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Abstract

Systems analysis is an inherently difficult task. Errors
that are introduced in the analysis and design phases become
progressively more expensive to fix in the later stages of
the system life cycle. Systems analysis and design
methodologies attempt to reduce the number of errors
introduced into a system model and to detect {and correct)
those errcors that do occur as early as possible in the
system development lifecycle. One such methodology that is
widely used in New Zealand is Structured Systems Analysis.
Users of Structured Systems Analysis tend to find that the
documentation produced using the methodology is easier to
read and understand than documentation produced by other

currently used methodologies.

This thesis presents the functional specification of MUSSAT,
a tool to provide automated support for the Structured
Systems Analysis methodology. MUSSAT was designed for a
specific group of users. The needs of these users are
discussed, together with an introducticn to the tools and
techniques of Structured  Systems Analysis. Existing
vérsions of Structured Systems Analysis are reviewed and a
modified form of the methodology, incorporated in MUSSAT, is

presented.



A discussion of the tools and techniques used to specify the
MUSSAT model are discussed. This 1is followed by an
intreoduction to the MUSSAT system model. Details of the
MUSSAT model are included as a series of technical

appendices.

Finally, an overview of the extent to which Structured
Systems Analysis 1is supported by existing Computer Aided
Software Engineering (CASE)} tools 1is presented together with

a discussion of where MUSSAT fits with these CASE tools.
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CHAPTER 1

Intreduction

The evolution of a computerised information system begins -
when the need for the system is recognised. If management
is willing to commit resources to the development of the
system, various design and construction phases will take
place transforming the original idea into an implemented
system. Once the system is operational continued financial
commitment for maintenance will be required, until eventu-
ally, the system reaches the end cof 1ts productive life and

is phased out.

This is, of course, a simplified picture of the developnment
of a computer system. The feasibility of a propoéed system
will be reviewed pericodically during development and if the
perceived benefits of the system are outweighed by the per-
.ceived costs the project may be abandoned, even after signi-

ficant expenditure.

The term ‘system life cycle’ is commonly used to describe
the wvarious phases througﬁ which a computerised system
evolves, For the development of a system to proceed in Ia
controlled fashien certain activities must take place and
specific documentation should be producéd during each phase

of the life cycle. There have been many definitions of the



system life c¢ycle dincluding those in [KANS84], [DAVE3],
[WEI84], [POWS84] and [DEM7B]. Most systems development
textbooks present a version of the traditional system 1life
cycle, also called the project or software life cycle.
Nevertheless, these life c¢ycle models are similar even

though the names and boundaries of the phases may differ.

Scme system life cycle models, such as that presented by
Boehm [BOE81], incorporate techniques such as prototyping,
incremental development and advancemanship. Bowever, these
alternate life cycle models still include some of the ear-
lier activities of the traditional system life cycle models.
In this thesis, discussion of the system life cycle will
refer to the traditional life cycle model in which systems

analysis precedes systems design.

One life cycle model [POW84] divides system development into

the following five phases:



Phase Successful completion documented by

INVESTIGATION
Initial Investigation
Initial Investigation Report
which, among other activities,
identifies the major options
and recommends one or two of the
options for further consideration
in the next phase,.
Oral Report to Management.
Feasibility Study Feasibility Report

which includes:

a description of the existing
system; and

rough cost/benefit analysis

estimates and proiject sched-

ules for each alternative,
Project Plan

Working Papers

Which serve as an input to the
next phase and include:

a review of the existing and
proposed system; and

alternative implementations of
the proposed system.



Phase Successful completion documented by

ANALYSIS AND GENERAL
DESIGN

Systems Analysis User Specificaticn
which includes:

a model of the proposed system;
and

specification of performance,
security and control
requirements etc.

General Design New System Design Specification
which includes:

internal software design,
file or data base design,
hardware specifications,
internal controls, etc.

DETAILED DESIGN AND A fully tested and documented
IMPLEMENTATION system.

INSTALLATION No new products. Activities include
' file conversion and personnel
transitions.

REVIEW System Development Recap Report and
Post Implementation Review Report.

Weiner and Sincovec [WEI84] provide an alternate description
of the outputs that should be produced as a result of the
Systems Analysis phase. These components comprise a
Software Requirements Document and consists of the following

({WEI84] pp. 17-18):



(1) A description of the functional requirements, with an
emphasis on describing the system as it will appear to
the user, including a descripticen of the user inter-

face.

{(2) A description of the non functional requirements of the

new system.
(3) A project plan.
(4) Maintenance information.
(5} An initial user manual.
(6) A glossary of all technical terms.

The outputs of one phase of the lifecycle are used as inputs
to the next. Therefore, the successful completion of a
phase in the'development cycle is, in part, dependent on the
quality of the outputs of the previous phase: if the outputs
of one phase are deficient or ceontain errors, then the next
phase will not have an accurate description of the current
state of the system on which to base successive work. 1If an
error is detected in the system model then the outputs of
each phase, from the phase in which the error was introduced
to the phase 1in which the error was detected, must be
amended tb present a more accurate model of the system. In
the worst case deficiencies in the Investigation phase will
not be detected until acceptance testing when the users dis-

cover that the system developed is not the system that they



wanted.

The earlier that deficiencies are detected in the develop-
ment of a system the less costly they will be to correct.
Boehm ([BOE81], p. 40) states that errors in large system
development projects not detected until the maintenance
phase are likely to be at least 100 times more expensive to
correct than if detected during the requirements phase. To
compound the problem, another auther [CONB2] suggests that
during the development of a system a large proportion of all
errors {that are later detected} are introduced during the

analysis and design phases {[CONB8Z] p. 215).

Systems analysis is an inherently difficult task. Analysts
are required to produce complete and unambiguous documenta-
tion of a system by working with users who are often unsure
exactly what they want the system to do and, in some cases,
may not even want a new system. The analysis phase needs to
be carried ocut by experienced computer professionals with
expertise in both computer systems and the application area.
The specification of the new system produced should fulfill
all requirements specified by the users and be detailed
enough to serve as an input into the Detailed Design and

Implementation phase.

Various systems analysis and design methodologies have been
specified in an attempt to reduce the number of errors

introduced into a system model and to detect (and correct)



those errors that do occcur as early as possikble in the sys-
tem development lifecycle. ©One such methodology is Struc-
tured Systems Analysis (SSA). S3A became popular in the
late 1970's and is now widely used, particularly in North

America and New Zealand.

1.1. Structured Systems Apnalysis

The SSA methodology incorporates a set of tools and tech-
niques to describe a logical model of an existing or pro-

posed system. The main compenents of SSA are:

data flow diagrams (DFDs); and an associated

data dictionary (DD}.

The 16gical system model produced during the analysis phase,
using S8SA, corresponds to the Software System Model com-—
ponent in Weiner and Sincovec’s list of systems analysis
products given above. Note that the Software System Model
is only one component of several required to fully specify a

proposed computer system,

There are two major variants of the SSA methodology: the
DeMarco [DEM78] and Gane & Sarson [GAN8S8Q][1l] SSA methodolo-

gies. Although both of these versions of SSA are each based

{1]1The text reference throughout this thesis is a repub-
lication of: Gane, Chris and Sarson, Trish, Structured Sys-
tems Analysis: Tools and Techniques (New York: Improved Sys-—
tems Technologies Inc., 1877}).




on the same principles, they differ in:

physical representation of DFDs;
DFD construction rules;
contents of the DD; and

representation of complex file structures.

The discussion in this thesis assumes a familiarity with the
basic S8A tools and their application (as described in
[CEMT78] and [GANB0]), however, a brief overview of SSA 1is

given in Chapter 2.

Neither the Gane & Sarson nor the DeMarco SSA methodology
have proven to be the ideal analysis tool for all situa-
tions. 8SA, in general, has a number of weaknesses, includ-
ing:
reliance wupon the skill of the analyst to produce a
good system model;
lack of ceonsistency and completeness checks;
difficulty in modelling interactive systems, and re-
lated to this, the inability to model different pro-
cessing or response constraints such as monthly re-
port runs as cpposed tc the response times required
for interactive query facilities; and
lack of suppdrt in translating the new logical model

produced during systems analysis into the new physi-
cal model required as the output of systems design.

When considering criticism number three in the above list it
is possible to argue that using SSA the analyst should not

be concerned with, nor have decided the type of interface



that the proposed system should incorporate at the analysis
phase. Hence the inability to show any one particular type
of user interface in the logical new model should not be a

cencern

Nevertheless, in some cases the analyst knows even before
the analysis phase begins that the system to be produced
must be interactive. In such cases it would be naive and
counterproductive to ignore the requirements of an interac-
tive user interface, especially when the incorporation of
such an interface is likely to have a significant impact on
cost and size estimates (made both at the feasibility and
later stages) and the system design itself. Size and cost
estimates should be as accurate as possible so that the sys-
tem alternative selected or even the decision to continue
system development is made with the best possible informa-

tion.

Even in view cof the above weaknesses of the methodology, SSA
has one main advantage over other design methodologies such
as ISAC [LUN81], JSD [JAC83] and Information Engineering
[MAR81}: namely, that the specification produced using SSA
serves as a good communication tool, especially between the
analyst (s) and users. Data flow diagrams are conceptually’
simple and are similar to other diagrams familiar to many
users in the Dbusiness world. Unlike ISAC, a SSA system
specification is relatively concise which means that manage-

ment of the documentation may be simplified and intended
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users of the system are not given copicus and daunting

amounts of documentation to approve.

Data flow diagrams also highlight the transformation of
data, that is, the processes within the system. Users are
process oriented: they think in terms of objects and the
operations performed on objects, such as editing a document
or updating a master file, not in terms of entities, attri-
butes and relationships . [TAT86]. Information Engineering
takes the latter apprdach. 882 helps users to identify
errors and omissions 1in systems modelled using DFDs since
the model more closely represents the way they view the real

world.

Individuals and organisations who use SSA are likely to
tailor one of the SSA methodologies to suit the peculiari-
ties of their working environments. Such adaptations can be

considered to produce hybrid versions of the SSA methodol-

ogy .-

The research documented in this thesis is concerned with the
development of an automated SSA tool. Such software is
required to provide computerised assistance in developing

and maintaining SSA system models.

A tailored form of the 55A methodology will be required for
the proposed automated SSA toeol. The user groups of an
automated SSA tool are expected to have specific needs that

are not explicitly catered for in either of the two standard
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552 methodologies, therefore, a hybrid SSA needed to be
defined to suit the reguirements of the intended users of

the system.

Investigation of automated support for S5SA was considered a
suitable topic for this thesis because:

Most of the automated SSA tools currently available

are expensive;

Automated SSA tools may be able to cffer assistance

in other areas of system development in addition to

systems analysis; and

An automated SSA tocl may be able to provide a means

of overcoming some of the deficiencies in the S$S8a
methodeology.

1.2. Users of Structured Systems Analysis

Although SSA has been in use for over a decade, automated
tools supporting the methodology have only recently become
commercially available. It is not known how useful systems
analysts find such automated toocls: whether they are useful
aids in developing the logical model of a system, or only
useful in documentiﬁg and checking a system model developed

using pencil and paper.

In either case, even an experienced analyst usually requires
several iterations to produce the final version of a DFD.
Drawing and updating DFDs manually is tedious and automated
tools are expected to, at least, help reduce the time con-

suming nature of DFD maintenance and development. Time sav-
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ings may not be as readily apparent in the initial specifi-
cation of a DFD, where the time taken to specify a DFD using
an automated SSA tool and drawing a DFD by hand may be simi-
lar. The real time savings are expected to be most evident
in DFP maintenance where, using an automated SSA tool, the
user does not need to redraw the entire DFD in order to pro-

duce an updated copy.

Post-implementation changes to a system should be reflected
in the system documentation. The maintenance of systenm
documentation can be error prone and time consuming and is
often poorly done. An automated SSA tool may be a useful
aid in maintaining system models developed or simply docu-

mented using SSA.

Automated SSA tools may also encourage more creative experi-
mentation with system designs if changes are easy to make
and contreol. Hence, alternative system designs may be able
to be produced gquicker and at 1less coest. In additien,
alternate system designs may be more complete using an
auztomated SSA tool since less effort may be required to
develop these alternate designs. Designs that are more com-
plete or thorough (even at a very high levgl) may help users
to understand their needs and the proposed system better and
hence help create a system meeting their requirements as

closely as possible.
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Existing automated SSA tools may possibly incorporate
version(s) of SSA that overcome some of the deficiencies of

the original methedology.

An automated SSA tool is required or would be useful in a
number of fields in which research is currently being done.
Within the Massey University Dbepartment of Computer Science

an automated $SA tool may be useful in the following areas:

(1) The Department offers some courses that require stu-
dents to produce S5SA system models. An automated SSA

tool would be a useful teaching aid for such courses.

(2) Two groups of researchers within the Department require
software that allows users to specify S5A system models

using a graphical interface.

Many of the existing automated SSA toecls are not available
in New Zealand, and those that are available are expensive
and often unable to be evaluated theoroughly enough, either
by hands-on experience or detailed documentation. Without
the tools being available for evaluation it is difficult to
decide whether they are cost-effective. In additicen, unless
potential users are able to gain ‘hands-on experience of
available tools, it 1is difficult to specify exactly what
constitutes a useful automated SSA tool. Without a thorough
analysis of what is required of an automated SSA tool by
potential users, short-term exposure to such tools would be

an inadequate foundation on which to base any decision about
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the usefulness or otherwise of an automated SSA tool.

There are a number of automated 5S8SA toels and aids commer-

cially available.[2]

These include:

Excelerator : {Index Technologies Corp.)

Teamwork/SA {Cadre Technoleogies Inc.)
- PCSA (StructSoft Inc.)

DegsignAid (Nastec Corp.}

Anatool (Abvent)

ProkitAnalyst, {McDonnell Douglas

Automation Co.)

Blues {De Landgraff Consultancy).

Potential users of an automated SSA tool are expected to
require specific features of such software. This thesis
identifies the features that one group of users would
require 1in such an automated SSA tool so that the tool will
be useful to them. These needs can also be used as criteria
to evaluate existing automated SSA tools and in determining
whether the ideal automated SSA tocl exists. Given the
current technology, it may be that an ideal tool at a rea-

sonable price is not commercially available.

[2] The names and addresses of the suppliers of the named
automated SSA tools are listed in Appendix T.
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1.3. Research Goals and Methodology

It was the aim of the research documented in this thesis to
design an automated SSA tocl that allows systems analysts to
develop and maintain system models using SSA. The design

goal was broken into the following sub-steps:

(1} Identify the needs of potential users of an automated

SSA tool.

{(2) Investigate the B8SA methodology in light of the

requirements of the users.

(3) Present the design of an automated SSA tool that satis-
fies the needs of the selected user(s) and incorporates

an appropriate form of the SSA methodology.

(4) Compare features of commercially available automated
552 tools with the system designed presented'in this

thesis,

It may have been more appropriate to examine existing
automated SSA tools before steps 1 to 3, however, at the
time this research was undertaken it was not known which, if
any, automated tools wpuld be available for evaluation.
Permission was granted by the Reserve Bank of New Zealand
{after steps 1 and 2 were under way)} to use their coby of
Excelerator for evaluation. Later in the year a demonstra-
tion version of PCSA was ordered from the U.S.A. but was not

received until December, 1986. In addition, the proposed
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automated SSA tocol was designed before using any existing
tools so that the design was not biased by the characteris-
tics (and perhaps limitations) of existing tools. Hence, an
evaluation of existing SSA tools was not carried out until

steps 1 to 3 were completed.

1.4. Thesis Qrganisation

The body of this thesis is divided into six chapters and an

nine appendices:

Chapter 2 presents an overview of the SSA features common to
both the Gane & Sarson and DeMarco versions of the methodol-

ogy .

Chapter 3 describes the potential user groups of an
automated SSA teol and cutlines their general needs. A dis-
cussion of the reasons for selecting a subset of all identi-

fied users is also presented in Chapter 3.

Chapter 4 includes a discussion of the differences between
existing S8SA methodologies and introduces the characteris-

tics of the hybrid SSA methodology suggested in section 1.1,

A discussion of the major design decisions and techniques
used in the develcopment of MUSSAT: Massey University Struc-
tured Systems Analysis Tool, is given in Chapter 5. Chapter
5 also includes an overview of the user interface of MUSSAT.
Details of the MUSSAT design are included in a series of

technical appendices, each of which is introduced in Chapter
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Chapter €& gives an overview of CASE Tools and compares the
goals of MUSSAT with the goals of existing CASE tools. The
user interfaces of twe automated SSA tocls are discussed and

compared with the user interface of MUSSAT.



CHAPTER 2

S8A: A Brief Overview

Although the Gane & Sarson and DeMarco SSA methodologies
differ in a several ways, the basic SSA concepts are embo-
died in both approaches. The S3A characteristics discussed
in this chapter represent a general form of S$SA, that is,
the aspects of SSA common to both the DeMarco and Gane &

Sarson versions ¢of the methodology.

Figures 2.1 to 2.7 model part of a simple order processing
system in which a company receives orders for parts from its
customers and then sends the customer the parts ordered, an
invoice and an out of stock notice if some parts on the
order were unable to be supplied. This example is based on
a model similar to that presented in [DOC86] and is used
in this chapter to describe the tools and techniques of SSA
including: data flow diagrams, the data dictionary, and the

logical system model.

2.1. Data Flow Diagrams

Data flow diagrams (DFDs) show all data that may exist dur-
ing the life of a system and all data transformations that
may occur. Figures 2.1, 2.2 and 2.3 are DFDs describing

parts of the order processing example introduced above.

18



Context DFD

0 INVOICE
CRDER
CUSTOMER PROCESSY oUT.OF-STOCK-
ORDERS * | REPORT

Figure 2.1 - Context DFD far the order processing example.
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0. PROCESS-ORDERS

| INVOICES

P INVOICE INVOICE-NUM
CUSTOMER [*
CUSTOMER-POSTAL-
ADDRESS - 4
L CUSTOMER-
IDENTIFIER PRODUCE
OUT-OF INVOICE
STOCK- CUSTOMERS
REPORT CUSTOMER-
DETAILS
CUSTOMER-NUM
ORDER- e
DETAILS
FILLED-ORDER-
CUSTOMER | DETAILS
DETAILS
3
¥ VALID-ORDER-DETALS | miLL
2 >
CHECK
ORDER | PART-DESC N
PART-NAME +
UNIT-PRICE
' UPDATED-
PARTS QTY-ON-HAND

L

Figure 2.2 - Level 0 DFD for the order processing example.
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2. CHECK-ORDPER

PART-NUM

PARTS

QTY-ON-HAND

CUST-PART-
NLM

VALID-ORDER-DETAILS

CHECK
Qry
AVAILABLE

INSUFFIGIENT-STOCK-DETAILS

Qrv-ORDERED | EEK | arv-orperep

t OUT-OF-STOCK-
REPORT

Figure 2.3 - DFD of Process 2 CHECK-CRDER.

Individual DFDs are {ideally) developed from a data pre-
cedence viewpoint: by specifying the data inputs required by
a prdcess to produce the desired data outputs and working
backwards until the net data inputs to the DFD are identi-

fied.

DFDs are composed of the following four types of DFD ele-

ments:

data flows;
processes;

data stores (files or data bases) [1l] ; and
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external entities (data source and sinks).

Fach type of DFD element is discussed further in the follow-

ing sub-sections.
2.1.1. Data Flows

In figures 2.1, 2.2 and 2.3 each of the lines ending in an

arrow head is a data flow.

Data flows act as pipelines for data flowing through the
system. Each data flow should be named with a short
descriptive identifier and should only contain the data
required by the destination process, external entity or data

store.
g.;.g. Processes

Each of the upright, rounded rectangle shapes in figures

2.1, 2.2 and 2.3 is a process.

Processes use the contents of the incoming data flows to
produce outward data flows. Not all data flows shown as
entering a process are necessarily required for the activa-
tion of the process, nor are all outward data flows neces-—
sarily produced as a result of activating the process, a DFD
simply illustrates all potential inputs and outputs to and

from a process that may exist during the life of the system.

[11The terms in parenthesis are the DeMarco equivalent of
terms where Gane & Sarscn and DeMarco use different names
for the same SSA component. In this thesis the Gane & Sar-
son terminclogy will be used.
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Processes are named and numbered and may be described
further wusing another DFD. For example, process 2 (CHECK-
ORDER) in the DFD of figure 2.2 has been expanded intce the

DFD in figure 2.3.

If a process is exploded into a lower level DFD (also called
a c¢hild DFD), then net data flows into and out of the child
DFD must balance with the parent process. Even so, child
DFDs may contain local data stores and show parallel decom-

position of data flows.

Processes within a DFD are numbered left to right across the
page with each process bearing the number of the DFD it
resides in as well as a unique suffix number. A c¢child DFD

inherits the same number as its parent process,

Figure 2.1 is the Context Diagram for the order processing
system introduced earlier. A context diagram delimits the
scope cof the system being medelled and shows only the net
data flows in to and out of the system. Figure 2.2, the
level 0 DFD, is the expansion of the Context Diagram. Note
that in the level ¢ DFD processes are not prefixed with 0
but are numbered from 1 toc n (n being the number of

processes in the DFD).

Low level processes, also called functional primitives or
leaf-level processes, should be described in the data dic-
tionary in one of three textual formats: Structured English,

Decision Tables or Decision Trees.
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2.1.3. Data Stores

Data stores represent logical collections of data at rest.
A data store can represent anything from a wastepaper basket
to a large database. The open ended rectangles in figures
2.1, 2.2 and 2.3 labelled CUSTOMERS, PARTS and INVOICES are

the data stores used in the order processing example.

Data is retrieved from and placed in to a data store via
data flows. Data flows pointing inte a data store represent
a net flow of data into the data store; data flows leaving a
data store represent a net flow out of rhe data store.
Double headed data flows connected to a data store represent
a net flow in to and out of the data store, that is, data is

updated and retrieved from the data store.

All net flows to and from a data flow are shown in the first

DFD in which the data store appears.

2.1.4. External Entities

The box labelled CUSTOMER in figures 2.1 and 2.2 is an
external entity: a group of people, an organisation or
another system that interacts with, but whose detailed
functioning 1is outside the scope of the system being

modelled.
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2.2. Data Dictionary

A data dictionary contains a definition of each data flow,
data store, external entity, leaf-level process and data
element appearing in a DFD or set of DFDs. BAll definitions
in the DD are filed aiphabetically using the names of the
defined items as the key. FEach definition stored in the DD

is called a DD entry.

2.2.1. Data Elements

in addition tc the DFD elements shown in DFDs, data elements
should also be defined in the DD. A data element is a piece
of data that is logically indivisible., All data flows and
data stores are ultimately composed of data elements. For
example, the data flow CUSTOMER-POSTAL-ADDRESS in figqure 2.2

could be described {simplisticly) as consisting of:

CUSTOMER-NAME;
POST-OFFICE-BOX (opticnal);
STREET-ADDRESS;

CITY; and

COUNTRY .

It -is unlikely that CITY could usefully be broken down any
further {(ignoring suburbs, postal codes, and other
anomalieg). Therefore, CITY is a data element since it can-
not be logically decomposed into smaller elements. On the

other hand, STREET-ADDRESS could be further described as
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consisting o¢of STREET-NUMBER and STREET-NAME, each of which
may be described as a data element (if it is not logical to

decompose either item any further).

2.2.2. Data Items

When discussing the use o©of data elements in SSA it 1s useful
to use one term to describe all types of structures that may
be built using data elements. In this thesis the term 'data
item’ will be used to refer to any named grouping of data
that forms a logical unit, that is, a data element, data
flow or data store. Data flews and data stores consist of
individual data elements which may be grouped into data

items.

2.2.3. Data Dictionary Languages

All DD entries contain a description of the contents of a
processes or data item in a specific definition language: a
process description language for processes or a BNF-type

language for a data item.

Process description languages are discussed in the following
sub~section to complete the overview of the SSA methodology,
however, the DD cf the proposed S8A tool will not directly
support or enforce any of the process description languages
discussed below. It is beyond the scope of this thesis to

develop a DD capable ¢of supporting these languages.
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2.2.3.1. Process Description Languages

SSA supports three languages for defining processes:

Structured English
Decision Tables

Decision Trees.

The choice of which language to use for a particular pro-

cess lies with the analyst.

Structured English

Structured English is a pseudo-ccode type language that uses
three logical constructs: sequence, decision and repetition,
as well as the names of data items to describe the logic of
leaf-level processes. Indenting is used extensively to
clarify the structure of the definition. Structured English
is probably the most flexible of the three languages as it
can be made more natural-language-like to suit users who
are uncomfortable with the terseness of Structured English
in its purest form. Figure 2.4 is a Structured English
definition of process 3 (FILL ORDER) in the DFD of figure

2.2.
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1. For each VALID-ORDER-LINE:
1.1 Access PARTS, using PART-NUM as key.
1.2 Decrement QTY-ON-HAND by QTY-ORDERED.
1.3 Set SUPPLIED-PART-NAME = PART-NAME.
14 Set SUPPLIED-UNIT-PRICE = UNIT-PRICE.

Figure 2.4 - Structured English definition of Process 3 FILL ORDER.

Decisjion Tables

Decision Tables express the logic of a process in a matrix
showing the conditions and rules that a particular action
depends upon. DeMarcoe ([DEM78] p. 216) suggests that Deci-
sion Tables are the appropriate process description language
to use when the action(s} selected depends on several of

conditions.

Decision Trees

Decision Trees are the third methed of describing leaf-level
processes. Decision Tree are simply graphical representa-
tions of é Decision Tables and are appropriate for describ-
ing the same types of processes for which Decision Trees are

used.

In the order processing example introduced earlier in this
chapter, a process suitable for description using a Decision
Table or Decision Tree would he a process that calculates

how to send a filled order back to the customer: either
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airmail or standard post (A or S}, express or normal
delivery (E or N). Assume that such a process is a sub-
process of process 4 (PRODUCE INVOICE) in the DFD of figure

2.2.

The delivery service chosen is based on a combination of the

following conditions:

(1} the value of the order:

under $200 (T}
5200 and over (T):

{2} the destination of the parcel:

inland (I}
overseas {0); and

(3) the weight of the parcel:

less that 5 kilogrammes (L)
5 kilogrammes or greater {(G).

Figures 2.5 and 2.6 show equivalent Decision Table and Deci-
sion Tree representations (respectively) of the various ways
a parcel may be sent and the conditions under which each

method of delivery is selected,



Value of order L Uiu g {7 TIT
Destination | ot [0 {1 01 O
Weight L JL GG |L L 1G] G

Delivery method A 1SS |88 A |S|A

Service N E E N E E E N

Figure 2.5 - Decision Table representation of freight
method policy.
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IF VALUE-OF-ORDER < $200
THEN
IF DESTINATION = INLAND
THEN
IF WEIGHT <5 KG
THEN
SEND AIRMAIL, NORMAL
ELSE (* WEIGHT > 5 KG *)
SEND SURFAGE, EXPRESS
ELSE (* DESTINATION = OVERSEAS *)
IF WEIGHT <5 KG
THEN
SEND SURFACE, EXPRESS
ELSE (* WEIGHT 25 KG )
SEND SURFACE, NORMAL
ELSE {* VALUE-OF-ORDER > $200 *)
IF DESTINATION = INLAND
THEN
SEND SURFACE, EXPRESS
ELSE (* DESTINATION = OVERSEAS *)
IF WEIGHT < 5 KG
THEN
SEND AIRMAIL, EXPRESS
ELSE (* WEIGHT 2 5 KG *)
SEND AIRMAIL, NORMAL.

Figure 2.7 - Structured English representation of freight method policy.

2.2.3.2. Dbata Item Description Languages

The composition_of data flows and data stores are defined
using a language consisting of several relational operators
and the DD names of data items. The symbols used for the
relational operatofs are different in the Gane & Sarson and

DeMarco versions of SSA. Both versions are discussed in
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Chapter 3,

Data elements are not described using the relational opera-
tors. Instead, discrete or continuous ranges of values and

their associated meanings are listed in the DD entry.

Definition of a data item within the DD stops when the
analyst believes that the meaning is self-evident; a data
item need not necessarily be defined down to data element
level if the analyst believes that the meaning of the déta

item is apparent.

For completeness, the data items used in the order process-

ing example are defined below (using DeMarco’s notation):

VALID-ORDER-LINE = PART-NUM + QTY-ORDERED
VALID-ORDER-DETAILS = 1{VALID-ORDER-LINE}40
SUPPLIED-ITEM = PART-NAME +

QTY-SUPPLIED +

SUPPLIED~UNIT-PRICE
FILLED-QRDER-DETAILS = 1{SUPPLIED-ITEM}40
ORDER-LINE = CUSTOMER-PART-NUM + QTY-ORDERED
CORDER-DETAILS = 1{ORDER-LINE}40

CUSTOMER-IDENTIFIER = CUSTOMER-NAME +
{CUSTOMER—-NUM)

ORDER = CUSTOMER-IDENTIFIER +
ORDER-DETAILS

PART-DESC = PART-NUM + QTY—-ON-HAND
PART-DETAILS = PART-DESC + UNIT-PRICE
PARTS = 1{PART-DETAILS}N

STREET-ADDRESS = STREET-NUMBER +
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STREET-NAME
CUSTOMER~ADDRESS = (POST-QFFICE-BOX) +
STREET-ADDRESS +
CITY +
COUNTRY

CUSTOMER~POSTAL~ADDRESS = CUSTOMER-NAME +
CUSTOMER-ADDRESS

CUSTOMER-DETAILS = CUSTOMER-NUM +
CUSTOMER-NAME +
CUSTOMER-POSTAL-ADDRESS

CUSTOMERS = 1{CUSTOMER-DETAILS}200

The data item description language used above is described

in greater detail in Chapter 4.

