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Abstract

Software design methods have been the focus of attention of various
researchers for quite a long time. Extensive research has been conducted
from different viewpoints to enhance the capabilities of these methods.
The aspect of errors and error handling mechanisms in these methods
have not been seriously taken into account and are not implemented by
developers to a large extent. This thesis is an attempt to evaluate the
strengths and weaknesses of various design methods in terms of errors
and to examine the contribution of several academics towards handling
exceptional events. The prime concern of the author in this thesis is to
emphasise that error processing should be regarded as one of the
fundamental design objectives. The vital role of errors, however minor
they are, and their possible disastrous consequences are outlined.

A program design method, Jackson Structured Programming (JSP), a
system development method, Structured Analysis and Design Technique
(SADT), and a programming language Ada are the major ingredients of
this study. These and a number of other data-oriented techniques are
critically examined in order to asses to what extent different types of errors
are handled within each method. It has been shown that the Jackson
method designs programs that can effectively handle all possible input
data errors. The mechanism in this method is, however, incomplete, that
is, programs are not designed to deal with those errors which may occur
either in the internal processing of a program or in the output. SADT
rejects the idea of including details of error handling during the entire
system development process. Ada, on the other hand, is found to be
capable of coping with all types of errors.

The study revealed that none of the design methods develop error-
resistant software thus having no complete mechanism for dealing with
error situations. Keeping in view such limitations a number of
alternative principles are established. This report presents extensive
illustrations of how errors can be detected and remedial actions should be
taken while the system is in progress. The approach developed not only
extends the scope and applicability of design methods but will also help to
generate reliable and robust software systems.
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Chapter 1

Introduction

My experience of the world is that things

left to themselves don’t get right.
(Thomas Henry Huxley)
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1.1 A Review of Terminology

A number of key terms, such as, method, methodology, strategy,
technique, and approach are relevant to systems development efforts. A
dictionary definition of the term method is a systematic way, technique, or
process of or for doing something; a body of skills and techniques. A body
of methods, procedures, working concepts, rules, and postulates employed
by a science, art, or discipline is known as a methodology. Strategy is

defined as the art of devising or employing plans toward a goal Martin88 A
technique is a practical method, skills, or art applied to a particular task.

The definition of the word approach, given in the Collins English Dictionary,

is a means adopted in tackling a problem, job of work, etc. Mcleodit qpq

distinction between these terms has never been made explicit in software
engineering and they are often used interchangeably in the

literatureCriffits78, Martin88 110 other software engineers, we would also
like to use these words synonymously in order to give a different flavour
throughout the discussion. However, the distinction will be made clear if
needed in the thesis.

1.2 Software Design Strategies

Software engineering is populous with outdated and more recent design
methodologies. Numerous program design and systems design methods
dominate this field. As a matter of fact, each one of these is equally
important in one way or another and plays a vital role in different
application areas. The major motivation for looking at design
methodologies centres around a desire to reduce the testing and
maintenance costs and probably to increase the productivity, efficiency,
and accuracy. In some cases there is the secondary motivation of

developing reliable enough programs to support nonstop computer

systems but these applications seem to be in a minority.Bergland78 Tpe

former goals might have been achieved to a certain extent.

It is worth noting, however, that all these design methodologies have
emerged with varying characteristics, merits, demerits, and, of course,
with different software application domains. Research undertaken by the
software community indicate that there is not yet a unique, standard, and
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worldwide recognised method available to be used universally for
successful systems development; all we have are various

methodologies.Ma1tine88  gince the introduction of these methods, a
common problem inherited within these techniques is that they cover
some aspects of the whole span of software development while neglect

others.Skeikh86 T, Gyercome the deficiencies, considerable research is
being carried out modifying various phases of the existing methods. New
techniques are also on the way to fulfil our requirements in different
problem areas of software engineering.

