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Decision Procedures — Homework 2

Discussed on Tuesday, 28" July, 2016.

Exercise 2.1 Proving equivalence of programs

Show that the two programs do the same, using uninterpreted functions

int factorial3_a (int in) { | int factorial3_b (int in) {

int i, out_a=in; int out_b;
for (i=0; i<2; i++)

out_a=out_a*(in-i); out_b=in * (in-1) * (in-2)
return out_a; return out_b

} }
(a) (b)

Solution:
Outcome of the compiling Process
inl=1in—1
n2=1in—2 inl=1in—1
a=1nx*x1inl mn2=1in—2
out_a = outl_axin2 | out_b=1in *inl * in2

Verification Condition
iml=in—1A

n2=1in—2 AN inl=in—1A
a=1m*1wnl A n2=1in—2 A
out_a = outl_a x in2 out_b =1in *xinl x in2

=outb=1inx*(in—1)*(in —2) | = outb=1inx (in — 1) x (in — 2)
Abstracted Version

out_a = G(G(in, F(in, 1)), F(in,2)) | out_b = G(G(in, F(in,1)), F(in,2))
Exercise 2.2 Ackermann’s Reduction

Apply Ackermann‘s Reduction to the following term:
r1 =22 Ay = y2 A F(ar, F21, G(F (21, 51)))) = F(a2, F(22, G(F(22,12))))

Solution:
e Indexing
fi:=F(z1,1) fa:=F(x2,y2)
g1 :=G(f1) 92 := G(f1)
fa = F(x1, 1) f5 = F (22, g2)
f3 = F(x1, f2) fo = F (22, f5)

e Transform flat
flatt =2y =29 = f3 = fs



e Formulate conjunction of constraints
FCPF .= m=zAyp=ya=fi=faA
fi=fi=gn =9 A
r1=23ANg1=9g2= fa=f5s A
r1=23N fo=f5= f3=f6 A
g=y1=fa=h
g2 =Y2 = f5 = fa
fa=g1= f3=J2
fs=g2= fe =[5
fo=mn=fzi=h
fs=y2= fo=fa N
rr=22Afs=y1=f1=fe
T1=22 A fo=y2= f3=f4
T =22 N fs =91 = fa=fs
r1=23Nfa=g2= f3=f5
T1=T3Ng1=Yy2= fo=fa
T1=T2ANge=y1=> f1 =[5

> > > > >

> > > > >

o O .= FC¥P — flat¥

Exercise 2.3 Congruence Closure

Apply the congruence closure algorithm to the following terms:
(a) oUF =2y =29 Ay # 23 N13 = 14 ATy = 75 A F(21) # F(23)
(b) @y "
(c) pVF =21 =29 Axg # 23 A F(21) = F(22) A =(F(21) # G(23) V G(22) = G(23))
(d) g "

=21 =29 Ao =23 A3 £ x4 N F(x1,20) = F(22,24)

= F(F(F(2))) = @ A F(F(F(F(F(2))) = @ A F(2) # @

Solution:

(a) {z1, zaH{xs, T4, 25 H{F (21) H{ F(23)}

=-Satisfiable

(b) {z1, 22, 23 H{xa H{F (21, 2), F (22, 74) }
=Unsatisfiable

(e) {z1, zo}{as{F (1), F(22), G(23) G (22)}

=-Satisfiable

(d) {z, F(2), F(F(F(z))), F(F(F(F(F(2)))))}
= Unsatisfiable