2.3. System Models

A logical system model developed using SSA is documented in
a set of DFDs and an asscciated DD. The set of DFDs in a
SSA system model will be referred to in this thesis as a

hierarchy of DFDs.

A hierarchy of DFDs is a set of DFDs with one top level DFD;
every other DFD in the set is a child DFD of a process
within another DFD in the set. A hierarchy of DFDs is nor-
mally developed by functicnal decomposition: processes are
expanded into'lower level DFDs to show the system in more
detail. For example, the DFDs in figures 2.1, 2.2 and 2.3
form part of a hierarchy of DFDs: the DFD in figure 2.1 is
the top. level DFD, figure 2.2 is an explosion of PROCESS

ORDERS in figure 2.1, and figure 2.3 is an explosion of pro-
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cess 2, CHECK ORDER, in figqure 2.2.

In this thesis each logical system model, that is, a hierar-
chy of DFDs and the asscociated DD will be referred to as a

SSA project.



CHAPTER 3

The Users and Their Needs

To design an automated SSA tocl that will provide useful
functions for its users, who the users are, and exactly what
their needs will be, must be clearly defined. This section

includes a discussion of:
(1} potential user groups ¢f an automated SSA tool;

(2) the activities carried out by each potential user

group;

{3) the activities that an automated SSA tool should sup-

poert for each user group;

(4) possible conflicting needs that may be evident between

the user groups;

(5) selection of the user group(s) for which the automated

tool is designed; and
(6) the general features required in an automated SSA tool.
3.1. The Users

Within the Department of Computer Science at Massey Univer-
sity three groups of people have been identified as poten-

tial users of an automated SSA tool. For the purposes of

36
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this thesis these user groups will be referred to as:

(1)

(2)

(3)

Systems Analysts {Analysts};

Software Sizing Personnel (SSP}; and

Executable DFD (EDFD) users.

Systems Analysts (SSA)

Systems analysts are responsible for developing logical
models of existing and prbposed systems. An analyst
produces these models by working closely with the end-
users of the existing and proposed systems. The logi-
cal model of the proposed system 1s used by systems
designers as a blueprint for systems design activities.
Hence, a systems analyst acts as an intermediary

between users and systems development personnel.,

Within the Computer Scilence Department at Massey
University, this group of users is represented by the
students enrolled in courses that teach and use SSA.
These students are expected to use the proposed system
to learn about SSA while they develop system designs.
An automated SSA tool will primarily be a teaching aid
for +this user group, but teaching staff and
analyst/programmers employed by the Department are
also expected to find the tool useful when undertaking

analysis work.
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1. For each VALID-ORDER-LINE:
1.1 Access PARTS, using PART-NUM as key.
1.2 Decrement QTY-ON-HAND by QTY-ORDERED.
1.3  Set SUPPLIED-PART-NAME = PART-NAME.
1.4  Set SUPPLIED-UNIT-PRICE = UNIT-PRICE.

Figure 2.4 - Structured English definition of Process 3 FiLL ORDER.

Decisicon Tables

Decision Tables express the logic of a process in a matrix
showing the conditions and rules that a particular action
depends upon. DeMarco ([DEM78] p. 216) suggests that Deci-
sion Tables are the appropriate process description language
to use when the action(s} selected depends on several of

conditions.

Decision Trees

Decision Trees are the third method of describing leaf-level
processes, Decision Tree are simply graphical representa-—
tions of é Decision Tables and are appropriate for describ-
ing the same types of processes for which Decision Trees are

used,

In the order processing example introduced earlier in this
chapter, a process suitable for description using a becision
Table or Decision Tree would be a process that calculates

how to send a fllled order back to the customer: either
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airmail or standard post (A or 8), express or normal
delivery (E or N}. Assume that such a process is a sub-
process of process 4 (PRODUCE INVOICE} in the DFD of figure

2.2.

The delivery service chosen is based on a combinaticn of the

following conditions:

(1) the value of the corder:

under $200 (U)
$200 and over (T);

{(2) the destination of the parcel:

iniland (1)
overseas {0); and

{(3) the weight of the parcel:

less that 5 kilogrammes (L)
5 kilogrammes or greater ({(G).

Figures 2.5 and 2.6 show equivalent Decision Table and Deci-
sion Tree representations {(respectively) of the various ways
a parcel may be sent and the conditions under which each

method of delivexry is selected.



Value of order tJ uitu ju T TLHT
Destination i Ot O jl C] 1 O
Weight E|L GG L LIG |G

Delivery method A 1S |SsS |s8is A8 A

Service N|E|]E|NJEJE |E

Figure 2.5 - Decision Table representation of freight
method paolicy.
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\F VALUE-OF-ORDER < $200
THEN
IF DESTINATION = INLAND
THEN
IF WEIGHT < 5 KG
THEN
SEND AIRMAIL, NORMAL
ELSE {* WEIGHT > 5 KG *)
. SEND SURFACE, EXPRESS
ELSE (* DESTINATION = OVERSEAS *)
IF WEIGHT < 5KG
THEN
SEND SURFACE, EXPRESS
ELSE (* WEIGHT 2 5 KG *)
SEND SURFAGE, NORMAL
ELSE (* VALUE-OF-ORDER = $200 *)
iF DESTINATION = INLAND
THEN
SEND SURFACE, EXPRESS
ELSE (* DESTINATION = OVERSEAS *)
IF WEIGHT < 5 KG
THEN
SEND AIRMAIL, EXPRESS
ELSE (* WEIGHT 2 5 KG *)
SEND AIRMAIL, NORMAL.

Figure 2.7 - Structured English representation of freight method policy.

2.2.3.2. Data Item Description Languages

The composition of data flows and data stores are defined
using a language consisting of several relational operators
and the DD names of data items. The symbols used for the
relational operators are different in the Gane & Sarson and

DeMarco versions of S5A., Both wversions are discussed in
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Chapter 3.

Data elements are not described using the relational opera-
tors. Instead, discrete or continuous ranges of values and

their asscociated meanings are listed in the DD entry.

Definition of a data item within the DD stops when the
analyst believes that the meaning is self-evident; a data
item need not necessarily be defined down to data element
level 1f the énalyst believes that the meaning of the data

item is apparent.

For completeness, the data items used in the order process-

ing example are defined below (using DeMarco’s notation):

VALID-ORDER-LINE = PART-NUM + QTY-ORDERED
VALID-ORDER-DETAILS = 1{VALID-CRDER-LINE}40
SUPPLIED-ITEM = PART-NAME +

QTY-SUPPLIED +

SUPPLIED-UNIT-PRICE
FILLED-ORDER-DETAILS = 1{SUPPLIED-ITEM}40
ORDER~LINE = CUSTOMER-PART-NUM + QTY-ORDERED
ORDER-DETATLS = 1{ORDER-LINE}4{

CUSTCMER-IDENTIFIER = CUSTCMER-NAME +
(CUSTOMER-NUM)

ORDER = CUSTOMER-IDENTIFIER +
ORDER-DETAILS

PART-DESC = PART-NUM + QTY-QON-HAND
PART-DETAILS = PART-DESC + UNIT-PRICE
PARTS = 1{PART-DETATLS3}N

STREET-ADDRESS = STREET-NUMBER' +
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STREET-NAME
CUSTOMER-ADDRESS = {POST-QFFICE-BOX) +
STREET-ADDRESS +
CITY +
COUNTRY

CUSTOMER-POSTAL-ADDRESS = CUSTCOMER-NAME +
CUSTOMER-ADDRESS

CUSTOMER-DETAILS = CUSTOMER-NUM +
CUSTOMER-NAME +
CUSTOMER-POSTAL~ADDRESS

CUSTOMERS = 1{CUSTOMER-DETAILS}Z200

The data item description language used above 1is described

in greater detail in Chapter 4,

2.3. System Models

A logical system model developed using SSA is documented in
a set of DFDs and an associated DD. The set of DFDs in a
$SA system model will be referred to in this thesis as &

hierarchy of DFDs.

A hierarchy of DFDs is a set of DFDs with one top level DFD;
every other DFD in the =set 1is a child DFD of a process
within another DFD in the set. A hierarchy of DFDs is nor-
mally developed by functional decomposition: processes are
expanded into lower level DFDs to show the system in more
detail. For example, the DFDs in figures 2.1, 2.2 and 2.3
form part of a hierarchy of DFDs: the DFD in figure 2.1 is
the top level DFD, figure 2.2 is an explosion of PROCESS

ORDERS in fiqure 2.1, and figure 2.3 is an explosion of pro-
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cess 2, CHECK ORDER, in figure 2.2,

In this thesis each logical system model, that is, a hierar-
chy of DFDs and the associated DD will be referred to as a

SSA project.



CHAPTER 3

The Users and Their Needs

To design an automated SSA tool that will provide useful
functions for its uéers, who the users are, and exactly what
their needs will be, must be clearly defined. This section

includes a discussion of:
{1) potential user groups of an automated SSA tool;

{2) the activities carried out by each potential user

group;

(3} the activities that an automated SSA tool should sup-

port for each user group;

{4) possible conflicting needs that may be evident between

the user groups;

(5} selection of the user group(s} for which the auvtomated

tool is designed; and
{6) the general features required in an automated SSA tool.
3.1. The Users

Within the Department of Computer Science at Massey Univer-
sity three groups of people have been identified as poten;

tial users of an automated SSA tool. For the purposes of

36
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this thesis these user groups will be referred to as:

{1)

(2)

{3)

Systems Analysts (Analysts);

Software Sizing Personnel {SSP}; and

Executable DFD (EDFD) users.

Systems Analysts (SSA)

Systems analysts are responsible for developing logical
models of existing and proposed systems. An analyst
produces these models by working closely with the end-
users of the existing and proposed systems. The logi-
cal model of the proposed system is used by systems
designers as a blueprint for systems design activities.
Hence, a systems analyst acts as an intermediary

between users and systems development personnel.

Within the Computer Science Department at Massey
University, this group of users is represented by the
students enrolled in courses that teach and use SSA.
These students are expected to use the proposed system
to learn about SSA while they develop system designs,
An automated SSA tool will primarily be a teaching aid
for this user group, but teaching staff and
analyst/programmers employed by the Department are
also expected to find the tool useful when undertaking

analysis work.
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55A is currently a pencil and paper methodclogy involv-
ing iterative refinement of text and diagrams, hence,
maintenance and consistency checking of the 8S8A docu-
mentation can be tedious and error prone. Therefore,
one of the aims of an automated SSA tool for Analysts
is to incorporate as many of the clerical aspects of
thé SSA methodology as possible in the proposed system,
This automation should include the develcopment of DFDs
and the DD. The autcmated SS5& tocl must provide assis-
tance in maintaining (and checking} the consistency and

completeness of DFDs and DD entries.

The DD should support Structured English for process
definitions and a simple BNF-type language for all
other types of DD entries, except for external entity

definitions,

As well as the ability to develop hierarchical sets of
DFDs and a DD, the Analysts alsc require the proposed
system to be able to check the consistency and com-
pleteness of individual DFDs, sets of DFDs, and the DD,
all under control of the user. These checks will help
the user of the system to identify DFDs or DD entries
that require further refinement. The user must Dbe
allowed to leave DFDs and DD entries in an inconsistent
or incomplete state until that portion of the system is
defined further. A minimum amount of compﬁlsory infor-

" mation should be required for the specification of DD
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entries and DFDs.

Software Sizing Personnel {SSP)
During the development cof a system, size and cost esti-
mations need to be made by SSP to manage the project
and to provide empirical data for future use. Pecple
involved in software sizing and costing activities may,
of course, also assume other roles during the develop-
ment of a system. Even so, when acting in the role of
estimators the major use of an automated SSA tool would
be to provide information necessary to produce sizing
estimations for any set of DFDs determined to be both

consistent and complete.

SSP work closely with systems analysts; the two func-
tions of software size estimation and system specifica-
tion interlace. If a cost estimate made for a system
model is considered by the users to be too high then
the Analysts may have to redesign the system. Itera-
tions involving modification of the system model and
subsequent re—estimation of the size and cost of the
system may be required before a system acceptable to
the users (in that the perceived benefits outweigh per-
ceived costs) is specified. Iterations of estimating
and modifying a system model may take place before an
acceptable system 1is specified. In a sense, the role
of SSP can be seen as a speclalised ﬁart of the design

process, although size/cost estimations will continue
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to be made in later stages of system development to

monitor the project.

SSP need to be able to retrieve information derived
from the set of DFDs {and the DD} that represents the
current state of the system being developed. This
information must have been previously specified by sys-
tems analysts. Therefore, it would be useful to com-
bine the functions required by the Analyst (to specify
systems) with those of the SSP (to retrieve sizing
information) 1in the same tool since the two functions

are so closely related.

The model to predict system size from specifications is
currently the subject of research. The addition of a
small number of extra fields in some DD entries
together with the information from the DFDs and the
standard DD, should provide most of the information

required for the sizing model,

Executable DFD (EDFD) users
The high level data flow environment currently under
development at Massey University requires a means of
allowing DFDs and DD entries to be defined via a DFD
definition interface [DOCB6). Unlike Analysts and SSP,
the processes of interest in an EDFD environment are
those at the leaf level; higher level process descrip-

tions are seen mainly as documentation and development
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aids [TAT83].

EDFD users may not necessarily use conventional leveled

DFDs to develop system definition(s).

The role of an auntomated SSA tool in an EDFD environ-
ment 1is less of a development tool (as for the
Analyst/SSP users) and more as a specification tool,
Therefore, the activities of the EDFD Users can be seen
as occurring after the systems analysis phase; the main
function of an automated SSA tool would be to allow
the specification of a fully developed system model.
Nevertheless, the type of consistency and completeness
checks required by Analysts are still likely to be use-
ful to EDFD users, although the definition of what a
complete or consistent set of DFDs is may differ. In
principle, planning and implementing several con-
sistency criteria in the proposed system is possible.
Even so, the expected complexity of an automated SSA
tool with more than one set of consistency criterion is

considered to be beyond the scope of this project.

The executable DD required in an EDFD environment is
considerably more structured'than the standard SSA PD.
The dictionary language used in an earlier prototype of
the EDFD envirconment allowed processes to be defined
using an extended BNF language under the direction of a

syntax~directed editor. Research currently in progress
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includes the development of an algebra for the defini-

ticon of DFDs [DOCB6].

Execution of the leaf level DFDs is expected to be
iliustrated by animating defined DFDs. Therefore, the
major aims of a DFD development tcol for EDFD users

are:

(a) To allow the specification of the lowest level of
a set of DFDs in which DD entries and DFDs define
a complete and consistent system capable of being
executed by the EDFD environment. These specifi-
cations should be in a structured language which,

at the time of writing, is not fully defined.

{b) To provide a vehicle by which the execution of any

given DFD{s} may be illustrated.

Summary

All three user groups require a tool that allows a system to

be

described as a hierarchy of DFDs and a DD. There are

several conflicting user requirements:

(1)

Some of the DFD construction rules necessary for the
specification of an EDFD environment are expected to

conflict with the flexibility needs of the Analysts.

As a design and analysis tool, SSA offers considerable

freedom in what the user can or cannot represent in a



(2)

{3)
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DFD; many of the so-called rules ¢f the methodology are
more guidelines which can be tailored to suit the
installation cor individual. The Analysts require a
version of §8SA that allows as much design freedom as
possible while ensuring that the SSA rules are being
correctly applied. In contrast, a SSA methodology for
the EDFD environment would need to be tailored to
ensure that the resulting leaf level DFDs and associ-
ated DD entries defined by a user are precise enough sol
that the specified system may be executed. It appears
likely that a SSA methodology suited to Analysts may
not be constrained enough for EDFD users. Conversely,
a S8A methodelogy tailored to the needs of EDFD wusers

will be too restrictive for the Analysts.

The type of grammar required in the executable DD

required by EDFD users is not suited to the Analysts,
Part of the advantage of using Structured English for
process definitions is the ability to extend the basic
vocabulary so that the process definitions can be made
using a language familiar to the users. This is par-
ticularly important for users who are uncomfortable
with computer—like languages ([DEM78] p. 204). A
highly structured grammar would not éllow the flexibil-

ity that the Analysts require in a DD.

The development of an executable DD grammar for use in

the EDFD environment is outside the scope of this
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project. Therefore, scme intermediate form of DD would
be regquired for wuse in the automated SSA tool until
the executable DD was avallable for use. Difficulties
in designing an autcmated SSA tocel and later adapting

the tool to interface with an executable DD may arise.

(4) The ability to animate DFDs may force a system design

not suited to the other user groups.

These conflicts could be resclved by developing a éystem
that allowed different modes of DFD develeopment, for exam-
ple, one mode for EDFD users where DFD construction rules
are quite constrained and ancther mode for Analyst/SSP users
where DFD construction rules are more flexible. Even 1f the
animation of DFDs (which is considered to be a significant
exercise in itself) is not included in this project, the
development of one automated SSA teol to satisfy all the
needs of all the intended user groups is still beyond the
scope of this project because of the complexity of such a
system. Therefore, an auvtomated SS5A tool for Analysts and
SSP has been chosen as the subject of this project. The

reasons for this decision are that:

(1) Meeting the needs of the Analyst user group satisfies

the common needs of all three user groups.

(2) Such a tool will be potentially useful to a greater

number of users.
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(3} An automated SSA tcocecl for Analysts and SSP users has a
more clearly defined interface than an automated SSA

tool for a EDFD environment.

In the rest of this thesis, wunless stated otherwise, any
reference to0 the nusers or target user grcup refers to SSP

and Analyst users.
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3.2. General Requirements of an Automated SSA Tool

This chapter outlines the general features that the Analyst
and SSP user groups require in an automated SSA tool. These
requirements form the criteria that will be used to evaluate
existing automated SSA tools and form the basis on which the

proposed automated SSA tool will be designed.

Major decisions regarding the more detailed aspects of the

proposed system will need to be made, eithér by:

(1) consultation with the users, or when the decision is
one the users are unlikely to be able to make (or

should not have to make), then
(2) the system designer will make the decision.

In the latter case, the designer should consider all options
available and choose the option that not only enhances the
usefulness of the product but at the same time comélies with
the SSA rules. The decision (and all opticns) must be docu-

mented and passed to a user representative for approval.
The main goals of the proposed system are:

To provide automated assistance in creating and
manipulating SSA system designs. The system
should allow a user to interactively draw DFDs and
maintain an associated DD using a graphical inter-

face. Printed copies of DFDs and DD entries
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should be available to the user.

The system should be able to carry out checks for:

unbalanced DFDs;

DFD elements that do not have
corresponding DD entries; and

DD entry components that may need
further definition.

3.2.1. System Features

(2)

{3)

The specific hardware configuration on which the system
should be implemented on is not known at this stage.
Nevertheless, in order to suppoert the activities
required, the following generic hardware configuratiocn

will be required:

a machine with graphics capabilities;

ideally an A4 size high resolution graphics terminal
(probably monochrome);

a keyboard;

an alternative cursor manipulation device
{(a mouse or tablet and pen); and

a graphics printer.

A file system capable cof storing and quickly retrieving

individual DFDs.

The system should help the user accomplish tasks as

easily and conveniently as possible.
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The system shcould allow a user to create and maintain
several different SSA projects concurrently. The max-
imum number of projects the system should be able to
support is not known but will depend on the storage

capacity of the hardware.

3.2.2. Project Features

(1)

{2}

(3)

{4}

Each project should be able to be:

created;
named;
renamed;
amended;
deleted;
viewed; and

printed.

The user should be able to define a hierarchical set of
DFDs. It is not known how many levels of DFDs a pro-

ject will require.

The user should be able to keep definitions of the data
and processes within a project in a DPD. There should

be one (logical) DD for each project in the system.

A process should be named before it is allowed to be

expanded into a lower level DFD.
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The user should be able to direct the system to test
whether a specific hierarchy of DF¥Ds is balanced (so
that the child DFD has the same net data flows as the

parent process, [DEM78] p. 78).

3.2.3. DFD Features

(1)

(2)

(3)

(4)

(3)

The elements that should be represented in a DFD are:

data stores;
data flows;
external entities; and

pProcesses.

The user should be able to add new and delete existing

DFD components to and from a DFD.

The user should be able t¢ name, rename and (where

appropriate) number and renumber DFD elements.

The user should be able to move any existing DFD ele-
ment to any unused .space within the current DFD (except
for data flows which must be connected to a scurce and

destination).

The system should provide an automatic numbering facil-
ity for those DFD elements that may be numbered. The
user should be azble to turn this facility off to allow

a non-standard numbering system to be used.
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When a user is specifying a DFD the system should be
able to detect errors arising from:

Attempts to draw data flows between

incompatible DFD elements, for example,

drawing a data flow from a data store to

another data store without an intervening

process.

Attempts to create a DD entxy for
an un—-named DFD element.

Attempts to draw a DFD element atop
another.

Attempts to number a DFD element with
an already allocated number.

The user should be able to print out all or a subset of

DFDs in a project.

3.2.4. DD Features

{1}

(2}

(3}

(4)

One DD entry should be able to be defined for each DFED

element and for each sub-structure of a DD entry.

The user should be able to ascertain which DFD elements
and which components of DD entries are not defined in

the DD.

The user should be able to view and edit existing DD

entries.
The DD should be able to store six types of DD entry:

data element

data structure
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data flow
data store
process definition

external entity.

The data stored in a DD entry should include, at the

least, the name of the element and its number {for num-~

bered elements).

DD entries should have a NOTES section where the user

may describe any relevant details in free-form text.

Each type of DD entry (except for external entities)
should contain a DEFINITION of the named element. For
processes this definition should be in a process
description language. A BNF-type language {such as
that described in [DEM78}) should be used for data

stores, data structures and data flows.

The feollowing informaticon may be required to be stored

in the DD:

data element

name

description

definition - values and meanings
aliases.

data structure

name ,
description
definition
volume.



data flows

name
description

definition

aliases

volume

type [1])

scurce and destination(s).

data stores

name
description
definition

aliases

data flows in and out
arguments to flows
number

organisation.

processes definitions

name
description
definition

data flows in and out
type

number,

[1]"Type’ fields are used by SSP.
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external entities

name
description
data flows in and out,

(9} When the user is defining a DD entry, as much of the DD

entry as possible should be filled in automatically.

(10} The user should be able to request (and receive) the

following DD reports:

Listing of entire DD contents in alphabetic order.

Partial 1listing of DD contents in alphabetic

order, with range specified by start and end DD

entry names.

Listing of all DD entries, in alphabetic order,
corresponding to the DFD elements of one or more

DFDs.

Listing of all DFD elements in a specified set of
DFDs that are not defined in the DD, ordered

alphabetically within DFD,



CHAPTER 4

A Comparison of SSA Methodologies

Although the tweo major proponents of SSA, DeMarco and Gane &
Sarson, have develcped methodologies which incorporate the
techniques outlined in Chapter 2, there are noteworthy
differences between the two methcdologies. The more signi-
ficant of these differences are discussed 1in this chapter
and an amended form of SSA tailored to the needs of the
identified users is outlined. This amended form of SSA has
been incorporated 1in an automated tool: MUSSAT (Massey
University Structured Systems Analysis Tool). Specific

features of MUSSAT are discussed in subsequent chapters.

The major difference between the DeMarco and Gane & Sarson
versions of SSA is the difference in DFD size and the asso-
ciated levelling conventions as discussed in section 4.21.1.
Other differences are also outlined in following sub-
sections. In each case where there are differences in the
Gane & Sarson and DeMarco approaches, the approach of each
methodology is discussed and then the approach that MUSSAT
incorporates is outlined. The new form of S5SA used in MUS-

SAT is summarised as a series of rules in Appendix II,

54
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4.1. Data Flow Diagrams

4.1.1. ZLevelling Conventions

The most significant difference between the two methodelo-

gies lies in their DFD levelling conventions. Gane & Sarson

suggest that each process in the top level diagram ".o..can
itself be broken down to a third level of detail...",
although this is "...not often necessary." [GAN8O] (p. 18).

On the other hand, DeMarco suggests that a set of DFDs may
consist of "...several middle levels, sometimes as many as

eight or nine..." [DEM78] (p. 77).

These two views are reconcilable. Gane & Sarson place no
limit on the size of their top level DFDs: they are expected
to be large with minimal partitioning. A simple example
given 1in the text [GAN80] {(pp. 64-65} consists of 22
processes, 12 data stores and numerous data flows. This
does not appear to be an atypically large DFD using the Gane
& Sarscn approach. Considering the compiexity of such a top
level diagram, it is reasonable to expect a logical system
model to be defined in three (or fewer) additional levels of

DFDs.

DeMarco, however, says that *...we cannot Jjust expand the
size of our diagrams to cope with larger and larger require-
ments.™ [DEM79] (p. 71). His approach is to apply strict
partitioning conventions, producing a greater number of

small, comprehensible DFDs. DeMarco suggests that each DFD
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should fit on one A4 size page with seven plus or minus two
processes on a page, although this guideline may be relaxed
so long as resultiing DFDs are easy to understand. Top level
diagrams may be larger than optimal, however, these diagrams
are working diagrams and need not be readable at a glance.
Nevertheless, no example DFD in DeMarco’s book 1is anywhere
near the size and complexity of the Gane & Sarson example

discussed above.

The DeMarco emphasis on limiting the number of processes in
one DFD and allowing more levels in a hierarchy of DFDs can
be seen as the opposite approach to the Gane & Sarson metho-
dology of limiting the depth of the hierarchy and not res-

tricting the size of any cne DFD.

Seven plus or minus two as a guideline for the number of
processes on one DFD is a useful measure of DFD readability,
however, even DeMarco views this range as a guideline, not a
hard and fast rule. He emphasises the need for comprehensi-
ble DFDs and acknowledges that sometimes larger DFDs are
necessary and present a more natural portrayal of the por-
tion of the system in question. DeMarco’s major concern is
DFD readability; the seven plus or minus twoe guideline is
secondary to DFD readability and "...the final standard has
got to be your own Judgement on resulting readability.”

{[DEM78] p. 82).
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Ensuring that a DFD has no less than five and no more than
nine processes does not ensure that the DFD is conceptually
simple and easy to read., Some authors (including [TEAS85]
and [DAV83]) have interpreted DeMarco’s guideline literally
and limit the number of processes 1in a DFD without
emphasising the need (and the original application of the
seven plus or minus two guideline) to produce DFDs that are

easy for users to read.

Although the seven plus or minus two guideline is a wuseful
psychological principle, there is no inherent characteristic
of an information system that ensures that its system model
can be meaningfully decomposed into any particular number of

subsystems or functions [TAT86L].

In addition, a SSA regquirements specification is also used
by systems designers during the detailed design phases of
the project. It may be that these users of DFDs are more
concerned with the level of detail and completeness of the

DFDs rather than size and readability.

The underlying philosophy regarding DFD levelling conven-
tions in MUSSAT is that DeMarco’s smaller DFDs serve as
bétter communication tocls than do the less constrained Gane
& Sarsen DFDs. Even so, insisting that all DFDs are drawn
with seven plus or minus two processes may force artificial

partitioning within a system model.
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Hence, MUSSAT enccurages the user to draw small DFDs, how-
ever, because of the flexibility of DeMarco’s seven plus or
minus two guideline, the number of processes in one DFD is
limited only by the physical drawing area of a DFD. MUSSAT
can inform the user of theose DFDs with mere than nine or
less than five processes, but this is not necessarily an

indication of a pocorly partitioned DFD,

Using MUSSAT the user may draw DFDs consisting of any even
number of A4 pages, however, most DFDs drawn are expected to
fit on one A4 sheet of paper. MUSSAT encourages the use of
small DFDs by requiring the user to take specific action(s)
to draw a large DFD, that is, the user is required to select
certain system options to draw a DFD larger than cone A4

page.

4.1.2. DFD Construction Conventions

DFD Completeness

Gane & Sarson suggeét that a DFD should be fully specified
pefore any processes are exploded into lower level DFDs
([GANBO] p. 51). DeMarco does not state that a DFD should
be fully specified before processes are exploded, but his

approach does seem to suggest it ([DEM78] pp. 63-69).

‘Insisting that a DFD is fully constructed before lower level

DFDs can be drawn ensures that:
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{1) The analyst understands the portion of the system being

analysed well enough to draw a readable DFD for it.

{2} The interfaces between the DFD elements will be
correctly specified and hence the inputs and cutputs

of a chiild process will be correctly specified.

If, for example, DFD elements need not e named before a
child DFD is drawn for a process, then it would be difficult
to check the consistency between a child and parent process
when the data flows into and out of a parent process are
unnamed and flow from unnamed sources or te unnamed sinks.
An incomplete DFD also suggests that the analyst either does
noet understand fully what the DFD should contain or that the
partitioning of the DFD is deficient since the DFD cannot be

drawn without wviolating the DFD construction rules.