A number of researchers and academics have reviewed, analysed,
compared, and criticised software design methodologies, their basic rules
and principles. Some have attempted to apply multiple design methods to
a common simplified example in order to asses their principal insight and

limitations MCGOWan77  Others have evaluated a combination of
methodologies from other different directions and have drawn inferences
of various kinds. For instance, a study undertaken by John Parker and
published in 1978 contained seven design methodologies that were
analysed in order to come to a conclusion as to which methodology has
the best prospects in the future. The author finally concluded that the
Jackson = methodology must be the recommended  design

technique.”3™€™78 1n another and separate study, G. D. Bergland analysed
and compared three of the structured design methodologies. The
functional decomposition, data flow, and data structure designs methods
were described, characterised, and applied to a specific example. It was
pointed out that data structure design methods seem to have distinctive
advantages for that specific class of problems. The author, however,
outlined and suggested a number of points as an "interim" approach that
could be adopted for large software design problems until an accepted
"correct" method comes along.Be™81and78 gimilar jdeas have been
presented by Lawrence J. Peters et al. in their paper.”®™’8 These studies
were carried out on the basis of various suitability criteria. It is not
desirable in this section, however, to describe those criteria adopted by
different intellectuals for the evaluation, examination, and judgement of

design methods.
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The aim here is not to demonstrate the popularity of a particular method
(in this case the Jackson method, for instance), rather, it is to show a
general tendency, approach, or the focus of attention of researchers. None
of the papers or selection criteria (discussed above) explicitly encompassed
error handling or error mechanisms as one of their main concerns.
Particular attention has not been paid yet to the inclusion of error
processing as a major component or feature of a design methodology. Nor
has an independent and complete study been accomplished in which
"ignoring errors" is pointed out or at least regarded as one of the weaknesses
of these methods.

1.3 Problem Definition

Among other software design strategies, data-oriented methodologies are
regarded as good design techniques. These techniques are claimed to be
the most reliable and successfully used worldwide in several problem
areas. However, no one can confidently speculate that shortcomings are
not circling around these techniques. Although, much literature can be
found covering these methodologies from different angles, error
processing which is one of the most challenging and vital aspects of the
present computer arena, has been ignored by the developers of these
methods as well. Keeping in view the importance and inevitable
occurrence of errors in any software system, we will especially examine
the forthcoming methods from the viewpoint of error handling
mechanisms. It will be determined whether or not sufficient heed is
given to errors and if so, what sort of facilities are provided to software
designers for dealing with different types of errors. To make relative
assessments, two program design methods, one system development
method, and a programming language are examined.

Q Jackson Structured Programming (JSP);
Q Structured Program Design (SPD);
Q Structured Analysis and Design Technique (SADT); and

@ Programming language Ada.
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1.3.1 The Jackson Method

The Jackson Structured Programming (JSP) is employed to design
computer-based programs. This method mainly emphasises the input and
output data structures of the system; on the basis of this structural
representation this is known as a data structure-based technique. Chapter
2 explores the existing potential of this method as well as critically
examines some underlying problems in a great detail. This section is,
nevertheless, concerned with a brief discussion of error issues in JSP.

A comparative study reveals that JSP has an elegant mechanism for
dealing with errors which are present in the input data. The author of the
method puts a great deal of emphasis on errors in inputs. Input data is
believed to be imperfect for various reasons. For instance, errors may
have been designed into the software by a mistake, input data may not
have been prepared with care, or a user might have made a mistake while
entering data to a system, etc.Xi"8%8 For these reasons, possible errors are
modelled in the input data structure of the design. When the data
structures are merged to tailor a single program structure, independent
processing elements to handle these errors are already present. If the data
presented to a system is incorrect, the software would be able to catch
erroneous input and take appropriate actions. The actions taken by a
program would be the ones which are previously specified in its

specification.

