PMath 330  Assignment 4 ~ SOLUTIONS page 1/3

A CoOMBINED TRUTH TABLE

PIQ|R|S|F1L|F2|F3|F4|F5|F6|F7|F8|F9|F10|F11 |F12
1111|140} 1}]0}1]0]0]1]0]O0 1 1 1
21111111001 1 1 1 1 110]0 1 1 1
3|1j1ry0f{1rjojojo|;1r{ojof{o0o|0}|0O0 1 1 0
4 11100} 0] 071 1 1 1101|010 1 1 0
5111011 {1)fj1j0}00[0]1T]0|1}0 1 1 0
6|1j0|1{0)1T]O0O]1|O0[O0O]1T]O0|1}0 1 1 0
7i1{o0ojoj1yprf{ojof{1j0,1]0}|1]O0 1 1 0
gl1jo0(0f{0)f1T]O0|1 |1 [O0O]1T]O0|0]|0O0 1 1 0
g9|oj1|1{1jojoj1|0[1T]0O0]O0O|0]|O 0 1 0
wiof1f1j0f0jo0,0(0j0f{1,0/[071]0 1 1 0
myoy1rfojryyojoy1r{1rj1{0,0/[071]0 0 1 0
2/0/1(0j0}0]O0| 1T (1T]0]1,0]07]0O0 1 1 0
Byojof1r|ry1rj{oy1r{oj1{1ry,0}(07}]0 1 1 0
“4gy0/0(1]0)0jO0OLO0[O0O]O]1T|0]O0]O 1 1 0
Biojofojrjfojo1f{1rjof{1,0/[07]0O0 0 1 0
w(o{ofofogpojoj1,1{0(1,0}01}0 1 1 0

e Which of the formulas F1-F12 are truth equivalent? F2 ~ F7 ~ F12.
e Which of the formulas F1-F12 are tautologies” F11
e Which of the formulas F1-F12 are contradictions? F9

e Determine if the following arguments are valid. If not, cite the number of a row of the truth
table that refutes the argument.

(a) F1,F5,F10 . F8 ANS  No (Row 13)  (b) F1,F3,F4,F5,F6,F7,F10 . F8 ANS  Yes

e Determine if the following collections of formulas are satisfiable. If so, cite the number of a
row of the truth table that satisfies them.

(a) F1,F5,F6 ANS Yes (Row 13) (b) F3,F4,F6,F8 ANS No

e Find the disjunctive normal form of F1 (with respect to the variables P, @, R, S).

(PA=QARAS)V(PA-QARA-S)V(PA=QA-RAS)V(PA=QA—~RA-S)V(~PA-QARAS)

e Find the conjunctive normal form of F10 (with respect to the variables P, @, R, S).

(PV-QV—-RV-S)A(PV-QVRV-S)A(PVQVRV-S)
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Translate the following argument (of Lewis Carroll) into propositional formulas. Then by using the

premisses, or equivalent propositions, fill in the sequence of implications that shows the conclusion
is valid.

1. No shark ever doubts that it is well fitted out.

2. A fish, that cannot dance a minuet, is contemptible. The universe of discourse is “fishes”.

Use the following:
3. No fish is quite certain that it is well fitted out, unless

it has three rows of teeth, x is a shark

: X is able to dance a minuet
: x is certain that it is well fitted out
. x is contemptible
x has three rows of teeth
: X is heavy
: x is kind to children

4. All fishes, except sharks, are kind to children.
5. No heavy fish can dance a minuet.

6. A fish with three rows of teeth is to be respected.

ST QEo®

Therefore, heavy fish are kind to children.

4. -S —= K

5. H—-D

0. T — —-C

H— K

H—-D —( — T — -aF — 25 — K.
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Find a derivation of the tautology

P—(Q—(P—-Q)

using the FL proof system./Hint: It can be done in 3 lines!]

ANSWER:

Formula Reason

. Q—=(P—Q) Axiom 1

2. (Q=(P—Q) = (P—=(Q—(P—Q)) Axom]l

3. P—-(Q—(P—-Q) 1,2 Modus Ponens

Here is a proof that there is a derivation of the same tautology. You may
use, as reasons, any of the steps before Theorem D.0.19 in Appendix D.

Reason
1. PQ F P—(Q—(P—Q) D.0.18
2. P-Q +F P—(Q—(P—Q) D.0.18
3. P FP—=(Q—(P—=Q) 1,2 D.0.16
4. -P,Q + P—(Q—(P—Q)) D.0.18
5. =P,-Q + P— (Q — (P —Q)) D.0.18
6. -P F P—(Q—(P—Q) 4,5 D.0.16

7. F P—(Q—(P—Q)) 3,6 D.0.16




