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Summa ry

Dr. Hans Bekic developed a mathematical technique for formal
definition of the semantics of combinations of elementary actions,
and extended this to encompass parallelism by determining the fixed

points of infinite sequences of such actions.

Dr. Bekic began by pointing out that, although IBM Vienna
Laboratories was doing work on parallelism, he intended to cever aspects
of the semantics of programming languages, but with some emphasis on

parallel programs.

From the start of the work on programming language semantics, the
main approach was the use of abstract machines in what was described
as the "constructive way" of language definition. In this one considers
the states of the language interpreting machine, where Eo (the initial
state) is determined by an abstract version of the program and its
input data, and where the iterative application of the interpreting
function yields successive states €1, €2 ... until either termination
is reached or the computation proceeds forever., A particular feature
of the PL/I &efinition is that the state transition function was
allowed to be non-determinate, or, to express it in better understood
termms, it is not a function from a set of states to a set of states
but, rather, from a given state it produces a set of possible answers,
and is thus a function from a set of states to a set of subsets of

states.

Dr. Bekic continued by saying that since the above work his views
of descriptional semantics had been much influenced by the work of
Landin and of Scott, and that in his recent work he had moved in the
direction of mathematical semantics. However the problem of non-

deterministic programs remained and formed the basis of the material
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to be presented; namely, can one have a mathematical view of semantics,
and can one deal with nondeterminate functions in a way that captures

the underlying pragmatic notions.

Dr. Bekic first indicated briefly why the constructive technique
of language definition failed to cover intuitive notions of associating
meanings with expressions in a lenguage. Drawing the simple analogy of
a purely descriptive ianguage of arithmetic expressions, one associates
with each expression a certain value: thus, in a language which uses
Roman numerals, the value of each numeral, V, X, I, is a number, 5,

10, 1. Extend the language to include composite expressions, and

write (in list notation)

+’(91 ,ea)

then by associating values with the expressions e1 and ez, the result-
ing value is a function of those values. In particuler, if the
expressions e; , e; involve identifiers, or are identifiers, then one
must know from outside, or from context, what the values of these

identifiers are going to be.

Thus is introduced the notion of environment, a function from
identifiers to whatever one chooses as values. The interpreting
function now takes not only an expression but also an environment,
and yields a value. Although this is a trivial example, it indicates
a difference in approach compared with the earlier work; there is no
reason why the idea of environments giving meaning to identifiers
cannot be carried over to algorithmic languages. Although expressions
will denote either numbers, or more complicated things such as trans-
formations of the machine state having more complicated values, the
interpreting function will still take an expression, or statement,
and an environment of the appropriate form, and will produce a value

for the expression or a more complicated result for the statement.

It is necessary to distinguish between identifiers, which are
associated with values, and denotations, which are the objects
associated with programs or subprograms. As the programming language
probably contains assignment statements, one has a notation of store,
which maps storage locations to values, and the denotation of an

assignment statement will just be a transformation from stores to
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stores. Furthermore, one may arrange things in such a way that the
denotation of composite statements depends only on the denotations of
the simpler components. In this way one can represent the input-output
behaviour of the program, and in so doing abstract from many things that
might be considered irrelevant, so reducing the complexity of the
machine state. However this also abstracts from details that for some
purposes one might be interested in; in considering programs as
expressions of algorithms, it may be essential to be able to analyse
two different programs evaluating the same function using different
algorithms. In other words there is a notion of denotation that

covers more than just the function computed by an algorithm, namely

the steps by which the function is computed.

When analysing Algol 68 using the denotational approach there is
a problem that the "collateral composition" of functions does not yield
a further function; that is, if states transformations are considered
to be composed of several individually indivisible steps, the collateral
composition of two such step sequences is a non-deterministic operation
(if one merges the two sequences thereﬂg@y be many outcomes computed by
the complete set of mergings). This dé;plicates the chosen denotations
in two ways. Firstly, rather than being simply state transforming
functions they must be at least sequences of such functions. The
second complication is that, due to the element of non-determinism,
the denotation of a given expression might be a set of such sequences.
Dr. Bekic added that in the latest definition of a large subset of PL/1
in the "new style", the complications due to non-determinism and parallel

interaction have been left untouched.
Denotation

The main purpose of the presentation by Dr. Bekic was to introduce
the formal notations of denotation and to indicate how mathematical
semantics can be employed, particularly for solving recursive equations
for functions. In what follows, denotations are treated as if they are
functions. Although such functions are state transformations, programs
do not in general use a variable for the state., For instance, in serial

composition
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;e
the expansion of which is the function

re . og(£(g))

the variable E is never used in the program.