In MUSSAT a DFD should be syntactically, but not necessarily
semantically, correct before any processes are exploded into
lower level DFDs. In other words, a-DFD must comply with
all the DFD construction rules of the SS5A methodology.
These rules include the basic SSA rules outlined in Chapter
2 and other rules specific to MUSSAT that are introduced in

this chapter.

Numbering processes

In MUSSAT a process need not be numbered before it  is

exploded into a lower level DFD because numbering is a



60

notational tool and does not add to the meaning of the DFD;
a DFD can be syntactically and semantically correct without
processes being numbered. Even so, in a SSA project of any
non-trivial system, Pprocesses should be numbered for the
convenience of the analyst and intended audience of the

DFDs.

An analyst is expected to numbef processes once a DFD 1is
reasconably well defined. MUSSAT allows processes to be num-
bered at any stage of DFD development, however, a hierarchy
of DFDs with unnumbered processes is difficult to maintain
and hence the analyst is expected to number processes at

ieast once more than a few DFDs have been drawn.

Order of DFD construction

Although SSA is a top-down analysis teool, there may be cases
where the analyst 1is unable to develop a set of DFDs in a
strictly top-down manner. DeMarco suggests that when pro-
ducing a SSA model for the current physical environment, the
analyst may need to start analysis at some intermediate
level of the system ([DEM78} p. 260). Therefore, MUSSAT
allows DFDs to be drawn 4in any order, The analyst 1is
responsible for deciding when to deviate from a top-down

approach.
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4.1.3. DFD Element Naming Conventions

Valid DFD element names

Differences exist in the conventions used to name DFD ele-
ments. DeMarco suggests that names o©f data flows (and
presumably other DFD elements) should be in upper case with
hyphens Jjoining individual words in the name {[DEM78] p.
54).11] Gane & Sarson, however, propose that data flow names
should be written in upper and lower case (the first letter
of the name in upper case) until a DD entry is defined for
the data flow. Once the data flow is defined, the data flow

name should be changed to all upper case ([GANS0] p. 40).

Gane & Sarson do not specify naming conventions for other
DFD elements, but from the illustrations in their text, it
appears that data store and external entity names are writ~

ten in upper case and process names in upper and lower case.

MUSSAT allows any combination of printable characters
{except the DeMarce relational operators), including blanks,
for DFD element names. An analyst may choose to use
hyphenated data flow names, as DeMarco does, but this con-

vention is not enforcged.

[1] Both Gane & Sarson and DeMarco allow certain types of
data flows to remain unnamed. These exceptions are dis-
cussed in section 4.1.5. The naming conventions discussed
in this section {4.1.3) apply t¢ all processes, external en-
tities, data stores and those data flows that are named,
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Case sensitive names

DFD element names in MUSSAT are not case sensitive:
Customer-Name, CUSTOMER-NAME and customer-name all identify
the same DFD element. Changing a data flow name to upper
case once a DD entry is defined (as Gane & Sarson do) is not

considered useful for the following reasons:

(1) In a manual system, changing the case of a data flow
name means that the name has to bhe erased and rewrit-
ten. Maintenance of pencil and paper DFDs is tedious

enough without this additional clerical task.

{(2) Although a data flow in upper case may be used to show
that a data flow has been defined in the DD, it does
not show the current state of the DD definition. For
example, a data flow may have been defined in the DD
and then the DFD changed t¢ make the existing data
flow Qefinition incorrect. Unless the DD entry for the
data flow is updated, the DFD may give an inaccurate
representation of the state of the system by implying
that the now invalid data flow has a valid definition

in the DD.

If data flow names differing only in case are required to
name two data flows uniquely, then one of the following

situations is likely to exist:
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{1} The data flows should be defined as duplicates of each
other, or if the contents of the data flows are not

identical then;

{2} One of the data flow names should be changed. If it is
difficult to rename either data flow because they are
used for similar purposes, then this may suggest poor

functional partitioning.

Using MUSSAT, analysts may choose to use upper and lower
case data flow names to differentiate between special types

of data flows such as error conditions or major data flows.

Compound data flow names

Both Gane & Sarson and DeMarce allow a data flilow to be named
with a compound name. For example, if a data flow consists
of two structures: EMPLOYEE-NAME and EMPLOYEE-SALARY, then,
rather than defining a new data flow consisting of these two
structures, the data flow c¢ould be named EMPLOYEE~NAME,
EMPLOYEE-SALARY {(using the Gane & Sarson notation) or
EMPLOYEE~NAME + EMPLOYEE-SALARY (using the DeMarco nota-
tion). This naming convention is useful when a data flow

consists of only a few elements.

In an attempt to allow as much design freedom as possible,
data flow names that c¢onsist of two or more elements are
allowed in MUSSAT. Such data flow names should be specified

using the DeMarcoe relational operator, ‘+', as used
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above. [2] When data flow names consisting of multiple ele-
ments are used, each element should be defined in a

separate data flow DD entry.

Using compound data flows names is only useful £for names
consisting of a few elements; if too many names are used the
DFD becomes cluttered. If a large number of component names
are reéuired to name one data flow, then a simple data flow
name should be used and the data flow broken into component
flows 1in the data dictionary. The analyst must determine
when a data flow should be named with a single name, perhaps
consisting of several other data flows, and when to name a

data flow with a compound name.

4.1.4. DFD Element Symbols

Figqures 4.la and 4.1b show the DFD symbols used in the

DeMarco and Gane & Sarson {(Gane & Sarson) versions of SSA.

[2] The DeMarco relational operators are used in the DD of
MUSSAT. The reasons for selection the DeMarco operators are
discussed in section 4.2.3.
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Data flows

DeMarco uses curved data flow arrows whereas Gane

&
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Sarson

use arrows with rounded corners. Figures 4.3 and 4.4 illus-

trate these differences.
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Figure 4.3 - A level 0 DFD, DeMarco style.
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Figure 4.4 - Gane & Sarson exploded process 1.
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The Gane & Sarson rounded cornered data flow representation
is used in MUSSAT rather than DeMarce’s curved data flows
because the former are easier to label and draw and because

the users prefer the Gane & Sarson representation.

Processes

The same convention is used by both Gane & Sarson and
DeMarce for numbering processes, although the shape of the

process bubble differs. Gane & Sarson use a rounded rec-

tangular shape for processes as they claim that "...it is
hard to get much legible writing inside a circle..." [GANSO]
(p. 37). Gane & Sarson process bubkles may also include a

physical reference in the lower portion of the bubble. This
section is intended to be used during analysis ¢of the exist-
ing system to note where the function 1s carried out, or
after system design to note what part of the system performs
the function. Process names in both methodeologies should
consist of an active verb and a simple object clause. Fig-
ure 4.2 shows the process bubble shape used in MUSSAT. The
process bubble is identical to the Gane & Sarson representa-
tion except that the process bubble does not include a phy-
sical reference area, although a shert comment may be placed

in the lower portion of a process.

The Gane & Sarson rectangular process shape was chosen
because it 1is easier to fit a process name and number in a

rectangle than a circle. Alsc, the analyst, SSP and EDFD
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users groups prefer the rectangular process bubble.

Data stores and external entities

The DeMarco and Gane & Sarson representation of external
~ entities and data stores are similar. Roth use a square to
represent external entities; although Gane & Sarson outline
the top and left hand side of each square with a solid 1iine.
DeMarco shows a data store as a name between two open ended
horizontal lines or underneath one line. Gane & Sarson use
a narrow rectangle open at the right hand end with a secticn

at the left hand end for a data store number.

The Gane & Sarson and bPeMarco versions of SSA allow external
entities and data stores tp be duplicated on DFDs. In agddi-
tion to naming external entities, Gane & Sarson also label
each external entity with a lower case letter in the upper
left hand corner of the box. If external entities need to
be duplicated on a DFD, then the original and duplicated
box (es) are marked with a number of lines in the lower right
hand corner of the box. Duplicated data stores are simi-
larly identified with a number of parallel lines next to the
data store number. Gane & Sarson do not make it clear
exactly how these parallel lines are to be used. The fol-
lowing two interpretations are possible from their text

[GANBO] :
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{1} Each time a DFD element is duplicated all occurrences
of the element are marked with a number of lines, the
number of lines determined by how many other DFD ele-
ments have duplicates. For example, all instances of
the first duplicated DFD element will have one 1line,
all instances of the second element that is duplicated,

two lines, and so forth.

(2) The number of lines shows how many duplicates of the
DFD element have been drawn. For example, an external
entity with three parallel lines in the lower right
hand of the box means that there are four copies of

the external entity: one original and three duplicates.

Martin [MAR87] states that the second case 1s the Gane &

Sarson standard ([{MAR87) pp. 181 - 183).

DeMarco does not mark duplicate external entities or data
stores in any way; all occurrences of a duplicated element

are identical.

Gane & Sarson number local data stores differently from
other data stores. For example, data stores used cnly in
DFD number 5.1.2 would be numbered D5.1.2/1 to D5.1.2/n,

with n being the number of local data stores in the DFD.

In MUSSAT the identifying letter in the upper left hand
corner of external entities is not used and neither dupli-

cated data stores nor external entities are marked with
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These conventions were a result of the decision to encourage
use of DeMarco’s small DFDs. 1In & large DFD with many DFD
elements the additional visual cues provided by a lower case
letter in the corner of external entities and parallel lines
in duplicate data stores and external entities are useful.
In small DFDs with only a few DFD elements, these additional

identifiers are not necessary.

Numbering data stores is still useful in small DFDs to
quickly identify data stores with similar names, such as
CUSTOMER-MAILING-LIST and CUSTOMER-BAD-LIST. In MUSSAT the
use of data store numbers {(D-numbers) in data stores is not
compulsory. The automatic numbering facility incorporated
in MUSSAT uses the Gane & Sarson numbering gsystem. The user
may alternatively number a data store with a short string of

characters if a different numbering convention is reguired.

In MUSSAT the Gane & Sarson local data store numbering con-
vention is not used. Such a numbering system is potentially
confusing since data stores local to, say, DFD 4 would be
numbered D4/1..D4/n, which may suggest to the reader of the
DFD that these data stores are related to a non-local data

store D4, which is not necessarily the case.
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4.1.5. Data Flow Details

Duplicate data flows

For the purposes of this thesis a duplicate datae flow is a
data flow with the same name and definition as ancother data
flow. An implicit form of duplicate data flow 1is formed
when two or more unnamed data flows from the same data store
are drawn. These data flows are discussed in the next sub-

section.

Neither Gane & Sarson nor DeMarco allow named duplicate data
flows, although DeMarco does allow a data flow to diverge,
that is, one data flow may flow to more than one end ele-

ment .

MUSSAT allows the analyst to explicitly define duplicates of
named data flows. All instances of a data flow with the

same name are defined in one DD entry.

Although the ability to created duplicate data flows is not
essential to the development of a SSA system model, dupli-
cate data flows are useful in DFDs where two (or more)
copies of a data_flow have the same contents and are seen by
the analyst and users as identical. Aliases could be used
for duplicate data flows, but using different names for such
data flows would not-show the 1logical equivalence of the

duplicate data flows.
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Even though the ability to create duplicate data flows 1is
incorporated in MUSSAT, it is still the responsibility of
the analyst tc¢ ensure that such data flows are used
correctly. In some cases duplicate data flows may suggest
that redundant data is included in one (or more} of the

duplicate occurrences of a data flow.

Consider the data flows in figure 4.5a.

FLOW ONE DOTHING| FLOWONE DO THING
ONE 71 TWO

Figure 4.5a - Questicnable use of duplicate
data flows.

process DO THING A does not appear to transform FLOW ONE
since the data flow in is the same as the data flow out of

the process. This suggests that either:

(1) one of the processes does not perform any useful data

transformation; cor

(2} that at least one of the data flows contains redundant

data.

Figure 4.5b may be a better representation of the

processes and data flows of figure 4.5a.
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FLOWONEA InoTHING| FLOWONEA + |DOTHING

'l 64 = ;FLOWONEB WO

(Where FLOW ONE = FLOW ONE A + FLOW ONE B)

Figure 4.5b - Removing redundant data in duplicate
data flows.
The point is that the ability to show duplicate data flows
is useful, however, this facility should be wused Judi-
ciously. Duplicate data flows should be scrutinised to
ensure that they really are duplicates and not just poorly

defined data flows containiing redundant data.

Named and unnamed data flows

Both SSA methodologies allow data flows into and out of sim-
ple data stores t¢ remain unnamed if their contents are
obvious; DeMarco states that all other data flows should be

named ([DEM78] p. 54).

Unnamed data‘flows between processes and data stores serve
as useful abstractions in high level DFﬁé. Single headed,
unnamed data flows to or from a data store represent a net
update -or retrieval (respectively) of data. Unnamed data
flows connected to a data store are helpful during early
stages of analysis Dbecause when the top level DFDs are

created the analyst may not be able to precisely define, or
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may not be concerned with, the detailed contents cof the data
store or data flow. In such cases the analyst is only con-
cerned with showing that a net flow exists. Lower level
DFDs are expected to define unnamed data flows 1in more

detail.

The assumed contents of a single headed unnamed data flow
connected to a data store are the contents of the data

store.

If an unnamed data flow is used, unnecessary data could be
transported by the data flow since the contents of the data
flow are assumed to be the entire data store. Unnamed data
flows are expected to be expanded into named data flows in
one or more lower level DFDs. In an automated system,
checks can be made to see which elements passed in an
unnamed data flow are used in lower level child DFDs. As a
result, the analyst may choose tc name previously unnamed
data flows if the contents of the data flow are different

from the assumed contents.

In addition to allowing unnamed data flows between processes
and data stores, Gane & Sarson also allow data filows between
two processes or between a process and an external entitiy
to remain unnamed so long as the contents of the data flows
are able to be explained by the author of the DFD ([GAN8Q]
p. 40}). In other words, these data flow are defined, but

only in the mind of the analyst. This is unacceptable for
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four reasons:

(1)

(2}

(3}

(4)

It assumes that the creator of the DFD will always be
available to describe the contents of any unnamed data

filow.

Although the meaning of the unnamed data flow may
appear .ocbvious to the analyst (and possibly most of the
intended readers of the DFD), scme users may assume an

incorrect definition of the data flow.

The analyst’s implicit definition of the data flow may
change over time. Unless the contents of a data flow
are formally documented any inconsistencies arising
from changes 1in the contents of the data flow may be

difficult to detect.

Consistency and completeness checks are difficult to
carry out for DFDs with data flows whose contents are
undefined. The contents of an unnamed data flow may be
inferred from the leaf level DFD of the source process
of the undefined data flow {except in the unlikely case
that the unnamed data flow occurs in a leaf level DFD)
but this means that checks cannot be carried out until
the process 1is defined at a low level. Considerable
backtracking may be necessary if inconsistencies in an
unnamed and undefined data flow are not detected at a

high level.
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If the contents of a data flow are obvious, then the analyst
should have no trouble in naming and providing an explicit
DD entry for the data flow. DeMarco suggests that data
flows that are difficult to name are likely to be the result

of poor partitioning ([DEM78] p. 66).

In a system model produced using MUSSAT, data flows between
proceéses and data stores may remain unnamed, however,
unnamed DFD elements, other than unnamed data flows between
data stores and processes are treated as incompletely speci-
fied elements and are ignored in system generated reports.
Hence, it 1is in the best interest of the analyst to ensure
that as many DFD elements as possible are named before sys-

tem generated reports are produced,

Double headed data flows

In addition to allowing single headed unnamed data flows
between processes and data stores, Gane & Sarson and DeMarco
also allow double headed (that is, two-way) unnamed data
flows between processes and data stores. Such double headed
unnamed data flows are assumed to update and retrieve the

entire contents of the data store.

MUSSAT allows the use of double headed npamed and unnamed
data flows between processes and data stores. The contents
of the data flow are assumed to be the same in both the flow

into and the flow out of the data store.
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Data flow gearch arguments

The Gane & Sarson apprecach allows search arguments to data
stores to be shown on any data flow that serves as a pipe-
line for data retrieved out of a data store. Such search
arguments are shown by.a small triangle pointing towards the
data store and preceding the name of the data element({s)

acting as the key (as in the data flow in figure 4.1b}.

In MUSSAT gearch keys may optionally be specified for single
headed data flows originating from a data store, as in the

Gane & Sarson SSA.

Data flow end points

In the Gane & Sarson SSA methodology all data flows, except
for net data flows out of a process within the boundaries of
a child DFD or data flows flowing into a child DFD from a
~process outside the DFD, should have both end points speci-
fied. The DeMarco approach is similar except that all net
data flows into or out of a child DFD, regardless of the
source or sink of the data flow, need only have one end
point specified. If a data flow is entering a child DFD
then only the destination of the data flow within the child
DFD needs to be shown; a data flow leaving a child DFD needs
only to be connected to the source DFD element within the

child DFD.
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The DeMarco convention is adopted in MUSSAT: all data flows
other than data fiows representing a net flow of data into
or out of a DFD must have both end points specified. For
net data flows into or out of a DFD, the data flow need have
one end point connected to the process bubble acting as the
data source or sink within the DFD. When only one end point
of a data flow is specified the identity of the missing end
point is derived from the parent DFD. All data flows with a
nissing end point are assumed to be net flows into out of
the DFD and the contents of such data flows are determined
from the DD entries of the data flows into and out of the
parent process. All other data flows local to the child DFD

must have both a source and destination specified.

Intersecting data flows

DeMarco says that data flow lines that intersect are the
", .. Ultimate Crime Against Wature..." {I{DEM78] p. 71} and
should not be allowed. If DFDs are drawn according to
DeMarco’s conventions (that is, DFDs with no more than nine
processes)then, usually, there should be no need for data
flows to intersect. Gane & Sarson suggest that intersecting
data flows should be minimised {not eliminated). In  1large
DFDs intersecting data flows are sometimes inevitable, even
when duplicate data stores and external entities are used.
In the Gane & Sarson methodology, when data flows cross, one
of the interseéting data flows is drawn with a hoop over the

point of intersection.
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In MUSSAT, intersecting data flows are allowed, and when
they occur the Gane & Sarson hoop notation is wused.
Although small D¥Ds are encouraged using MUSSAT, larger DFDPs
are allowed. Hence, it 1is likely that intersection data
flows may occur, so there should be some way of allowing

such data flows to bhe represented as clearly as possible.

4.1.6. Lower Level DFD Details

Representation of lower level DFDs

The representation of exploded, or lower level DFDs is simi-
lar in both methodologies. Cosmetic differences exist in

representing:
(1) the boundary of a lower level processes}

(2) source and sinks of net data flows into and out of an

exploded process,
{3} local data stores; and

(4) data flows shown as parallel decompositions of parent

data flows.

Using Gane & Sarson techniques, the contents of an exploded
process are enclosed within a larger process bubble labelled
with the parent processes name and number (see figure 4.4).
Figure 4.3 shows a second level DFD using DeMarco DFD con-—

ventions. The explosion of process 1 (GENERATE-TOTAL) using
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the Gane & Sarson representation is shown in fiqure 4.4,

Local data stores are drawn inside the boundary of the
parent bubble and are numbered with the parent process
number plus a local qualifier (as was discussed in section
4.1.4); Data stores that exlist outside the exploded DFD are
drawn either totally or partially outside the Dboundary of

the DFD.

Data flows decomposed in parallel with the parent processes
are marked with an "X" on the child process boundary. Gane
& Sarson also suggest that any processes that are not true
decomposition o©f higher level processes {that is, they are
additional processes added at a lower Jlewvel) should be
labelled to show this using names such as X1, X2 etc. An
"X" on a DFD element in any child DFD-means that the marked
element has not appeared in the parent DFD, either because
the element is a parallel decomposition of a data flow, a

local data store, or an augmented process.

The DeMarco representation of process 1 is shown in figure

4.6,
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DIAGRAM 1: GENERATE TOTAL

1.1

VERIFY-
TOTAL

GROUP-TOTAL

LOCAL-DETAILS

VERIFIED-TOTAL
LAST-TOTAL

COMP-VALUE

UPDATED-
LAST-

NEW-TOTAL TOTAL

1.2

PRODUCE-
NEW-INFO

1.4 -
COMBINE-

NEW-
VALUES

COMP-NAME

NEW-INFO SUM-TOTAL

Figure 4.6 - DeMarco exploded process 1.

DeMarco does not enclose ah exploded process with any boun-
daries and the source and destinations of net data flows
intoc and out of an exploded process are not explicitly
shown. To see the destination or scurce of a data flow that
leaves or enters a child DFD, one must refer to the parent
diagram. Data stores local to a child DFD are not suffixed
with a Jocal qualifier as in the Gane & Sarscn approach; all
data stores are numbered in the same way. No treatment is
suggested for processes derived other than by strict func-

tional decomposition.

A.representation of child DFDs similar to the Gane & Sarson
approach 1is adopted in MUSSAT. DFDs are drawn within a

boundary and data flows may be cross. this bYboundary to
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indicate a scurce or sink outside the DFD.

Nevertheless, data flows crossing the DFD boundary need not
be connected to a graphical representation of the scurce or
sink DFD element in the parent DFD as in the Gane & Sarson
approach. Using MUSSAT the analyst may choose to duplicate
data stores acting as sources and sinks of net data flows to
and from a child DFD within the child DFD, especially when a
data flow on the parent DFD is decomposed into several in a
chiid DFD. For example, figure 4.4 shows two data flows
from the data store COMPONENTS. In the parent DFD (figure
4.3} these flows are shown as cne composite flow: A-
COMPONENT. In a MUSSAT child DFD the user may duplicate the
data store COMPONENTS to show the source of COMP-VALUE and

COMP-NAME .

The ability to show data flows crossing the DFD boundary is
a notational tool for the analyst and such data flows have
the same meaning as data flows that do not cress the Dboun-
dary. The analyst may choose not to show data flows cross-
ing the DFD boundary when the socurce or sink of the data

- flow is outside the DFD. Such DFDs are eqgually valid.

Some indication of the net flows into and out of a DFD from
the parent DFD should be given when drawing a child DFD.
This gives the analyst a manual consistency check between

the parent and child DFD.
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Numbering lower level processes

DeMarco suggests that processes in lower level DFDs need not
contain the entire process number. For example, in a DFD
numbered 6.2.1.1, processes would normally be numbered from
6.2.1.1.1 to 6.2.1.1.n. Instead of displaying the full
number in each process only the last digit would be shown

{that is, .1 to .n).

A numbering system similar to DeMarco’s is adopted in MUS-
SAT. Each process bubble will be numbered with no more than
two digits. The DFD will always be numbered with the entire
DFD number, for example, in a DFD numbered 6.2.1.1 processes

within the DFD would be numbered from 1.1 to 1.n.

4.1.7. Error and Exception Handling

Neither methodology shows error or exception handling at the
top level({s). Gane & Sarson suggest that error and excep-
tion conditions should be shown in the second level of the
DFD hierarchy after which they occur, however if the pro-
cessing involved is a significant business function (espe-
cially if finances are involved), the function may be mbved

to the top level DFD [GAN78] {(p. 48).

MUSSAT provides several features that are intended to help
the user identify possible errors and inconsistencies in a
SSA model. If error data flows or are not shown, in some

form, at top levels of the SSA model then the balancing
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checks that MUSSAT performs will inlcude the names of these
data flows in a report identifying data flows not derived by
decomposition of higher level data flows. In some cases the
user may choose not to include low level error data flows in
high level aggregate data flow definitions. 1If so, then the
unbalanced data flows identified as the result of balancing

checks are not really errcrs,

The choice of where to first show error data flows or excep-
tion handling is 1left up to the analyst, however, MUSSAT
will correctly identify all unbalanced data flows in child

DFDs.

4.2. Comparing Data Dictionaries

4.2.1. Types of Data Dictionary Entries

Both methodologies allow intermediate data structures to be
stored 1in the DD, for example, a data store may be defined
as a number of logically related groups cof data rather than
as a series of implicitly related data elements. Gane &
Sarson use data structure DD entries for defining substruc-
tures in a data store. DeMarco does not use a separate type
of DD entry for intermediate data store structures. Hence,
whereas 1in a Gane & Sarson DD a data store may be composed
of data elements and data structures, in a DeMarcce DD a
data store would consist of data flows and data elements.

Data flows in both methodologies are defined using subordi-
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nate data flows {which may appear in lower level DFDs) and

data element entries.

Gane & Sarson state that external entities should have
entries in the DD documenting any relevant information.
Glossary entries that describe terms peculiar to the system
that 1is being analysed are alsc kept in the DD. DeMach
does not define external entities or include glossary terms

in the DD.

The DD in MUSSAT will consist of the following six types of

DD entries:

data element
data store
‘data. structure
data flow
process
sub-process

external entity.

Data structure entries allow a data store to be defined as
a logical _grouping of data elements and other data struc-
tures. This is so that the analyst may define the logical
contents and structures in a data store independent of the
data flows into‘and out of the data store, whose structures
are based on the data required and produced by processes.

External entity entries are included so that any relevant
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information may be stored in the DD with the rest of the

system definitions.

4.2.2

L3

Data Dictionary Redundancy

Redundancy in the DD refers to explicitly stored data that
can be recreated using existing data in the DD and DFDs.

Examples of redundant data include:

(1) Names of data flows going into and out of a data store

in data store DD entries.

(2} Names of data flows going into and out of a process

in process DD entries.

{3) Names of any related data element stored in data ele-

ment entries.

(4) Names of related data flows and data structures in data

structure entries.

(5) Names of the scurce and destination of the data flow in

data flow entries.

(6) Names of all aliases of a DD entry in the main DD entry

-and reference to the main entry from all aliases.

Gane & Sarson store redundant data (such as that listed
above) in the DD, Their approach is to store as much poten-—
tially useful information as practical in the DD. As well

as redundant data, design and implementation details such as
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‘internal representation of data elements, editing informa-
tion and file organisation are also stored in the DD. A DD
produced using Gane & Sarson guidelines is expected to be
useful to system designers and implementors as well as sys-

tems analysts.

In contrast, DeMarco emphasises the need to keep the DD
free of redundant data. His argument is that élthough cer-
tain types of redundant data are useful, the effort required
to maintain such data does not warrant its inclusion in the
DD ([DEM78] p. 139}). The only exception DeMarco makes is in
the treatment of aliases: the main DD entry should list all
aliases and all aliases should refer to the main DD entry.
DeMarco says that_ although the DD produced during the
analysis phase may be useful after the phase 1is completed,
it should not be developed explicitly for any purpose other
than as a descriptive analysis tool ({DEM78] p. 126}. Hence
the DD should include little implementation data; the imple-
mentation data included is recorded in the NOTES section

rather than in specific fields as in the Gane & Sarscon DD,

In the MUSSAT DD analysts are not be recquired to maintain

- redundant data. This decision was made for two reasons:

(1) As DeMarco states, considerable time and effort
{(expended by the analyst}) 1s required to maintain

redundant data.
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(2} In MUSSAT, all redundant is able to be maintained by
the system and made available to the user when

requested.

The following list shows the DD fields that the analyst is
required to explicitly specify in the DD (since the informa-
tion 1s not found on the DFDs) and the fields that can be

determined by MUSSAT from the DD and DFD specifications.
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SYSTEM MAINTAINED FIELDS

DATA ELEMENT:

name
definition
alias for
notes

DATA STRUCTURE:

name
definition
alias for
volume
notes

DATA FLOW:

definition
alias for
volume
type

notes

DATA STORE:

definition
alias for
organisation
notes

PROCESS:
definition
type
notes

SUB—PROCESS:

definition
type
notes

EXTERNAL ENTITY:

notes

names of aliases

names of aliases

name
names of aliases
source and destination

name

names of aliases

number

data flows in and out

retrieval keys of outward
data flows

name
number
data flows in and out

name

name
data flows in and out.
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4.2.3. DPata Dictionary Definition Languages

Relational operators

The contents and structure of data items are described in
both methodologies wusing a set of relational operators and
the names of DD entries. The representation and meaning of

the operators used in each methodology are shown below:

DeMarco relational operators:

= Is equivalent to.
+ And.

[ ] Selection of one option within the
brackets {options are separated with
a f;.r).

X{ }Y or { } &An iteration ¢of the enclosed component (s),
the opticnal lower and upper limits
of the iteration indicated by the values
of X and Y {(respectively).

{ ) Component (s} within the parenthesis is
(are) optional.

Gane & Sarson relational operators:

{ } Selection of one option within the
brackets {options are listed
vertically).

An lteration of DATA with optional

DATA* ({X-Y) lower and upper limits of the iteration
cpticonally indicated by the wvalues of
X and Y (respectively).

