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Program Structure and Representation. This paper presents aveogniel of program understanding by
experienced programmers, and outlines the design of a graphical programming language based on princi-
ples denved from the model.According to this model of program understanding, a programmer reading a
program maps the text into a mental structure called the "internal program". This internal program is a net
whose nodes, or components, are the semantic units of the programming language used in the program, and
whose arcs, or relations, are semantic relations between these units. The process of understiweting in
separating the program into a hierarai intellectually manageable portionEor any gven portion, the
programmer findsits components, relations, inner portions, and outer relations (i.e. the portiate itderf

the outside). He then proceeds to understand the inner portions and outer relations between these units.
The process of understandingdtves separating the program into a hiergrehintellectually manageable
portions. er ary given portion, the programmer finds its components, relations, inner portions, and outer
relations (i.e. the portiog'interface to the outside). He then proceeds to understand the inner portions and
outer relations by reducing or enlarging the portion under consideration. After thedeéa understood,

he associates the semantics of components and relations, recalls the semantics of inner portions and outer
relations, andwaluates the resulting semantics of the portion by combining the consituents’ semantics and
imagining the effect of the portion on the prograiate space (i.e. the set of entities addressed). In addi-
tion, the resulting semantics is abstracted, giving a concept of the function of the portion. Three properties
of a program are relant for understandability: The syntax and semantics of components and relations,
basically defined as language elements in the programming langdegethaf ease of finding, associating

and @auating. Thesyntax of language elements should be distinct, compact, conspicuous and easy to fol-
low, and their semantics should be simple in terms of information content and relations to other language
elements. lis agued that the use of a graphical representation fulfils these requirements. The representa-
tion and composition of portions affects finding amdwgating. Althoughthis is mainly determined by pro-

gram design methods, the programming language shouw@prthe necessary means to structure the pro-
gram as a hierargtof portions with clearly defined boundaries, interfaces, and constituent components and
relations. Graphicalepresentation helps achéthis objectve. The representation, structure and change-
ability of the prograns gsate space affectvauating. T smplify this task, the state space should be repre-
sented in the program and statically structured according to the program structure, and changes to the state
space should be sequential and determinigiiprogramming language GRADE has been defined and a
pilot implementation produced to illustrate the adbgroperties devied from the model.A GRADE pro-

gram is a data processing machine consisting of parts that produce, transform or stareedatgarts are
connected by lines that allothe transport of data and control pulses. The semantic concepts of the lan-
guage are represented graphically: A circle represents a store, which accpets or produgesedttagle
represents a processaiich fetches, transforms or sends datasolid directed line represents a data line

and a dashed line represents arvatitin, or control, line.A trapezoid represents a branch within an acti-
vation line. Preliminary observations indicate that GRADE is more suitably used on a Wéybflehe pro-

gram structure, and that the programmer constructing a GRADE progragedstardeelop a simple pro-

gram structure through the visibility of the structure in the graphic representattbough more research

is required to determine the utility of a graphical programming language such as GRADE, the model of
program understanding presented in this paper is generally applicable to other classes of programming lan-
guages.



