Homework 4 Answers

CMSC250, Spring 2004

Due Wednesday, Febrnary 25 at the beginning of your discussion section.

You must write the solutions to the problems single-sided on your own lined paper,
with all sheets stapled together, and with all answers written in sequential order or

you will lose points.

1. Complete the following proofs using the method deseribed in class (line numbers, rules, ete).

Pl vVze D Plx) — (T(x) vV Qz))

P2 | ¥y € D Q(y) v (R(y) A Ply)

P3 | ¥z € D (T(z) A R(z)) — 5(z)
- | Ywe D ~ [IE'_I{W} — H{m}

()

Answer:

Line | Statement Itule Lines Used
1| Qla) Vv (Rla) A Pa)) ¥ instantiation P2
2| |~ a) Assume
3| | Rla) A Pla) Disjunciive syllogism 1, 2
4| | Pla) Conjunctive simplilication 3
5| |T(a)Vv Qa) V¥ modus ponens 4, P1
6| | Rla) Jonjunctive simplification 3
7| | T(a) Disjuncilive syllogism 2, 5
8| |T(a)A R(a) Conjunctive addition G, 7
9| H{'ﬂ'} - ¥ modus ponens P3, 8

10 | ~ Q(a) — S(a) CCW w/oul contra 29
11 | Yw e D ~ Qw) — S(w) ¥ generalizalion 10

Another way:

Line | Statement Rule Lines Used

1| Qla)V (Rla) A Pla)) ¥ instantiation P2

2| |~ (~Qa) — S(a)) Assume

3| |~ Qa)r ~ S(a) Definition of — 2

4| |~ e) Jonjunclive simplilication 3

5| |~ S(a) Conjunctive simplification 3

6| |~ (T(a) A R(a)) ¥ modus tollens 5, P3

7| |~ T(a)V ~ Ra) DeMorgan’s law 6

8| | R(a) A Pla) Disjunctive syllogism 1,4

9| | Rla) Jonjuncilive simplilication 8
10 | | Pla) Jonjunclive simplilication 8
11 | |~ T(a) Disjuncilive syllogism 7.9
12 | |~ T{a)A ~ Q(a) Conjunetive addition 4, 11
13 | |~ (T(a) v }a)) DeMorgan’s law 12
14 | | ~ P(a) ¥ modus tollens P1, 13
15 | |~ Pla) A P(a) Conjunctive addition 14, 10
16 | ~ Q(a) — S(a) COCW w/ conlra 215
17 | YVw e D ~ Q(w) — S(w) ¥ generalizalion 16




(b)

(c)

Pl | ¥Vie D (A(t) — B(t)) — (C(t) v D(1))
P2 | Jue D ~ A(u) A (D(u) — E(u))
P3| Vo eD ~ E(v)— (Cv) — A(v))
| dhe D ~ B(h)v E(h)
Answer:
Line | Stalement Rule Lines Used
1| ~ Ala) A(D(a) — E(a)) d instantiation P2
2 | ~ A(a) Conjuncilive simplification 1
3| ~ Ala) v B(a) Disjunective addition 2
4 | A(a) — Bla) Delinition of — 3
5| Cla) v D(a) ¥ modus ponens P1,4
6| Da) — Ela) Conjunciive simplification 1
7| |~ (~ Bla) vV E(a)) Assume
8 | | Bla)A ~ E(a) Double negation, DeMorgan’s law 7
9| |~ Ea) Conjunctive simplification 8
10 | | ~ D{a) Modus tollens 6, 9
11 | | C(a) Disjunctive syllogism 5, 10
12 | | Cla)p ~ Ala) Conjunctive addition 2,11
13 | |~ (~ C(a) VvV A(a)) Double negation, DeMorgan’s law 12
14 | |~ (C(a) — Ala)) Delinition of — 13
15 | | E(a) ¥ modus tollens, Double negation P3, 14
16 | | E(a)A ~ FEa) Jonjunciive addition 15,9
17 | ~ B(a) V E(a) Closing cond world w/ contra 7 16
18 | dhe D ~ B(h) Vv E(R) 1 generalization 17

Another way:

Line | Statement Rule Lines Tsed
1|~ Ala) A(D(a) — E(a)) 1 instantiation P2
2 | ~ Afa) Conjunctive simplification 1
3| D(a) — E(a) Conjunctive simplilication 1
4 | ~ A(a) vV B(a) Disjunetive addition 2
5 | Ala) — Bla) Definition of — 4
6| Cla) VvV D(a) ¥ modus ponens P1, 5
7| | Cla) Assume
8| | Cla)n ~ Ala) Conjunective addition Ty 2
9| |~ (Cla) — Ala)) Definition of — 8
10 | | E(a) ¥ modus Lollens 9, P3
11 | C(a) — E(a) Closing cond world w/oul contra 710
12 | E{a) Dilemma 6, 3, 11
13 | ~ B(a) V E(a) Disjunctive addition 12
14 | dh € D ~ B(h) Vv E(h) d generalizalion 13
Pl | Vw € D J(w) — M(u)
P2 | Ve e D M(x) — ((N(x) =~ J(x))A ~ K(x))
P3| Vy €D N(y)V ~ L{y) s
Vze D (J(z) AK(2))V(L{z) A M(2))

P4

Vg D ~.J(q)




Answer:

Line | Statement Rule Lines Used
1| N(a)v ~ L{a) ¥ instaniiation P3
2 | (J{a) A K(a)) Vv (L{e) A M(a)) ¥ instantialion P4
3| | J(a) Assume
4| | M(a) ¥ modus ponens P1, 3
5| | (N(a) =~ J(a))A ~ K(a) ¥ modus ponens P2, 4
6| | N(a) =~ J(a) Conjunctlive simplilication H
7| |~ N(a) Muodus tollens, double neg 6, 3
8| | ~ La) Disjunctive syllogism 1, 7
9| |~ K(a) Conjunctive simplification 5

10 | |~ J(a)v ~ K(a) Disjunctive addition 9
11 ~ (J{a) A K(a)) double neg, DeMorgan’s law 10
12 | | L{a) A M(a) Disjunctive syllogism 2, 11
13 | | L{a) Conjunctive simplification 12
14 | | L{a)A ~ L{a) Conjunctive addition 8, 13
15 | ~ J(a) CCW w/ contra 314
16 | Vge D ~ J(g) ¥ generalization 15
Another way:

Line | Stalement Rule Lines
1| M(a)— ((N(a) =~ J(a))A ~ K(a)) ¥ instantialion |
2 | ~ M(a) Vv ((N{a) =~ J(a))A ~ K(a)) Delinition of — 1
3| |~ M(a) Assume
4| |~ J(a) ¥ modus tollens P13
5| ~ M(a) =~ J(a) CCW w/outl conira 3 4
6| | (N(a) =~ J(a))A ~ K(a) Assume
7| | N(a) =~ J(a) Conjunclive simp f
8| |~ K(a) Conjunctive simp fi
9| |~ Ja)V~ K(a) Disjunetive addition 8

10 | |~ (J(a) A K(a)) DeMorgan's law 9

11 | | (J{a) A K(a)) V (L{a) A M(a)) ¥ instantiation P4
12 | | L{a) A M(a) Disjunctive syllogism | 10, 11
13 | | L{a) Conjuncilive simp 12
14 | | N(a)V ~ L(a) ¥ instantiation P3
15 | | N(a) Disjunctive syllogism | 13, 14
16 | |~ .J(a) Maodus ponens 15, 7
17 | [(N(e) =~ J(a))A ~ K(a)] =~ J(e) | CCW w/out contra | 6 16
18 | ~ J(a) Dilemma 2,5, 17
19 | Vg e D ~ .J(qg) W generalizalion 18

2. Translale each ol the [ollowing into [ormal language using Lhe sels and predicales given.

(a) Exactly iwo people completely undersiand quanium physics. (7 = {universal set},
P(m) = m is a person, (J(n) = n completely understands gquantum physics.)

Answer:
da,be U Pla) AQ(a) A\P(B)AQ(W) Aa#bAVe e U (P(x)ANQ(z)) = (e=xVh=1x)

3