There is, however, another source of errors in a program, in the internal
data. These errors arise from incorrect processing by the program, that is,
these are generated in the intermediate form of the data. The Jackson
method provides no criterion for detecting internal errors and no
mechanism for copping with output errors. It is claimed that the design
method results in correct programs. According to Jackson, ".. data
structures, on which the program design is based, must also take account
of errors". This quoted statement refers to modelling errors in the input
data structure, not in the output data structure. Thus, the design of a
program based on such heuristics will not be able to tackle unexpected
situations that may arise during the execution of a program.
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1.3.2 The Warnier/Orr Method

The Warnier/Orr program design technique is another data structure-
based method. The basic principles of this method are similar in many
respects to the Jackson technique. The French Jean-Dominique Warnier is
the first pioneer who developed the technique, called Logical
Construction of Programs (LCP). The American Kenneth T. Orr then
made a major contribution to modify the Warnier's method. As a result
of Orr’s efforts, a hybrid technique came into existence, called Structured

Program Design (SPD) method.1188"$83 This section points out how
various kinds of errors are treated by SPD.

The Warnier/Orr program design method also assumes that data

structure is the key to a successful software design.’®'™’8 Unlike JSP, the
design is output-oriented. It begins with the creation of output data
structure, called Logical Output Structure (LOS). The input data structure is
later derived from LOS and is called Logical Data Structure (LDS). The
input and output data structures are used to build a program design.
Regarding errors in inputs, SPD is based on a similar philosophy to that of
the Jackson approach. According to David A. Higgins, the programs
designed by this alternative technique should have the ability to recognise
correct and incorrect data. The correct data should be processed while the
incorrect data should be rejected and repcrrted.Pﬁggms83 This technique,
like JSP, also disregards errors that may occur in the program output.
Hence, both data structure-oriented methods (the Warnier/Orr and the
Jackson techniques) seem to be similar in this respect too.

1.3.3 Structured Analysis and Design Technique (SADT)

Structured Analysis and Design Technique (SADT) falls under the banner
of data flow-oriented methodologies. This technique can be applied to the
functional analysis and design phases of the system development

process.Martin88 SADT develops two different models of the same system.
The two models are known as activity and data models. Chapters 4 and 5
are concerned with a critical overview of both models and their
conventions. In this section, our viewpoint can be well illustrated by
considering one of the two aspects. For the sake of brevity, discussion is,
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therefore, confined merely to the activity model.

In SADT, the quality of diagrams and models are improved by a review
process, known as the author/reader cycle. The author/reader cycle is
carried out by a disciplined and coordinated team of people. The team
critically reviews the model by questioning the various aspects of
diagrams. The aim of this regular review is to ensure the correct
description of the system. However, this traditional review process may
help enhance the quality of a system but it may not guarantee the correct
and adequate performance. Various external and internal factors may be
ignored or misunderstood in the design process. The neglected factors are:
invalid input, erroneous output, faulty logic of an activity, etc. These are
the most important and critical factors which could significantly affect the
output and reliability of a system. Ensuring the correct results and
designing error-free models is an aspiration and the prime concern of
almost every design methodology. Such an aspiration could not be
fulfilled by SADT unless an essential shield is incorporated in its design
process to protect the eventual software from serious internal and

external errors.

In the review process, the role of an author is to prepare several SADT
diagrams fitting well into a model. The diagrams are distributed among
different readers through a librarian. All diagrams are thoroughly read
and criticised by multiple readers independently and returned back to the
author for his/her reaction. The review process is portrayed in Figure 1.1.
This cycle continues until all the diagrams in a model are refined to a
satisfactory level and approved for further use. In this review process, the
various reasons for imperfect input and output data are not questioned by
the team. Instead, a reader, for instance, evaluates the correctness of
diagrams by determining: whether all boxes are properly placed in order of
dominance; are there extraneous or missing arrows between boxes, and so
onMarca88 Criticising (and commenting on) such features could ensure
that each input is going to the right activity; each activity is at the right place;
and each diagram produces some output. On the other hand, this exercise
would not ensure whether or not the input going to the right activity is
correct; whether the activity at the right place functions properly; whether
the output generated by an activity, a diagram, or a system is valid.
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Even a minor mistake in I/O could possibly spread out serious errors in
the entire model and the system results could be corrupted to an alarming
extent. One may argue that this could be the programmer’s responsibility
to consider and include error processing at a later stage of coding. This
could be possible in some trivial situations but may be quite cumbersome
in many applications for several reasons. For instance, the programmer
may not know where error processing should be included in the model.
He/she may skip some essential details in the case of a more complex and
large system. It would be wise to specify the processing elements, like JSP,
for handling errors during the design stage. A design modelled with
errors will not only precisely specify the areas of errors but it will also
facilitate the job of a programmer.

