528V Prove that execution of the following program deadlocks.
(a) new c? int- ¢?. c!5
(b) new ¢, d? in- (c?. d'6) || (d?. c!'7)

After trying the question, scroll down to the solution.



(@)

(b)

new c? int- ¢?. ¢! 5

Inserting the wait for input,

new c? int t=t1(J.+1). c?. c!5

AN o*jpt AT o*xnar v, ¥, w, w’': xnat
r=w=0 A (t=t1(T,.+1). r=r+l. M,=5 A T, =t A (w:=w+1))
First, expand w:=w+1 ,taking 7, w, x,and ¢ as the state variables.
AN co*jpg AT o*xnar r, v, w, w': xnat

r=w=0
A (t=t1T,.+1). ri=r+l.
My=5 N Tp=t A =r A w =w+l A X'=x A '=1)

Now use the Substitution Law twice and one-point twice.
AN co*jpt AT o*xpnar I, w': xnat
My=5 A Tyg=t1 T+ 1) A =1 A w=1ax=x At =t} (TFy+1)
Look at the conjunct Jp=11(Jp+ 1) . Itsays Jj=°.

xX'=x A =0

The theory tells us that execution takes forever because the wait for input is infinite.

new c¢,d? int* (c?. d!6) || (d?. c!'7)

Inserting the input waits, we get

new ¢, d? int (t:= 11 (e, +1). c?. d'6) || (=11 (Tdy+ 1). d?.c!7)
after a little work, we obtain
AMe, Md: o*int- AT¢, Id: <*xnat re, ', we, we', vd, vd', wd, wd': xnat-
Mdy=6 A Jdy=t1(Tcg+1) A Mcg=T N Tcog=1t1(Tdy+ 1)
A re'=we'=rd'=wd'=1 A X'=x A =t (Tcy+ D1 (Tdy + 1)
The conjuncts Jdy =t1(Jcy + 1) and Ty =11(Tdy + 1)
tell us that Jd, = Jtcq = .

xX'=x A t'=c0