A useful combinator is that which besides changing the state also
yields a value - in programming usually termed an "expression with
side-effects", This is written

let v : e ;

ses V.5 sse

Here e is a state transformation which also yields a value, while v

is just a state transformation

g : XV x X
v: X+ X,

For this combination one may write

e, let <v, E'> = e (E)
eee v (28Y)

which explains the combinators of simple let notation. To include

combinators such as parallel composition

£ || g

it is necessary to reinterpret all objects as more complex objects

and reinterpret the combinators in terms of these more complex objects.

Such a language of combinators has proved to be quite convenient
for representing given source language programs, so that from a PL/I
or Algol 68 program one may derive a particular denotational expression
using these combinators. This may be done by an extended version of
the interpret function by which the semantic correspondence is defined.
Such a derivation is a static process which, rather than executing the

program, produces the corresponding meta-language program in terms of

“;ﬂ 5 ":" and lfle-tll =

A more complicated notion of denotation is called "action",
after a related notion defined in the Algol 68 report. Using the
idea of "action" and the notion of "hand-translating" source programs

into meta language programs it is possible to formulate some notions

of compiler correctness.
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In the questions that followed, Dr. Bekic confirmed that his talks
were covering the "new style" of language definition in which the new
definition of PL/I had been carried out. He added that although there
had been changes in the meta language, the most important change was
away from the idea of an interactive mechine and towards the association
of meanings with expressions. Questioned about the example he had given

of an expression with side effects, he said that the notation
let v : e

described a declaration which allocated storage and returned the

location for subsequent use; e is basically meant to return a value,

but in doing so it changes the state. Following further questions he
added that the "let" binds e and €& to the body of the function associated

with v.

Actions

In his second lecture Dr., Bekic introduced the more complicated

notion of actions, went on to define certain compositions of actions,

and finally dealt with the problem of solving recursive equations for

actions,

Rather than considering simple state transitions, one must
consider compositions of such transformations from others which may in
some sense be considered to be indivisible or elemental. The notion of
action is based on sequences of elementary transitions, but is more
complicated in that an element in the sequence determines what is done
next, but the next element may be dependent on the current state as
well as on the continuation. Thus is obtained the following definition

of an action:

Let X be the set of computational states, and
let € be a state value from the set.
A=0+X~ ((¥X) x A)

The action A is either the empty sequence O or depends on the
given state €. Thus there is a function from X, the set of states, to
a pair. The first member of the pair is a state transformation of the
set, and the second member is the remaining actions to be done. Thus,

if o is an action, then apply o to the state E:
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Lo a(g) = <f,a'>, £:30X

The action determines what happens next and what is left to be
done., This definition of an action is similar to the head-tail definit-
ion of a list, It is also necessary to admit the possibility of infinite
actions in the sense that the above lists may become infinite. The
disjoing union sign is used here, although the sets are already disjoint,
because the set is used as a definition in the same manner as Scott, in
that there is an undefined element. This is still not enough, however,
in non-deterministic programs, because of the possibility of choosing
what to do next independently of the current state, since we may choose

freely any one of several posibilities.

Deterministic Actions

Therefore, rename the set A to be the set of deterministic actions

dA. An action then is just a set of deterministic actions, and the set

of actions is a subset of the sets of deterministic actions.

A collection of actions can be built up from elementary items.
So far, there is the null action. Let f be a state transformation

which is an elementary action, then:

[f](g) = <f!9>

Applying f to the state g gives a pair, namely f, as the step
which is performed, and the remaining action which is null., Thus for
each state transition there is a corresponding elementary action

consisting of just that state transition.

Serial Composition

To define a Serial Composition of two actions, define operations

on the superset of deterministic actions. Strictly, dA is not a subset
of A because dA is essentially an element of A, However, elements may

be identified between the sets and thus one may regard dA as a subset,

Greek letters will be used for elements of dA and Latin letters for

the more general actions.

