Software Verification with Satisfiability Modulo Theories FLOLAC 2017

Suggested Solutions #2

[Compiled on September 6, 2017]

1. Let maz be a function that returns the maximal number between two input numbers.
Write a specification of mazx as precise as possible.

o {?}max(z,y){?}

Solution.
{true}maz(x,y){(res =z V res = y) Ares > x A res > y}

O

2. Write the specification of a function that concatenates two integer lists. You may define
other functions of list and use them in the specification.

e List of integers is defined as list ::= nil | cons(Int, list).

Solution. Let concat(xs,ys) be a function (call-by-value) that appends a list ys to another
list zs. Define a function size(zs) which computes the number of elements in the list zs.

size(nil) = 0
size(cons(x,zs)) = 1+ size(xs)
Define a type option.
option = none | some(Int)

The following function can be used to access an element at a specific position of a list.

acc(nil,i) = none
acc(cons(x,xs),0) = some(x)
acc(cons(z,zs),i+1) = acc(zs,1)
Below is the specification of concat.
{ true }
concat(zs, ys)
{ size(res) = size(xs) + size(ys)

A (Vi.(0 < i < size(zs) — acc(res,i) = acc(zs,1)))
A (V5.(0 < j < size(ys) — acc(res, j +n) = acc(ys, j))) }
For a C-like function concat(zs, ys) with pointers zs and ys, we need logic variables s

and ys, quantified by 3 globally to remember the initial lists so that we can describe zs
and ys remain unchanged.

{ xs = xso A\ ys = ysy }
concat(zs, ys)

{ szze(res) = size(xs) + size(ys)
A (Vi.(0 < i < size(zs) — acc(res, i) = acc(zs,i)))
A (V5.(0 < j < size(ys) — acc(res,j +n) = acc(ys, 7))
N size(zs) = size(xso) A (Vi.(0 < i < size(xs) — acc(ws, i) = acc(zso,1)))
A size(ys) = size(ysg) A (¥5.(0 < j < size(ys) — acc(ys,j) = acc(ysg, 7)) }



3. Complete the proof outline.

{r >0Ay>0Aged(z,y) =ged(m,n)}
while 2 #0Ay#0 do
if x <y then
X, y =y, X
fi;

od
{(z=0Ay>0Ay=ged(z,y) = ged(m, n))V
(z>0Ay=0Az=ged(z,y) = ged(m,n))}

Solution. Let z denote ged(m,n).

{r>0ANy>0Aged(z,y) =z}
while 20Ny #0 do
{t>0ANy>0Aged(z,y) =2zANx#0Ay #0}
{r >0Ay>0Aged(z,y) =z}
if z <y then
{r>0ANy>0Aged(z,y) =2zNz <y}
X, y =y, X
{y>0Nz>0Aged(y,x) =2zANy <z}
{x>0ANy>0Aged(z,y) =2zANz >y}
fi;
{r>0Ay>0Aged(z,y) =2z >y}
{r—y>0Ay>0Anged(z—y,y) =z}
X 1= X — ¥y
{r >0Ay>0Aged(x,y) =2}
od
{r=20Ay=0Aged(z,y) =2A—(z#0Ay #0)}
{z=0ANy>0Ay=ged(z,y) =2)V(r >0ANy=0Az=ged(z,y) =2)}

4. Compute weakest preconditions.

(a) wp(z:=z+2;y:=y—2,x+y=0)
(b) wp(if © < y then res := y else res := x fi,res > x A res > y)

Solution.

(a)
wp(x:=x+2;y:=y—2,2+y=0)
= wp(x:=z+2,2+ (y—2)=0)
(x+2)+(y—2)=0
= z+y=0

wp(if < y then res := y else res := x fi, res > x A res > y)
= ((x <y) — wp(res :==y,res > x A res > y))

A (o(xr <y) — wp(res ==z, res > x A\ res > y))
= (z<y)=(y=ary=>y))

AN (Hz<y) = (z>zANz>Y))
= ftrue



5. Conside the following program.

X = nil;

i = 0;

while(i < n) {
x = cons (i, x);
i =1+ 1;

}

j =0

while(j < n) {
assert (x =
x = del(x);
=13+ 1

nil)

}

Assume n > 0 and

list(0, z, x) for all =
list(0,z,2) > x =z
x = cons(a,b) A list(n,b, z) < list(n + 1, z, 2)

list(n,x,z) Ny = del(z) A\n>0— list(n — 1,y, 2)

o list(n,x,z) Amn >0 — x # nil

Either show that the assertion wont be violated or find a counterexample that violates
the assertion. (list(n,x,y): x points to a list ended at y with length n.)

Solution. Logic variables zg, ig, and jg are quantified implicitly by 3.



n>0Az=nil

n>0ANz=nilANi=0

n>0Abst(i,z,nil) Ni<n
/ W)
n>0Alst(i,z,nil) N\i <nAi<n n>0Alst(i,z,nil) Ni <nA-(i<n)
n > 0A list(i,z,nil) Ni <n n > 0 A list(n, x, nil)
T = cons(i,x)J

n > 0 A list(i,zo, nil) Ni < n Az = cons(i, zo)

n>0Alst(i+ 1, z,nil) Ni<n =0
ii+1J
n > 0Alist(io + 1,z,nil) Nig <nAi=1i9+1 n > 0Alist(n,z,nil) A\j=0
n > 0Alist(i,z,nil) Ni <n n>0Alist(n —j,x,nil) An—3j>0
/(j<n)
n>0Alist(n —j,z,nil) A\n—j3j>0Aj<n n>0Alist(n —j,z,nil) An—35>0A-(j <n)

n > 0Alist(n — j,x,nil) An—j >0
assert(x ;EO)J
n > 0Alist(n — j,z,nil) An—j >0
x:del(az)J
n > 0 A list(n — j,xo,nil) An—j > 0Ax = del(xo)
n>0Alsttn—j—1,z,nil) An—35>0
jj+1J
n>0Alist(n —jo—L,z,nil) An—jo>0Aj=jo+1

n>0Alist(n —j,z,nil) A\n—352>0



