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On Nondeterministic
Programs

0O A group at the Naval Research
Laboratory has been studying the
behavior of nondeterministic pro-
grams. We have been guided in this
study by Dijkstra’s 4 Discipline of
Programming[1]. We have found a
simple way to describe the possible
behavior of such programs and we
believe that it will prove enlightening
to many Communications readers.
Our characterization has also re-
vealed two errors in the predicates
given by Dijkstra. Owners of Dijk-
stra’s book may wish to note these
corrections in their copies.

Consider a mechanism S that can
transform a system from an initial
state to a final state. Let R be a
predicate that is either true or false
for each system state. Two questions
can be asked of each state:

1. Does activation of S with the sys-
tem in this state lead to termination?
2. Does the final state satisfy R?

Each of these questions admits three
possible answers: “yes,” “maybe” (in
the nondeterministic case) or “no.”
For deterministic systems, the possi-
ble answers to these questions form
three ordered pairs:

(yes, yes)

(yes, no)

(no, —) (the second question is meaning-
less in this case)

These ordered pairs define a parti-
tion of the state space in the deter-
ministic case that corresponds di-
rectly with possibilities (a), (b), and
(c) listed by Dijkstra at the top of
page 21.

The same two questions can be
used to partition the state space in
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the nondeterministic case:

ordered pair Figure 3.1

(yes, yes) = a

(yes, maybe) = ab

(yes, no) = b

(maybe, yes) = ac

(maybe, maybe) = abc

(maybe, no) = be

(no, —) = ¢
(again, the second
question is meaning-
less)

As shown, this partition corresponds
directly to the one given by Dijkstra
on pages 21-22 and in Figure 3.1.

Dijkstra’s Figure 3.1

wip (S, R)
ac
a
abc c ab ¢ WP (8.7
b
bc
wlp (S non R)

In his book, Dijkstra introduces
the notation
wp(S, R)
for the “weakest pre-condition” to
denote the maximal set of states in
which activation of § will lead to
termination of the system in a state
for which R is true. The predicate
that is true for all points in the state
space is denoted T'; wp(S, T) is thus
true for all states that are certain to
lead to termination.

For nondeterministic systems, he
introduces the “weakest liberal pre-
condition”

wlp(S, R)

to denote the maximal set of states
such that activation of S will not lead
to termination in a state for which R
is false. That is, for states in wlp(S,
R), activation may lead either to ter-
mination with R true or to nonter-
mination. The predicate wlp(S, T) is
true for all system states, since no
state can lead to termination with T
not true.

Using this notation, Dijkstra de-
fines formally the seven disjoint re-
gions of the state space listed above.
With each predicate, he provides an
English description, and his Figure
3.1 illustrates the partition. Table I
gives the predicates with the corre-
sponding ordered pairs and regions
of that figure. The underlined por-
tions of the predicates for (ac) and
(bc) are missing from the text. Note
that, since wip(S, non R) does not
imply non wlp(S, R), the final con-
juncts are not redundant.

Professor Dijkstra has acknowl-
edged that the expressions in Table
I are correct.
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Table I. Predicates with Corresponding Ordered Pairs and Regions of Figure 3.1

wp(S, T') and non wip(S, R) and non wip(S, non R)

Region Ordered Pair Predicate
a (yes, yes) wlp(S, R) and wp(S, T')
ab  (yes, maybe)
b (yes, no) wlp(S, non R) and wp(S, T)

ac  (maybe, yes)
abc (maybe, maybe)
bc (maybe, no)

wlp(S, R) and non wp(S, T') and non wlp (S, non R)
non (WIp(S, R) er wip(S, non R) or wp(S, T')
wip(S, non R) and non wp(S, T') and non wip(S, R)

¢ (no,—) wlp(S, R) and wip(S, non R)
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