ECM3404: Logic and Computation

Solutions to the Continuous Assessment Exercise, March 2009

1. Key: Umbrella You have an umbrella —Umbrella— (Rain— Wet)

Coat You have a coat (SnowA ~Coal) — Freeze
Rain It rains (Freezev Wet) — Cold
Snow It snows | ((Rainv Snow) A —Cold) — (Umbrellav Coaf)
Wet You get wet
Freeze You freeze
Cold You catch a cold
1. -Umbrella— (Rain— Wet) (Premise)
2. (SnowA —Coal) — Freeze (Premise)
3. (Freezevy Wet) — Cold (Premise)
4. SUBDERIVATION
4.1. (Rainv Snow A —Cold (Assumption)
4.2. Rainv Snow (4.1n-elim-I)

4.3. SUBDERIVATION
4.3.1. Rain
4.3.2. SUBDERIVATION
4.3.2.1.-Umbrella
4.3.2.3. Rain— Wet

(Assumption)

(Assumption)
(1, 4.3.2.1— -elim)

4.3.2.4. Wet (4.3.1,4.3.2.3; -elim)

4.3.2.5. Freeze Wet (4.3.2.4v-intro-)

4.3.2.6. Cold (3,4.3.2.55 -elim)
4.3.3. SUBDERIVATION

4.3.3.1.-Umbrella (Assumption)

4.3.3.2.-Cold (4.1,A-elim-r)
4.3.4.——Umbrella (4.3.2, 4.3.37-intro)
4.3.5. Umbrella (4.3.4;7-elim)
4.3.6. Umbrellas Coat (4.3.5yV-intro-r)

4.4. SUBDERIVATION

4.4.1. Snow (Assumption)
4.4.2. SUBDERIVATION

4.4.2.1.-Coat (Assumption)

4.4.2.2. Snow\ —~Coat
4.4.2.3. Freeze
4.4.2.4. Freeze Wet

(4.4.1, 4.4.2.1-intro)
(2, 4.4.2.2; -elim)
(4.4.2.3Vv-intro-r)

4.4.2.5. Cold (3,4.4.2.4 -elim)
4.4.3. SUBDERIVATION

4.4.3.1.-Coat (Assumption)

4.4.3.2.-Cold (4.1,n-elim-r)
4.4.4,.—~—Coat (4.4.2, 4.4.37-intro)
4.4.5. Coat (4.4.45-elim)

4.4.6. Umbrellas Coat (4.4.5y-intro-)
4.5. Umbrellav Coat (4.2,4.3, 4.4/-elim)
5. ((Rainv Snow) A =Cold) — (Umbrellav Coa)) (4, — -intro)



2. (a) Base case:(= 0):

0x0 = 0 (M1[z/0])
Induction step (fromx = a to x = sa):
Assume (IH)0 x a = 0.
Oxsa = 0xa-+0 (M2[x/0,y/a)])
= 0Oxa (Al[z/0 x a])
=0 (IH)
(b) Base casey(= 0):
stx0 = 0 (M1[z/sz])
= 040 (Al[z/0])
= zx04+0 (M1)
Induction step (fromy = a to y = sa):
Assume (IH)sz x a = x * a + a.
STk sa = ST*a+ ST (M2[x/sx,y/a]
= (zxa+a)+sz (IH)
= xzxa+ (a+sz) (Associativity of+)

(c) Base casey(= 0):

z*xa+ (sx+a)
rxa+s(x+a)
x*a+ (z+ sa)
(xxa+x)+ sa
T * sa+ sa

zx0 = 0

Induction step (frony = a to y = sa):

Assume (IH)x x a = a * x:

T *x sa

= xxa+<x
= axxr+x
= sax*xx

(Tutorial 9.3, t/a,y/sx])

(Tutorial 9.2, [/, y/a])
(A2[x/x,y/a])
(Associativity of+)

(M2[z/,y/a])

(M1)

0xz (Part(a))

(M2[z/z,y/a])
(IH)
(Part (), [r/a, y/x])