The serial composition o;B of o and P devolves onto the restricted
set dA. It is convenient here to picture actions as forming a rather
complicated kind of tree. Complicated because there is a dependency

on E at each node.
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Choosing E as the current state, an action £ can occur followed
by a state Yo which action g can be applied. Eventually this process
must terminete with the null action. Equally, from another state &’
there might be the undefined action U. Note that U is included
implicitly as a starting element.

This gives a representation of the set dA. (A is just a set of

such animals,) The inductive definition of serial composition.is
@B = (a=U~U, )
0-+B,.

(o )
(T + Ae.let <f,0'> = al€) <f,a’ ;B> )

nn

If the first element o is undefined, then so is the result, since
there can be no continuation. If the first element is null then the
composition consists of the second, and otherwise there is a function

from states to pairs.

The gain here, is in the recursive definition. Since the domains
involved are continuous, and the elementary objects like conditional
expressions are continuous, such definitions can be used to derive a
continuous function from an infinite sequence. The function to be
defined is a serial composition of actions, not just deterministic

actions, and this is given by:
a3b = {a;B | aca,Beb)
the set of all compositions of deterministic actions.

One way to explain this is to choose an element of a and an
element of b, and compose them, but that is not the way it is normally
considered. One thinks of doing a, and, having done it, one of the

many possibilities has been realised.
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Parallel Composition

Consider first the parallel composition of deterministic actions:

c:e||D

but the result of this must be a non-determinate action, and conditions
will again be recursive, Postpone the problem of recursive definition
of functions using sets, because of the ordering problems. It is not
obvious how ordering relations are to be defined, so sets will not be
introduced in this definition. Rather, let the definition depend on a
third parameter, written as an index, giving a three case function,
taking two deterministic actions and this hidden parameter. The hidden

parameter can be an infinite tape of choice values: te¢ T , T = {0,1}xT
Define next (o [B)t.

First the simple cases:-

(af [B)e = Eu =05 %
Pl e,
(=B =U~U)

If the first action is null then the composition comprises only

the second, and vice versa. If both are undefined, so is the result.

This is compatible with the previous definition. Moreover if ¢«
is undefined and B is not, commencing with ¢ stops with an undefined
outcome, However, commencing with B may make it possible to continue,
Only when o is performed is the action undefinable. This is where
the choice parameter is used. If the next token on the tape U; is
zero, continue with the next part of ¢ and only then go on with
parallel composition. Introducing a new operation here, 04[5

"left parallel" indicating that, without choice, the first step of «

is executed first, the definition is completed with
T+ (U =0 (o]|B)trey, Ut =12 (B]|a)ert))

where Ut signifies the use of the tail of the choice value tape.
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(d]|5)t is defined as follows:

(o] |B)e = («
(T »+ Ag.let <P, o> = ole) < £,(a' | [B)t1e>

-+

Il

Ia o

_,

I @™
S St St

Thus when ¢ is not null or undefined, the composition is a more
complicated action, namely & function transforming & the current state
into a pair, the result of the first step of o, and the parallel
composition of the remainder of ¢ with P under the tape, having used

the first token on the tape.

This definition is still very restricted compared to that in
existing programming languages; namely a state is indivisible, a
single entity, and it is known of the functions only that they trans-
form that entity. There is no notion of parts of a state. If there‘
was such a notion, then parallel composition could be defined in a
more direct way, without trying to mix or describe all possible
sequences produce the same effect. Even with such more complicated
states, there will also be parallel compositions which act on a part
of the state, and it will still be necessary to decide on their

meanings.

The operation a||b can now be specified as the set of all (ul|B)

over T,

al|b = {(af [B),| oca, Beb, tel].
Consider further two very simple, compositions:

a or b
Since the actions are defined as sets. This is just set-union
i aorb=alb.
Also, a conditional,
if p then a else b, where p is a predicate on states. To show

the testing of p as a separate step, define it as follows:

if p then a glse b = {A£.<I,(p(g) * o,T™E) > |aeca, Beb}

and p : X+ {T,F}
It is an action of functional type, and its first component is the
identity function, the next step being either a or b depending on the

state,
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Recursive Definitions

Define an action by

a = if p then 0 else f; s
or by a = £ V (giaz;k;).
The usual technique for solving such equations is to start with a as
undefined, and in the general case a = F(a), Thus, sterting from U
and iterating F, we form a limit to the sequence obtained. Since the
objects which are obtained are sets of determinate actions an order-
ing between such sets is needed. It is easy to define an ordering on
determinate actions. If the branch of the action tree for one action
o ends in undefined whereas for another action B at that point there
is a continuation possible, then B is more defined than o, written

o=p.

