbF —a,c
VL

—aVb,—cVbF —a,c
(maVb)A(—-cVb)E—-aVc
E=((—aVb)A(—cVD)),(—-aVc)
F=((—maVb)A(—cVDb))V(-aVec)

AL; VR
R
VR




these arevalid —
in some universe, U a, bF

b,F —a,c a,’blzc

b, mckE —a,c b,bF —a,c

iff this is valid in U

—a, ¢V bE —a,c b, mcVbFE —a,c

—a Vb, —ncVDbE —a,c

(maVb)A(—-cVDb)FE —aVece

FE —-((—maVb)A(—-cVb)),(—aVec)

E=((—maVb)A(—-cVb))V (-aVc)

a,bFc a,bFc
E—=((maVb)A(-cVb))V (-aVc)




Our two inference trees

tell two different stories ...

pFaq,p

E -p,q,p pED

F-pVg,p F -p,p

F(-pVqg A-p,p

F((-pVaq)A-p)Vp

Every branch is
terminated by an
iImmediate rule.

The sequent we
started from is
valid in every

universe!

a,bE c

b, -ckE —a,c b,bF —a,c

—-a, -cVbFE —a,c b, mcVbkFE —a,c

—aVb,—cVDbFE —a,c

(maVb)AN(—-cVDb)E -aVece

FE =((—maVvb)A(-cVDd)),(—aVec)

F =((—maVb)A(-cVb)V(-aVec)

Some branches lead to leaves,
sequences with only atoms,
in which no atom occurs on both
sides of the turnstile.
Our starting sequent is valid in
some universe U iff each of these
leaves is valid.

It is easy to construct a
counterexample to any one of
these leaves.




I'alFa, A 1)

“rasia 0D Frasis 0
rraaAbbiAA (AL) - Fra I—Aa AI;),FAb’A (NE)

FyaZéb EAb —= (i) rr:aavbbAA (VE)
FljraaliAA (-L) PF:TCL,AA (HR)



PFQ,P

'Zﬂp,c’z,p pED |__'P7Q7P P|_P
F-pVaq,p E-pp |——|P\/Q)P |——|P,P

FE(-pVgqg) A—-p,p

- (=PVQ)\-P,P
F(-PVQ)AN-P)VP

T

(=pVq)A=p)Vp

A proof is a tree of inferences,
starting with immediate rules.

Prove the following entailment or if it not provable provide a counterexample

P—-(QVR),QANR)—>SFHFP—S



[ala, A ()

L Aly/z| - A ALy T+ Alt/z], A AR
['dz. F A I'Fdx. A A
RTEM L e
S Ly B
Flj’aa/’\bbl_l—AA (L) '_ISL FAC,J AII;TAb’ 2 (AR)
A VD Ty (P
rata (D s OB



I >

aANbOVecANdVeNfVgNhVIANEVMAN
(@aAND)V(cANd)V(eNf)V(gAh)V(FAE)V (mAn)

How many clauses in the CNF?
26 =64

How many clauses to describe the circuit?



If we start from an expression then
we can draw an equivalent circuit with:
a wire for each subexpression,
r = (aAb)Vc alogic gate for each operator,
and an input for each variable.

a X
r
b
C



If we start from an expression then
we can draw an equivalent circuit with:

a wire for each subexpression,
r = (a A b) Ve g logic gate for each operator,

a_1—\ X and an input for each variable.
b —:)C_‘X>* r p
r <> (a A\D) r < (aVb)

(rv-aV-b)A(-rVa)A(—rVb) (=rVaVb)A(rVv-a)A(rVv-b)



If we start from an expression then
we can draw an equivalent circuit with:

a wire for each subexpression,
r = (aAb)Vc alogic gate for each operator,
. y r and an input for each variable.
b ::)C_‘X>* r

from km from km

r <> (aADb) r < (aVb)
(rV-aV-b)A(—-rVa)A(—-rVb) (=rVaVb)A(rVv-a)A(rVv-b)

x <> (a A\ b)




If we start from an expression then
we can draw an equivalent circuit with:

a wire for each subexpression,
r = (aAb)Vc alogic gate for each operator,

a y ; and an input for each variable.
b ::)C_‘X>* r
from km from km
r <> (aAb) r < (aVb)
(rV-aV-b)A(—-rVa)A(—-rVb) (=rVaVb)A(rVv-a)A(rVv-b)
r < (a Ab)

substitute
r.=x a:=a b:=0b
to give:

z < (a A\ b)



If we start from an expression then
we can draw an equivalent circuit with:

a wire for each subexpression,
r= (a A b) Ve a logic gate for each operator,
2 ) > and an input for each variable.

b_

from km from km
r <> (aADb) r <> (aVb)
(rV-aV-b)A(—-rVa)A(—-rVb) (=rVaVb)A(rVv-a)A(rVv-b)
substitute substitute
r.=x a:=a b:=0> r.=r a:=x b:=c
to give: to give:
o (aAb) r < (zVc)

(xV—-aV-=b)A(—zVa)A(—xVDb)



If we start from an expression then

we can draw an equivalent circuit with:

r — (a A b) \/ ¢ @ wire for each subexpression,
A % a logic gate for each operator,

b_DC_—D_r and an input for each variable.

from km from km
r <> (a A\b) r <> (aVb)
(rvV-aV-b)A(=rVa)A(—rVb) (=rVaVb)A(rVv-a)A(rVv-b)
substitute substitute
r.=x a:=a b:=0D> r.=r a:=zx b:=c
to give: to give:
x <> (a A\D) r < (zVc)

(xV=aV-b)A(mzVa)A(—xVb) (—rVaxVe)A(rV-oz)A(rV-c)



If we start from an expression then

we can draw an equivalent circuit with:

r — (a A b) \/ ¢ a wire for each subexpression,
4~ x a logic gate for each operator,
b_DC_—D_r and an input for each variable.

r <> (a A\D) r <> (aVb)
(rvV-aV-=b)A(-rVa)A(-rVb) (—=rVaVb)A(rV-a)A(rV-b)
x <> (aA\Db) r < (zVe)

(xV-aV-b)A(—zVa)A(-zVDd) (z¥aVe)A(@EMT) A (L2=T)

Combine the two CNF, with R = True
(xV—-aV-b)A(—xVa)A(-xVb)AxVc)
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16060

aANbOVecANdVeNfVgNhVIANEVMAN
(@aAND)V(cANd)V(eNf)V(gAh)V(FAE)V (mAn)

How many clauses in the CNF?
26 =64
How many clauses to describe the circuit?

11 x 3 = 33 (before simplification)



