CSC2108: Automated Verification
Assignment 2, part 2 — Solutions

Due: Oct. 24, classtime.
Do not work on this part of the assignment in groups.

1. Let the following two expressions be given:

x1 = (2 A (x3Vzy)) (expr)
(x2 V —x3) A (21 A x4) (exps)

Let the order of variables; < z, < x3 < x4 be given.

(a) Build BDDs for the two expressions, referring to thena3D, and BD D,.

(b) Compute Apply(\', BDD;, BDD,). You may compare your answers with com-
putingexp; A exp, and building a BDD from it (this is not part of the assignment —
it is for your benefit only).
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(c) Compute Applyy, BDD,, BDD,).



(d) Compute Quantifyf;, BDD,), i.e., computelz, - exp;.
The resultisT.

2. Prove the duality
nz.f(2) = wz-f(-Z)

Proof sketch: Assume thdt: 2° — 29 is a monotone function over subsets of a finite set
S. In this case, negation is set complement. &) = —f(—=Z), show by induction that
g'(S) = ~f{(0). The rest follows from the fact that fixpoint computation mesnverge

after finitely many iterations.
3. ProvethatAFp = uZ.o Vv AXZ, i.e., prove

(@) o VAXAFp = AFy
Need to show that for any state [y vV AX AFy|(s) < [AF¢](s), which follows
directly from the definition ofAF'.

(b) VY - (Y =V AXY) = (Y D AFy)
Let F(Z) = ¢V AX Z. Note that ifs € [AF ] then there exists a bouridsuch that
along every path from, a state in[¢] is reached in at most steps. Lets be such
thats € [AF¢] ands ¢ Y. Show by induction that € F*(Y) =Y.

4. Consider this model:

(a) Compute the transition relatigtfor this model.
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= (eANyA-2Z ANy )V (mzA-yAN2 ANy )V
(rx Ay A=y N YV (e AyANz NY')

(b) Symbolically, compute the value &G E'F'y. Check that the computation is correct
by executing the explicit-state model-checking algorithm

We make use of the following laws

dx-fvg = (Fz-f)v(Iz-g)
Jr-fAx = f

First step isto compute F'y = uz - yv EXZ

EFoy

yVEX 1
yVx,y -RAL
yV L

Yy

EFy

yV EXEFy

yV EXy

yvay - -RAY

yV Iy - (mx Ay AN ANY)V (e Ay A AY)
yV(mr Ay V(T Ay)

yV(mzAy)

EFyy

yV EXFEFy
yVEX(yV(-zA-y))

yV (EXy)V EX(—z A -y)

yV (EXy)V 3,y - RA—-x' A=y
yV (EXy)V (zA-y)
yVv(mzA-y)V(zA-y)

yVv-y

T

Now we need to computdG(EFy) = AGT =vZ - T NAXZ

AGyT
= TANAXT
TAVY Yy -=RVT
TAVL,y - T
= T



(c) Symbolically, computé&Gy.
We need to computeGy =vZ -y AN EXZ

EGoy
= yANEXT
yANIx,y - RAT
yANIy - R
yA(zAy)
= YAz

EGy
= yANEXEGy
yNEX(xAy)
y ANy - RA
= yA((-zA-y)
= YAz

(' ANY)
V(

rAy))