Comments

SADT diagrams ___[ Commenters,

readers

Reactions

Figure 1.1 A typical author/reader cycle of SADT.

Duality: Another means of detecting errors

As mentioned earlier, the SADT model focuses on the system activities
and on the system data. The activity and data decompositions are the dual
of one another. The data decomposition is primarily concerned with the
gradual exposition of system data. The data view of the system is started
after the completion of the activity model. It is claimed that the
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development of the dual aspect is significant for a number of reasons. At
the final stage of a design, a correspondence verification between the two
models is carried out. It is determined whether every element present in
one model is consistently used somewhere in the other. By doing so,
consistency, errors, and oversights between the two models can be

dIGCked.SOfTeCh76

Contrary to the SADT activity model, very little has been written about
the data decomposition; although, its significance has been highlighted in
the literature side by side with the activity aspect. The survey of the
current and available literature on SADT shows that the concept of
duality is just expressed in words rather than providing any illustrative
scenarios. For instance, it has not been shown with examples where and
how a correspondence verification between the two decompositions is
performed. If, however, it is presumed that both views of the system are
developed and consistency checking is taken place somewhere (the
illustration of which we have not observed thus far) even then, this
process is, rather, aimed to eliminate design errors; not to consider errors
in input/output data and the malfunctioning of an activity or a diagram
as a whole. It can be concluded that both models are lacking an explicit
error handling mechanism. As stated by Douglas T. Ross, "... as a practical
problem solving method, SADT has had many resounding successes but
on occasion it also has delivered disappointments. The failure of the
method sometimes in a specific application signals the flaws or the
weaknesses of that method". R%85 Other failures of and flaws in SADT
may have been acknowledged by the author but the need for an elegant
error mechanism has yet to come to his attention.

1.3.4 Programming Languages

Over a thousand different programming languages have been designed by
various research groups, international committees, and computer
companies. Most of these languages have never been used outside the
group that designed them while others, once popular, have been replaced
by newer Iartguages.WHSO“88 Programming languages show similar
variations to software design strategies discussed in the introductory
sections of this chapter. For instance, a unique and standard programming
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language for all applications has not yet emerged. However, language
designers have incorporated sophisticated linguistic features that give
special importance to these languages in certain areas. The next section
views what actually makes programming languages so special.

Exceptions

Some errors may proved to be fatal. During the program execution, the
occurrence of such errors leads the operational system to terminate
abnormally. This unexpected abortion of the software system is termed as
an exception. The exception may be caused by giving faulty input to the
program. Other errors, such as, dividing by zero, overflow, or errors in the
program logic may also cause this situation. Programming languages tend
to be more sensitive, sharp, and quick in realising the undesirable
situations and the apparent need for a program to survive when fatal
errors occur. Software design techniques, on the other hand, do not seem
to explicitly include exceptional events in the design. Designs without
recognising such situations may not lead to reliable, robust, or fault-
tolerant software. Programming languages have developed pretty-
intelligent features which not only recognise exceptional events in the
program but also provide mechanisms to handle them. The first
programming language that included exception handling facilities as part
of a language was PL/I. Among the more recent are the CLU,

MESA HorowitZ83 - and  Ada languages which provide more general

exception handling facilities. Wilson88

The Ada Exception Handler

The principal idea of the exception handler is to trap errors in the
program and take suitable actions in response. When an exception arises
while the program is running, normal execution is abandoned and
control is transferred to an appropriate exception handler where remedial
actions could take place. This way the program is prevented from abrupt
termination and allowed to continue its operation despite errors. In Ada,
an exception is classified into predefined and user-defined exceptions. Some
of predefined exceptions are:
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Q Constraint Error

O Numeric_Error

Q Program_Error

Q Storage_Error

Q Tasking_Error

This type of error occurs when, for instance, an
integer value is assigned to a variable of type
float or an index crosses the boundaries of an
array.

