Modul 04-006-1001: WiSe 2023-2024
Formale Grundlagen (Logik)

Solutions 7
Excercise 1: Truth tables

* Construct truth tables for the following statements. Note whether any of them are logi-
cally equivalent.

(D ()

pla|(—g)|(pV (—q)) p|q|(=p) [ ((=p) A q) | (=((=p) A q))
11 0 1 11 o 0 1
10| 1 1 1[0] 0 0 1
0/1] 0 0 0/1] 1 1 0
0/0] 1 1 0/0] 1 0 1
(3)
pla|(p < q)|((p+ q) Ap)
1] 1 1
1o o 0
o[l o0 0
00 1 0
“4)
plg|r|(=r)(gV (=) (p— (gV (or) [ (p = (gV (=) Alp— (¢V (-r))))
111 0 1 1 1
11[o] 1 1 1 1
1[o[1] 0 0 0 0
1[o[o] 1 1 1 1
0/1[1] 0 1 1 1
o/1[0] 1 1 1 1
0/0[1] ©0 0 1 1
0l0[0] 1 1 1 1
)
plalp—=q9)|((p—=q9 —p)|{((p—=9 —p) —aq
1 1 1 1
1o o 1 0
01| 1 0 1
0/0] 1 0 1

* (pV(=q) & (=((=p) A )

Excercise 2: Tautology, contradiction, contingency

* Let p, ¢, and r be atomic statements. Which of the following are tautologies, contradic-

tions, or contingent statements?

(6) pV (—p)) tautology
p V q) contingent
(p A q) — (pVr)) tautology
(=p) A (=(p — q))) contradiction
(pVr)— (—p)) contingent
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Excercise 3: Definition of connectives
¢ Certain of the logical connectives can be defined in terms of others. Example: (p — ¢q)
can be defined as ((—p) V q) (i.e. — is expressible in terms of — and V), since the two
statements are logically equivalent.
* Define — in terms of A and —.

(N =9 ((-p) Ve e (@A(g))
¢ Define A in terms of V and —

®)  (pAg) e (=((=p)V(=9))
¢ Define < in terms of — and A.

© (eoge(p—9A(@—Dp)

¢ Show how the five connectives can be reduced to A and —.

(10) a. (p— q): see above
b pege(p=adAN(@—=p) s ((-p) Ve A((—g) V) &
(= A (=9)) A (=g A (=p))))
c. (pVa) e (=((-p)A(=g)))
d. (pAq)and (—p) are already reduced.

Excercise 4: Laws of statement logic
* Prove the following equivalence: ((p A q¢) V p) < p.

(11)
pla|(pAg)|((pAg) VD)
1] 1 1
o[ o 1
01| 0 0
0/0] 0 0

» Use the laws of statement logic (and, possibly, the equivalence you proved previously) to
reduce each of the following statements to the simplest equivalent statement.

(12) a. ((-p) V(pAq)) < (Distr)
b.  (((=p) V) A((-p)V q)) < (Comm.)
c. ((pV(=p)A((=p)Vq)) < (Compl.)
d. (T'A((=p)Vq)) < (Comm.)
e. (((=p)Vaq) ANT) < (Ident.)
f.  (-p)Vq) < (Cond.)
g (p—q
(13) a. (((=p)Aq) V (=(pVq))) < (DeMorgan)
b.  (((=p) Aq) V ((=p) A (—q))) < (Distr.)
c. ((((=p)Aq)V (=p)) A(((=p) Aq)V (=q))) < (Distr.)
d. (((kp) Aq)V (=p)) A (((=p) V (—q)) A (g V (=q)))) < (Compl.)
e. (k)N @)V (=p)) A(((=p) V (mq)) AT)) < (Ident.)
f. ((((=p) Aq) V (=p)) A ((=p) V (=q))) & (11)
g ((=p) A((=p) V (—q))) < (Distr.)



= o
< = ~ 5
& ST 88 e Ed 3
= S(m) m 2
g DM o X o 4 +
5 1352l 0o 2
SoR< =T E £
SE5> =¢5 ¢ 8
g = = S ~~10
/D\/D.\\)A < > \nq/\mun(\\)
tg<s 23 == X
227 azssll=®E £ 9z
XX ssLT F-TSd==F 5 <
S a A& >>=22 SSSAsS>T 2B 0
P Q. Q> >~ >
J EE 225 S22 ¢ & 2
~ 2 EE <<®< T=Umwm 2 oz 2
£ NACAS) Y o =—~-L = T &
5 o0 0 SS<-s RES<SS< <.>-9 =
- = < — < A\p}.\%\q}\Q/ pm»mAw\/ pmv
@ mﬂ/rmAl\le d««(@ Q — — — — — — «D _|D\I/m m
== 73i==¢ §>>T> T>>>==< Zg<gFE _ ¢
— > =~ —~ ~~ —_ » —_ ~ .
_ \\UA)(_‘\.% T e R e=—=—_ W@/_.\\M)\)B ==
<t Tzm<2 T>D 8l LIIl=ZTT —<=Zl538<c
== tli=2ve SS<T< T<<<ZZZ =®<<>TgRag
Le =TT -2 JTLlzs3 2232325 slesssc=l~
T > = < &7 I r<®l Loss T a7
>Z 2T scs Sl co PGKKNGM => KT >2
TR O<<iiks TEFE<E <EEET o SFFFII<ER
LL &&323>0 =2%%F FFsw<rp plozioslil
< < _|)\/ Ap_|_|_| _|_|_|_|\|/(\( —_ < > <
p\))\)pWAAV T > > > VVVVH\Ap ST D Y =
PR Flosg fTlaza 2asazacs BEloco=lLRE
S .4 &8 00 0w B & 8 0T o woBh S A ESodou va s ¥