[ ] Component within the square brackets
is optional. '



92

The following is a syntactically correct definition of a
data structure named EMPLOYEE-~DETAILS using each of the sets

of the relational operators defined above:

DeMarco definition:

EMPLOYEE-DETAILS = EMPLOYEE-NUMBER +
EMPLOYEE-NAME +
EMFLOYEE-ADDRESS +
. {EMPLOYEE-PHONE) +
O{EMPLOYEE~QUALIFICATION}20 +
[SALARY | WAGE-RATE]

Gane & Sarson definition:

EMPLOYEE-DETAILS
EMPLOYEE-NUMBER
EMPLOYEE-NAME
EMPLOYEE-ADDRESS
{EMPLOYEE-PHONE]
EMPLOYEE-QUALIFICATION* (0-10)
SALARY
WAGE-RATE

In both approaches the elements of EMPLOYEE-DETAILS could
be defined further in the DD. For example, EMPLOYEE~NAME

could be defined as:

DeMarco definition:

EMPLOYEE-NAME = LAST-NAME +
0{INITIAL}4 +
FIRST NAME

Gane & Sarson definition:

EMPLOYEE-NAME
LAST-NAME
INITIAL* (0-4)
FIRST-NAME



93

If such a definition does not serve any purpose outside the
context of EMPLOYEE-DETAILS, then EMPLOYEE~NAME could be
included in the EMPLOYEE-DETAILS DD entry rather than as

separate entry.

In MUSSAT a data item description languége is supported for
definition of data stores, data flows and data structures.
A data item deséription language is required so that com—
pleteness checks can be carried out to determine which com-
ponents of DD entries have been defined and to what level.
The DeMarco relational operators and definitions were chosen

for the following reascons:

{1} The Gane & Sarson apprecach of putting each data item in
a definition on a separate line can create definitions
that take up an unnecesgsarily large space; the DeMarco
representation allows several elements on one line in a

definition.

{2) The DeMarco '+’ operator shows the ‘and’ relationship
between data items explicitly while the Gane & Sarson
representation relies on indenting to show such rela-

tionships.

{3) The Gane & Sarson method appears to be based on COBOL
data definitions: using upper case, hyphenated names
and indentation ¢f names to show the relationships
between compohent data items.l The DeMarco representa-

tion 1s more flexible and is independent of any
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programming language standards; data item names are not
restricted to upper case and indentation is not

required to show component data items.

Process definitions

Both SSA methodologies use Structured English, Decision
Tables and Decision Trees to describe the logic of leaf-
level processes. Gane & Sarson differentiate between Struc-
tured English and Tight English: the former being the use of
a small set of keywords and unambigucus English, and the
latter being a form of Structured English expanded to make
it more acceptable to users. DeMarce makes no such distinc~
tion; Tight English is simply a more terse form of Struc-
tured English. When defining the logic of a process,
DeMarce suggests that a process that is too large to fit on
one DD page may be divided into two or more subprocesses,
each having its own DD entry. Such subprocesses could be
used by more than one parent process. Gane & Sarson say
that if a process description is too large to fit in the DD,
then a DD entry summarising the process and including a
reference to full logic details elsewhere in the functicnal

specification should be included in the DD.

The DD in MUSSAT does not directly support any of the three
process description languages. The MUSSAT DD allows tex-
tual definitions of processes -and data elements. It 1s wup

to the analyst to enforce standards for these types of DD
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definitions. A future extensicon to MUSSAT may be to develop
one or more of the above process definition languages for

use in the DD.

MUSSAT alsc allows a process to be defined as a number of

sub-entries that can be used by more than cone process,

4.3. Other SSA Tools

DFDs and a DD form the basis ¢f the SSA methodology, how~
ever, both Gane & Sarson and Demarco use additional graphi-~
cal toocls to describe the logical structure and accesses
required in complex data stores: Data Structure Diagrams
(in the DeMarco methodclogy) and Data Immediate Access
Diagrams (in the G & § methodology). Both methodologies use
these additional tools after all data stores in the current

physical model have been normzlised to third nocrmal form.

The purpose of each of these two types of diagrams is
slightly different. DeMarco’s DFDs are used by the analyst
to present the logical file design structures to the user.
DSDs show the primary key and name of a each logical file;
the contents of the file are defined separately using the
relational operators discussed earlier. DeMarco suggests
that DSDs are a useful communication tool for analysts to
use with both data base designers and intended users of the

proposed system,
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Gane & Sarscon’s DIADs are used by the analyst to document
immediate informaticnal access requirements and hence to
help users decide which accesses are of the most wvalue to
them. DIADs use the logical file structures produced as the
result of normalization to show the immediate accesses
requested by users, that 1s, the accesss on each logical
file required in a time period less than the time it takes
to search a file serially or sort it. DIADs explicitly show
all attributes of a logical file, the primary key(s), and
the attributes that act as the key(s) for each immediate

access.

Figures 4.7 and 4.8 are examples of a DIAD and DSD (respec-
tively). Both figures are based on a DIAD given in [GANSBO],

p. 225.
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PARTS . SUPPLIER CUSTOMERS B ORDERS SALESPERSON
part-num supplier-num cust-num cust-num, sp-num
Dart-0esc cust-order-num

- ier- ust-nam sp-name
________ {  |sueeliername | gustname _ order-date Bl S22
-On- iar- -address{ = F———-=————4 sp-address
_%[9__“_3_'_“1_ _S_UEEEIEI’_&LGQI’_?S_S _Euft_a.l_dgrfis_ agrder-iines .._.p ________ -
unit-price |} { | |  pmmm=——=- _5p'ph°”e
commission-rate

SP-NAME

Figure 4.7 - A Gane & Sarson Data immediate Access Diagram (DIAD).

L6
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BAl ESPERSON

SR-NUM

{R— BATE

SUPPLIERS

FARTS | i

SUPPLIER-NUM

CUST-ORDER-NUM
PART-NUM

CUST-NUM »

\

CLETONERS CUST-NM

CUST-NUM

SALESPERSON = {GP-NUM + SP-NAME + SP-ADDRESS + SP-PHONE +
COMMISSION-RATE + {SALES-AREA}

CUSTOMERS = {CUST-NUM + CUST-NAME + CUST-ADDRESS}
ORDERS = {CUST-NUM + CUST-ORDER-NUM + ORDER-DATE + {ORDER-LINE})
PARTS = {PART-NUM + PART-DESC + QTY-ON-HAND + UNIT-PRICE}

SUPPLIERS = [SUPPLIER-NUM + SUPPLIER-NAME + SUPPLIER-ADDRESS]}

Figure 4.8 - A DeMarco Data Structure Diagram {DSD).

Figure 4.7 is a DIAD showing several hypothetical accesses
for five entities: PARTS, SUPPLIER, CUSTOMERS, ORDERS and
SALESPERSON. The primary key({s) to each entity is the data
item beneath the name of the entity, separafed from th.e
other attributes of the entity by a solid line., Each arrow’

shows that, given an occurrence of the entity that the arrow
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starts at, all related occurrences of the entity peinted to
should be accessible. The box labelled SP-NAME shows that
individual cccurrences of SALESPERSON should be able to¢ be

retrieved by SP-NAME as well as by the primary key SP-NUM.

Figure 4.8 is a DSD showing the same logical accesses as the
DIAD of figure 4.7. The primary key of each entity is shown
on the left hand side of each box; the name of the entity
is shown in the main part ¢f the box. As in a DIAD, con-—
necting arrows between entitites represent the required log~
ical access paths. The labels on the arrows show key({s),
other than the primary key, on which another entities sheould

be accessible.

Unlike a DIAD, in a DSD the attributes of each entity are
not shown directly in the diagram, but in separate defini-
tions using the same data description language that is used
in the DD. Definitions of the attributes of each entity in
figure 4.8 are given in the lower half of the diagram; the
key attribute{s) for each entity is underlined. The use of
relational operators allows repeating data items, such as
ORDER-LINE in ORDERS, to be represented explicitly. In con-
trast, when using a DIAD, multiple occurrences of an attri-

bute are not shown.

Gane & Sarson suggest that a Materials Flow Diagram should
. also be included in the functional specification of a sys-

tem. Although the flow of materials thrOugh an organisation
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is a physical consideration, Gane & Sarson suggest that it
is an important consideration, especially in industries such
as manufacturing and distribution. A Materials Flow Diagram
shows, not surprisingly, the flow of materials through the
logical system and the relationships between the physical

materials flow and the logical DFD system model.

Figure 4.9 is a Materials Flow Diagram showing the flow of

materials through a simple stock receipt and sales system.
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The processes shown 1in the Materials Flow Diagram may
correspond to logical processes in a DFD, in which case the
process would be numbered with the same number as the
corresponding 1logical process, Cther processes in a
Materials Flow Diagram, such as WITHDRAW STOCK and ADD TO
STOCK in figure 4.9, are purely concerned with processing
the materials flow and do not appear on any Jlogical DFD.
Data flows in a Materials Flow Diagram correspond to logical
data flows in a DFD and are represented in the same way as

in a logical DFD.

MUSSAT does not support the development or maintenance of
DSDs, DIADs or materials flow diagrams. None of these
diagrams are an integral part of the SSA methodology. In
addition, DSDs, and DIADs both described characteristics of
the data model which can be shown more concisely, and in
greater detail using database design techniques such as the

that documented in [TREO821,

Demarcc’s DEDs are too bulky for anything other than wvery
simple file structures. _Only a few simple file boxes can be
shown on an A4 page, and within each simple file box there
is only a limited amount of space for showing the key; a
multiple field key larger than two or three fields would not
fit in the file box. Another argument against wusing
DeMarco’s DSDs is that a higher level entity-relationship
type diagram 1is required at the analysis stage, witﬁ

separate diagrams, such as those described by Martin and
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McClure ([MAR87] pp. 231-277}), showing all attributes of

each entity and the relationships between these attribues.



CHAPTER 5

MUSSAT

The general requirements of an automated SSA teool, as out-~
lined in section 3.2, and the tailored SSA methédology of
Chapter 4, were used as the basis for designing an automated
38A tool for Analyst and SSP users. The design presented in
this chapter describes the functional requirements of MUS-
SAT. As was discussed in Chapter 1, the functicnal require-
ments are only part of the documentation that should be pro-

duced during the analysis phase of the software lifecycle.

One of the requirements of the MUSSAT system (as documented
in chapter 3.2) is that the user should find the tool easy

and convenient to use. This requires two things:

(1) that the characteristics making a system easy to use

(for the selected users) are identified; and

{(2) that these characteristics are then incorporated in the

system design.

Several researchers have identified characteristics that
contribute to the ease of use of specific types of systems.
In section 5.1 a set of design guidelines used in the
development of MUSSAT is cutlined. These design goals are

most relevant to the design of the user interface, although

104
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they also influence the system design by suggesting what
types of operations the users are likely to find easiest to

use.

The design presented in this chapter is broken into two

major components:

The user interface, which describes how the user
will communicate with the system and vice wversa; and

The system model, which describes what the system
must be able to do.

Although the design is presented as two separate components,
neither +he system model nor the user interface could be
designed in isolation from one ancother. The general style
of interaction, to Dbe incorpcrated in the user interface,
was suggested by the users at an early stage of the design

- Process.

A decision was made early in the design phase to use an
object~action syntax[l] in MUSSAT for the following two

reasons:

(1) The users stated a preference for and are very familiar

with object~action command languages; and

{1] An object-action {also called a postfix) command
language, or syntax, requires that the user specify commands
in the form object-verb, for example, printing a file is
specified by a filename {(or filenames) followed by the print
command.
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(2} No evidence was found to suggest that any one command
language style was significantly easier for users to

learn and use than any other command language style.

Several researchers {as cited in [CRE86}]) have
attempted to determine whether postfix or prefix com-
mand languages are meore effective and easier for wusers
to learn and use. To date, the experimental results

are inconclusive.

A recent experiment [CHE86], although concluding that
there were no significant differences between using
prefix and postfix command languages 1in a series of
text editing exercises, suggests that postfix notation
may be chosen more frequently by designers since such a
language requires fewer user 1interactions and fewer
keys on the keyboard. Postifx notation may alsc avoid

problems associated with using modes ([CHE86] p. 373}.

Sections 5.2 provides an overview of the MUSSAT system
model, the details of which are included as Appendices III~

VII.

An overview of the MUSSAT user interface i1s also given in
section 5.2, with further detail given in Appendix III. The
model of the wuser interface presented in this chapter and
in Appendix III is intended to be a descriptive rather than
a definitive specification; the documentation presented

gives an overview of the proposed interface without



107

specifying a formal syntax. An overview description of the
interface was considered more appropriate to include in this

thesis because:

(1) A less formal interface description was considered to
be a more useful communication tool than a formal syn-—
tax definition for the intended audience of this

thesis,

{2} Some of the components of the interface require further
refinement based on research findings cutside the scope
of this thesis. The specialist areas not considered in

detail in the interface design include the following:

{3) the design and use of icons [GIT6], {BEMB2Z], [LOD831,

[MCCB837];
{4) window size and placement [GAI85], [NOM8B6]; and

{5) the naming and ordering .of options within a menu

[LARB82Z2], ROS82).

The interface design presented in section 5.2 assumes the
hardware and supporting software configuration outlined in

section 3.2.

5.1. Design Goals

Hansen [HAN71] presents a set of design guidelines for
interactive systems which he calls user engineering princi-

ples. These principles were documented by Hansen as a
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result of experiences with several text-editing systems.
Hansen's user engineering principles are considered to be

relevant to the design of MUSSAT for three reasons:

{1} The general goals of an text~editing system are the
same as those of the MUSSAT systemf to create, view or
nmoedify stored documents. Hansen describes the role of
the computer in such applications as "..a tool for the
creative worker and the emphasis must be on capturing
his thoughts with minimal interference.™ ([HAN71] p.

218).

{(2) The design goals that Hansen proposes encourage the
development of a system that fulfills the requirement
{from section 3.2.1) that MUSSAT should allow the user
to accomplish tasks as easily and conveniently as pos-—

sible.

(3) The user profile that Hansen presents is also applica-

ble to the intended Analyst and S8P users of MUSSAT.

Hansen claims that his user engineering principles are com-—
patible with, but more comprehensive than, earlier design
guidelines ([HAN71] p. 218). Shneiderman [SHN80] summarises
several different sets of interactive systems design goals,
including Hansen’s user éngineering principles. Cf these
different sets of design goals, some appear to be more
compfehensive than Hansen’s guidelines, although none are as

applicable to the general goals of MUSSAT.
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Hansen urges the system designer to ‘Know the User’: to
buiid & profile of the intended users so that their skills,
weaknesses and special requirements can be explicitly
catered for in the system design. The main peoints of
Hansen’s user engineering principles are summarised below
{reference is made to [HAN71] for a more detailed explana-

tion of each principle}:
{1} MINIMISE MEMORISATION

(1) Selection not entry:
The user should be able to select commands and
coptions from a list or menu rather than having to

specify the command in full using keyboard input.

(ii) Names not numbers:
The user should be able to differentiate between
commands and options by their names and not sim-

Ply a code number.

(iii) Predictable behaviour:
The user should be able to predict how specific
operations will behave after having formed a gen-

eral impression of the system.

{iv) Access to system information:
The user should be able to view and modify any

variable system parameters.



110

{2} OPTIMISE OPERATIONS

(1)

(ii)

(1ii)

{iv})

Rapid execution of common operations:
Frequently used operations should be executed as
fast as possible, The user should be provided

with feedback for lengthy coperations.

Display inertia:
The display should change as little as possible

as the result of executing an operation.

Muscle memory:
Repetitive operations should be able to be per-
formed by the user with the minimum of conscious
effort. This implies that:
input devices should be as state independent
as possible; and
the system should be able to handle bursts

of commands, perhaps more than 10 keystrokes
per second (where keybeoard entry is used).:

Reorganise command parameters:

Observing users as they interact with the system,
either through direct observation or system
statistics, will identify commands that are not
as convenient to use as they could be (for the
frequency with which they are executed) and other
commands that are used infrequently. The former

should be made easier to use and the latter com-
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mands made into subcommands.

ENGINEER FOR ERRORS

(1)

(ii)

(iii)

{iv)

(v)

Provide good error messages:
Error messages should be displayed quickly and
should explicitly identify the error with an

appropriate error message.

Engineer cut the common errors:
Exrrors that occur frequently are not the fault of
the wuser and the system should be modified so

that the likelihood of such errors is decreased.

The system must provide reversible actions:
The system should help the user recover from
their own mistakes as well as system and software

bugs.

Redundancy:

The system should provide the user with more than
one way to achieve a goal: usually providing
several simpler operations that can be performed
step-by-step as an alternative to a single,

powerful command performing the same operations.

Data structure integrity:
Regardless of system or hardware errors, the
users must have access to some version, either

the current or back-up copies, of their work.
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Although these design goals offer useful guidelines to the
system designer, they do not provide a means of measuring
how well any system design conforms to the guidelines. Nor
do the guidelines suggest likely trade-offs between indivi-
dual design goals. Shneiderman ([SHN8(0] p. 254) summarises
the informality of existing design geoals for interactive
systems:
Unfortunately, these lists are only crude guides to
the designer. The entries are not independent and
sometimes are in conflict. The lists contain con~
tradictory <recommendations and are incomplete. Fi-
nally, these design goals are largely unmeasurable.
Can we assign a numerical value to the simplicity,
stability, responsiveness, variety, etc. of a sys-
tem? How <¢an we compare the simplicity of two
design proposals? How do we know what has been left
out of the system design?
Hansen’s guidelines are informal and may represent no more
than what a good designer instinctively knows [EMBE1], how-
ever, for the purposes of this thesis, these goals are use-

ful design guidelines; a sensible but limited set of guide-

lines is better than none at all.

Guidelines 2{iv) and 3(ii) suggest that a system design may
need to be modified once the intended users have had hands-
on experience with some version of the system. This sug-
gests that for some systems, prototyping ﬁay be a suitable
impiementation technique. Users can then use (limited) ver-
sions of the target system thereby detecting and allowing
correction of deficiencies before the system is fully imple~

mented.
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The design presented in this thesis is based on Hansen’s
user engineering principles, however, since the system has
not been implemented, modifications may be necessary once

users are able to experiment with the actual system.

5.2, The MUSSAT System Specification

Several different tools and techniques were used to develop
a model of the MUSSAT gystem. SSA was used as the main
analysis and design tool with additional text and diagrams
used to augment the system design and user interface model,
The additional types of diagrams included:
a-form of State Transition Dilagrams modified to
incorporate pull-down menus;

a Data Structure Diagram showing the entities and
relationships required in the MUSSAT data base; and

mock—ups of the MUSSAT menus, screen layouts and reports.

As was discussed in Chapter 1, the documentation produced
using SSA does not constitute a full requirements specifica-
tion. The additional components listed above were used to
specify those parts of the requirements specificaticn that

the SSA functional specification did not cover.

DeMarco {({DEM78] p. 57) suggests that DFDs can be used to
model the user interface, however, DFDs were found to be
inadequate for this purpose and hence State Transition
Diagrams were used. Data Flow Diagrams were found to be

deficient for the following reasons:
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There is no way to model what the user will see on the
VDU using DFDs, since data flows conly described data

content, not data format.

An important part of the user interface is the sequence
of changes to¢ the screen and the sequences of responses
required of the user. Data flow diagrams, as espoused
by DeMarco and Gane & Sarscon, do not show procedural

sequences. [2]

Many of the features of the MUSSAT user interface are based
on techniques used in the Apple Macintosh operating system.
These features include:

pull-down menus;

icens;

dialogue boxes;

windows; and
cursor shapes as state indicators.

The MUSSAT user interface has been designed for use with a
keyboard and an alternate cursor movement device with two
buttons. This alternate cursor movement device 1is assumed
tc be a two-buttoned mouse, although a pen and tablet or
puck and tablet could be used. A mouse has been selected as
fhe most appropriate input device for MUSSAT for the follow-

ing reasons:

[2]Ward and Mellor [WAR85] have developed an extended
form of DFDs for use in developing real-time systems that
allow depection of control and timing features of a system
model.
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The intended users of MUSSAT are familiar with and
are favourably disposed towards using a mouse; and
a mouse requires relatively little desk-top space in

which to operate compared to a tablet and pen or
Puck.

A two button, rather than one butteon mouse was selected
because a second mouse button allows a one mouse button to
be dedicated to the CANCEL oxy UNSELECT function. The advan-
tage of a dedicated UNSELECT button is that the user can
cancel a selection without moving the cursor; in user inter-
faces designed for use with a one mouse button, the user
most often unselects an object or command by moving the cur-

sor and selecting another object or command.

General features of the MUSSAT user interface are discussed

in the following sub sections.

5.2.1. Mouse Buttons

Each of the {(two) mouse buttons will have & consistent
meaning throughout MUSSAT. The left-most button will
be the SELECT button and the right-hand button will be
the UNSELECT button.

The user will select an object within MUSSAT by moving ‘
the éursor so that it rests on the desired object, and
then pressing the SELECT mouse button. To unselect a
previously selected object, the user either ‘clicks’

the UNSELECT mouse button (that 1is, presses and
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releases the mouse button in rapid succession), or

selects another object using the SELECT button.

In the first case, where the user unselects using the
UNSELECT mouse button, no object remains selected after
the unselect is performed. When an object is already
selected and the SELECT button is used to select a dif-
ferent object, the first obiject 1is automatically

unselected and the second object selected.

Pull-down Menus

In keeping with Hansen’s design guideline of selection
not entry, the user issues all commands in MUSSAT using
menus (except for the mouse button SELECT and UNSELECT
commands and several window manipulation commands).
Although not specified in this description of the MUS~
SAT interface, keyboard equivalents of each command
could be incorporated in the system so that experienced
MUSSAT users would be able to issue frequently used {if
not all) commands without having to reference any

menus.

Traditional full-screen menus were considered to be
unsuitable for the MUSSAT interface because of the
object oriented command language and the graphical
style of interaction desired. The other two widely
used alternative forms of menu interaction are pull-

down and pop—up menus.
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In the former case, the title of each menu appears as a
soft-butten in a line of soft-buttons (often called a
menu bar), usually at the top of the screen. When one
of these soft-buttons is selected, the corresponding
menu appears beneath the menu title and the user is
then able to select one of the options within the menu
by dragging the cursor to the desired 6ption and then
releasing the mouse button(3]. The menu disappears
when the userl releases the mouse button or moves the

cursor out of the menu.

In most cases, all commands associated with a menu are
visible when a menu is viewed, however, only those com—
mands that are valid at the point in time that the menu
is viewed may be performed. Menu options that are una-
vailable are de—-emphasised (by either dimming or chang-
ing the font of the option within the menu). A dimmed
menu option may be selected in the same way as a non-
dimmed menu option may be, but in the case of a dimmed

menu option, no associated processing takes place. [4]

[3]The user 'drags’ the cursor by pressing the SELECT
mouse button and, while the SELECT button is depressed, po-
sitioning the cursor in the desired position. As the cursor
is moved over a menu option, the option is highlighted.

[4]This technique of de-emphasising unavailable menu op-
tions is a standard feature of most Apple Macintesh software
and other third party software such as Microsoft Word for
the Macintosh.
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Pop—up menus operate differently to pull-down menus;
the user presses a mouse button to view one menu that
comprises all commands that may be issued at that point
in time. Pop-up menus are displayed either next to the
cursor or at a fixed location within the viewing area.
Selection of a command from a pop-up menu cperates
similarly to selection of an option from a pull-down

henu.

The MUSSAT user interface incorporates pull-down menus
and one icon menu. Pull-down menus were chosen rather

than pop-up menus for the following reasons:

(1} DPuring some stages of interaction with MUSSAT the
number of available commands is large and a pop-up
menu may not be able to display all of these com-
mands within the height of the screen, especially
if the menu is displayed where the curscor is posi-
tioned and not at a fixed location near the top of

the screen;

(2) MUSSAT often allows the user to issue commands
that affect one of several types of objects during
any one state., The use of pull-down menus allows
commands to be grouped inte logical sub-sets of
commands associated with the type of object they
operate on. In contrast, pop-up menus present all

available commands in cone menu. It is expected
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that grouping commands into logical sub-sets will
make it easier for the user to find and select the

desired command;

Command names can be shorter using pullil-down menus
since the menu title can be used to qualify the

object {s) the command can operate on.

Shorter command names have the advantage of occu-
pying less space on the screen, although command
names must not be abbreviated to the extent that
the meaning of the command becomes ambiguous or

unclear; and

Pull-down menus allow the user to maximise the use
cf muscle memory. Each command always occupies
the same position within a menu and each menu
always occupies the same position within the view-—
ing area, hence users familiar with the interface
are able to select the desired commands not only

by name but also by physical location.

In contrast, the contents of a pop-up menu may not
maintain the same contents or physical ordering
since only the commands able to be executed while
in a particular state are displayed. BHence the
user many not be able to use muscle memory to the

same extent to select frequently used commands.
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For the purposes of this thesis, those commands
within a pull-~down menu that are valid and may be
activated (those command names in bold type) at a
particular point in time will be referred to as
Tactive’ commands within a menu. The complemen-
tary set of commands which may not be activated
(the dimmed commands), will be referred to as the

funavailable’ commands within a menu.

5.2.3., Icon Menu

An icon menu is used in MUSSAT to present the user with
a graphical representation of each type of element that
may be used in the construction of DFDs. BAn example of

how this menu might lock is shown in figure 5.1,

Figure 5.1 - The icon manu.
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The icons represent (from top to bottom) a process, a
cne-way data flow, a data store, a two-way data flow

and an external entity.

Unlike pull-down or pop~up menus, this menu is intended
tc remain visible, on the left hand side of the screen
as leong as a DFD is in an open state. The icon menu
allows the wuser to construct DFDs by selecting the
desired icon and specifying a position within the draw-
ing area; MUSSAT then draws a duplicate of the icon at

the selected position within the DFD.

Designing icons is not a trivial exercise ([GIT86],
[MCC83], [LOD83]). The experimentation and research
suggested in [LCD83] in order to produce icons designed
for specific user groups is beyond the scope of this
thesis, hence the shape and cordering of the icons in

figure 5.1 is only a proposed menu design.

5.2.4. Dialogue Boxes

A dialogue box is a small window that appears in the
viewing area in response to the user executing a com-
mand that requires parameters, confirmaticn, or a sys-
tem response and hence is analogous to a command line

in traditional systems.

The user is required to supply additional parameters

for the successful execution of some commands within
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MUSSAT. In most cases these parameters are text
strings, such as the name of a DFD element or the
name (s} of DFDs to print. In addition, the wuser is
required to confirm the execution of operations that
have potentially severe results, for example, deleting
an existing MUSSAT project. The user is prompted for

the input of command parameters and confirmation of

potentially severe operations via dialogue boxes.
Three types of dialogue boxes will be used in MUSSAT:

(1) Confirmation dialogue boxes in which the user is
requested to either confirm or cancel the execu-

tion of a previously selected command.

(2) Parameter specification dialogue boxes in which
the user may specify a parameter required to exe-

cute a selected command.

{3) Error dialogue boxes in when an errocr message is
displayed, the asscciated error condition of which
is often caused by an error in the specification

of a command parameter.

The use of each type of dialogue box is illustrated in
the following examples of how the OPEN and DELETE com-
mands from the DFD menu operate (each command is

described in greater detail in Appendix V).



123

Figure 5.2a shows the dialogue box that would be
displayed after the user has selected the OPEN command

from the DFD menu.

Specity name of number of DFD:

DFD number:[T_____ ]
DFD name: | i

Figure 5.2a - Parameter specification dialogue
box for the OPEN command.

The horizontal bar in the first empty rectangle in the
dialogue box represents the curscor. 8Since the user is
required to enter a text string the text entry cursor

shape has replaced the select mode cursor,

The user may specify which DFD to open by either speci-
fying the name or number of a DFD. If the user speci-
fies a DFD that does. not exist, then an error message

will be displayed as shown in figure 5.2b.
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g Speclfied DFD not found,

=

Figure 5.2b - Error dialogue box for the
OPEN command.

The user must then select the 0K soft button to remove
the error dialcgue box and return to the prompt box
shown in figure 5.2a. Similar error dialogue boxes
will be shown for other errors that may cccur as the
result of the values specified by the wuser in the

parameter specification dialogue bozx.

Assuming that the user has specified the name or number
of an existing DFD, then the DELETE command may be
selected. Figure 5.2¢ shows the confirmation dialogue
box that will be displayed as a result of selecting the

DELETE command from the DFD menu.
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@ Delete current DFD
% and any child DFDs?

Figure 5.2c - Confirmation dialogue box for the
DELETE command.

The user must select one of the two soft-buttons to
remove the dialogue box from the screen. The OK button
will cause the DELETE operation to be performed; the
CANCEL button will terminate the DELETE command without

deleting the DFD.

The parameter dialogue box shown in figure 5.2a
requires the user to specify a text string. Another
form of parameter dialogue box is used in MUSSAT: these
require the user to select (rather than specify) the

required parameter value.

Figure 5.2d shows the dialogue box that would be
displayed as a result of selecting the DD DISPLAY com-—
mand from the OPTIONS menu. The _highlighted soft-
button indicatés the current value of the system param-

eter.
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Select DD DISPLAY value:

Figure 5.2d - Parameter specification dialogue
box for the DD DISPLAY command.

The user may change the value of the system parameter
by selecting the unselected value. The dialogue box is

removed from the screen by selecting the OK button.

Keyboard input within parameter specification dialogue
boxes 1is minimised (wheré possible) and in most cases
the only parameters that the user must specify using a
keyboard are object names and numbers. Where the user
is required to select one of several options, each
option is usually displayed within the dialcgue box and
the user selects the desired cption with the mouse. In
addition, soft Dbuttons within the option box are used

to either cancel or continue execution of the command.