Errors, such as, division by zero, overflow,
underflow, etc. fall into this category. These
errors may arise in all arithmetic operations.

This type of error occurs when a sub-program or
a task which does not exist is called or invoked.

This error arises when not enough space is
available to accommodate data or a program.
This is caused by the invocation of an already

terminated task, Saib85

Apart from the above exceptions, there are six other predefined exceptions
for handling I/O errors. An exception named and declared by a user of
his/her own choice is known as a user-defined exception. Unlike
predefined exceptions, user-defined exceptions are not automatically
raised. The raise statement can be used to explicitly raise these exceptions
in the program. This chapter is, however, not concerned with more
details. The following piece of code briefly illustrates how a predefined

exception in Ada is handled.
Loop
begin
GET (%)
Exit;
exception
when data error =>
Bip T Exception
Skip Line; Handler
PUT LINE ("Error in number, try again) ;
end;
End loop;

In the above frame (a frame can be a subprogram body, a package body, or a
block) the shaded area shows the exception handler beginning with the
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keyword exception followed by a when clause. Once the GET (x)
statement is executed and if, for instance, an alphabetical letter is typed in
instead of a numeric number; a data-error exception will be raised. Control
will be passed onto the statements following =>. In this particular
example, the PUT_LINE statement is executed to display an error
message. The GET (x) statement is again carried out in order to accept
possibly correct input. Note, however, that control does not enter the area
where the exception handler resides until a predefined or a user-defined
exception occurs. In the case of an error-free input, the exit statement
would have executed to take control out of the loop. In most
programming languages, such as FORTRAN, Pascal, etc. "the automatic
detection of errors and transfer of control" has to be explicitly
programmed; otherwise, the program would fail to continue.

The Ada exception handling mechanism can also deal with those
situations in which a frame does not provide a handler for a particular
exception. This kind of problem is handled by simply propagating the
exception dynamically. For instance, in the case of a subprogram, once an
exception is raised without having a proper handler to handle it; the call
is terminated and a handler is searched in the calling program. This
process is continued until an appropriate handler is found or it is
propagated to the next level. If, however, a handler is encountered, the
exception is dealt with at that point. If the main program is reached and
have still found no handler, the program is then abandoned.Bames®4 Thjs
situation is summarised and depicted in Figure 1.2.
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exception passed onto Main_prog
o Call Sub_prog_1
/ Raise and handle the same excep-

tion or terminate Main_prog with
an efror message.

control | transferred to

 J

\ CaSIIUbSJu:)r:.Sr_o‘lg_z control_transferred tg Sub_prog_2
exception arises

Raise and handle the same b -
exception or propagate it to | - Deal with the exception or
Main_prog. exception passed onto| transfer it to Sub_prog_1.

Figure 1.2 Propagation of an exception from one part of the program into another.

The diagram in Figure 1.2 consists of a main program and two
subprograms, known as Main_prog, Sub_prog 1, and Sub_prog 2
respectively. Main_prog is a calling program that calls Sub_prog 1 which
in turn calls Sub_prog 2. If, for instance, an exception arises in
Sub_prog_2, control will be transferred to look for a handler in this region
to handle the exception. If an exception handler is not written in this
subprogram; the same exception will be propagated back to and raised in
Sub_prog_1. Similar mechanism will be applied to Sub_prog 1. That is, if
a handler does not exist in this subprogram as well; the exception will
further be propagated to Main_Prog. As can be seen in Figure 1.2,
Main_prog is at the top and final level. The raised exception cannot be
dispatched beyond this level. This has to be either treated or the main
program is to be eventually terminated with a diagnostic error message.

