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Exercise Sheet 2

Exercise 01

1) Truth Tables

Fi:pA(—qg= (¢=p))

plqglg=p|~q|q=(q=>p) | F
0o[0| 1 1 1 0
01| 0 0 1 0
110 1 1 1 1
11| 1 0 1 1
Fy:(pVq) & (—p= —q)
plag|pVqg|-p|~q|p=—q| F
0/0] o 11 1 0
01 1 110 0 0
1o 1 [ 01 1 1
11 1 [ 0]o0 1 1

Mod(F2) = {(I(p) = 1,1(q) = 0),(I(p) = 1,1(q) = 1)}

3) Truth values
e I(p)=0,1(q)=1: F,=0, F,=0
e I(p)=0: F =0 F,=0
e I(q) =1: dependson p

e No information: depends on p

Exercise 02

Definition: A propositional formula F' is said to be a tautology (valid) if and only if its truth
value is always true.

1. Using equivalent transformations.

Fi:=(p=q) = ¢

p=q=-pVgq
“(p=q9) =pA—q
(PA=q) = —~q=—-(pA-q)V—q=(pVqgV-g=T
= Tautology



Fo:(p=q V(¢g=Dp)

p=q=-pVyq
¢q=p=-qVp
(p=qVig=p) =(pVaV(~qVp)=(pVpV(qVgy=TVT=T
= Tautology
2. Using truth table.
Fi:=(p=q) = —q

pla|lp=q|~(p=q9 | q|
0o(0] 1 0 1] 1
01| 1 0 0|1
1[0 o 1 1|1
111 1 0 0|1

F, is true in all interpretations, then F; is a Tautology.

Fo:(p=q) V(¢g=p)

pla|p=q|q=p|F
ojo| 1 1 1
01| 1 0 1
1{o] o0 1 1
1l1] 1 1 1

F5 is true in all interpretations, then Fy is a Tautology.

Exercise 03

1) i=pV(pAq and F,=p

plaq|pANqg| F1| F
010 0 0] 0
o[1] 0 01]0
10 o0 1|1
1[1] 1 1|1
FleQ

2) Fs=pA(¢Vr) and

S
I
<
>
S
<
<
>
=

plqglr|qVr | Fs | pAg|pAr | Fy
01010 0 0 0 0 0
ofol1] 1 0 0 0 0
of1]o0] 1 0 0 0 0
ol1[1] 1 0 0 0 0
1j{ojfol o |oO 0 0 0
1{ofl1] 1 1 0 1 1
1{1]o] 1 1 1 0 1
1[1]1] 1 1 1 1 1
Fs=F,

\)



3) Fs=(p=4q)=r and

Fs=p=(q=r)
plag|r|p=q|Fs|q=r]Fs
ojojo] 1 0 1 1
0|01 1 1 1 1
oj1]o] 1 0 0 1
011 1 1 1 1
1{ofo] o 1 1 1
1{o[1] o 1 1 1
1{1]o] 1 0 0 0
1111 1 1 1 1

Since the truth values differ in the first and third rows:

Exercise 04

Fs # Iy

I. Convert to CNF & DNF using truth table

1) i=(pAqg) < (-p=q)
Truth Table

DNF
True rows: (0,0), (1,1)

CNF
False rows: (0,1),(1,0)

2) Fb=(p=q) = (¢g= )
Truth Table

HOO»—!"}?

el L k=l =] k]
| Ol O

(=pA=q)V (pAq)

(pV—=q)A(=pVaq)

pla|r| b
ojolo] 1
0l0[1] 1
0ol1]0] 1
oj1[1]0
1/0|0] 1
1[o|1]1
1[1/0] 1
1[1]1]0




DNF
True rows:

(0,0,0),(0,0,1),(0,1,0),(1,0,0),(1,0,1),(1,1,0)

(P A=g A=)V (=p A=g AT)V (p AgA-T)V (PA=gA=T)V (PA=gAT)V (pAgA-T)

CNF
False rows: (0,1,1),(1,1,1)

(pV—qV-r)A(=pV-qV-r)

3) Fs=(—pVqVp=>r)

Truth Table
plag|r|Fs
0(0]0| 1
0011
0110 1
Oj(1/1] 1
170|010
11011
111701
171]1]1
DNF
True rows:

(0,0,0),(0,0,1),(0,1,0),(0,1,1),(1,0,1),(1,1,0), (1,1, 1)

(P A=g A=)V (P A=gAT)V (Zp AGA=T)V(ZpAGAT)V (DA=GAT)V (DAGA=T)V (PAGAT)

CNF
False row: (1,0,0)

(~pVgqVr)

II. Convert to CNF using equivalences
Fy==(=pVq) A (-r = =s)

—(pVqg)=pA—q

= s =71V s

Fy=(p) A(=g) A (rV —s)

Fs=(pANq)V(-pVq)

(pANgVag=q

Fs = (_‘pVQ)
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Fs=(pAN—q)= —r
A= B=-AV DB

Fs=—=(pA—q)V-r

“(pA—g)=-pVq

Fs=(-pVqV-r)

Exercise 05

) Fi=(peqg=((p=q9Vig=Dp)

pla|psqg|p=>q|lq=p|F
010 1 1 1 1
01 0 1 0 1
1]0 0 0 1 1
1)1 1 1 1 1
2) Fb=(p=4q) = (¢Vp)
plq|p=q|qV—p|F
010 1 1 1
01 1 1 1
1]0 0 0 1
11 1 1 1
3) Fs=pA=(qVp)
plaglqVp|-(qVp) | F
0/0] 0 1 0
0[1] 1 0 0
10 1 0 0
11 1 0 0
’ Unsatisfiable ‘
4) Fy=(pAq) A—p
plgq|pNqg|—-p|F,
0/0] 0 110
0[1] 0 110
1/0] 0 010
111] 1 010
’ Unsatisfiable ‘
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5) Fs = (p= —q) Ngq

pla|~q|p=—q|Fs5
olo] 1 1 0
0[1] 0 1 1
1101 1 0
11110 0 0

| Satisfiable but Not Valid |

Final Classification

: Tautology (Valid)
: Tautology (Valid)
: Unsatisfiable (Contradiction)
: Unsatisfiable (Contradiction)

: Satisfiable but not Valid





