Exercises 1.1

Ex 3)
3 aT b F cFdF eT f£F gThT

Ex 8)
a. Either the processor is slow or the printer is fast.

c. The processor is fast but so is the pnnter

f The printer is slow and the file is not damaged

Ex 13)

a. H—>K

c. K—-H
d Ko A



Exercises 1.2

42. The argument is (C > F)A(Fv S) - (C — S)
A proof sequence is:

1. C>»>F hyp
2. FvS hyp
3. C hyp
4. F' 1,3, mp
5. S 2,4, ds

47. The argumentis [(J VL) > CO)AT A(C— DT
A proof sequence is:

1. JvL)—>C hyp

2. T ' hyp

3. CoT hyp

4, T'->C 3, cont

5. C 2,4, mp

6. C—>(JvL) 1, cont

7. JvL) 5, 6, mp

8. I'AL 7, De Morgan
9. J 8, sim



Exercises 1.3

Ex 2)
e. false (may havex=1y)
f true (picky = -Xx)
g. true (pickx=2,y=4)
h. false (may have x=0)

Ex 11)

b. (YX)(P(x) = @y)(T(y) A F(x, y))
c.  [(VX)I(VY)PX) A T(y) = F(x, y)]I' or (3x)( Iy)(P(x) A T(y) A (F(x, y))
or [(VX)(P(x) = (Vy)(T(y) = F(x, y)))]

Ex 16)

2. (¥X[B(X) = (VY)(F(y) = L(x, y)] or (F(W)IBE) A F) = L, ¥)]
i (@O[B) A (YY)L(X, y) > F))]

L I@IBe) A (WEG) = L& Y)IT or (VOB) —> Gy)EG) AL Y]



Exercises 1.4

3.

33.

One conclusion is that some flowers are weeds. The hypotheses have the form
(@x)(F(x) A P(x) A T(x)), (VX)(F(x) A T(x) = B(x)), and (Yx)(F(x) A B(x) = W(x)).
By existential and universal instantiation (in that order), F(a) A P(a) A T(a),

F(2) A T(a) — B(a), and F(a) A B(a) > W(a). Simplification gives F(a) A T(a) which,
using modus ponens, gives B(a). Combining F(a) with B(a) and using modus ponens
results in W(a). Combining F(a) and W(a) and using existential generalization results in

(3x)(F(x) A W(x)). Other possible conclusions are: Some pink flowers smell bad, Some
pink, thorny, smelly flowers are weeds.

domai.n is th.e integers, Q(x, y) is "x <y"; for every y there is an x with x <y but
there is no single integer x that is less than every integer y.

The use of universal generalization at step 4 is illegal because step 3 was deduced
by ei from (3x)Q(x, y) in which y is a free variable.

The argument is:

EX)M(x) A (FYIR(X, ¥)) A (VO(VY)RE, y) = T, ) = Ex)M(x) A (VY)T(X, ¥)
A proof sequence is:

1. @)ME) A (YR, ) hyp

2. M(@a) A (YY)R(a, y) 1, el

3. M(a) 2, sim
4. (V(VYIRE, ) = T, ) hyp

5. (YY)(R(,y) > T, y) 4, ui

6. (R(a,y)— T(a,y) 5, ui

7. (VY)R(@,Y) 2, sim
8. R(a,y) 7, ui

8. T(a,y)) 6, 8, mp
9. (VY)T(a ) 8, ug
10. M(a) A (Yy)T(a, y) 3,9, con

11. @)Mx) A (VYT ) 10, eg



37. The argument is:
(VX)(E) —> GYICH) A O, N A (Yx)(Vy)(C(y) A O, y) = [P

— (Vx)(F(x) = [DT)
A proof sequence is:
1. (Vx)(EFX) > QyICE) A O, ) hyp
2. (YX)(VY)CE) A O, ¥) = D)) hyp
3.F(x)—> Ey)(C(y) A O(%, y)) 1, ui
4. F(x) ' temporary hyp
5 @Ey)C(y) A O(x, ¥)) ' 3,4, mp
6. C(a) A O(x, a) 5, ei
7 (Yy)(CH) A Ok y) = D) 2, ui
8 C(a) A O(x, @) = D)} 7, ui
0. [D(x)) 6, 8, mp
10. F(x) = [DX)] temporary hyp discharged

11. (Vx)(F(x) = D)) 10, ui
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