1.4 Aims and Objectives

The overall aim of this study was to get acquaintance with software
engineering in general and to advance knowledge in the area of software
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design methodologies in particular. A number of design methods are
available, amongst which the selection was pretty-hard. At the start of the
PhD programme, due to lack of expertise in the software engineering field
the author was not in a position to make a decision as to which method
or methods should be taken into account for the research. An intensive
consultation with senior colleagues and a member of staff currently my
supervisor brought motivation to choose three of the structured design
methods. These included a British, a French-origin, and an American
method. A specific criterion was not established in order to make that
decision nor, of course, the selection was based on that these were more
reputable methods than others. All of them are claimed to have good
reputations. Despite such claims, considerable room for research is still
available in every method; therefore, several methods at one time could
not reasonably be considered. It was decided to limit the project horizon to
the methods listed in Section 1.3 due to time considerations.

In October 1988, research commenced with JSP, SPD, SADT, and the
programming language Ada. As part of this research, I carried out a
comparative and critical study of these methods in conjunction with Ada.
The analysis enabled us to evaluate the strengths and weaknesses of these
methods. Among these methodologies, the Jackson and Warnier/Orr
methods were found to have some distinctive advantages over SADT,
that is, errors are partly covered by their design process. JSP is, rather,
more explicit in terms of errors than SPD. The American method
considers the concept of handling data errors foreign to SADT, as this was
argued by the author of this method in a personal correspondence. A
comparison is made with the Ada language which provides facilities for
handling quite complex situations caused by errors. The concepts similar
to the exception handling features of Ada will be exploited in order to
establish an adequate and enhanced error mechanism in the design
methods. The proposed mechanism may help reduce the shortcomings of
the above mentioned methodologies. The following objectives represent
the essence of the whole project to be achieved.

Q to study how input data errors are dealt with in all methods;

Q to study how internal errors are handled by all methods; then:
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2 to enhance the error mechanism of the Jackson method;

Q2 to apply the error mechanism similar to that of the Jackson method
and other contexts to SADT;

Q to determine how the mapping (correspondence) between the
activity and data mocels of SADT is accomplished;

Q to determine how a dual view of a system is created from the
activity /data model of SADT.

1.5 The Author’s Contribution to Knowledge

The author sets out to establish an adequate error handling mechanism for
software design methodologies in general, and for the Jackson and SADT
methods in particular. The proposed mechanism incorporates a number
of alternatives appropriate for different circumstances. This allows the
designer to consider errors in the design phase and plan for their control.

A simplest example using the JSP diagramming technique is used to
illustrate step by step the alternative mechanisms. The JSP design is
elaborated showing how the program or system input and output can be
protected from errors. Once an error is detected either in the input and/or
output, further enhancement of the same design is continued by
including processing components for taking suitable actions. One can
incorporate a single or a combination of more alternatives into the design
at one time. A component in the design, representing an alternative, is in
fact an action that could be taken by the software in response to an error.
The mechanism suggests that in trivial situations, meaningful
information could be output to a user that may help in locating and
removing errors from a design. In some cases the patching-up technique
may be used to correct the program errors by providing a partial solution.
It is also emphasised that in an environment it may be required for the
machine to take a dramatic action or transfer the control to the software
which does something dramatic. Finally, the fault tolerance technique is
suggested as a last line of defence (see Chapter 3).

The lack and need of an elegant error handling mechanism in SADT is
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discussed in Chapter 4. Another simple example "solving a system of linear
equations" has been chosen and modelled by employing the SADT activity
diagramming technique. The model is gradually expanded in order to
illustrate how errors are detected in the input data, how the output of an
activity is validated, and how an appropriate action will the model take in
the case of errors.

Establishing and proposing error mechanisms for JSP and SADT is not the
end of the story. The author has gone further to analyse both these
methods from other directions as well. Chapter 3 investigates how the
backtracking feature of JSP could be modified and alternatively applied in
addition to uncertain situations in the input data. Side by side with this, a
data flow-based approach has also been examined. The claims of various
authors regarding the common practice of the tie process in SADT are
brought to examination in Chapter 5. The chapter also points out various
other weaknesses related to the development of the dual view of the
system in SADT. Chapter 6 is finally devoted to summarise the work and
explore some new areas for future research.



