Model Checking, SS2011: Exercise Sheet 2

May 11, 2011

Exercise 2.1 Apply the following substitutions.
1. (y > 0AVz.y = x)[z/y]
2. (y>0AVey =z)y/x]

3. (Fry =)z +1/y|

Exercise 2.2 Prove or refute the following propositions.

1. Vex=y+1)=Vzz=9y+1

Ver =y + 1)[w/y] =Va.(z =y + 1)[w/y]

(

2. Vex=y+ Dz/w] =Vz.(z =y + 1)[z/w]

3. (
4. (Vxx =1z +1/z]) =Vex =1

Exercise 2.3 Let t, s, s’ denote terms. Let x and y denote variables. Prove
or refute (t[s/x])[s'/y] = t[s/x, s [y].

Exercise 2.4 Let F and G be formulas. Prove or refute the validity of the
following formulas. Note: We enumerate the free variables x1,...,z, of F by
F(zq,...,zn).

1. pc=2Vpc=3 —=pc=2Vpc=1

2. A2z ="

3. W= Ny=yrnz=2)=y>z2

4. TAF=F

5. @2 y>zAhx=2")=(y>zAT"x=1")

6. (W 22 Ny=y Az=2)=(@y2zny=y Az=2)
7. (Fx.F(z) AG(x)) = 3z F(z)) A (3z.G(x))



8. (Fz.F(z)V G(z)) = (F=.F(z)) VvV (32.G(z))
9. (FrIy.F(z) AG(y)) = (Fz.F(z)) A (Jy.G(y))
10. (Fz.F(z)) = (3x3=.F(z))
11. Jzx=1Ax =2
Exercise 2.5 Give an equivalent quantifier-free formula for each of following

formulas. Note 1: we denote Jx3y3dz.F by dz,y,z.F . Note 2: Keep in mind
that FAGVE = (FAG) VE.

1. Apcd, 2y, 2/ pd =1Apc=2Ny > Noe=2d'Ny=y ANz2=2

2. Ipc, 2y, 2 pd = 1Apd =2Ape =2Ny < ANz =2'+1Ay=y Az=2

3. Ipc 2’y 2 (pd =2Ay > 2 Vpd =1)Apd =1Ape=2Ay > 2
ANr=a' ANy=y ANz=2

4. Ipd 2y (pd = 2Ny > 2 Vpd =3AYy = A2 >y vVpd =1)
Apd =1ANpc=2Ny >ZNe=x'Ny=y' Az=2

5. dpcd 2’y 2 (pd = 2Ny > 2 Vpd =3Ay > A >y vVpd =1)
Apd =3Npc=4Nx' >2Z Ne=2'Ny=y Nz=2

6. Ipc, 2"y, 2 (pd =2ANy > 2 Vpd =3ANYy > A >y vVpd =1)
Apd =3ANpc=>bA2'+1>2ZANe=2d'Ny=y ANz=2

Exercise 2.6 Consider the program P = (X, pc, T, @init, Perr) Where

o X ={xz,y,z}
o I'={p1,...,ps5}
® Vinit = T

® Yorr = (pc=15)
pp=pc=LApd =lbNy>zANd' =xzANy =yAz =2)
pp=c=lbApd =la Nz <yAz' =z+1Ay =y =2)
e p3=(pc=lApd =lzhz>yANz' =zANy =yAz2 =2)
e py=(pc=lsApd =luyNx>zNa' =xANy =yAnz' =2)
e ps=(pc=lsApd =lsNex<zAhNax'=xANy =yAnz' =2)

Apply the Forward-Symbolic-Reachability (FSR) algorithm to decide whether
the program is safe or not. Note: a program is safe if the formula C returned
by FSR is such that -3z, vy, z, pc.C' A @err.



