CSCE 330 Fall 2000
EXAMPLE OF DENOTATIONAL SEMANTICS FOR A PROGRAM
WITH A WHILE LOOP
Wednesday 00/9/13

The main reference for these notes is Section 9.4 of: Ghezzi, Carlo and Mehdi
Jazayeri. Programming Language Concepts, 2nd ed., New York: John Wiley
and Sons, 1987.

Consider the following program P:

read(n); fact :=1; i := 1;
while i <= n do
fact := fact * i;
i:=1+1;
od;
write(fact);

If the input stream is empty, then
dsemproc(P, empty) =
out(dsemgL(read(n); fact := 1;i := 1;whilei <=ndo fact := fact x ;i :=
i+ 1; od; write( fact)), init(empty)) =
out(dsemgy(fact := 1;i := 1;whilei <=ndo fact := fact x i;i == i +
1; od; write( fact),
dsempgp(read(n),init(empty)))) =
out(dsemgr(fact := 1;i := 1;whilei <=ndo fact := fact x ;i == i +
1; 0d; write( fact), error)) =
out(error) = error.

Now, assume that the input stream is not empty and it consists of the
integer z. Then,
dSGmpRog(P, <z >) =
out(dsemgr(read(n); fact := 1;i := 1;whilei <=ndo fact := fact xi;i :=
i+ 1; od; write(fact)), init(< z >)) =
out(dsemgy(fact := 1;i := 1;whilei <=ndo fact := fact xi;i == i +
1; od; write( fact)),
dsempp(read(n),init(< z >))) =
out(dsemgsr(fact := 1;i := 1; whilei <=n do
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fact := fact xi;i := i+ 1; od; write( fact)), < meml, empty, empty >),
where mem1 = {< n,z >, < fact,undef >, < i,undef >}.
The two assignments change the state in such a way that:
dsemprog(P,< z >) =
out(dsemgy (while i <=ndo fact := fact xi;i := i + 1; od; write( fact)), <
mem2, empty, empty >),
where mem?2 = {< n,z >, < fact,1 >, <i,1>}.
Let us now use the semantics of the statement list one more time:
dsemprog(P,< z >) =
out(dsemgy (write( fact), dsempo(while i <=ndo fact := fact xi;i := i +
1;0d, < mem2, empty, empty >)).
Now, we concentrate on the while loop:
dsempo(while i <=n do fact := factxi;i ;= i+1;0d, < mem2, empty, empty >
) =
ifdsempoor (i <= n, < mem?2,empty, empty >) = false
then < mem2, empty, empty >
else dsempo(while i <= ndo fact := fact x i;i := i+ 1;0d,dsemgr(fact :=
fact x iy := i + 1; od; write( fact), < mem2, empty, empty >)) =
ifdsempoor (i <= n,< mem?2,empty, empty >) = false
then < mem2, empty, empty >
else dsempo(while i <=ndo fact := factxi;i :=i+1;0d, < mem3, empty, empty >
, where
mem3 = {< n,z >, < fact,mem2(fact)xmem?2(i) >, <i=mem2(i)+1 >}.
The last equation above defines recursively a function dsempo from S to
SU{error}. The result is the fizpoint of the function. We do not cover the
theory of recursive functions in this course, but it should be evident that in
this particular case, when the stopping condition (i > n) holds, fact = n!
and therefore
dsempo(while i <=n do fact := factxi;i ;= i+1;0d, < mem2, empty, empty >
) =
< mem4, empty, empty >, where
memd ={<n=z>< fact =zl > <i=z+1>}.
We therefore conclude that
dsemproc(P, < z >) = out(dsemy r(write( fact), < mem4, empty, empty >
) =

out(< memd, empty, < z! >) = 2!