Chapter 2

A Critical Overview
of JSP

Criticism is always a kind of compliment.
(John Maddox)
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2.1 Introduction

This chapter examines how JSP filters out possible errors that can occur in
the input data. An attempt is also made from another direction to explore
whether or not JSP allows or includes routines in the design to diagnose
and deal with errors arising in the program output; a simplified example
of the Ada language is therefore used to illustrate, justify, and strengthen
this view. Finally, this chapter gives an insight into the present
backtracking procedure and its limits of applicability. This would provide
a basis for an alternative application of backtracking that is discussed in
Chapter 3.

2.2 Jackson Structured Programming (JSP)

The Jackson program design method was developed by Michael A.
Jackson between 1972 and 1974. Later, certain ideas were isolated from JSP
by him and a new method, known as the Jackson System Development
(JSD) method, based on the same principles was devised. JSP may now be
viewed as a subset of JSD which is applied to a wider part of the

Jackson83 16p has been widely applied in Europe to a

development task.
large class of programming problems. The beauty of these two methods is
that both can be learned and taught together as well as independently. JSD
is, however, not of our concern in this chapter. The advantage of JSP is
that it segregates programming into two phases, design and coding.
Design can be developed independently of the coding and indeed
independent of the target machine. Another advantage of this
methodology is that it has been automated to a large extent. The tools
available for JSP are, JSP-TOOL, PDF (Program Development Facility), and
JSP-COBOL. The JSP-TOOL automatically generates and develops program
designs. Some of the design features, such as merging the data structures,
are yet to be automated. PDF is also an interactive programming design
and code generating tool. JSP-COBOL is a code generator that converts JSP

designs into complete COBOL language programs.

2.3 Design Notations of JSP

The JSP design notations will be extensively used throughout the



Chapter 2 A Critical Overview of |SP Page 19

discussion, a brief description of each notation is therefore useful for
future references.

JSP seeks and approaches a problem solution in a comprehensive step by
step fashion. The starting point of this method is a full specification of the
program to be designed. A JSP program is a sequential process which is to
be implemented in sequential programming languages, such as COBOL,
FORTRAN, PL/I, Pascal, etc. It is claimed that most programming
problems can be solved by using three basic constructs: sequence, selection,
and iteration. The design philosophy of JSP is also based on these
fundamental constructs. JSP uses its own notations to represent the
constructs. Other design techniques may use different symbology. For
instance, the Warnier/Orr method employs "bracket diagrams" to depict
the sequence, selection, and iteration constructs. The diagrammatic
representation of the JSP notations is shown in Figure 2.1. Each notation
is briefly illustrated.

Sequence Iteration Selection

Figure 2.1 Basic constructs of the JSP design.

The Sequence Construct

The sequence construct shows that S is composed of A, B, and C. This
construct indicates that all the three components will be executed in the
order from left to right.

The Iteration Construct

The iteration construct shows that I is composed of zero or more Ls. The
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"*" is used to indicate the iterated part of the iteration component.

The Selection Construct

This construct shows that S is composed of either A or B. Only one of the
two components will be executed at one time. The small circle "o" at the
top right hand corner in A and B boxes is used to differentiate between the
selection and sequence constructs.

These notations play an important role in building the input and output
data structures. The term data structure must not be confused with
traditional data structures, such as, lists, linked lists, trees, stacks, queues, etc. A
data structure in the JSP sense is a tree structure diagram that describes a
serial data stream. A data stream can be viewed as a sequential stream of
records, a magnetic tape file, a line printer report, or other messages input
to a system via a terminal)2k%"8 The input and output data structures
lay down a foundation for the program structure. This is, however, not
our concern to demonstrate how the data or the final program structure is
constructed. Detailed descriptions can easily be found in any book on JSP.
JSP has a number of steps that must be followed in a specified way in
order to create the program design. The steps are:

Q Draw input and output data structures;

Q Identify the processing relationship (correspondence) between the
data structures;

Q Combine the input and output data structures to form a single
program structure;

Q List and allocate the executable operations and conditions to the

program structure; and

Q Write the program in "structured narrative".<i"88 Schematic logic

is another term used for "structured narrative".

2.4 Input Data Errors

Unlike other design techniques, such as SADT, JSP gives special



































































































































































































































































