This relation could be extended to sets, to introduce
a=b = VYoea 3Beb o=B
and conversely. Thus, a is less defined than b if for all ¢ in a and
B in b o is less defined than B, and conversely, for all B there is
an o less defined than B. Then considering the case a = {q,y} and
b = {o,B,v}, suppose o=B=y. Then if a=b there is a continuation, B
as a continuation of . But equally, if b=a there is a continuation,

since B and o may continue to y. Thus the relation is not an ordering.

Thus the whole idea of using sets as the universe over which to

solve the recursive equations is wrong.

An alternative approach uses elements and the notion of the

hidden parameter. Consider the following examples. Take
a = (fvg)|| h;a.

This example has no conditionals, and thus the determinate actions
can be considered as sequences of functions. Starting with U and
applying F(a) to it as above gives a whole set of possibilities, and
thus a whole family of functions dependent on hidden parameters.
Given any deterministic action o, and taking the right hand side
above, first prefix it by an h and insert an f or a g at some point.
(That point might be infinitely distant, since it cannot be assumed

that in parallel execution either one of the two actions is necessarily
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performed within any specific period of time. One of the two actions

may be repeated for ever.) This gives the following family of functions:
F¢“ () @€ {£,g}, OSnsw

# is either f or g, and n ranges from zero to w. For a given n and

@, F is defined as follows:-
Fd‘(a) = h;oy with ¢ inserted after n elements,

Consider the restricted case of actions as sequences of functions,

then, given an n and @, this definition is not complete. Some provision
must be made for n larger then the length of the sequence, The
undefined case needs to be corrected. Thus the insertion is not made
after the nth element, but after min(n,1(h;a)) elements if possible
where 1(hja) is the length of the sequence. Anything that would have
been inserted after undefined will not be inserted because sequences
ending in undefined are neutral over composition. This ad hoc
definition of a family of functions, covers all possibilities of non-

deterministic operations.

The finding of a fixed point of the original equation can now be
approached, in the deterministic case, by applying functions iteratively
Since there is a choice of which functions to apply, consider sequences

of the form
Fyr (O
and replace U by the application of further such functions forming

Fg’;g @y “ods F¢:" (U).

Then form the limit of that sequence:

nl n n
Lt F¢1 (F¢22 N - k“ (v))))

K p0

Now that limit is for a given sequence of n, § values.

ie. <mh>, <mf> ... € (N x (£,g))

where N is the set of numbers between zero and w, Thus, the choice
tapes may be considered as presenting n,f pairs instead of truth

values, in order to determine the choice of function.
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These generate a set, a, of all infinite sequences of elements

h,f,g.
a=7¢ [h,?,g | #e+g < # h1)

Each time an f is applied, it is certainly prefixed with an h, and
there may or may not be one more f or g inserted, thus forming all
sequences having for every subsequence the number of f's plus the

number of g's, less than or equal to one more than the number of h's.

Actions with Choice Nodes

Rather than prove of the above example either that the set of
limits really gives the required set a, or that the construction really
solves the original equation, it is of more interest to know for o
certain class function F, how generally, one can devise such a family

of non-deterministic functions and use this same method.

To do this, introduce another space of objects, called actions

with choice nodes. Above, a tree represented actions of a certain

kind. Now introduce a more complex tree in which branches are labelled
with zeros and ones to denote possible alternatives at each choice.

Thus all possible paths are contained in the one tree.
The equation for this set will be:-
A=0(x+x)x &) +{0,1}4%

and again compositions similar to those above can be defined, for
example ﬁ;ﬁ in which the second tree can be appended to any end of
the first. In the case of a||b there are the same trivial cases for
null or undefined, but in the other case, a new tree forms dependent
upon the choice of zero or one. In the case of one, take the next

step of b.

