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1. INTRODUCTION

Numerous models kra been proposed under the name of structured systevapiment.
Examples are data flodiagrams [7, 10], Jackson structure diagrams, Jackson structure text [14],
system specification diagrams, system implementation diagrams [15], Warnier/Orr diagrams [17],
and Yourdon structure charts [22They are widely accepted by practising systemsettgpers
through the simplicity of use and the ease of communication with uBatdecause of the lack
of a common theoretical frawverk, transition from one model to another is arbitrary and can
only be done manuallyUsers tend to stick to a particular model not because of its superiatrity b
because of familiarity Automatic deelopment aids tend to ks hocand model-dependent.

To =nlve the problem, there is a need to\ide a formal/theoretical link for the structured
models. Inthe proposed dissertation, an initial algebra approach [3, 4, 13] is Asedlgebra
will be defined and linked to DeMarco datawldiagrams, Jackson structure text, araundon
structure charts.These three & keen chosen because yhepresent three distinct forms of
structured systems d@opment models.

2. ADVANTAGES OF A UNIFIED ALGEBRAIC VIEW
A unified algebraic vie of the structured models is useful fovaml reasons:

(a) Specificationgan be transformed from one form to another through signature morphisms,
equations, and derd operation symbols.

(b) Different structured models are suitable fofeddnt situations depending on theiepnment
[19], emphasis [5], and stage ofvdlmpment [16]. But it has been found that widual
models may not be used in some installations because the users argilient Jith them [1].
With a transformation system, the most suitable model can be used, independently of user
familiarity.

(c) Inrecent years the initial algebra approach has been wsmtsedly in the specification of
abstract data types. Examples are Clear [2, 18] and OBJ [9,Althlough the are not
originally intended for structured models, the interpreters for abstract data types can be
adapted for validation of our specifications and the transformation between different models.

(d) Automatic development aids for one structured methodology can be applied to another
method through transformations. Thevelepment aids described in [6], [8], and [20], for
example, may be extended to other structured models.
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3. ALGEBRAS

Intuitively, an dgebra is a family of objects that satisfy a formal structure. define an
algebraA, we nust first of all define the formal structure through the conceptsifreature A
signature consists of a sebf object types, known asorts together with admily Z of sets, each
set containingpertion symbolshat connect the sortdVe sall usez<s, ...s,, s> to denote the
set of operation symbols that connect the sgrts., s to the sors.

Given the skeleton structure, we then complete the definition by relating it to real objects.
Each sorts is mapped to a seA<s>, which is called thecarrier of s. Each symbolq in
2<s, ... §, s> is mapped to a function

gni A<S> X .. X A<S > - A<s>
which is called amperation

Let us apply the algebraic fundamentals to structured syst@msceptually a gructured
system is specified by a hierayobf tasks. Eaclask consists of a name and a structure, together
with the interbces. Thestructure indicates whether the task is elementarys made up of
subtasks in the form of sequence, selection, iteration or parallelitm.interfaces are in the
form of data flavs, which are input/output data related with other tasks, files, and the
environment.

The signature for structured systems, then, consists ofSofetix sorts:itask, namgstruct,
inter, flow;, data, and a familyz of sets of operation symbols:

><name inter struc}, task> = {task}
><task’, struct> = {seq sel par}
><task struct> = {itr }
<A\, struct> = {elent}
><flow", inter> = {io}
><data, flow> =
{in, out, inflag, outflag, infile, outfile, source sink}

for ary positive integem and where\ is the empty string.

The sorts of the signature are mapped, reshgctio the set of tasks, the set of task names,
the set of structures, the set of indeds, the set of data flows, and the set of data nahfnes.
symbols are mapped to operations explained as follows:

(@) Theoperationtask, specifies the name, structure and interfaces of a task.

(b) Theoperationsseq,, sel,, itr , , andpar, link up a number of subtasks into a structure.

(c) The operationelem, indicates that a structure is elementdrg. it does not consist of
subtasks.

(d) Theoperationio, indicates that the interfaces are made up of a number of data flows.
(e) Theinput operationsn ,, inflag,, infile,,, and source, are used to name the data passing

through a data fle into a task.They aso indicate, respestly, that the data are inputs from
some other task, flags from some other task, inputs from a file, and inputs from the



ervironment. Theputput operationsut,, outflag,, outfile,,, and sink, are used similarly.

Different algebras can be definederothe same signatureHomomorphismsor functions
preserving the signature, can be defined from one algebra to an8tleér homomorphisms
enable us to forget about minor syntactical differences and concentrate on the major issues in a
specification. Br example, an expressiondiK'seqa; b; ¢ in a particular algebra may be
mapped to an alternaé dgebra giving

aseq
b:;c
aend

which is in the notation of Jackson structure.ted-urthermoreif we allov operation symbols to
vary through signature morphisms and/or daion of symbols, the expressions can be mapped
to more graphic forms giving DeMarco datanfldiagrams or Yourdon structure charts.

4. INITIAL ALGEBRA
The algebra that has the richest context is calleidiaal algebra denoted byA,. It has the
property that, gien any aher algebraA over the same signature, there exists a unique
homomorphism mapping, to A. Because of this guarantee of homomorphisms, wedviike
to use the initial algebra approach to link @eious structured systemsva®pment models.A
initial algebra for structured models is defined thus:
4.1 Carriers
We regad task names and data names as more fundamental than atiadreg in our
algebra, because these names appear unaltered in the final specifidatignall enlamge the
signature by putting in task names and data namelgaentary symbals
Let X denote the enlged set consisting of all operation symbols, elementary symbols, as
well as three delimiter symbols(’*, ““;’", and )"". The carriers ofA, are made up aerms

in X, i.e. strings of symbols froid. We cefine the carrierd,<s> by induction as follows:

(a) For ary elementary symbod, if it i s a isk name, we let the terng” be in Ay<name>,
otherwise we let the termg” be in Aj<data>.

(b) For ary operation symbof in 2<s, - Sy S, and for ag termsu, in Ay<s,>, ..., u_in
A,<s>, we let the term §(u;; ...;u)” be in Ay<s>.

4.2 Operations
OperationsqAO in Ajare induced from the symbajsas follows:
() For ary elementary symbadj, we olafinqu0 to be the term §” .

(b) For ary operation symbotj in 2<s, ...s, s>, and for ag terms ‘u,” in Aj<s >, ..., ‘U
in Ay<s >, we definquO(ul, . U) to be te term ‘g(u,; ...;u)".



It can be shown that the algeb#g thus defined is an initial algebra. It can be mapped by
homomaorphisms to other algebragwothe same signature-urthermore, if we allw signatures
to vary more user-friendly forms will result.

5. PROPOSED RESEARCH

It is proposed that structured models such asrdon structure charts, DeMarco datavflo
diagrams, and Jackson structuret tee linked up using homomorphisms, signature morphisms,
equations, and derd operation symbols. Specifications can thus be transformed from one form
to another A prototype system is further proposed to test the feasibilities. As a result of the
research, the most suitable model may be chosen fomet taystem, independently of user
familiarity. Algebraic interpreters may be used to validate the specificatidgsomatic
development aids for one methodology may be applied to another.
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