In order to further reduce the amount of required user
input, when a dialogue box is used as a confirmation
dialogue (that is, the user 1is required to select
between a CANCEL option and an OK option), the default

-option (which is usually the confirm option) will be
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pre-selected and the user need only press the ENTER key
on the keyboard in order tc select the default
response. To cancel the command requiring confirma-
tion, the user selects the CANCEL soft-button in the

dialogue box,

Dialogue boxes will not be required for conventional
syntax or semantiﬁ errors caused by invalid command
specification since the proposed implementation of
pull-down menus does not allow the user to select inap-
propriate commands. The only error conditions that
dialogue boxes will be used for will be system errors

or invalid ccommand parameter specification.

There are several reasons why option boxes rather than
the traditiconal command line approach to parameter
specification and confirmation have been incorporated

in the MUSSAT user interface:

(4) Screen space is likely to be at a premium, espe-
cially when viewing DFDs. A command line may

unnecessarily clutter the display area.

{5) A dialogue box minimises the amount of keyboard
input required of thé user gince options need only

be selected rather than specified.

(6) Some command parameters may be easier for the user

to comprehend and specify in a graphical form, for



128

example, the number and layout of pages comprising

a DFD.

A disadvantage of dialogue boxes is that the portion of
the viewing area under the displayed dialogue box is
cbscured until the command that initiated display of
the dialogue box is either executed or cancelled. It
may be that the obscured portion of the screen contains
data that the user needs in order to specify required
parameters, Nevertheless, dialogue boxes are con-
sidered superior to the command line(s) approach for
the MUSSAT user interface for the reasons outlined

above.

Apart from example dialogue boxes used earlier in this
section, the format of cther dialcogue boxes have not
been specified in detail. A dialogue ' box will Dbe
required for each command that requires the user to
specify parameters or confirmation. In addition .each
parameter specification dialogue box may have several

associated error dialogue boxes.

The parameters that the user must specify for the suc~
cessful execution - of each command are identified in
Appendix V. Commands that will require confirmation

boxes are also identified in this section.
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5.2.5. Windows

Windows in the MUSSAT interface incorporate scroll
bars, a move bar and a close box to allow the user to
manipulate the contents, placement and number of visi-

ble windows {(respectively).

Figure'5.3 is an example window incorporating scroll

bars, a move bar and a close box,

Window Tille o ———0———x—

O

&

Figure 5.3 - An example window with close box, move bar,
scroll box and scroll bars.

The purpose and use of each component of the window

shown is discussed below:
Close Box

The close box is depicted as a small box in the upper
left hand corner of a window, as shown in figure 5.3.
To remove the window and its contents from the viewing

area, the user selects the close box.
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Selection of a close box in MUSSAT causes the contents
of the window to be saved before the window is removed
from the screen. If the contents of the window are in
an inconsistent state, that is, unresolved errors exist
in the displayed DFD or DD entry, then selection of the
close box will result in a dialegue box with an
appropriate message being displayed. The user is not

able to close a window until any errors are resolved,

Bar

The move bar is the narrow horizontal bkar at the top of

the window and serves two purposes:

{1} To display the title of the document or diagram
contained in the window. In MUSSAT, the title
area of the menu bar will show the name of the DFD

or DD entry that the window contains.

{2} To provide a means by which the user can position

windows within the viewing area.

In MUSSAT the user will be able to move DD ENTRY win-
dows within the current viewing area by selecting any
portion of the move bar (including the window title)
and dragging the window to the  desired position.
Since DD windoﬁs may obscure the underlying DD window
the user may choose to overlap several DD windows with

just the move bar showing.



131

The move bar in a DFD window will show the name, number

and version number of the DFD.

MUSSAT does not allow the user to move DFD windows. To
differentiate between those windows the user may move
and those that must remain where positioned, movable
windows will contain a series of horizontal lines in
the menu bar {(as does the window in figure 5.3). Win-
dows that may not be moved (that is, DFD windows) will

not contain these lines.

Scroll Bars

Each window may contain one or two scroll bars allowing
the wuser to view a document or diagram that may be
larger than the window viewing area. In figure 5.3 a
window with two scroll_bars is shown. The horizontal a
scroll bar is the narrow bar at the bottom of the win-
dow with an arrowhead at each end. Similarly, the
vertical menu bar is the narrow bar at the right hand

side of the window.

When the view that a window shows is not the entire
document or diagram, then a small box is shown in one
or both of the menu bars t¢o allow the user to change
the wview shown in the window. If the logical document
is longer than the window viewing area, than a scroll
box is shown in the vertical scroll bar, Similarly, if

the document is wider than the window viewing are then
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a scroll box is shown in the horizontal scroll bar. If
the logical document is both longer and wider than the
window viewing area, then a scroll box is shown in both

menu bars.

The window in figure 5.3 has a small box in only the
vertical menu bar, hence the underlying document is
longer but not wider than the window viewing area. TO
change the view shown in the window, the user selects
and drags the relevant scroll box to a new position
within the screll bar. For example, in figure 5.3 the
user would move the scroll box in the wvertical scroll
bar up to view a portion of the underlying document
that presently exists above that portion currently

visible.

The width or height of a scroll bar represents the
entire width or height (respectively}) of the underlying
document. Hence, movement of the scroll box to the top
of the scroll bar in figure 5.3 will cause the window
to display the top most portion of the underlying docu-
ment, regardless of whether the document is one or five

pages high,

In the MUSSAT interface a DFD window will have both a
vertical and horizontal scroll bar, although scroll
boxes will only be shown for DFDs that do not fit in

one viewing area.
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DD windows will only ever have a vertical scroll bar
since the width of a DD entry is fixed. A scroll box
will be shown in the vertical scroll bar when the
length of the DD entry exceeds the length of the window

viewing area.

Vertical scroll bars will also be used in dialogue
boxes where the options presented_will not fit within

the viewing area of the dialogue box.
5.2.6. The Cursor

The normal MUSSAT cursor shape used to select objects
and commands will be an arrow, as shown in figure 5.4a,
however, in order to provide the wuser with feedback
when a time-consuming process 1s taking place, an

alternate cursor shape will replace the normal cursor.

3

Figure 5.4a - Normal MUSSAT cursor shape.

Two possible "wait’ cursor shapes are shown in figure

5.3b: an hourglass icon and a clock icon,
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Figure 5.4b - Alternate 'wait' cursor shapes.

The normal curscor shape should be replaced with a
"wait’ cursor shape as soon as a process that is likely
to be time consuming is activated, and should be
replaced with the normal cursor shape once the process
is completed. The user should be able to move a ‘wait’
cursor around the screen as ncormal, but should not be
able to perform any other manipulation of the display
(such as viewing a pull-down menu) or select any other
command {including scroll} until the ’‘wait’ cursor is

replaced with the normal MUSSAT cursor.

In addition to the 'wait’ cursor shape two other cursor
shapes will be used when MUSSAT is in ‘draw’ or 'text’
mode. When specifying the location of a new DFD
cbject, or the path of a data flow, the cursor shape
should change since the user may not use the cursor in
the select mode until the drawing operatibn is ter-
minated. A pencil shaped cursor, as shown in fiqure

5.4¢, is proposed as the 'draw’ state cursor.
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Figure 5.4c - Proposed 'draw' cursor shape.

An alternate cursor shape is also required when the
user is expected to specify or edit a text string. The
"text’ cursor shape is commonly shown as a blinking
bar, or a reverse video rectangle at the point of text
insertion., Either of these approaches would be suit-

able for MUSSAT.

5.2.7. Example Screen Formats

Figures 5.5a and 5.5k are mock-ups of the MUSSAT user
interface incorporating the features discussed in this

section.

In figure 5.5a the DFD menu title in the menu bar has
been selected and the cursor has been positioned over

the DELETE command.
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Figure 5.5a - MUSSAT screen display and pull-down menu format.

If the user were to release the SELECT mouse button,
with the c¢urscor positioned over the DELETE command,
then the menu would disappear and the dialogue box

shown in 5.5b would appear.
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Figure 5.5b - MUSSAT screen display and dialogue box format.

The user would then have to select one of the soft-
buttons at the bottom of the dialogue box, or press the

ENTER key in order tc continue,

An additional feature shown in figﬁres 5.4 and 5.5 but
not discussed in the preceding section, is the PROJECT
line at the bottom of the display. The PROJECT 1line
always contains the name of the MUSSAT project that the
user is working with. The PROJECT line will be blank

if the user has not selected a project to work with.

State Transition Diagrams [BIE83] were used to describe

which commands, including those available in the pull-down
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menus, are valid at any point in time while wusing MUSSAT.
Appendix IITI consists of an explanation of the State Transi-
tion Diagram notation used, the State Transition Diagrams,

and examples of the MUSSAT pull-down menus.

Each of the MUSSAT commands shown in the State Transition
Diagrams in Appendix IIT, when executed will cause certain
processing to be performed. Most of the MUSSAT c¢ommands
will affect both the user’s view of the system, as seen on
the VDU, and the underlying data model. Appendix IV con-
tains a high level description of the affects of each MUSSAT
command introduced in Appendix IIT on both the user inter-
face and the data model, Diagrams are used to help explain

the more complex commands.

Structured Systems Analysis ([{DEM78], [GANB0]) was used to
develop a detailed model of the data and processes required
to carry out the activities described in Appendix IV, The
resulting functional model, which is included as Appendix

VI, consists of the following components:

a set of Data Flow Diagrams;
a Data Dictionary;
a Data Model Diagram; and

examples of each of the reports produced by MUSSAT.

Appendix VI contains a cross-reference of MUSSAT command

names and Data Flow Diagram processes. There is not always
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a one to one correspondence between '‘a command and the
processes that must be activated in the Structured Systems
Analysis model in order to perform the command. Hence, a
cross-reference was c¢reated toe shown which process need to
be activated in response to the user issuing a MUSSAT com-

mand.

Appendix VII consists of a discussion of some of the more
complex features of the MUSSAT design and Appendix VIII.
describes several improvements to the design that could be

made to enhance the functionality of MUSSAT.



CHAPTER 6

Structured Systems Analysis in Automated Environments

The chapter introduces the concept of CASE tools and
describes the similarities between MUSSAT and other CASE
tools, and also describes the differences in the wunderlying
philosophy of CASE technologies and MUSSAT. The second part
of this chapter gives brief overview of two existing CASE

tools that support SSA.

6.1. The Place of MUSSAT in CASE Technologies

When research work on this thesis was started, in 1986,
there were relatively few automated design tools such as
MUSSAT avallable in the marketplace, and even fewer avail-
able in New Zealand. Since then, the number and sophistica-

tion of such tools has risen dramatically.

The acronym: CASE (Computer Aided Software Engineering),
refers to all automated design tools that help a computer
professional design, implement and maintain information sys-
tems. CASE tools currently available vary widely in the
type of assistance they provide. Some CASE tools address a
large portion of the system lifecycle, others concentrate on
one or two phases. Still other tools provide support in

strategic planning and project management.

140



142

Existing CASE tools also vary in the design methodologies
they support. System analysis and design methodologies
currently supported by CASE tools include: SSA ([DEM78] and

[GAN801}, ISAC [LUN8l}, and Information Engineering [MARS81].

McClure has developed a system of classifying CASE tools

[MCC87] using the following three categories:

CASE Toolkits;
CASE Workbenches; and

CASE Methodology Companions.

CASE products in the Toolkit category provide automated
assistance 1in one or more phases of the system lifecycle,
such as analysis and design or code production, or assis-
tance in the development of a particular type of system such

as real-time systems.

CASE Workbenches provide support for the entire software
iife cycle. The tools provided 1in a CASE Workbench are
designed to work together and hence the outputs of one phase
of the life cycle are automatically available to tools used
during the following phases. The final output produced

using a CASE Workbench is an executable software system.

CASE Methodology Companions consist of a set of tools that
automate a particular software development methodology. The
user of a Methodology Companion is quided through the steps

of the methodology and, in some cases, may not be allowed to
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proceed to the next phases 1f errors or inconsistencies
exist in any of the documentation developed in the preceding

phase.

The ultimate goal of CASE technoleogies is to generate pro-

duction systems directly from system specifications.

Using McClﬁre’s categories, MUSSAT would be classed as a
CASE Toolkit, and more specifically, an Analyst Toolkit
since the outputs produced using MUSSAT are part of the
requirements specification produced during the systems
analysis phase of the software lifecycle. Although MUSSAT
addresses only one phase of the software lifecycle, when
many of the existing CASE tocls provide wider coverage, it
must be remembered that the objective of the design exercise
documented in this thesis was to provide automated support
for SSA, not the entire system lifecycle. The development
of automated support for the whole lifecycle is an enormous
undertaking which require hundreds of work years of effort.
Hence, although MUSSAT may be described as a CASE tool, MUS-

SAT and the general CASE philosophy are dissimilar.

Nevertheless, it is interesting to compare the user inter-—
face incorporated in MUSSAT with the interfaces of similar

CASE tools.

Although there are a considerable number of CASE tools
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availablie that support SSA{1] , this writer has only had
first-hand experience of three such tocls: Excelerator from
InTech Technologies and PCSA and Teamwork/SA from Cadre
Techneclogies. [2] Of these two tools, the writer is most fam-
iliar with Excelerator, having drawn the DFDs and Data Model

Diagrams in Appendix V using this tool.

6.2. Two CASE Tools

The following sub-secticons provide an overview of the wuser
interface of Teamwork/SA and Exceleratcr, both of which are

available in New Zealand.

Excelerator

Excelerator was one of the first CASE tools available
in New Zealand and is used in several large DP instal-
lations in the country including the Reserve Bank of
New Zealand. It offers facilities to maintain a data

dictionary and draw the following types of diagrams:

Data Flow Diagrams;
Data Model Diagrams;

Structure Charts; and

[1]1A number of these tools are listed in Chapter 1.

[2]A demonstration version of ' PCSA was purchased for
evaluation, however PCSA was later acquired by Cadre Tech-
nologies and is now the PC version of their Teamwork tools.
This writer was able to examine Teamwork/SA some time after
the demonstration version of PCSA was purchased. Both PCSA
and Teamwork/SA have similar user interfaces and although
Teamwork/SA 1is discussed, the comments made are equally ap-

plicable to Teamwork/PCSA.
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free-form Presentation Graphs.

Both the DeMarco and Gane & Sarson DFD conventions are
supported; the system manager may select which format
will be used by all other users of the system. Various

forms ¢of Data Model Diagrams are similarly supported.

Excelerator uses a two-button mouse: the left-hand but-
ton serves as the SELECT command, and the right-handg
button corresponds to the CANCEL command. The style of
interaction is prefix oriented in contrast to MUSSAT’s

postfix interface.

The Excelerator interface is menu based with one letter
keyboard equivalents available for most commands. The
user may select menu options by either entering the
keyboard mnemonic or by selecting the menu option with
the mouse. 1In cases where the user is required to
enter the name of a diagram, a wildcard character may
be used which will cause a list of all diagram names
matching the specified string to be displayed. The

user may then select the desired diagram from the list.

Multiple windows are not used, hence the user may only
view one DFD or DD entry at a time. If the user wishes
to view a DD entry while a DFD is open, then the DFD

must be closed and the DD subsequently opened.



145

When manipulating a DFD, the user selects commands from
a menu permanently visible down the left-~hand side of
the screen. The menu consists of two parts: the upper
portion which contains the general DFD manipulation
commands, and a scrollable region at the bottom of the
menu panel which serves as a sub-menu when a command

that has further sub-options is selected.

The bottom line of the screen is used as a message line
in which error messages, prompt messages and confirma-

tion requests are displaved.

A DFD may be viewed at one of three zoom levels. The
user may also select which portion of the DFD to view,
when the DFD 1s larger than the viewing area, by
selecting a position in the navigation window. The
navigation window 1is a small region, approximately
three centimetres square, that appears below the menu
panel and contains a representation of the DFD vigible
in the DFD viewing area. Individual DFD elements are
represented in the navigation window as dots. The user
can change the portion of the DFD visible in the DFD
viewing area by selecting a point within the navigation
window that will serve as the centre of the DFD viewing

ared.

The user creates DFD elements by selecting the

appropriate element type from the menu panel and then
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selecting a pesition in the DFD wviewing area. The
object 1s drawn once a valid position is selected;
objects other than data flows may not overlap any other

object.

A command in the menu panel remains selected until
another command is selected or the CANCEL mouse button
is pressed, hence a user is able to repeatedly draw or
delete DFD elements without having to re-select the

appropriate command for each DFD element.

Two system options are available that allow the user to

tailor how a data flow is drawn:

The user may specify that Excelerator should
decide where, on the perimeter of the source and
destination objects, a data flow will be attached
to. Alternately, the user may specify that
Excelerator should allow the user to select the
position to attach the data flow to for each

source and destination object.

The second option allows the user to specify
whether Excelerator should automatically determine
the path a data flow will follow, given two end
points, or whether the user will select intermedi-~

ate points for the data flow path. .
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It is this writer’s experience that data flows drawn
using Excelerator’s automatic data flow drawing algo-
rithm often result in unnecessary data flow intersec-
tions and turning points. 1In addition, data flows are
sometimes drawn intersecting processes, data stores or
external entities. Even when selecting two objects
that appear closeltogether and in the same x or y-
plane, the resulting data flow may still contain

unnecessary ‘kinks’.

Excelerator does not offer an equivalent of the MUSSAT
"COPY’ command to create duplicates of data flows. Nor
does Excelerator provide a full equivalent of the MUS-
SAT f REDRAW' command to regpecify the
source/destination peints or the path of a data flow;
using Excelerator, the user may respecify the point on
the source or destination object that a data floﬁ is
cennected, but can conly change the scurce or destina-
tion element of a data flow by deleting and redrawing

the data flow.

Excelerator does not use 'dragging’ to reposition
existing DFD elements: instead the user selects the
MOVE command from the menu panel, selects the object to
be moved, and then selects a new position. If the
selected object is not a data flow, then all connected
data flows are frubber-~banded’, although, as with draw-

ing new data flows, the ‘rubber-banded’ data flows can
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follow unusual paths.

When selecting end peoints for data flows, Excelerator
does not check to ensure whether a valid type of data
flow end point has been selected. For example, a data
filow can be drawn between two data stores, or with the
same element serving as both the source and destination
element. The user may, however, request a report that
lists all such inconsistencies for a specified set of

DFDs.

The user is able to enter a description of each DFD
element and subordinate data item entries into a DD,
however some of the fields included in the template DD
entry are not relevant to the analysis stage. For
example, the template includes a field that allows the
user to specify a language dependant répresentatibn of
a data flow or data item. In addition, the Excelerator
DD does not support either the Gane & Sarson [GANS8(C] or

DeMarco [DEM78] data definition languages.,

Excelerator allows a user to maintain a DD and draw
several types of diagrams, including DFDs and hence
helps reduce the clerical overhead involved in wusing
SSA. Excelerator also is able to detect balancing and
DFD construction rule viclations, although in the
latter case, errors are detected in a batch mode rather

than in real-time. Although Excelerator provides some
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useful features, this writer believes that other CASE
tools provide better support for SSA and incorporate

user interfaces that are easier to use.
Teamwork/SA

Teamwork/SA is one of a number of CASE tools available
from Cadre Technologies. The entire Teamwork environ-

ment consists of the following tocls:

Teamwork/SA;
Teamwork/SD;
Teamwork/RT;
Teamwork/IM; and

Teamwork/Access.

Teamwork/SA is the systems analysis package;
Teamwork/RT 1is used in conjunctibn with Teamwork/SA to
model real-time systems. Teamwork/SD addresses the
systems design portion of the scoftware lifecycle and
incorporates the Structured Design methodology.
Teamwork/IM 1is the information modelling module. The
final member of the Teamwork product family,
Teammwork/Access, allows the other Teamwork products

listed above to bhe used in a workbench environment.

The user interface incorporated in Teamwork/SA requires
a MicroSoft compatible mouse and incorporates multiple

windows, pop-up menus, dialogue boxes, and selector
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lists. Teamwork/SA supports the DeMarco version of

SSA.

The user may view multiple DFDs and DD entries at any
one time. The window formats used in the Teamwork
tools incorporate the same features as Apple Macintosh

. windows, and hence are similar to MUSSAT windows.

Most Teamwork commands are activated using pop-up

menus., Three types of pop-up menus are used [PER87]:

a blank space menu;
a global command menu; and

10 object oriented menus.

As in MUSSAT, inactive commands are de-emphasised in
the menu, and selection of a de-emphasised menu option
has no effect. A menu 1is displayed in response to
pressing a mouse button; the particular menu displayed
depends on where the cursor 1s positioned when the

mouse button is pressed.

Process, external entities and file DFD elements are
created by positioning the cursor at the desired posi-
tion, pressing the mouse button and then selecting the

object type from the resulting pop-up menu,.

Data flows are drawn by positioning -the cursor on

either the source or destination object, pressing the



151

mouse button and then selecting either the SOURCE or
DESTINATION command opticn, depending on the role the
selected element will assume. A2 ‘'rubber-band’ line
then 1s attached to the cursor and may be dragged to
another point. The user may specify the path of the
data flow using other commands. The data flow is ter-
minated when a valid end point is selected. Data flow
line segments are initially drawn as straight lines,
but additional commands alleow the wuser to instruct
Teamwork/SA to redraw one, or, all data flows in the

DFD with curved lines.

Data flows can be moved by dragging individual line
segments of the data flow. Cther DFD elements are also
moved by dragging, and any connected data flows are

f rubber-banded’ .

As with MUSSAT, Teamwork/SA enforces DFD drawing con-
ventions at the time the DFD is drawn. For example,
where Excelerator would allow a user to draw a data
flow between two data stores, Teamwork/SA will dislay
an error dialogue box if the user selects an illegal

end point for a data flow.

Teamwork/SA also allows the user to move portions of
one DFD into another DFD. This feature is likely to be

useful in'repartitioning existing DFDs.
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Teamwork/SA also provides assistance in balancing
between parent process and child DFD when drawing the
child DFD. Flows intc and out of the parent process
are shown on the left and right-hand sides (respec—
tively) of the child DFD drawing area and additional
data flow commands are used to include these data flows

in the child DFD.

The writer’s experience with Teamwork/SA was limited to
manipulating DFDs and hence no comments can be made

about the underlying DD.

Teamwork/SA provides automated support for SSA and
incorperates a state-of-the-art user interface incor-
porating many of the features that are associated with
fuser-friendly’ systems. The tool is based closely on
Demarco’s version of SSA and provides sophisticated
features that assists the analyst in creating, refin-
ing, and maintaining a set of DFDs and a DD.
Teamwork/SA also <c¢an also be used in conjunction with
further tools in the Teamwork family to support other
rhases of the system life cycle. Although only having
had a limited exposure to Teamwork/SA, this writer
prefers Teamwork/SA to Excelerator for its sophisti-
cated user interface and in-depth support of the SSa

methodology.
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The two tools presented in this section illustrate some of
the features and capabilities of autcomated SSA tools
currently available. CASE Technologies represent a new
type of software product; up until a few years ago systems
analysts and designers had very few automated toocls specifi-
cally designed to assist in the development of software sys-
tems. The number and quality of CASE tools is expected to
increase significantly within the next few years with more
powerful, easy to use products becoming available at a rea-

sonable cost.



CHAPTER 7

Concluding Remarks

Structured Systems Analysis is a widely used systems
analysis methodology, probably the most commonly used
analysis methodology in New Zealand, Even though SSA has
its weaknesses, the methodology provides a set of tools and
techniques that all parties involved in the development of a
system, especially users, can understand and use. The use-
fulness of data flow diagrams lies partly in the ability to
hide details of the data transformations in lower level data
flow diagrams, and partly in the flexibility of what a data

flow diagram can include.

Although SSA is easy to use and produces documentation that
is easy to read, there are some problems with using the
methodolegy in a manual environment, in particular:

the high clerical overhead regquired to keep the DD

and DFDs consistent; and

the difficulty in determining the scope of effect of

changes to any particular DD item.
Earlier chapters of this thesis identified the activities
within S8SA for which the users required automated support.
A design was then presented for MUSSAT, a software tool

which provides automated support for SSA. The resulting

154
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functional specification of MUSSAT shows that automaticen of
many aspects of SSA in a manual environment is possible,
although not a trivial exercise. MUSSAT incorporates func-
tions that are expected to significantly reduce, if not

eliminate, those problems ¢f SSA in a manual environment

listed above.

Because MUSSAT automatically updates the DD in response to
changes made to DFDs, the clerical overheads inherent in
using SSA in a manual environment are not present in MUSSAT.
In addition, the user is not allow to make changes to either
the DD or DFDs that break the SSA rules, or compromise the
integrity of the DD. MUSSAT also provides an automatic
cross-referencing facility so that a user can easily deter-
mine the scope o¢f effect of changes to any particular DD

item.

MUSSAT is expected to significantiy decrease the amount of
time required to draw and maintain a set of DFDs. Time sav-
ings are expected to be greatest when amending existing D¥Ds
since, wunlike S8S5A in a manual environment, the user is not
required to redraw the entire DFD. It is likely that MUSSAT
will alsc allow a user to draw a new DFD more quickly than
in a manual environment since the user is not required to
draw each shape, only to specify a positicn or data flow

path.
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The reports produced by MUSSAT provide the user with details
that assist in detection of errors and inconsistencies., A
detailed DFD balancing report can be produced which checks a
specified hierarchy of DFDs for imbalances between each

parent process and child DFD in the hierarchy.

The concept of a balanced set of DFDs, where the net flows
inte and out of a DFD are equivalent to the flows into and
out of the parent process, is fundamental to the S5A metho-
dology. Hence, the ability to detect and correct balancing
errors in a set of DFDs is important. However, checking a
set of DFDs for balancing errors manually can be tedious and
error prone. The DFD balancing function provided in MUSSAT
automates the detection of balancing errors and produces a
report which identifies data flows that do not balance
according to the SSA rules. The user may then decide which
of the data flows represent balancing errors and which

represent trivial error flows which need not balance.

Although it would have been possible to enforce K the DFD
balancing rules by not allowing the user to create any
further child DFDs, or by not allowing the user to exit the
system while balancing errors remained, it was decided that
such an approach would not be user friendly. In addition,
there are many reascons why the user may wish to leave the a
DFD unbalanced; not all imbalances between a parent process
and child DFD are error conditions. For example, minor

error flows need not balance.
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Qther MUSSAT reports allow the user to review DFD statis-
tics, to determine which DFDs are incomplete, and which
entries in the DD are not used. Further MUSSAT reports

allow the user to produce printed copies of DFDs and the DD,

Computer Aided Software Engineering (CASE) toels exist that
support the specification of systems using SSA. MUSSAT can
be considered to be a CASE tool since it provides automated

support for part of the systems development life cycle.

The first SSA CASE tools were essentially drawing tools.
Later tools incorporated more sophisticated checking rules
and a data dictionary. Many of the Jlatest CASE products
offer a family of tools to support significant portions of

the systems development lifecycle.

Most CASE tocls currently available address sub-sets of the
system lifecycle phases, although some CASE tool suppliers
claim that their products cover the entire lifecycle. CASE
tools that are claimed to support the full lifecycle tend to
provide stronger support in either the sPécification and
design phases or in the detailed design and code generation

phases.

Although many CASE tools are too expensive for small DP
budgets, several PC-based CASE tools are available [PERB7]},
making automated support for SSA economically feasible for
aimost all organisations. 1In addition, some of these low-

cost tools can interface with other CASE tools that address
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different phases of the system lifecycle.

Most CASE tools supporting SSA have incorporated either the
DeMarco [DEM78] or Gane & Sarson [GANBO] wvariants, although
a small number of CASE tcools also offer support for real-
time SSA [WAR85]. Socme CASE tools also provide support for
screen and report design, although, to this writer’s
knowledge, there are no existing CASE tools that have modi-
fied the SSA methodology to incorporate design of the wuser

interface.

Existing CASE tools that provide automated support for SSa
help overcome scme of the weaknesses of SSA by including
rigorous consistency and completeness checks, and by provid-
ing system design tools that help bridge the gap between
analysis and design. In addition, CASE tools incorporating
real-time SSA provide some support for modelling a class of

systems that the original SSA methodology did not address.

Although MUSSAT {and existing CASE tools that support SSA)
are expected to make S8SSA easier té use, there are still
areas of the methodology that could be improved and extended
to make it more applicable to types of systems that SSA is

currently unable to model,

A SSA specification is not a complete functional require-
ments specification since the system model produced does not
include a model of the user interface and preliminary

screen and report formats. Further research is required to
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develop a form of SSA that produces a full functional

specification, including these features.

The variants of SSA described by DeMarco and Gane & Sarson
are Dbest suited to business-type applications with rela-
tively simple user interfaces. However, the declining cost
and increasing performance of hardware within the past: five
years has made high quality graphical interfaces economi-
cally feasible for almost =all types of computer systems.
The SSA methodology itself, has yet to incorporate tools and
techniques to model such interfaces. Although DeMarco sug-
gests that DFDs should be used to model the user interface,
this writer believes that State Transition Diagrams are a
more appropriate modelling tool for almeost all user inter-
faces. A4 modified form of State Transition Diagrams were
developed and used to model parts of the MUSSAT user inter-

face.