Define a function "“range of"
r: A A
K gives all the possibilities required, and in addition to A gives the
labelling of particular subtrees with zeros and ones. What is needed is
to leave out the labelling information, so the range of K, r, is the set
of paths in the tree disregarding labels. This rather imprecise definit-

ion, could be given a precise inductive form. The crucial property of
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r is that it is not a continuous function, since there are no continuous
functions from elements to sets, but it has the useful property of

compatibility with the various compositions. For example

r (a;b) = r(a);r(h)
This allows, given some equation a=F(a), the forming of the correspond-
ing equation on the set a, a = #(a), which can be solved because the
f's are continuous and so are their compositions. The fixed point may
be formed by the usual construction a=YRand a step made into the

other space using a = ra where a solves the original equation because

~

F(_l: a) = E(ﬁ a) = ES'
and because f is compatible with all the functions and therefore with

their composition F, and of course & is the fixed point of fo,

An Example

For his third lecture, Dr. Bekic considered the example of a

very simple equation for an action a:
a is the effect of an action f in parallel with a
a=¢f || a

Certainly this is not deterministic. Using the technique above he

introduced a family of functions F, of a deterministic action o which
insert f after the n'th position, with a qualification on the insert-
ion that f can not be inserted beyond the undefined symbol regardless

of n.

The limit of the elements of a is the set of limits B ,F, ...
' 2 "
of u, where these run over all infinite sequences of the modified

integers containing the element w as above.

F0 is the operation of inserting f at the beginning of the
sequence, An infinite number of such operations causes an infinite
number of fs, In all other cases the sequence will be terminated by

the undefined symbol, as in the sequences:

"R,l'b

e ne e

and also the sequence f
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Then Dr., Bekic introduced an alternative approach to the definition
of the semantics of such parallel processing making use of the set A
of actions with choice nodes and with trees in which these choices
are recorded. The choice tree can be applied to a particular tape to

obtain family of actions.

ap: ExT»aa
ER(a,t) selects a subtree of a, according to the tape t, by deleting

edges from the tree.

The function r (a) = {ap (a,t) | €™
yields all possible values of applying all different tapes.

Dr. Bekic further considered the equation

a = F(a)
to define the family of functions F:.

Ft:é-' dA

Ft:[dA c] A~ aA
Ft of a is the result of the operation on the choice tree producing a
further choice tree which can be applied to a given tape. Thus the
type of the function is a choice tree to a family of functions. The
determinate actions are themselves a subset of the choice trees, so
that although Fy is a function over A it is certainly a function over

a subset.
In the case of this particular example

F(a) = (P (o) | t€T, ofa)
Thus f||a here is just the operation already discussed of (fl|a)t.
The definition of parallel composition already required a correspond-
ing additional parameter, and the expansion of this determines valid
conditions for f||a to have a meaning. The functions F,, Fy are

therefore the same but indexed differently, one by tapes and the other

by integers, and the function Ft¢ can be used to form the set of limits.

Dr. Bekic demonstrated that this simple relationship between
F and F, does not hold even for the restricted class of functions
formed by compositions of primitive combinators. Consider an equation
formed from the combinators but with a present more than once, say k

times,
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= F(a) = G(ay....a)

Assume that G satisfies a similar equation
teT

G’(all’oontalk)={}t(%----,0§() Qiea“

Then the relationship is not true because different o could appear for

different occurrences of 4.

Representable Functions

However the relation is valid for functions which are just
compositions of the functions defined with the combinators. For such
functions a family of functions G can be derived

G (2 ,.0.8) =2p (6(ar, «v ,5), t)
obtained by first applying G to the choice trees and then applying the
result to t. To solve this equation, we must take not an infinite
sequence of t's, but a tree of t's. Start with t, and if that t has
two arguments, take two additional t's, and so on. These infinite
trees must be approximated by finite trees which have undefined to

terminate each branch. s

/\
\

\ .
Then 7
N

~
where t < er

There is no proof yet that the fixed point of this construction is the
same as the fixed point ~ (yf) derived above. To derive such a proof
it would be necessary to use the fact that instead of using just one
tape, the tape can be split up and different parts used for different
portions of the ewaluation, and that conversely the different portions

of the tape represent a pattern that exists on the whole tape.
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A more interesting question relates to what is it that makes

the function F have a fixed point.

For a deterministic function, the function just has to be con-
tinuous, but for a non deterministic function there can be no notion

of continuity.

