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This paper demonstrates thexitglity of procedures when tlyeare treated as first class citizens in a pro-
gramming language. The point of wieof the authors, is that most programming language desigies ha
failed to recognize the procedure object as a very versatile tool. Their enthusiasm for procedural data types
comes from their experience withiilting a build portable operating system in the Modular Pascal pro-
gramming language. Their experience with system swévfor this purpose form the basis for the ynan
examples gien in the paper.

The advantages of Wiag local procedures in the programming language, namely hierarclgealzation

of the program and scoping of identifier names waléimplementation of modules using thasPal-like
procedure syntaxSuperficially a nodule is just a distinguishing procedure that happensve baally

defined proceduresProcedural parameters corresponding to the exported procedures a module are passed
to importing modules. If a procedure is not supposed to be visible outside the module, this is accomplished
by doing nothing: the local procedure identifiers will be hidden from.viglodule block bodies can be

used for cowentional module initialization, Ut interface with a bootstrap program and other modules
allows one to propagate the linking of modules, and essentially do program linking from the program.

The last chapter of the paper offers an interesting mixturgashjgles that illustrate various capabilities
through the flexible use of procedures.

Some mentioned uses of procedural parameters inckeferlg algorithms independent of the type of data

they manipulate. Br example, a generic sort algorithm where the swap and compare operat@hsdm

passed as parameters to the sorting procedure, or a selection/searching process, where the actam to be tak
for each element found is passed as a parameter.

In contrast to the strictly hierarchical nature of modules for progrgamiaation, procedural variables are
claimed to preide most of the needed escapes from the rigid higrarthho examples are gen of how
procedural variables can be used to accomplish this.

One example shows Wwothe exception handling mechanism in a programming language can be modeled
very simply; if the exception stack contains tuples of theeption name and corresponding exception han-
dler. The following example shows foto build a device independent I/O mechanism by having the file
descriptor initialized, when opening the file, with the appropriate procedures for a device type.

The authors discuss Wahey arrived at the solution of the separate compilation, module dependwnb-
lem, and continue discussing some implementation details of especially external, procedure calls.

The paper presents aoncing evidence that the philosopbf using procedural parameters aratigbles
for structural oganization of a program leads to greatekifddity. Their arguments makane lament that
these ideas and capabilities/bamnt been recognized to a much higher degree before.

The lack of deelopment in this direction among modern programming languages can be attributed to a
development along other linesward the same goal; abstraction, modules, independence of algorithm and
data, and so on. Unfortunately there might exist a teydiemahese languageswerds "featurism" (Ada

being a primeeample). Thebeauty of Bron and Dijkstra’gpproach is that it requires a minimal number

of concepts to achie equivalent expressie pwer.

One hindrance perhaps to the adoption of the presented form of these ideas, is the reliance of the authors on
a mechanism patrticular toaBcal, local procedures, for simulating the module construct and exception han-
dling. Thenagain, it disappeared because of discrimination against nested procedures. The LISP language
has from its inception had the sought attitudeatds procedures in that thevere maniputable much Bk

other elements. Nested procedures are rare in, biS&ules tend to look Ik an anorphous collection of
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functions accessed uniformly throughateayay function. Thiskind of oganization is natural in a dynamic
scoping emironment, and if the ideas in the paper are transferred to this kind of an environment, procedures
may yet achiee recognition.