In addition, the original SSA variants ([DEM78] and I[GAN80])
are not suitable for modelling real-time systems or parts of
systems where timing considerations are important.
Although, Ward and Mellor [WARB4] have developed a modified
form of SSA tailcred especlially to the needs of real-time .

systems.

The flexibility of data flow diagram representation can also
be a disadvantage since the SSA rules presented by DeMarco

[DEM781 and Gane & Sarson [GANBO] must often be tailqred in
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order to represent characteristics of a system that are not
explicitly covered in the general SSA rules. For example,
several data flow naming conventions were developed during
the design of MUSSAT in order to depict characteristics of
the system that were considered to be important but were not
addressed by either DeMarco [DEM78] or Gane & Sarson

[GANBO].

Although the ability to tailor the methodelogy to suit the
needs of a particular development project or organisation is
attractive, this writer believes that a detailed set of SSA
rules should be developed that covers all aspects of DFD
development. This form of SSA could then serve as a stan-
dard, removing the need for organisations to define their

own versions of SSA.

Like other systems analysis methodologies, SSA has its
weaknesses. Nevertheless, SSA is superior to other systems
analysis methodologies in some aspects because the func-
tional specification produced using SSA is a good communica-

tion tool between analysts, users and designers.

MUSSAT and other CASE tools that support the SSA methodology
are able to reduce, if not remove, many of the difficulties
inherent in SSA used in manual environments. However, this
writer bhelieves that the SSA methodology itself needs to be
revised and further specified to make the methodology more

useful for defining on-line, interactive systems.
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Appendix I

CASE Tool Suppliers

Abvent

9903 Santa Monica Blvd/Suite 268
Beverly Hills

CA 90212

USA

Cadre Technologies Inc.

222 Richmond Street .
Providence 5
RI 02903

USA

DeLandgraff Consultants[1]
P.O. Box 78201

Royal Heights

Auckland

New Zezland

Index Technologies Corp.
Five Cambridge Centre
Cambridge

MA Q2142

USA

McDPonnell Douglas Computer Systems
400 MacArthur Blvd

Newport Beach '

CA 92660

USA

Nastec Corp.

24681 Northwestern Highway
Southfield

MI 48075

USA

StructSoit Inc.
24 Homer Street
Parsippany

NJ 07054

USA

[1]New Zealand distrubutor for Interprogram, The
tands.

Nether-



Appendix II

SSA Rules Used in MUSSAT

The SSA rules outlined in this appendix are described more

fully in section 4 of this thesis.

1. Data flow diagrams

DFD size

(1)

(2}

Most DFDs should fit on one A4 sheet of paper,
however, larger DFDs, consisting of any number of
A4 pages {arranged in a rectangular shape) may be

drawn.

The number of DFD elements allowed in one DFD is
not limited, although data stores, external enti-
ties and processes may not overlap and data flows

rust be a certain minimum length.

DFD construction

(1)

(2}

A process must be named but not necessarily num-
bered before 1t 1is exploded into a lower level

DED.

Processes may be numbered at any stage of DFD

development.



(3)

(4)

(5)

(6)

(7)

(8)

Any DFD element may be drawn (fully orx partiélly}

outside a DFD boundary, Such notation has no

associated semantics, but serves as a notational

‘tocl for showing the net sources or sinks of data

{or net flows in or out}) in a child DFD.

DFDs need not be specified in a strictly top-down

fashion, that 4is, a <child DFD may be specified

before the parent DFD is drawn and the relation-

ship between the two explicitly specified later.

DFD element names may consist of any combination
of printable characters, although the DeMarco
relational operator ‘+' has a special meaning in
data flow names. Névertheless, it is good prac-
tice to avoid using the other relational opera-
tors: [, 1, |, {, and } in DFD element names to

avoid confusion.

DFD element names are not case sensitive, that is,
CUSTOMER-NAME, Customer—Name and customer—-name all

identify the same DFD element.

A DFD elements must be named before further user

defined fields may be specified in the DD.

Any unnamed DFD elements, except for unnamed data
flows to or from data stores, are ignored in sys-—

tem generated reports.



Data stores and external entities

(1)

(2}

Data stores, external entites and data flows may
be duplicated, that is, multiple copies of a DFD

element with the same name may exist.

All occurrences of a duplicated data store, exter-

nal entity or data flow share the same DD entry.

{3} Duplicates of data stores and external entities
are not marked with horizontal or diagonal lines
{respectively).

{4) An external entities does not have a lower case
identifier in its upper left hand corner.

(5) Data stores are drawn as narrow rectangles open at
the right end.

{6) Data stores may be numbered with any short string
of characters.

(7) The default numbering system for data stores {is
that used by G & S.

(8) ©Local data stores are, by default, numbered in the
same way as non-local data stores.

Processes

{1} Process bubbles are drawn as vertically oriented

rounded rectangles.



{2}

(3}

Data

{1}

{2}

(3)

(4}

Process bubbles include an optiocnal comment sec~
tion in the lower section of the bubble which may
include any combination of printable characters.
The number of characters allowed is implementation

dependent.

The top porticn of a process bubbkle shows the last
digit of the process number, that is, a digit
unique within the DFD in which the process

resides.
flows

Data flows are drawn as horizontal and vertical
lines Jjoined with rounded corners and with an

arrowhead at one or both ends.

Unnamed data flows between external entities,
processes or other external entities are ignored
in system generted reports; such data flows are

considered to be incompleteley specified.

For the purposes of system generated reports, sin-
gle and double headed unnamed data flows to or
from a data store are interpreted as containing

the entire contents of the data store.

Retrieval keys may optionaly be specified for sin-
gle headed named data flows from a data store, If

specified, the retrieval key 1is stored in the DD.



(5}

(6)

{n

{8)

All occurrences o¢of the same data flow will have

the same retrieval key.

Net data flows in to and out of a child DFD need
only have one end-point specified on the child
DFD, although the scurce oxr deétination DFD ele-
ment shown in the parent DFD may be duplicated in
the child DFD. If the scource or destination ele-
ment 1is redrawn in the child DFD then MUSSAT will
still recognise the data flow as a net flow into

or out of the child DFD.

All data flows must be connected te a process at

either one, or both end-points.

If two data flows intersect, one of the data flows
should be drawn with the ’‘little hoop’ convention

at the point of intersection.

Data flow names may consist or two or more data
flow names, each separated by a ‘+’, in which case
each component of the compound name should be

defined in a separate data flow definition in the

DD.

Data Dicticnary

(1)

The DD consists of seven types of entries:

data element



data store
data structure
data flow
process
sub-process

external entity.

{2} The following information, for each type of DD

entry, 1s stored in the DD:

data element

name
alias entry
aliases
notes
definition -~ values and meanings
aliases.

data structure

name
alias entry
aliases
notes
definition
volume.

data flows

name
alias entry
aliases
notes
definition
volume
type.

data stores

name
alias entry
aliases
notes



(3}

(4)

The DeMarco relational operators

data

of data stores,

definition
number
organisation.

processes

name
notes
definition
type
number.

sub—process

name
notes
definition
type.

external entities

name
notes
data flows in and out.

are

used

in a

item description language for the definition

Processes and data elements are defined in

form text.

data flows and data structues.

free-



Appendix III

MUSSAT State Transition Diagrams

Figures III.2 to III.6 are State Transition Diagrams (STDs)
representing the MUSSAT user interface. The form of State

Transition Diagrams {(STDs) is based on a notation described

in [BIE83].

Bieleski [BIEB83] uses STDs to deocument the changes to a VDU
screen, as seen by the user, that coccur as the result of
entering commands, replying to system prompts and selecting
options from menus. The five types of nodes used to

represent these changes are shown in figure III.la.

Meny selection node

U

Off-page connector

C::) Information display node

Termination node

Command entry node

Figure lil.1a - Bieleski's STD node types.



The ncodes within a STD are connected by transition paths, as
shown in figure TIII.1lb. A transition path may include
parameters that the user must specify in order to complete
the transition from one state to ancther, and may also

include branch points.

command
entry state

command name/number

command
DﬁrﬁmEtEr
[

information w

display

Figure lil.1b - An example STD f{ransition path.

A branch point indicates that some underlying processing is
performed in order for the system to determine which path
the transition shoulqd follow. Bieleski’s STD notation i1s

described in greater detail in {BIEB3].

It was necessary to adapt Bieleski’s notation in order to
represent pull-down menus. In addition to the nodes shown
in figure II¥I.la, two additional node types have been used.

These node types, as shown in figure III.1c are:



(1) a menu node with bold outline, the ‘Menu State’ node

type; and

{2} an off-page connector with bold outline, the ‘Menu

State Offpage Connector’.

J

Menu state node Menu state off-page
conpector

Figure lll.1¢ - Additional node types.

A Menu State node is used to group together those commands
within all of the pull-~down menus that are active at a par-
ticular stage of the user’s interaction with MUSSAT. For
example, the STD shown in figure III.3 gives an overview of
all the commands available to the user during Menu State B,

that is, once a MUSSAT preciject has been selected.

In some menu states, some of the pull—doﬁn menus are not
shown. For example, Menu State B (fiéure III.3}) does not
include the SYSTEM, ICON or SELECTED OBJECT menus. The
absence of these menus from the STD of figure III.3 signi-
fies that all of the commands within these menus are inac-

tive within Menu State B.



The Menu COffpage Connector 1s used similarly to the standard
off-page connector, except that the off-page reference is to

a Menu State node rather than a menu node.

The STDs shown in figures IIX.2 to III.6 provide an overview
of the general structure of the MUSSAT user interface. Two
departures from the standard STD notation have been made in

order to provide a concise description of the interface.



Invoke
MUSSAT

MUSSAT
Title Screen

Menu $tate
A

Listof
enisting
Projects

selected project

™~
SYSTEM PROJEETS PROJECTS
MENU MENU MENU
(n (2R) (2B)
gHit a N add

madify | dejete | rename
copy

O WUy U

Figure 1.2 - System Entry State




Menu State

B
Selected
Project
Screen
selected
00 windqw
—_—

kD ENYTRY
MENU
{6A)

DFD REPDRTS

MENY

printed 9FD{s)

GFD stotistics
unaamed elements

DD ENTRY DED MENL PROJECTS OPTIONS DD REPGRTS
MENU (4R} MENU MENU MHENL
[1:1:3] {20) {3) (8] 7]
baiance DFOis)

ndd top DFO m::i? ’d‘n‘;ab entries
open printe
Close ?:“::ﬁ edit : P purge 0D [Iilll; delete unused entries
delete next cloze restore query
unselect pregioys save :
BD ENTRY v B
MENY GFD0 Window B

undefined eiements
£6C)

cilase all view

DFD DD entries

DD Windotw

end edit

unselect

save edits
restore
moue
scroll

ey

Figure IIL3 - Selectad Project Siate



t

MENUY STRTE
C

selected N
DD window

{* select non-edit
windoiy *)

(* select edit
windots *)

DD ENTRY DD ENTRY
MENU MENH
(6D) {6R)
neit close
close all view

delete
unselect

previous
move

scrall

Q) 0D Window

@

Figure Hl.4 - Edit State (no selected DFD)



Meny Stote
[

lected selected \
selecie
26 window < lbject
1'\-\.—
PROJECT
MENG ICON MENY B ENTRY nB ENTRY BFD MENU 0BJECT MENU OPTIONS DT REPORTS DFD AEPGRTS
(2£) (93 MENY (48) (5} MENU MENU MENU
(68) (3} (8} 12)
data flow . top DFB mein + sub entries| printed OFB(s}
purge pp  |Process cnse 4 ™ ' DD display printed D0 DFD statistics
restore data store close all siew Goietolil mOUﬁ egit neme . explogelial unseiect DD delete unused entries unnamed elements
erternal entity scro autonumber apen parenfyl numberls delete belance BFD(s)
sove unselect arint penp {sn)vold undefined elements
o 00 Window v I l BD ENTRY scrall 0¥D move 0F0 DT entries
& MENU enlargefzl WINDOIY duplcatelsl
{6C) maH enlargy link 171

shrink close unlink (e} b D "
min shrirk delete argumentsd

persion erase commeniie]
w end edlt |save edits junselecl DFD size renamei+l redrowitsf view DOI13}
reset

mouve ﬂ u B 5
DFD
scrall [ ] { J : ; : ; WiNGOW 00 WINDOW

%

{11 Only DD snlries with UNUSED status may be deleted,

{2] Enlarge or maxenlarga may only be sslactad § the current
scale Is less than {ull size; vice versa for maxshrink and
shrink.

[3]1 Oniy active for DFDe that have a parent DFD.
[4] Externat sntitles may not be numberad.

[6] Processes and data flow lables may not be duplicated.

(5] A DFD may only be renamed it it is not a child OFD of
another process.

[Z1Only a named process, with no ¢hitd DFD may he used as
the object of the LINK command.

[8] Only a procase with & child DFD may be used as
Ihe object of the UNLINK command.

[8] An argument may only be specifled lor a data flow fowing
from a dala stora.

[10] A comment tisld may only ba specilled tor a progess.
[11] Only active for data llows.

[12] Only processes may be ‘axploded.

{13] The DD smtry of unnamed DFD elemants may not ba viewad.

Figure fll.5 - Sseiected DFD State



{* select edit
windoLs *)

MENU STRTE
£

selecied A
0D windotww
{* sefect non-edit
window *)
G0 ENTRY 0D ENTRY
MENU MENLU
(6D} (6R}
next
previous |tlose close all vieiw
moye defete

@ Kv W 0D IWindow

&

Figure I1.6 - DD Edit State (selected DFD)



These

(1)

departures are:

The parameters that the user must supply for some com—
mands are not shown, For example, the user must
specify a DD ENTRY name for successful execution of the
VIEW command contained in the DD ENTRY MENU (6A) of

Menu State B (figure ITI.3).

In the case of the VIEW command, the necessary parame-—
ter could have been shown on the transition path from

the menu node as shown in figure II1I.7a.

DB ENTRY
MENU
(6R)

close al} \ view

0D entry name
o

v DD Windotw
lﬁB!

Figure Ul.7a - Simple command parameter
on a STD transition path.

e



(2)

If, however, the required parameterfs) were shown for
all commands in MUSSAT then the 5TDs would be less con-
cise since each command with unique parameters would
require a separate transition path from the parent menu
node; in figures III.2 to III.6 a;l commands with a
common end state are grouped together on cone transition
path. Figure III.7b shows how the DD ENTRY MENU (6B}
from figure TII.3 would be represented if command

parameters were included.

In additicon, Menu State D (figure TIII.5) includes a
series of footnotes which qualify when several commands
can be activated, rather than using a separate transi-

tion path and logical menu for each of these commands.

For example, if the STD ncotation were used to accu-
rately describe the DELETE command of the DD ENTRY
MENU (6A) in figure IXI.5, then a new wversion of the DD
ENTRY MENU would be required to represent the qualifi-
cation specified in footnote [1]: that only DD entries
marked as unused may be deleted using the DELETE com-

mand.

Figure III.7¢ is the full 8TD representation of the
DELETE option showing the additional transition path
and menu format (DD ENTRY MENU(6*)) required. Similar
expansion of the existing STDs would be reguired to

depict the other annotated commands within figure III.5



if the STD notation was strictly observed.

Figure III.8 shows each of the menus in the STDs as they

would appear to the user upcn selecting the appropriate menu

title within the menu bar. When implemented, each of the

annotated commands within figure IIX.5 would require

separate menu states. That is, 1f the user were to select a

process bubble within a DFD, and were then to view the

OBJECT MENU, then the DUPLICATE command would be inactive in

order to comply with footnote [6] in figure III.5.

selected
- 0D windotw

o

DD ENTRY
MENU
(6B}
close move scrofl next ) edit
delete neww scroll previcus
unselect | position factor ~EP entry name
[ [~
v [ e8] {68 ] QB/I DD ENTRY
MENU
(6C)
~\
end edit {move save edits]|scroll unselect
new restore scroll
position factor
= ~
W 6C Lec | @ c

Figure {it.7b - DD ENTRY MENU (3B} with all
command parameters shown,



(* Unused DD Entry *)

DD ENTRY
MEND
(6B}

sel
[1]1]

close moaove
delete scroll
unselect

Y ©

DD ENTRY
MENU

edit

(6C)

ected
window

oD ENTRY
MENU
(6*)

(* DB Entry in use *}

e
close move
uhselect | scraoll

DD ENTRY

MENU
(6C)

end edit

save edit
reset
move
scroll

2%

$ ;unselect end edit

save edits
reset
move
scraoll

<)

Figure tIl.7c - Expanded STD representation of

the DELETE DD ENTRY command.

unselect



In some cases, the number of opticons shown within the menu
formats of figure III.8 is less than the number of options
shown on transition paths from the relevant menu node, For
example, in figure III.3 the commands UNSELECT, MOVE,
SCROLL, NEXT and PREVIOUS are shown as being active within
the DD ENTRY MENU (6B), yet the corresponding menu format
(figure III.8c) does not include these commands. Similarly,
the MOVE command in the CBJECT MENU (5) in Menu State D
(figure IIX.5) does not appear 1n the corresponding menu

format {(figure III.6e).

Commands that are shown in STDs and not in the menu format
diagrams are still active commands, but are not activated by
selection from a pull-down menu. For example, the SCROLIL
command that logically belongs in the DD ENTRY menu is
activated by using the scroll box within the vertical scroll
bar (as discussed in Appendix III). And the NEXT and PREVI-
OUS commands are activated by selecting the appropriate
soft-button at the bottom of the DD Entry window. The MOVE
command that logically belongs 1in the DD ENTRY MENU is

activated by dragging the window using the move bar,

The MOVE command shown as part of the OBJECT MENU in figure
ITT.5 is activated by the user selecting a DFD element and
dragging the object (and any connected data flows) to the
desired position. A detailed explanaﬁion of manipulating

DFD elements 1is given in section 6.



In addition to the commands identified above, there 1s one
special c¢ommand, CLOSE (in DFD MENU (4b), figure ITIT.5, and
in DD ENTRY MENU formats (6B} and (6D), as shown in figures
ITr.3, 1ITIr.4, TIII.5 and III.6). This command is shown in
the corresponding menu format diagrams in figures III.6d and
III.6¢c {respectively) and hence may be activated by select-
ing the command from the pulli-down menu. The CLOSE command
may alsoc be activated by selecting the close box in the
left-hand corner of the surrounding window frame. Unlike
the CLOSE command in the DFD MENU and the DD ENTRY MENU, the
CLOSE command in the PROJECTS MENU (2) may only be activated
by selection of the command from the pull-down menu, since a

project is not enclosed within a window frame.
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Appendix IV

MUSSAT Commands in Detail

Each MUSSAT command shown in the STD diagrams in Appendix
ITI is described in more detail in this appendix. The
parameters required and the results of the successful execu-
tion of each command are described. The commands appear in

the same order as shown in the menu feormats in Appendix ITIX.

ICON MENU

The icon menu allows the user to draw DFD elements in the
displayed DFD. Each of the icons in the icon menu is drawn
to scale, s¢ that the DFD objects within a DFD viewed at the

first zoom level are the same size as the icons.

To add a new process, data store or external entity, the
user selects the appripriate icon, moves the cursor to the
desired position in the DFD, and then c¢licks the SELECT
mouse button. The selected position indicates the position

that the centre cof the selected DFD element will occupy.

In the case of an external entity, process or data store, if
selected position would result in the DFD element overlap-
ping an existing DFD element, then MUSSAT will not allow
placement of the icon in the selected position; an audible
alarm will be sounded and the DFD element will not be drawn.

The user may then specify another position or press the



UNSELECT mouse button to terminate the drawing operation.

If, however, the specified position would not result in the
selected DFD element overlapping any other DFD element, then
the new element will be drawn, with the centre of the DFD

element at the selected position.

To draw a data flow, the user must specify the start point,
end poeoint and any intermediate turning points for the data
flow. An automatic data flow layout algorithm has not been
‘incorporated in MUSSAT; the user has complete control over

the path that a data flow will follow,

The general procedure for drawing a data flow is the same
for both single and double headed data flows, althocugh each
type of data flow has different rules that determine wvalid

start and end points.

A one headed data flow must be connected to a process at
either one or both ends of the data flow. The start and end
points of a two headed data flow must be a data store and a

process.

If path specified for a data flow causes the data flow to
cross one or more existing data flows, then a hoop will be
drawn on the new data flow at the point of intersection. A
data flow may not intersect a data. store, process or exter-
nal entity. If a data flow intersects a data flow name or

argument 1label, then the data flow will be drawn 'under-



neath’ the labels, so that the portion of the data flow that
intersects a data flow label 1is obscured by the overlying

labels.

The user draws a data flow by performing the following

steps:

{1) Select one of the two data flow flow icons (if not
alrady selected as the result of aprevious draw opera-

tion};
(2) Select a valid starting position for the data flow;

(3) Specify zero or more line segments making up the data

flow path; and
(4) Select a valid end point for the data flow.

The following example describes the steps carried out to
create the a single headed data flow between two processes.

Figures V.la to V.1d are used to illustrate the example.

The user first selects the single headed data flow icon from
the icon menu. As a result, the selected icon is
highiighted and the and, if necessary, the ’‘select’ cursor
shape replaced with the ‘draw’ cursor shape. The user then
selects a valid start point for the data flow, either an
existing DFD object or an unnocupied space in the DFD. In
this example a process has been chose as the start point.

MUSSAT then draws a small ’construction box’ on the perim-



iter of the selected DFD object as close to the selected

point as possible (figure V.la).
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Figure IV.1a - Selacting the starting point of a data flow.

If the user were to have selected an unncocupied peint in the
DFD as the start point, then the construction box would have

been drawn at the point indicated by the cursor.

The user then pulls the line connected to the construction
box to a second point and presses the SELECT mouse but-

ton[l]. A second construction box will appear at the second

{11Unlike ‘dragging’ the cursor, when ‘pulling’ the cur-
sor to a new position the user doess not keep the SELECT
mouse button pressed. The data flow line remains fixed to
and follows the cursor, until the SELECT button is pressed.



selected point, and the previously specified line segment

becomes fixed (figure V.1lb).
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Figure IV.1b - Creating a data flow line segment.

If an existing DFD element is selected as the starting point
of a data flow, then the user may only pull the data flow
line perpendicular to the side of the DFD object on which
the construction box is drawn. In other cases, where the
construction box is not drawn on an existing DFD element,
the data flow line may be dragged either 90 or 180 degrees
to the constructien box. Furthermore, the user is unable to

pull a data flow line through an existing process, data

store or external entity.



As many line segments as required may be thus specified.
MUSSAT will end the drawing operation when a valid end point
for the data flow type is selected as the end point of a
data flow line segment.{2] An audible alarm will be sounded
and the data flow will not be completed if an invalid end
point is selected. Figure V.lc shows the cursor positioned
to select the second process as the end point of the data

flow.
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Figure 1V.1¢c - Selecting a data fiow end point.

[2]To draw a data flow that is to end at an unnocupied
point in the DFD, the user pulls the final line segment to
the desired end position and then presses the ENTER Xkey.
The data flow arrow head will be drawn at the point indicat-
ed by the cursor.
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Figure IV.1d - The completed data flow.

Once a data flow is fully specified, MUSSAT will remove the
construction boxes, will redraw any turning ﬁoints in the
data flow path with rounded corners, will draw hoops at any
point where the new data flow intersects an existing data
flow, and will draw the required arrowhead(s) on the
appropriate end({(s) of the data flow. In the case of a sin-
gle headed data flow, the arrowhead will always be drawn on
the end of the last specified data flow segment (figure

v.1d}.



At any stage, when specifying a data flow path, the user may
press the DELETE mouse button to erase the current line seg-
ment. This will allow the user to respecify the last com-
pleted line segment. The DELETE mouse button may be repeat-
edly pressed until all data flow points, including the start

peint is removed.

The selected icon within the icon menu will remailn selected
after creating a new DFD element so that multiple elements
of the same type may be created without the user having to

select the appropriate icon each time.



Once a DFD element has successfully been created, a DD entry
is automatically made for the new element with information
obtained from the DFD. This information incudes: the DFD
element position, line width {(automatically set to normal
for 2 new DFD element), and the DD key{s) of any other con-

nected DFD elements.

SYSTEM Menu

EXIT

This command terminates MUSSAT and returns the user to

the host operating system.

PROJECT Menu

ADD
The user may create a new MUSSAT project using the ADD
command. A dialogue box will be used to prompt the
user for a project name, which must be non-null and
unique. Once a proiect name is specified, the project
is created and an empty DFD named 'DFD 0’ is created
and displayed. The value of TOP DFD {see OPTIONS menu
commands) is automatically set t¢ ‘DFD {’.

MODIFY

After selecting a project to work on from the 1list of
existing project names, the user may then make modifi-
cations or simply view, the selected project using the

MODIFY command. No DFD or DD entry is automatically



displaved as the result of executing the MODIFY com-

mand.

RENAME

CorPY

The RENAME command allows the user to rename a project
selected from the displayed list of existing projects,
The user will be prompted to specify a new name for the
selected project. The new name must be non null and
unicque. The list of existing projects visible in the
display area is updated and the renamed project
remains selected after successful execution of a

RENAME .

The COPY command allows the user to make a copy of any
of the MUSSAT projects. The user is prompted via a
dialogue box to specify a name for the copy of the pro-
ject. Once & non null, unique name is specified, the
selected project is copied and the name of the copy of
the project is added to the list of existing projects.
The coriginal copy of the project in the 1list of pro-

jects remains selected after the COPY is completed.

RESTORE

This comand allows the user to replace the current ver-
sion of the project accessed via a MODIFY or ADD com-
mand (from the PROJECT menu) to the last saved wversion

{created by executing the SAVE command), or, if SAVE



has not been used, then to the state of the project
before the MODIFY or ADD operation was activated. The
user will be required to confirm activation of the

RESTORE operation via a dialogue box.

All DFDs and DD entry windows cpen before the RESTORE
is performed will be clesed as the result of a RESTCRE

operation,

SAVE
The SAVE command allowé the project, in its curent
state, to be saved, replacing the last saved version of
the project. If a RESTORE operation 1is subsequently
activated, then the project is restored te the state as

at the last SAVE command,

The user will be required to confirm activation of a
SAVE wvia a dialogue box. The viewing area will remain

unchanged after a SAVE operation.

CLOSE
The CLOSE command allows the user to exit from the pro-
_Jject being created or amended, back to the main display

where the list of existing projects is displayed.

A dialogue box is displayed and the user will be
required to specify whether any changes made since the
last SAVE operation should be saved before exiting from

the current project. Depending on the option selected,



the project is either saved (as for the SAVE operation)
and closed, or simply cliosed. All open DFDs and DD

entries will be removed from the screen.

PURGE DD
This operation allows the user to delete all DD entries
marked as UNUSED from the project data dictionary. Any
DD entries that are unused and visible when the command
is executed will be removed from the screen once the
PURGE DD operation is completed. The wuser will be
required to confirm the execution of this command via a

dialogue box.

DELETE
All DFDs and DD entries for project selected from the
list of existing projects are removed from the system.
The user will either confirm or cancel the execution of
the DELETE c¢ommand via a dialogue box. The selected
project name will be removed from the list of existing
projects displayed on screen. No project will remain

selected after a successful DELETE is performed.

OPTIONS Menu

The four commands within the Options Menu allow the user to
specify wvalues for each of the MUSSAT project options.
Three of the commands in £his menu: DD DISPLAY, Db DELETE
and DFD BORDER allow the user to select one of two values

for the associated parameter. Alternatively the user may



accept the MUSSAT default value. The value of the parameter
remains set at the selected value until anocther wvalue is
selected. The wvalues set by the user are also retained

between MUSSAT sessions.

The fourth command, TOP DFD, will be given a default wvalue
by MUSSAT which may be changed by the user. In addition,
the value specified for TOP DFD will automatically be set to

null if the DFD specified as the TOP DFD is deleted.

'PD DISPLAY
This option allows the user to specify the format of
displayed DD entries. The two wvalues for the DD
DISPLAY option are FULL and SUMMARY (the latter being

the default wvalue).

The former value causes the system maintained fields of
the DD entry to be included in the report. Such fielgds
include, for each occurrence of a DFD element, the name
of the DFD in which the occurrence exists and the
source and destination elements (for data flows) or
data flows in and out (for all other DFD elements).
For data flow, data structure and data element entries,
all DD entries that use the entry in their definition

field(s) are listed in the USED BY field.

The summary entry format is a briefer format and does
not include the system maintained information identi-

fied above. This format includes the fields that the



user may edit, all aliases, and an indication of

whether the entry is used or unused.

If the user changes the value of DD DISPLAY, then any
DD entry windows open at the time will be redrawn to

conform to the new DD DISPLAY value.

A dialogue box is used to display the current value of
Db DISPLAY before the wuser is given the option of

resetting the wvalue.

DD DELETE
This option determines what will be done with DD
entries that are no longer required after either
changing the definition field of a DD entry, or delet-

ing a DFD element.

The default setting of SAVE means that all entries no
longer required are marked as unused and kept in the
DD. These entries may later be deleted from the DD by
the user. The other possible setting, DELETE, automat-
ically deletes all DD entries no longer required,
_except for the entry named that serves as the main

entry of a deleted DD entry with an alias.