If F:A -+ A has a representation like
£(a) = {Geloy yeeeyay) | t6T,4€ a;}

If there is one fixed point of F

a = fix F =[lim G, (G¢ (...), G, (...)
5 1 2

t{h‘
a{
then we can call such a function a representable function., It can
be shown that parallel composition, serial composition, and the OR
operation are representable and that their compositions are again

representable, so that this class of functions is closed against

arbitrary substitution. It is closed against fixed points.
Discussion

Professor Dijkstra expressed surprise at this approach, in

comparison with 15 years experience of non-determinacy. The tech-
niques developed by experience have been transferred to the writing
of sequential programs, to the extent that non-deterministic
sequential programs may have the freedom of a generalised petri net.
But this had only been possible because the specific choices have
no effect on the result, and this is absolutely essential because
of the very large number of possible sequencing choices. If the
parallel computation is to be meaningfully useable then it is
necessary that the greater part of the non-determinacy is absorbed
at the earliest possible stage, before its effects diffuse through

the computation and are difficult to destroy.

Dr, Bekic replied by considering a large program containing a
small part, or several small parts, which can be highly non-
deterministic., Yet the program can be arranged in such a way that
this non-determinacy vanishes so that, however the inner parts
correlate to each other, it can be proved that the whole program is

determinate. Nevertheless, to establish this, it is necessary to
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model the behaviour of the inner programs.

The limit construction is very significant. In the examples,
families of functions were defined where the choice phase was not
critical because the choices are all finite. From a certain n on
there is no difference, and all F, from n on are the same for a
given o. Thus the choice basis reduces to the family F,, to how
many functions F, there are. Of course this is very different from
the question of non determinacy propagating from the inside outwards,
from small parts to large programs, There is no way to deal with

that.

Professor Dijkstra considered the simple loop.

while B do S

for known B and S. The semantics of this can be defined by an
inductive limit. The difference to accomodate indeterminacy in S
is that, instead of considering the effect of k repetitions, the

consideration is of the effect of at most k repetitions,

Professor Scott drew attention to the different choices in the

ways in which parallel processes merge, and suggested that it is
necessary to consider the way in which the processes have been divided
into steps and the ways in which these steps can be merged. He
invited Professor Dijkstra to express the meaning of his loop without

such consideration.

Professor Dijkstra explained that the repeatable statement must

itself be regarded as non-deterministic, so that its final state is

not uniquely defined by the initial state.

Professor Scott expressed interest in how that indeterminacy

propagates as the processing is performed. In a good program the
non-determinancy can be absorbed, but to provide a general definition
of the semantics of arbitrary programs, it is necessary to consider

ill-designed programs.,

Dr, Bekic asked Professor Dijkstra to determine for his loop

the permitted combinations of Band S so that the loop remains

determinate.
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Professor Dijkstra considered the construct

DO : while B do S od

S being a nondeterministic activity. If we can form, for any post
condition R, the precondition for the initial state such that an
activation of S is certain to lead to a terminating operation ending

with the system in state R, we can introduce a series of preconditions

H, (R) =R and — B
and for i > O
H, (R) =B and up (S, H,_, (R)).
For a deterministic machine
up (DO, BR) = (B,, k= 0, H, (R)).
This as a rule is a negligible complication to the recurrence relation,
and the existance of this term is the only place where the non

|

determinacy shows up.

Professor Scott enquired the meéning of ﬂo when the precondition

B is either true or false. Professor Dijkstra replied that Ho (R) is

the weakest precondition such that this operation will lead to a
terminating operation with final state R with at most zero repet—
itions, but nothing can have happened and so R must hold to start

with.

Professor Scott asked how the weakest preconditon for S,, s, in

parallel is expressed.

Professor Dijkstra gave the example

ifx=zy-» mi=x
[l X2Xx4 mizy

fi

Professor Scott asked for a general expression for s||s'. Where

s and s' run in parallel, it was necessary to break them into atomic

steps and to count and sequence all the steps.

Professor Dijkstra felt that that particular parallelism had

been very imperfectly modelled by being converted into a sequential

operation. The important topic is the way in which non-determinacy,
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as generated for instance by parallelism, propagates through the

theory.

Professor Bekic summarised, saying that in a programming lan-

guage where such things can not happen, there can be no general
parallel operator. There are conditons under which operations may
execute in parallel, or very restricted operators., Alternatively

a language may provide genuine parallel composition. Of course,

in a sensible program, sensible use would be made of it, but there
may be other uses of a more general character. On a higher level
one would not wish the non-determinacy to propagate, but the language
should not be syntactically restricted. Rather, the definition of
the meaning of the language must take into account the general case,
because the most complex case can be useful. The objective of
considering a language with a general parallel operator and the

defining of its meaning is still a wvaluable one.
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