Task 1

Name

Non-deterministic while program

Annotate and prove the correctness of program S provided the following specification is
given:

{x=0An>0}S{z=n}

S =

Y, X, Zz :=n, 0, O;

*(x=0Ny>0->2z:=z+1; x :=1
U
X#0Ny>0>y =y —-1; x = 0)

Hint: use z+y-x = n as one conjunct of the invariant
Solution
Annotated program:

P={x=0An>0}
Clly, X, z :=n, 0, O;
Pi={x=0An>0ANy=n Nz=0} Dot
C * I={z+y-x=n}
C21|([x:0/\y>0192 =z +1; x :=1
C2 O
C22| [x¢0/\y>09y::y—1;x::O)
Q={z=n}

Partial correctness proof:

(A=A)
Fn>0=>n>0

(=)
 x=0/\n>0= n>0
O Oso oo ) ) 3 s

(subs)
P = P1[nly, 0/x, 0/z] FPi=1 H(Ia=bs)=Q  {INb21} C21 {I} + {I Ab22} C21 {I}
(=) *)
+ {P} C1 {P1} + {P1} C2 {Q}

G)
H{P} C{Q}



(=true)
FX=0An>0ANy=nAz=0=n=n

FX=0An>0ANy=nANz=0=0+n-0=n
(subst)

FX=0An>0Ny=nAz=0=z+y-x=n
1

FZ+y-X=nAX=0Vy>0)\A(x=0Vy>0)=1z=n

FzZ+y—-X=nA—-(Xx=0Ny>0)\-(xz0N\y>0)=z=n

Fz+y-x=nA—=(b2vbr)=2z=n

([. /b21, . Ib22])
(subst)

Fz+y-x=na—-(b21vbp)=2z=n

2

FIAby=z+y=n

FINby =z +1+y -1=n

F INba, = | [1/x, z+1/7]

[./%, ./z]
3

|—I/\b22:>z+y—1=n

FINop=z+y-1-0=n

F INba2 = 1 [0/x, y-1/y]

[./%, 1y]
4



Task 2

Name

Shared variable parallel programs (interference test)
Specify assertions for interference test of the program specification
Pi={x<4Ay=2}
Sit (x=22->y:=y-2)
Qi={y<xAx=>0}
|
P,={x>0Ay2>0}
So{X=4Ay=1—>72:=%X-3)
Qe={y+2=<x}

S1 body does not interfere P2:
F{P1\x>2N\P}y:=y-2{P2}

S1 body does not interfere Q2:
FH{P1Ax>22NQ}y:=y-2 {Q2}

S2 body does not interfere P1:
F{P2ANx=4Ay=1N\Pi}z:=x-3{P1}

S2 body does not interfere Q1:

F{P2Ax=4Ay=1NQi}z:=x-3{Q1}



Task 3

Name

Parallel programs with message passing (cooperation test).
Specify assertions for cooperation test.

Pi={x=5Ay=7}
Si:(Ely-2); (x:=y-1) y =7}, ( Cl x+5)
Qi={y<9Ax>0}
|
PQE{U:O}
Sy (E?u); {u< 10K C?u)
Q2={u>9}

Solution:

Test for channel E:
F{PiAP}u=y-2{(x=6Ny=7)[y-1/x] \u<10}

Test for channel C:
F{x=6Ny=T}u:=x+5{Q:\Q2}