If the DELETE option is selected, all entries no longer
required as the result of subseguent operations will be
deleted; any DD entries marked as unused before the

DELETE option is selected will remain in the DD.



A dialogue box is used to display the current value of
DD QUERY before the user is given the option of reset-

ting the wvalue.

TOP DrD
This operation allows the user to specify the DFD at
the top o©f the current project’s DFD hierarchy. The
top DFD cannot have a parent process. This operation
is necessary since unlinked DFDs may exist as a sub-

hierarchy within the current SSA project.

If TOP DFD has a null wvalue, then, for the generation
of reports that reguire the name of a DFD to use as the
top of a hierarchy of DFDs, the user will be required
to specify a DFD name before any further processing is
performed. Conversely, if TOP DFD has a wvalid wvalue,
then MUSSAT will allow the user to either accept the
value specified as TOP DFD or the user may. specify a

different DFD name as a parameter to the command.

When a MUSSAT project is created TOP DFD is automati-
cally set to the first DFD created (see the ADD command
in the Project Menu). If the DFD corresponding to the
value in TOP DFD is subsegquently deleted, then TOP DFD

is automatically reset to null.

When the TOP DFD is selected, the name ¢f the current
TOP DFD is displayed and the wuser is prompted to

specify a new value for TOP DFD.



DFD BORDER
The DFD BORDER system option allows the user to specify
whether or not DFDs within the project should be drawn

with surrounding borders as in the G & S notation.

If the DFD BORDER system option has the wvalue DRAW
BCRDER, then all existing DFDs any DFDs created at a
later stage within the project will be drawn with a
surrounding border. The border will be drawn a fixed
distance in from the edge of the DFD

with enough space left for a data store or external
entity to be drawn outside the border. The border has
no significance to MUSSAT, but it does allow the wuser

to draw DFDs that conform to the G & 8§ conventions.

The current value of DFD BORDER will be displayed in a
dialogue box and the user will be able to select a new
value, if desired. If the value of DFD BORDER is
changed and a DFD is currently visible, then the DFD
will be redrawn to cenform to the new value. The

defanlt value will be NO BORDER.

DFD elements may overlap the border, in which case the
DFD element will obscure the underlying portion of the

border.



DFD Menu

The commands within the DFD Menu fall into two categories:
those that eaffect the way MUSSAT presents the DFD to the
user, and those that allow the user to medify certain attri-

butes of the DFD.

Four of the commands within the former category allow the
user to specify the level of magnification at which a DFD is
viewed and manipulated. These comnmands are : SHRINK, MAX

SHRINK, ENLARGE and MAX ENLARGE.

At least three magnification, or MUISSAT. The following
desired features should be taken into consideration when
scale factors are determined for a particular hardware con-

figuration:

(1) The highest zoom level should za2llow the user to view a
representation of the entire DFD within the viewing
area. This feature is linked to the maximum number of
A4 pages allowed in one DFD, that is, the greater the
number of pages allowed in a DFD, the higher the scale

factor will need to be in order to view the entire DFD.

(2} The second zoom level should allow the user to view as
much of the DFD as possible while maintaining high
enough resolution so that the user can manipulate indi-
vidual DFD elements, although the user may not neces-

sarily be able to read text labels.



(3}

When

The first zoom level should allow the user to view the
DFD with DFD elements the same size the DFD elements in
the icon menu. All text labels should be easy to read

at this leel.

a DFD is created it will initially be displayed using

the first zoom level.

Page

divisions will be shown when the DFD spans more than

one A4 page.

OPEN

OPEN

An existing DFD within the current project may be
displayed and subsequently modified using the OPEN com-
mand. The user will be prompted for the name or number
of the DFD to retrieve via a dialogue bex. The DFD
view displayed and the zoom level used will be the view

and zoom level that the DFD was last viewed at.

If a DFD is already displayed when the OPEN operation
is activated, the current DFD is closed and the newly
specified DFD becomes the current DFD. If the DFD is
larger than the viewing area, then the top, left—most

portion of the DFD is displayed.

PARENT
The parent DFD of the open DFD may be opened by select-
ing the OPEN PARENT command in the DFD menu. This com-

mand will only be active if the displayed DFD has a



parent DFD. The current DFD will be closed and the

parent DFD displayed.

This command allows the user to add a new DFD to the
current proiect[3]. The user will be reguired to
specify the name of the new DFD via a dialogue bozx,
The DFD name must be unigque and cannot be the same as

an existing DFD, process or unused process DD entry.

ﬁhen first displayed, the dialogue box will display a
default name for the DFD. The default name will be
"UNTITLED #" where # is the next unused number in the
default numbering range. The default name may either be
accepted or overtyped with another name. The user can-
not specify a DFD name that is the same as an already
allocated default name, or &a name that is 4in the
default name format with the 7§ number. greater than
the number of the default name offered in the dialogue
box. After a wvalid name is specified, a new {empty)
DFD will be created and displayed. The DFD created as
the result of an ADD cperation will not be linked to

any other DFD or process.

[31There are two commands that allow the user to create
new DFDs within a specified project: the ADD command from
the DFD Menu and the EXPLODE command from the Selected Ob-
ject Menu.



CLOSE
The CLOSE command allows the user to remove the current
DFD from the screen and may be activated either by the
close box in the DFD windown, or by selecting the CLOSE
command in the DFD menu. The DFD window is removed

from the viewing area.

If the DFD has been amended then the DATE LAST AMENDED

field for the DFD is updated te the current date.

DELETE
The DELETE operation allows the user to delete the
current DFD, and all child DFDs from the current pro-
ject. Depending on the value of the system parameter,
DD DELETE, DD entries that are no longer required after
the DFD(s) are deleted will be either marked as UNUSED,
or deleted from the BD. The user will be required to
confirm the execution of the DELETE operation wvia a
dialogue box. The displayed DFD will be removed from
the viewing area after =successful execution of the

DELETE command.

SHRINK
The SHRINK command allows the user to increase the zoom
level by one. For example, if the DFD is currently
being viewed at the first zoom level, then the SHRINK
command will cause the DFD to be redrawn using The

second zoom level.



MAX SHRINK
The MAX SHRINK command causes the DFD to be redrawn
using the highest zoom level, regardless of the zoom
level the DFD was displaved at prior to the MAX SHRINK

command being activated.

ENLARGE
The ENLARGE command is the opposite of the SHRINK com-

mand: the DFD is redrawn using the next lowest zoom

level,

MAXY ENLARGE
The MAX ENLARGE command causes the DFD to be redrawn

using the lowest zoom level.

PRINT
The PRINT command allows the user to obtain a printed
copy of the DFD currently being viewed. This operation
requires fewer user specified parameters .fo execute
than the printed DFDs report and is intended to be a

faster way of printing a copy of the current DFD.

The user will be reguired to confirm the execution of

the PRINT command via a dialogue box,

AUTO NUMBER

Selection of the AUTQO NUMBER command causes MUSSAYT to
number all named but not numbered processes and data

stores within the current DFD.



In the case of data stores, a 1list of allocated
numbers is maintained by the system (numbers previously
allocated to elements that have been deleted will be
re-used where appropriate). If, within the current
DFD, there exists a new, named but unnumbered data
store, then the data store is numbered with the next
free number. All future occurrences cof the data store
will wuse the same number. The numbering system used
for automatic numbering of data steores and processes

is the default G & S numbering system.

Processes are numbered left te¢ right, top to bottom
across the DFD replacing any existing numbers. Child
DFDs of processes are also renumbered if the new number

is different from the previous number.

A dialogue box will be used to confirm the execution of
this command since automatic numbering will repalce any
previcus numbers and will therefore affect the number-

ing of any child DFDs.

ERASE
The ERASE command erases all DFD elements in the
current DFD and then allows the user to redraw the DFD
using the DD entries associated with the named ele-

ments in the original DFD.

When an ERASE is performed, a list is kept of all DD

entries that were used in the original version of the



DFD. As the DFD is redrawn, any DFD element of the
same type and name as a DD entry on the list is
automatically linked to the DD entry. The temporary
list of DD entries is only used until the DFD is
closed. Once the DFD is closed, any remaining entries
cn the temorary list that are not used by any other DFD
element are either deleted or marked as UNUSED (depend-

ing on the value of DD DELETE}.

When a DFD contains a large number of elements, it may
be easier to re-draw the DFD rather than trying to move
elements within the existing DFD in order to make the
DFD more readable. The ERASE command has been designed
to allow this sort or rationalisation of DFDs, without
the user having to respecify all DFD element and DD

entry connections.

The user will be required to confirm the execution of

an ERASE command via a dialogue box.

VERSION
Each DFD has a ‘VERSICON’ fieid, shown in the upper
right hand corner of each DFD window. The version
field is intended to be used by the user to keep track
of how many revisions a DFD has undergone, The VERSION
command allows the user to change the value of the VER-
SION field displayed on the DFD. A dialogue box will

be used to display the current value of VERSION for the



DFD that is currently being viewed, and the user may
then change the value. The VERSION field may c¢ontain

any printable characters.

RENAME
This command allows the user toc rename a DFD. If the
current DFD is not the child DFD of any process, then
it may be renamed to a new unique name (including a
system default name). A DFD cannot be renamed with the

name of an existing process or an unused process DD

entry.

The user will be prompted for a new name via a dialogue
box. A default DFD name will be presented (as dis-
cussed in the DFD ADD command}, which the user may
overtype 1if a name other than the default name is pre-

ferred.

DFD SIZE
The DFD SIZE command allows the user to change the
number o©f A4 pages that form the DFD being viewed.
Each DFD is, by default, one A4 page in size. 1I1f, how-
ever, a larger size is required, the user may specify
that the (current) DFD should be any physically
adijecent, even number of A4 pages. Some maximum limit
must be placed on the size of such DFDs; this will be

an implementation dependent limit.



A representation of the current size of the DFD will be
displayed in a dialogue box. The user may then change
the number of pages used by manipulating the graphical
representationlof the DFD size. The size and placement
of any existing DFD elements is not affected by chang-

ing the size of the DFD.

The {current) DFD size can also be reduced to no less
that one &4 page, providing that any pages no longer

required are empty.

The positions of the scroll boxes within the DFD window
scroll bars will change as the result ¢of changing the

size of a DFD.

SCROLL
The SCROLL commangd allecws the user to view portions of
a DFD that lie ouside the current viewing area. By
default, the top left-most page (or top left-most por-
tion of this page if the window size is less than A4
sized}) of a DFD is displayed when the DFD 1is first

displayed.

OBJECT Menu

Any of a number of operations may be performed on elements
in the current DFD, however, as discussed in Appendix III,
some operations are limited to certain types of DFD elements

or to individual DFD elements when certain conditions are



met.

NAME

These restrictions are identified for each command.

The NAME command allows the user to name, ©Or rename,
the selected DFD element, All DFD elements may be

named.

DFD element names may consist of any sequence of print-
able characters, with the character '+ wused to
separate the individual elements of a compound data
flow name. A maximﬁm name length of characters will
need to be imposed so that all names will fit within
their appropriate DFD element shapes on the DFD. This

maximum length will be implementation dependent.

There are four situations that may arise when the wuser

names a DFD element:

(1) 2&n unnamed data store, external entity or data
flow 1is given the name 0of an existing DFD element

of the same type;

{2) An unnamed data store, external entity or data
filow 1is given the name of a DD entry of the same

type that is marked as unused;

(3} An unnamed data flow is given the name o¢f & DD
entry that only exists in the definition field(s)

of other data flow DD entries; or



{4) An unnamed DFD element is give the name of an
existing DFD element or other DD entry of a dif-
ferent type than the selected DFD element. For
example, a data store is given the name of an
existing data element DD entry, or a process 1is

given the name of an existing external entity.

In the first case, the user would be prompted (via a
dialogue box) to specify whether the selected element
should become a duplicate of the already existing
identically named element. If the user does not want
to create a duplicate of the existing DFD element, then
a new unique name should be specified for the newly

named DFD element.

If the current DFD element is a data store and is named
as a duplicate of another existing data store, then the
new data store will alsoc be automatically numbered with
the same number as the original data_store {if the ori-

ginal data store has a number specified).

In the second case, user would be prompted, via a
dialogue box, to specify whether the DFD element should
be linked to the unused DD entry. If the user does not
want to link the DFD element with the unused DD entry
then the DFD element should either be given a new or

name, or the unused DD entry should be deleted.



Although the user cannot create duplicates of a pro-
cess, an unused DD entry may be re-used for a process

given the same name as a previously deleted process.

In the third case, the user would be prompted, via a
dialogue box, to confirm whether the named DD entry
should be recorded as a data flow. If the user con-
firms the operation, then the new data flow becomes a
component of all other data flows that include the new

data flow name in a DD definition field.

In the fourth, and final case, an error dialogue box
will be displayed and the user will be allowed to
respecify the DFD element name or to cancel the

naming operation.

MUSSAT automatically places data flow names on the
appropriate data flow(s). The user may reposition
these labels if desired. All name labels are horizon-
tally oriented and are limited to & maximum line length
and maximum number of lines so that all labels fit

within a predefined rectangular area.

A named DFD element may be renamed to a new uniqué
name, in which <case the DD entry name and all
occurrences of the element 1in all DFDs within the
current precject will be renamed. In the case of
processes, the name of the immediately subordinate

child DFD (if one exists}) will alsoc be changed.



A DFD element that is already named may not be renamed
with the same name as any other DFD element or data
item (regardless of whether the data item has been
defined in a separate DD entry or whether the name
exists only in the definition field o¢f another DD

entry).

To do so weuld allow the user to implicitly delete the
current instance cf the DFD element and create a dupli-
cate of the second DFD .element. The user should be
forced to perform each cperation separately using the
existing DELETE and DUPLICATE commands (within the
OBJECT MENU), so that the effects of the operations are

quite clear,

In addition, a DFD element may not be renamed to a null

string.

When a data flow is renamed the new name is placed in

the same position on the DFD as the old name.

A dialogue box will be used to display the current name
of the selected DFD element and the user may then

specify a new name.

NUMBER
A selected processes or data store may be numbered (or
renumbered) using the NUMBER command. The NUMBER com-

mand allows users to allocate numbers to data stores



and processes individually rather than automatically

numbering elements using the AUTONUMBER command in the

DFD menu.

If the current DFD element is a process, then the user
may specify & (new), one or two digit number for the
process. This number must be unique within the current

DFD.

If the current DFD element is a data store, then the
user may specify & new number or short character string
as the D-number., The user may use the standard G & 5
numbers or some other numbering system incorporating
any combination of printable characters (with the
exception that the string cannot be all blanks or have

leading blanks).

If the data store is named but not numbered, then the
D-number specified by the user must be uniéue and the
DD entry will be updated so that all occurrences of the

data store bear the same D—number.

If a data store is not named and is given a D-number
that 1is used by some other named data store then the
user will be asked, via a dialogue box, whether to
change the unnamed data store into a duplicate of the
already existing data store with the same D-number. If
the wuser changes the selected data store into a dupli-

cate of the other data store, then the new data store



is linked to the appropriate DD entry and current DFD
is updated so that the name and number o©f the data

store is shown in the current DFD.

If the user does not wish to create a duplicate of the
existing data store with the same number, then a new
number should be specified or the data store should be

left unnumbered.

A data store that is already numbered may be renumbered
to  any wunused D-number. All occurrences of the
selected data store within the project will be renum-

bered with the new number.

DUPLICATE
The DUPLICATE command allows the user to create dupli-
cates of named data stores, external entities or data
flows within the current DFD. To create a duplicate,
the user selects the DFD element to be duplicated,
activates the DUPLICATE command, and then specifies the

position the duplicated DFD element should occupy.

The user specifies the position of the duplicated DFD
element in the same way as creating a new DFD element.
The ICON MENU section gives a more detailed explanation
of how the wuser specifies the position of a new DFD

element.



The resulting DFD element has the same name, argument
(for a data flow), number (for data stores) and font
(either bold or normal) as the original DFD element.
The duplicated element is automatically linked into the
existing DD entry. The new copy of the duplicated DFD
element remains selected after the DUPLICATE operation

is completed.

(UN)BOLD
The {(UN)BOLD command allows the user to toggle the line
width of a selected DFD element from bold to normal or
vice versa. Any text labels, names,or numbers associ-
ated with the selected DFD element are not affected.
Only the line width of DFD element shape is c¢hanged.
The selected DFD element, &all occurrences of the
selected DFD element in the current DFD, all
occurences of the selected DFD element in.the current
DFD and all child DFDs, or all instances of the
selected DFD element within the project are redrawn

with bold or unbolded outline,

ARGUMENT
The ARGUMENT command allows the user to specify the key
used to retrieve data from a data store. A search
argument may be specified for any one-ended, named data
flow out of a data store, MﬁSSAT auvtomatically places
the label as near to the data store as possible (for

each occurrence of the data flow) and appends a small



diamond {rather than a triangle as used in the G & S
methodelogy) to the front of the label to indicate a
search argument. As with data flow names, data flow
search arguments may be moved by the user. Data flow
search arguments are text strings and are only reccrded
in the DD as a text label associated with the relevant

data flow.

As with the NAME command, a data flow argument may be

reset to a null string.

A dizalogue box will be used to display the current
value of the data flow argument, which the user may

then amend.

REDRAW
The REDRAW command allows the user to respecify the
position o¢f cne or more of the component line segments

‘and the start and end points of a selected data flow.

The REDRAW command operates similarly to the DRAW com-
mand with the exception being that a data flow cannot
be removed from the DFD using REDRAW. Upon selection
cf the REDRAW command, the last segment of the selectéd
data flow is erased and the the remalning data flow

line segments and cursor are redrawn as if the user



were in the process of drawing a new data flow.

The user may repeatedly press the UNSELECT mouse button
to delete segments of the data flow path, as if drawing
a new data flow, Unlike drawing a new data flow, the
user 1is not able to delete the data flow by deleting
all line segments in the data flow. The REDRAW command
is terminated either when a valid data flow path is

specified or the DELETE mouse button is pressed.

ﬁﬁén using the REDRAW command, the user may delete all
line segments comprising the selected data flow in
order to select a new start position for the data flow:
either a different DFD element, or a different point on
the perimiter of the originally selected DFD element.
In either case, if the user has deleted the entire data
flow and then, instead of selecting a new start point
for the data flow, presses the UNSELECT mouse button
again, the REDRAW command will be cancelled and the
data flow will be redrawn as it was before the command

was selected.

If the selected data flow is named or has an argument
label specified, then these labels will be erased from
the screen and redrawn once the REDRAW operation is

corpleted.

[4]1Although the relevant data flow icon is not highlight-
ed as would be the case if the user were drawing a new data
flow.



COMMENT

The COMMENT command allows the user to specify a text
string to be displayed in the bottom, comment portion
of a named process bubble. The current value of the
comment section is displayed in a dialogue box. Once

displayed, the user may then edit the comment field.

EXPLODE
The EXLODE command allows the user to create or view
{(and subsequently amend) a child DFD for any process

within the DFD being viewed.

If the process selected as the argument to the EXPLODE
command does not have a child DFD, then the user will
be prompted as to whether a child DFD should be
created. Then, if the user confirms the creatiocn of a
child DFD, an empty DFD, with the same name as the
selected process will be displayed and may be subse-
quently edited. The child DFD will auvtomatically be
linked to the parent process, unlike the ADD command in

the DFD menu)

If the user does not want to create a DFD for the
selected process, then the command is terminated and

the originally selected process remains selected.

If the process selected as the argument to the EXPLODE
command has a child DFD, then this DFD will be

displayed and may be subsequently manipulated as for



VIEW

any other DFD.

bD

The VIEW DD command allows the user to view and, if
desired, subsegquently edit the DD entry of a selected
DFD element. The selected DFD element must be named in

order to retrieve the asscociated DD entry.

Unlike the VIEW command in the DD ENTRY menu, the user
does not have to specify the name of the entry to
retrieve; rather, the user need only select a DFD ele-

ment and then activate the VIEW DD command.

The DD entry window becomes selected and the originally
selected DFD element is unselected as the result of the

VIEW DD command.

DELETE

The DELETE command allows the wuser to delete the
selected instance, all instances of the selected DFD
element in the current DFD, all instances of the
selected DFD element in the current DFD and all child
bDFDs, or all instances of the selected DFD element in
all DFDs within the curent project. If a process,
external entity or data store is deleted, all connected

data flows are alsc deleted.

The user will be prompted, via a dialogue box, to

select which of the above-named types of delete to per-



form. Only relevant options will be presented. For
example, if the user has selected a data flow to delete
and two instances of the data flow exist, both in the
DFD shown on the screen, then the user will be prompted
to select one of the following cptions: all instances

in the current DFD, or selected instance only.

If the instance(s}) of the selected DFD element to be deleted
are the only occurrence(s} of +the element within the
current project, then the DD entry for the DFD element will
be either erased from DD, or marked as unused {depending on

the value of the DD DELETE system option).

DD entries of data items {that is, data element and
data structure entries) used in the definition field of
the DD entry of a DFD element to be deleted {and all
elements contained in these definition fields, etc.)
will be similarly deleted or marked as unused if the DD
entry 1s found to be used only by those occurrences of

the current DFD element to be deleted.

Data element and data structure entries subordinate to
data flows which are no longer required as the result
of deleting the data flow, are also either deleted or
marked as unused {as described above). If a data flow
consisting of one or more data flows, then the deletion

of the parent data flow does not result in child data

flows being deleted.



LINK

Deleted elements are removed from the affected DFDs and
the current DFD 1is redraw. ¥No DFD element remains

selected after this operation.

The user will be required to confirm deletion of a pro-

cess that has one or more child DFDs.

The LINK command allows the user to link a PFD {and any
child DFDs) that is not the child DFD of any other pro-
cess, to the selected process within the DFD being

viewed.

The user will be prompted to specify the DFD to be
linked to the selected process via a dialogue box. If
the specified DFD is already the child DFD of ancother
process, then the user will be given the copportunity of
specifying another DFD to link to the selected process.
The selected process cannct already have an associated
child DFD and the selected DFD cannot have an associ-
ated parent process. The parent process must have be

named before the LINK operation is carried out.

The child DFD(s) will be renamed and possibly renum-
bered by MUSSAT 4if the child DFD number differs from

the number of the specified parent process.

UNLINK

The UNLINK command allows the user to split a hierarchy



MOVE

of DFDs into two hierarchies by removing the associa-
ticon between a selected process and its c¢hild DFD(s).
All parent process and child DFD relationships within

the disconnected hierarchy are retained,

The user will be prompted to specify a new name for the
disconnected <child DFD via a dialogue box, since a DFD
and process may only have the same name i1f they exist
as child DFD and parent process (respectively). 2&s
with other operations where the wuser is prompted to
supply a DFD name, a default DFD name will automati-
cally be displayed which the user may either accept or

change.

The MOVE command allows the user to move any selected
DFD object, other than a data flow, to any unoccupied
space in the current DFD. All data flows connected to
an element that 1is moved are 'rubber-banded’. Data
flows cannot be moved independently of the DFD

element (s) they are connected to.

As with creating a new DFD element, an existing element
can only be moved to an unoccupied position the DFD.
Any data flows connected to a DFD element will be
rubber-banded, but new turning pcints will not be added
as a result of moving the connected DFD element. For

example, PROCESS A in figure{V.2a could be moved to the
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Figure IV.2b - Position of PROCESS A after having been moved.



left, as shown in figure V.2b. However, PROCESS A
could not be moved up or down since data flow FLOW A
does not have a vertiaczl line segment that c¢an bhe

rubber—banded.

The MOVE command does not appear in the OBJECT pull-
down menu; MOVE is performed by dragging a selected
element within the current viewing area using the

SELECT mouse button.

MUSSAT will not let the user move a DFD element to a
position where the selected object overlaps another
object, or to a position where an external entity, pro-
cess or data store becomes connected to a net flow into

or out of the DFD.

Data flow name and search arguments may alsc be moved,
however, placement of the data flow label is restricted
to the immediate proximity of the associated data flow
arc. This ensures that a data floﬁ label remains next
to its associated data flow and doesn’t become 'lost’
in the DFD. A data flow name or search argument label

cannot be mvoed toc a position occupied by another labe.

When a data flow is moved as the result of moving a con-
nected process, data store or external entity, then all data
flow labels are alsc moved, when necessary, in order to

remain within the label space surrounding the data flow.



DD ENTRY Menu

Although MUSSAT maintains information about all DFD elements

and

data items within a MUSSAT proiject, the user is unable

to view any information about unnamed DFD elements.

The user may view (and subsequently edit) a DD entry by

activating one of the following commands:

VIEW;

NEXT;
PREVIQUS; or
DD VIEW.

The first three commands in the above list are DD ENTRY menu

commands and are discussed below. The DD VIEW command is a

command within the OBJECT menu and is discussed in the asso-

ciated section.

VIEW

The VIEW command allows the user to retrieve any named

DD entry in the project DD.

The user is prompted, via a dialogue box to specify the
name of the DD entry to retrieve. The user may include
the wildcard character (*’) at the end of a name, in
which case the first entry found matching the partial
string specified will be displayed. If the wildcard
character is not specified MUSSAT attempts to find an
entry with exactly the same name as specified, If =a

matching entry is not found then a dialogue box with a



NEXT

message to the effect ig displayed.

If no DD entry name is specified, then the first DD

entry in alphabetic sequence is retrieved from the DD.

and PREVIQUS

The NEXT and PREVIOUS commands &allow the user to
retrieve the next highest and next lowest DD entries
{respectively}) in alphabetic sequence in relation to a
selected DD entry currently displayed. These two com—
mands are activated by selecting one of the two soft
buttons, NEXT and PREVIQUS, at the bottom of the

selected DD window.

In contrast to using the VIEW command, which causes a
new DD Entry window to be displayed, the NEXT and PRE-
VIOUS commands change the contents ¢f the existing DD

Entry window,

As with inactive options within the pull-down menus,
the NEXT and PREVIQUS soft-buttons will be de-
emphasised on the screen if the command is semantically
invalid with respect to the contents of the selected DD
entry window. For example, if the entry displayed in
the selected DD Entry window is the first entry in the
DD then the PREVIOUS soft button would be dimmed and
selection of the PREVIOUS soft-button would not cause

the contents ¢of the DD Entry window to change.



CLOSE

CLOSE

DELET

EDIT

The CLOSE command may be activated by either selecting
the CLOSE command name in the pull-down menu, or by
clicking in the close box in the corner of the selected
DD entry window. Any selected DD entry window may be

closed except when the entry is in edit mede.

ALL
The CLOSE ALL command c¢loses all DD entry windows,
except, when open, the window o©0f a DD entry being

edited and the edit errors window.

E

The DELETE command allows the user to delete individual
bD entries marked as UNUSED from the project DD. The
DD entry used as the argument tc the DELETE operation
will be deleted, regardless of the value of the DD
DELETE system opticn so long as it is marked as UNUSED
when the DELETE operaticn is activated, No other

entries will be deleted, regardless of the value of DD

DELETE.

The user will be required to confirm the execution of
the DELETE command via a dialogue box. The DD entry
will be removed from the display area and the data dic-

tionary as a result of the DELETE operation.

The user may edit the user maintained fields of a



selected DD entry using the EDIT command. An ‘E’

will

be placed in the close box of the DD entry selected as

the argument of the EDIT command, indicating the the

entry is in edit mode and may not be closed. No

other

visible changes will be made to the DD entry window as

& result of activating the EDIT command; all fields

visible bkefore EDIT was selected will remain visiblé,

although the user will only be able to edit certain

fields.

Only one entry at a time may be edited, although

any

number of DD windows may be opened, closed, moved and

scrolled while the user is editing another entry.

The

entry being edited will retain the 'E’ marker in the

close box until the edit mode is exited, regardless

whether the DD entry remains selected.

of

If the user selects a DD entry to edit that has not yet

been asigned za type[5], then the user will be required

to select the +type for the entry via a dialogue box

before the entry may be edited. The user will be

pPresented with & list of possible DD entry types
the selected entry may be given. This list will

sist of the following types: data element,

[5]A DD entry will have an unspecified type when the

that
con-—
data

user

has only included the DD entry name in the definition field

of one or more other DD entries and the named DD entry

has

not been previously edited. See also the description of

editing the DEFINITION field.

P TR



structure and data flow.[6]

The user may edit the following fields in a DD entry

(although

not all the fields listed below will be

present in each DD entry):

ALIAS FOR

The DD element name in this field identifies the

DD entry that contains the definition for the

current DD entry, that is, it identifies the main

entry of an alias DD entry.

If an alias name specified by the user is the name

of

an existing DD entry and the alias entry is of

the same type as the current entry, then the

current DD entry is linked to the main entry. The

ugser cannot enter a definition in the definition

field for an alias DD entry. The specified alias

entry must already exist in the DD.

The main DD entry is updated so that the new alias

is listed in the system maintained ALIAS OF field.

An alias cannot be specified for a DD entry with a

non-empty definition field. Nor can the named

alias be, itself, an alias of ancther DD entry.

[61The data flow type can be specified for undefined com-

ponents

of a data flow entry, thereby creating a data flow

DD entry without a data flow with the same name existing in
any of the DFDs.



An alias field, once specified, may be reset to a

null string.

NOTES, VOLUME, PROCESS/DATA FLOW TYPE, ORGANISATION
These are all text fields and have no associated
semantics. These fields may be defined as any
string of valid characters (the length of the
string being implementation dependent) and once
specified may be reset to a null string. A future
enhancement may be to specify valid valueé or
ranges of values (and to provide system checks for

valid input) for the last three types of fields.

DEFINITICN
Data element definitions are text only and may be
edited in the same way as the above fields, A
future enhancement may be to specify a language
for the definition of data elements which may then

be parsed.

Process definitions are predominantly text only
with no asscociated semantics, however, there must
be some way of identifying the names of sub-
processes within the definition so that the
correct DD links can be maintained. Identifica-
tioen of sub-processes is cone of the tasks of the
editor (and hence is not defined in this thesis).

Nevertheless, a useful method may be to enclose



sub-process names in special character sequences
such as * sub-process name * or ! sub-process name

L.

Data structure, data stores and data flows are
defined using the relational operators. Each ele-
ment included in a definition must be of the
appropriate type. For example, data structure
and data store definitions may consist of the
names of other data structures and data elements,
data flow definitions may consist of the names of

other data flow or data structure elements.

MUSSAT cannot immediately tell what type of DD
entry to use for a specific data item contained in
the definition of another data item since a DD
definition may <c¢onsist of more than one type of
data item. For each element within a data item

definition field MUSSAT either:

{1) links the existing DD entry with the same
name f{(and a compatible type) to the current

DD entry; or

(2} creates a new DD entry for the named item

with type undefined.

Hence the user may also edit the type field of DB

entries: by either specifying the entry type where



MUSSAT has automatically created the entry, or

respecifying an existing entry type.

A definition may be reset to a null string, and
hence returned to an undefined state, by erasing

the definition field.

NAME
The name of any DD entry may be changed so long as
the new name is unique and not used by any other
DD entry (used or unused) or non-leaf-level pro-
cess. If 2 renamed DD entry is used in the defin-
ition of one or more other DD entries, then these
entries will also reflect the name change. The

name of a DD entry may not be reset to null,

Other edit state operations
In addition to being able to edit the DD entry fields
listed above, there are three further operations avail-
able to the user whilst editing a DD entry. These

operations are described below:

RESTORE
The RESTORE command allows the user to replace the
DD entry being edited with the most recently saved
version of the entry, that is, the DD entry as it
was immediately after the last successful SAVE or
END EDITS command. If the user is editing the DD

entry for the first time within the current MUSSAT



SAVE

session and has not successfully issued the SAVE
or END EDITS command during the current session,
then the DD entry is replaced with the DD entry as
it was imediately prior to the EDIT cocmmand being

selected,

The RESTORE command allows the user to abanden
edits carried out on a DD entry and hence return
the DD entry to a consistent state, from which the
END EDIT command can be successfully executed.
Since the user cannot end an edit session while
the DD entry being edited contains errors, this
comand gives the user the option of abandoning the
edits that gave rise to an error condition rather
than attempting to correct the errors during the

current edit session.

The user will be prompted to confirm the execution

of the RESTORE command via a dialogue box.

EDITS

The SAVE EDITS command allows the user to commit
the changes made to the DD entry being edited to
the project DD. Upon selecting this command MUS-
SAT checks the DD entry being edited for any
semantic or syntactical errors introduced as a
result of the changes the user has made to the DD

entry.



If no errors are found, then the DD is updated,
where required, to reflect the changes made to the
DD entry. MUSSAT may need to update other visible
DD entries or &a DFD (if one is opened) as a

result of the edits.

Other DD entry windows may be removed from the
display area by MUSSAT as a result of the SAVE

EDITS cperation.

If, as a result of executing the SAVE EDITS com-
mand, errors are found to exist in the DD entry
being edited, then the DD is not updated and an
error dialogue box containing the message
"Error{s) found in edited DD entry" (o0or similar)

is displayed.

Once the user clicks the ‘0K’ button in the dialo-
gue box, then another window is opened in which is
displayed the error messages associated with the
errcrs found in the edited DD entry. The user may
move and screll the edit exrors window as with
other DD entry windews, however, once the window
is closed the user is unable to re-open it other

than by selecting the SAVE EDITS command again.

END EDIT
The END EDIT command allows the user to finish

editing and exit out of edit mode. This command



performs the same functions as the SAVE EDITS com-
mand except in the case where no errors are found
in the DD entry being edited. 1In this case, after
the DD 1is updated the edit session for the
selected DD entry is terminated. The user cannot
end an edit session while errors remain in the DD

entry being edited.

SCROLL
The SCROLL command allows the user to view porticns of
a DD entry that not visible within the view shown in
the DD window. A DD entry window is scrolled using the

screll bar mechanism introduced in section 5.2.1.5,

DFD REPORTS Menu

MUSSAT is able to produce four types of reports based on the
contents of a (set of) DFDs. When a DFD name is required as
a parameter for the report, the default value will be the

name of the DFD specified in the TOP DFD system option.

These DFD reports are:

PRINTED DFD(S)
A printed copy of a (set of) DFDs, or all DFDs in the
current project may be printed. The user is able to
specify the starting DFD (by name) and the number of
additional levels of DFDs to print. The user must

specify a starting DFD name if TOP DFD does not have a



value, All subordinate DFDs are printed if the number

of additional levels is not specified.

DFD STATISTICS

A DFD statistics report lists, for each DFD in a speci-~

fied DFD hierarchy:

DFD name;
DFD number;
Date created;
- Date last ammended;
the number ¢f unique data flows;
data stores;
external entities;
processes in the DFD; and
prints a message indicating whether any
unnamed DFD elements were ignored in the report.
The user may specify the starting DFD and the number of
additional 1levels to be included in the report. If
neither the starting DFD nor the number of  levels is

specified, all DFDs in the project, including any

unlinked DFDs, are included in the report,

This report provides a means of determining: the number
of DFDs in the DFD hierarchy, if any DFDs are unlinked
and the level to which a DFD has been expanded, without

having to display each DFD in the hierarchy.

UNNAMED ELEMENTS

DFD elements that have not been named by the wuser are



ignored in all other system generated reports {(with the
exception of data flows to or from data stores in a DFD
BALANCING REPORT). This report lists the number of
unnamed data fiows, data stores, processes and external
entities in each DFD within a specified range of DFDs.
Since unnamed data flows to or from data stores may be
valid, the number of these elements found is listed

separately from other unnamed data flows.

As with the DFD statistics report, the user may specify
é .starting DFD and the number of additional levels of
DFDs to include in the report. If neither the starting
DFD name nor the number of levels are specified, then

all DFDs in the project are included.

Since most unnamed DED elements are ignored in all but
one other system generated report, this report provides
a way of finding out, in general terms, which DFD ele-

ments MUSSAT considers to be incompletely specified.

BALANCE DFD(S)
A DFD balancing report may be produced for any (sub)
hierarchy of DFDs in the current project. The follow-
ing information is produced for each DFD included in

the report:

parent process name, number;

flows into and out of the parent
process;



child DFD name and number; and

net flows into and out of the
child DFD.

MUSSAT correctly identifies missing data flows that are
shown as entering the parent process but not included
in the child DFD. Data flows that are shown as paral-
lel decompositidns of flows into or out of the parent
process, and missing components from these flows are

also correctly identified.

The user may specify the name of the starting DFD and
the number of additional levels of DFDs to include in
the report. If TOP DFD is not specified then the user
must specify the name of the starting DFD. If the
number of levels is not specified, then all 1levels in

the hierarchy are included in this report.

This report helps the analyst identify which DFDs may

contain balancing errors.

UNDEFINED ELEMENTS
This report prints the names of all named DFD elements
within a specified hierarchy of DFDs that have not been
defined in the DD, A DD entry 4is undefined 1if the
definition field is empty (other user defined fields
may have been defined). Names are sorted alphabeti-

cally within DFD.



The purpose of this report is to allow the analyst to
identify those DFD elements, within a given range of
DFDs, that have not yet been defined or have had defin-
itions erased, Undefined elements indicate that the
DFD is not complete, either beause the analyst has been
unable to, or has chosen not to, define all elements in

the DFD.

DFD DD ENTRIES
This report contains DD entries corresponding to the
DFD elements shown in a gspecified set of DFDs. The
user may specify the starting DFP and the number of
additional levels of DFDs to include in the report. As
with the DFD based reports, if the starting DFD name is
not specified then the TOP DFD is assumed: the start-
ing DFD name must be specified if TCOP DFD is undefined.
If the number of additicnal levels is not specified
then all subordinate DFDs are included. Thel'user may
specify the format (either full or summary) for the DD

entries included in the report.

The DD describes, in greater detail, the elements con-
tained within the DFDs of a system model and hence the
information contained in the DD 1is essential to a
detailed understanding of a system model. This report
allows the user to produce the relevant DD entries to

more fully describe a set of DFDs.



DD REPORTS Menu

For all DD based reports the user may choose between a full
or summary format for the report. The option values are the
same as those for the DD DISPLAY command discussed at the

beginning of this section.

PRINTED DD
The user may request an alphabetic listing of {(a subset
cf) the contents cf the project DD. MUSSAT allows the
ﬁsér to specify the starting and ending entry names.
The starting or ending entry name may include the wild-
card character ’'*’ at the end of the name. The wild-
card character matches any character string, including
a nuvll string. For example, the user may specify that
the ending entry of a report 1s YCUST*" in which case
all DD entries starting with {(and including} "CUST"

will be included in the report.

If either (or both) the starting or ending entries are
specified without a wildcard character and no DD entry
is found with the specified name{s), then the user is
informed that no match was found and may respecify one
or both of the entry names. If the starting or ending
entries are not specified then MUSSAT assumes the
starting or ending entry to be the first or last

entry {respectively) in the DD.



UNUSED ENTRIES

MATN

The user may request an alphabetic listing of (a subset
of) all entries in the project DD marked as unused. As
with the DD contents report, the user may specify the
starting and ending entry names and the entry format

(full or summary).

Even though the full format may be specified, the only
system maintained information that may exist for an
unused DD entry would be the COMPONENT OF field for
data flow, data structure and data element entries.
Hence there would not be much (if any} difference
between the full and summary report formats for an
UNUSED DD ENTRIES REPORT. The ability of the user to
choose between output formats has been included in this
report so that the parameters the user must specify for

report generation are the same for all reports.

This report allows the produce a listing ¢f all or
some unused DD entries in order to decide which ones to
keep and which ones to delete. This report also allows

the user to see which DD entries would be deleted if

the PURGE DD command was activated.

AND SUB ENTRIES
This report allows user to specify the name o0f an entry
and MUSSAT then produces a listing of the named entry

and all subordinate DD entries. The user may also



specify the entry format {full or summary) of the DD
entries included in the report. This report is useful
in identifying all component data items within a data

flow, data structure or data store.



Appendix V

SSA Model of MUSSAT

1. The Data Mcodel Diagram

Each of the entities in the Data Model Diagram is numbered.
These numbers are used in the associated DD entries to pro-
vide a cross-refenence between logical entities in the Data

Model Diagram and data structures in the DD,

The software tool, EXCELERATOR, was used to draw both the
Data Model Diagram and the DFDs. Due to name length limita-
tions of EXCELERATOR some of the entity names in the Data
Mcdel Diagram had to be abbreviated and hence are not the
same as the name used in the DD. Nevertheless, the entity
numpber is the same in both the Data Model Diagram and the

DD.

wWhen appropriate, the logical entity number has been
included in the NOTES section of data flow DD entries to
identify which Data Model ©Diagram entity the stored or

retrieved information is associated with.

Although the Data Model Diagram is not part of the Struc-
tured Systems Analysis methodology, it was used to show the
data entities and relationships required in the MUSSAT data-
base. Neither the DPemarco or Gane & Sarson variations of

SSA include techniques suitable for modelling complex data



structures. DeMarco’s Data Structure Diagrams are only use-
ful for simple data structures and Gane & Sarson’s Data
Immediate Access Diagrams are not useful as, nor were they

intended to be used as a data design tool.

The Data Model Diagram is split into two diagrams since the
entire diagram 1is too large to fit on one page. The first
diagram shows all but one of the entities required in thé
MUSSAT database. The second diagram shows the entity ‘DD’
and the asscciated relationships to other MUSSAT entities.
Those entities shown in tﬁe first diagram that are related

to DD’ are alsc shown in the second diagram.
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2. The Data Flow Diagrams

The DFDs shown in this section conform to the MUSSAT SSA
rules discussed in Chapter 4 and summarised in Appendix II,
In addition to these rules, several additional data flow
naming conventions were used in the DFDs in an attempt to
make the DFDs easier to understand. The additional conven-

tions adopted are as follows:

{1) Data flows intc a data store that contain new informa-
tion that does not already exist in the data store con-

tain "NEW"™ as the first word in the data flow name.

{(2) Data flows into a data store that contain information
that was retrieved, updated and replaced in the data
store contain "UPDATED" as the first word in the data

flow name.

(3} Data flows intoc a data store that contain information
that already exists and is to be deleted from the data
store contain "DELETED"™ as the first word in the data

flow name.

(4) -Data flows from a data store are named with a descrip-

tion of the contents of the data flow.

Retrieval keys for data flows out of data stores are not
shown since EXCELERATOR does not suppport either the defini-

tion of display of retrieval keys.



Minor data cutputs are not shown in the DFDs, These minor
data outputs comprise error data flows and changes to the

viewing area of the VDU.

Error flows are not shown hecause they tend to clutter up a
DFD. As discussed in Appendix III, dialogue boxes are used
in MUSSAT to inform the user of any input errors. Where
appropriate, the use of error or prompt dialcogue boxes is
included in the relevant process or sub-process definition
rather than showing the dialogue boxes as data flows out of

a process.

Changes to the viewing area, as seen by the user are not
shown as data flows because manipuletion cof the MUSSAT pro-
ject by the user is considered to be an intermediate step
necessary (o preoduce the MUSSAT report; only the MUSSAT
reports are shown as net flows out of MUSSAT. Also, it is
difficult to construct data structures that accurately and

concisely represent what is shown on the screen.

The SSA model of MUSSAT also does not show the interactive
graphical operations necessary to create a visual represen-

tation of the data stored in the MUSSAT database for two

reasons.:

The operations required to¢ create the graphical
representation of an object are implementation depen-

dant; and



even if graphical operations could be described in a
high level language it would not be appropriate to

include such details in a logical model.

In addition, no attempt has been made in the DD to specify
the application data structures that will be required to
implement the MUSSAT user interface. Graphical application
data structures are complex and implementaticn dependent.
The way in which a graphical model is represented and mani-
.pulated. in an application is affected by the graphics and
data management facilities available in the operating

environment of the application.

It is possible that the MUSSAT database could be modified so
that both the analysis and graphical information could be
stored together in the MUSSAT database, in which case a
Relational Database Management System would manage all MUS-
SAT data ([FQOL82] PP. 359-362). Alternatively, the graphi-
cal model could be represented in a separate data structure,
which the application program would be responsible for
managing. The choice of which representation to use cannot

be made until a proposed operating environment is chosen,
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3. The MUSSAT Data Dictionary

The data dictionary in Appendix V has been divided into

three sub-sections:

{1} Definitions of the MUSSAT database.

{2) Definitions of data flows and all other data stores.

(3) Definitions of all processes and sub-processes.

Names of all data flows, data elements, data structures,
processes, data stores and external entities are shown in
upper case. Names appearing in parenthegis are the names of
data flows into or out of the process being described in the
DD entry. For example, if a process definition contains the

statement:

get names of all matching DD ENTRY (MATCEED NAMES)

then a data flow named MATCHED NAMES will appear as a data
flow into the process in the relevant DFDs and contains the

data described in the preceeding statement.



3.1. Database Definitions

Name: ALIAS ENTRY

Type: DATA STRUCTURE
Alias:
Composition:

MAIN ENTRY DD ID + ALIASED FROM DD ID
Notes:

D16,

A cross reference of DD entries and where they are aliased
from. The MAIN ENTRY DD ID identifies the entry that serves
-as the definition of the entry identified by ALIASED FROM DD
ID. Hence, the DD entry identified by ALIASED FROM DD ID is
an alias of MAIN ENTRY DD ID.

Name: ALTASED FROM DD ID

Type: DATA STRUCTURE
Alias:
Composition:

DD KEY

Notes:

Key of DD entry that is defined as an alias of another entry
- i.e. the entry specified by ALIASED FROM bBD ID does not

have a DEFN field of its own, but uses the definition of
another DD entry.




Name: ARG POSITION
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

Description of where to draw an argument label for a partic-
ular data flow occurrence,

Name: COMPONENT DATA ELEMENT DD ENTRY ID
Type: DATA STRUCTURE

Alias:

Composition:

DD KEY

Notes:

Key of data element DD entry that is a used in the defini~
tion field of another data flow, data store or data struc-
ture DD entry.

Name: COMPONENT DATA FLOW DD ENTRY ID

Type: DATA STRUCTURE
Alias:
Composition:

DD KEY
Notes:

Key of data flow DD entry that is wused in the definition
field of another data flow DD entry.




Name: COMPONENT DATZ STRUCTURE DD ENTRY ID

Type: DATA STRUCTURE
Alias:
Composition:

Notes:

Key of data structure DD entry that is used in the defini-
tion field of data flow, data store or data structure entry.

Name: COMPONENT SUB PROCESS DD ENTRY ID

Type: DATA STRUCTURE
- Alias:
Composition:

Notes:

Key of sub process DD entry that is used in the definition
0of a another process or sub process entry.

Name: DATA ELEMENT DD ENTRY

Type: DATA STORE

Alias:

Composition:

DD ENTRY ID + DATA ELEMENT NAME + DATA ELEMENT DEFN + NOTES

Notes:

D8.

Contains a unique key (DD ENTRY ID) and the information that
ig stored for a data element DD entry.




Name: DATA ELEMENT DEFN

Type: DATA STRUCTURE
Alias:
Composition:

Notes:

User defined text string describing ceontents of a data ele-
ment.

Name: DATA ELEMENT NAME
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text string.

Name: DATA ELEMENT USAGE

Type: DATA STORE
Alias:
Composition:

MATN ENTRY DD ID + COMPONENT DATA ELEMENT DD ENTRY ID

Notes:
D18§.

A cross reference of which PD entries use which data element
definitions. The MAIN ENTRY DD ID field identifies the DD
entry that uses the data element identified by COMPONENT
DATA ELEMENT DD ENTRY ID.




Name: DATA FLOW DD ENTRY

Type: DATA STORE
Alias:
Composition:

DD ENTRY ID + DATA FLOW NAME 4 DATA FLOW TYPE + VOLUME +
DATA FLOW DEFN + ARG NAME + NOTES

Notes:

DS.

Contains a unique key (DD ENTRY ID) and all information
stored for a data flow DD entry.

Name: DATA FLOW DEFN
Type: DATA STRUCTURE
Alias:

Compeosition:

Notes:

User defined text string describing contents of a data flow.

Name: DATA FLCOW DESC

Type: DATA STRUCTURE
Alias:
Composition:

Notes:

Description of how to draw a specific data flow occurrence.
Must include a description of each of the data flow segments
and the position of turning points.




Name: DATA FLOW END POINTS

Type: DATA STORE

Alias:

Composition:

DATA FLOW ID + SOURCE OBJECT ID + DESTN OBJECT ID
Notes:

D22,

Cross reference of the DFD elements that a data flow con-
nects.

Name: DATA FLOW ID
Type: DATA STRUCTURE
Alias:

Composition:

DFD ELEMENT EKEY

Notes:

Key identifying a particular cccurence of a data flow.

Name: DATA FLOW NAME
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text string.



Name: DATA FLOW OCCURRENCE

Type: DATA STRUCTURE
Alias:
Composition:

DATA FLOW ID + DATA FLOW DESC + NAME POSITION +
ARG POSITION + LINE WIDTH + NUM ARROWS

Notes:

All information required in order to draw a specific data
fiow cccurrence,

Name: DATA FLOW OCCURRENCES;
Type: DATA STORE

Alias:

Composition:

{DATA FLOW OCCURRENCE]}
Notes:

D4,

Description of each data flow shown in a DFD.

Name: DA'TA FLOW TYPE
Type: DATA STRUCTURE
Alias:

Compoesition:

Notes:

User defined text string.




Name: DATA FLOW USAGE

Type: DATA STORE
Alias:
Compositicn:

MAIN ENTRY DD ID + COMPONENT DATA FLOW DD ENTRY ID

Notes:

D17.

A cross reference of which data flows are components of oth-
er data flows. The MAIN ENTRY DD ID field identifies the

parent data flow and the COMPONENT DATA FLOW DD ENTRY 1ID
identifies the chilgd data flow.

Name: DATA STORE DD ENTRY
Type: DATA STCORE

Alias:

Composition:

DD ENTRY ID + DATA STORE NAME + DATA STORE NUMBER +
ORGANISATION + DATA STORE DEFN + NOTES

Notes:

D10.

A unique key (DD ENTRY ID) and the information stored for a
data store DD entry.

Name: DATA STORE DEFN
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text string describing the contents of a data
store.




Name: DATA STORE ID
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

Key identifying a particular data store occurrence.

Name: DATA STORE NAME
. Type: .DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text string.

Name: DATA STORE NUMBER
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text string.




Name: DATA STORE QOCCURRENCE

Type: DATA STRUCTURE

Alias:

Composition:

DATA STORE ID + POSITION + LINE WIDTH
Notes:

Description of how a data store occurrence should be drawn
in a DFD. .

Name: DATA STORE OCCURRENCES
Type: DATA STORE

Alias:

Compoesition:

{DATA STORE OCCURRENCE)
Notes:

k5.

Description of all occurrences of a particular data store.

Name: DATA STRUCTURE DD ENTRY

Type: DATA STORE
Alias:
Composition:

DD ENTRY ID + DATA STRUCTURE NAME + VOLUME +
DATA STRUCTURE DEFN + NOTES

Notes:

D11,




Name: DATA STRUCTURE DEFN

Type: DATA STRUCTURE
Alias:
Composition:

Notes:

User defined text string describing contents of a data
structure.

Rame: DATA STRUCTURE NAME
Type:; DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text string

Name: DATA STRUCTURE USAGE

Type: DATA STORE
Alias:
Composition:

MATN ENTRY DD ID + COMPONENT DATA STRUCTURE DD ENTRY ID

Notes:

D19.

A cross reference ¢of which DD entries use which data element
definitions. The MAIN ENTRY DD ID field identifies the DD
entry that uses the data element identified by COMPONENT
DATA STRUCTURE DD ENTRY ID.




Name: DATE DFD CREATED
Type: DATA STRUCTURE
Alias:

Composition:
DATE/TIMESTAMP

Notes:

System maintained field describing when a DFD was added to a
MUSSAT project.

Name: DATE DFD LAST AMMENDED

Type: DATE STRUCTURE
Alias:
Composition:

DATE/TIMESTAMP
Notes:

System maintained field describing when a particular DFD was
updated as the result of the user perforing an operation
that affects the physical appearance of the associated DFD.
For example, naming cor moving an element.

Name: DATE PROJECT CREATED

Type: DATA STRUCTURE
Alias:

Composition:
DATE/TIMESTAMP

Notes:

System maintained field indicating when a project was creat-
ed by a user.




Name: DATE PROJECT LAST AMMENDED

Type: DATA STRUCTURE
Alias:
Composition:

DATE/TIMESTAMP
Notes:
System maintained field indicating when a project was last

ammended by a user. Updated as for DATE DFD LAST AMMENDED
and also when a DD entry is deleted or changed by editing.

Name: DATE/TIMESTAMP
Type: DATA STRUCTURE
Alias:

Composition:

DAY + MONTH + YEAR + TIME

Notes:

Name: DD

Type: DATA STORE

Alias:

Compositicn:

{DD ENTRY ID 4+ DD ENTRY NAME}

Noteé:

D3.

Name and keys of all entries in DB - D14, except for

processes with child DFDs. Sorted in alphabetic order on DD
ENTRY NAME.




Name: DD DELETE VALUE

Type : DATA ELEMENT
Alias:
Values and Meanings:

PELETE = delete all DD entry once it becomes
unused

SAVE = save unused DD entries

Notes:

Name: -DD DISPLAY VALUE

Type : DATA ELEMENT
Alias:
Values and Meanings:

FULL = show all DD information, including
details of all DFD element instances

SUMMARY = SHOW only summary information

Notes:

Name: DD ENTRY ID
Type: DATA STRUCTURE
Aliasg:

Composition:

DD KEY

Notes:

Unique identifier of a DD entry.




Name: DD XEY

Type : DATA ELEMENT
Alias:

Values and Meanings:

Notes:

A key used to uniquely identify
stores D§-D18).

each DD

entry

{in

data

Name: DD ENTRY NAME

- Type: DATA STRUCTURE
Alias:
Composition:

[DATA ELEMENT NAME | DATA FLOW NAME | DATA STORE NAME

DATA STRUCTURE NAME | EE NAME |
SUB PROCESS NAME]

Notes:

PROCESS NAME

{

Name: DESTN OBJECT ID
Type: DATA STRUCTURE
Alias:

Composition:

DFD ELEMENT KEY

Notes:

Key of DFD element occurrence that serves as the destination
of a specific data flow occurrence.




Name: DFD

Type: DATA STORE
Alias:
Composition:

{DFD DESCRIPTION}
Notes:

D2.

A description of each DFD in the database.

Name: DFD BORDER VALUE

Type : DATA ELEMENT
Alias:
Values and Meanings:

BORDER = draw DFD border
NO BORDER = do not draw DFD border
Notes:

Name: DFD ELEMENT KEY
Type: DATA STRUCTURE
Alias:

Compcsition:

Notes:

Key used to uniquely identify each DFD element
Key must be unique within data stores D4-D7

ocourrence.




Name: DFD DESCRIPTION

Type: DATA STRUCTURE
Alias:
Composition:

DFD ID + DFD NAME + VERSION FIELD + DATE DFD CREATED +
DATE DFD LAST AMMENDED + DFD SIZE +

SAVED DFD WINDOW VIEW +

VIEWING SCALE

Notes:
Information that describes a DFD. Even though the DFD NAME

can be derived from the parent process, it is included here
since not all DFDs will have a parent process

Name: DFD ID

Type: DATA STRUCTURE
Alias:

Composition:

Notes:

Numeric key that uniquely identifies each DFD.

Name: DFD NAME

Type: DATA STRUCTURE
Alias:
Composition:

Notes:

User defined text string. If the DFD is the child DFD of a
process then the DFD and process names will be the same.




Name: DFD SIZE

Type: DATA STRUCTURE
Alias:
Composition:

Notes:

A description of how many A4 pages a DFD consists of, and
how these pages are arranged, e.g. three pages across ang
two down or four pages across.

Name: EE DD ENTRY

' Type: DATA STORE

Alias:

Composition:

DD ENTRY ID + EE NAME + NOTES

Notes:

D12.

Name: EE NAME

Type: DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text string.




Name: EE OCCURRENCE

Type: DATA STRUCTURE

Alias:

Composition:

EE ID + POSITION + LINE WIDTH

Notes:

Name: EE OCCURRENCES
Type: DATA STORE
Alias:

Composition:

{EE OCCURRENCE}

Notes:

D6.

Name: LINE WIDTH
Type : DATA ELEMENT

Alias:
Values and Meanings:

BOLD or RORMAL

Notes:

Describes the width of the line that should be used to draw
a8 specific DFD element occurrence,




Name: MAIN ENTRY DD ID
Type: DATA STRUCTURE
Alias:

Composition:

DD KEY

Notes:

Key of DD entry that is aliased from another DD entry, i.e.
the DD entry identified by MAIN ENTRY DD ID serves as the
definition of the aliased DD entry.

Name: NAME POSITION
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

Description of where a data flow name label should be drawn
for a particular data flow occurrence,

Name: NOTES

Type: DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text string.




Name: NUM ARROWS

Type : DATA ELEMENT
Alias:
Values and Meanings:

1 = single headed data flow
2 = double headed data flow
Notes:

Used to determine type of data flow.

~Name: -‘ORGANISATION
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text string.

Name: QRIGINAL MUSSAT DB
Type: DATA STORE

Alias:

Composition:

{PROJECT DATABASE}
Notes:

DO.

Description of all projects stored in MUSSAT.




Name: POSITION

Type: DATA STRUCTURE
Alias:

Composition:

Notes:

Description of a point at which to draw a DFD element within
a DFD.

Name: PROCESS DD ENTRY
Type: DATA STORE
Alias:

Composition:

DD ENTRY ID + PROCESS NAME + PROCESS NUMBER + COMMENT +
PROCESS DEFN + NOTES

Notes:
D13.

If the process is exploded into a lower level DFD, then the
PROCESS DEFN field will be empty.

Name: PROCESS DEFN

Type: DATA STRUCTURE
Alias:
Composition:

Notes:

User defined textual description of a process - including
the names of any sub processes used.




Name: PROCESS ID
Type: DATA STRUCTURE
Alias:

Composition:

DFD ELEMENT KEY

Notes:

Name: PRCOCESS NAME
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

User defined string.

Name: PROCESS NUMBER
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

The full number of a process.

displayed in a process bubble.

Only the last digit

is

ever




Name: PROCESS OCCURRENCE

Type: DATA STRUCTURE

Alias:

Composition:

PROCESS ID + POSITION + LINE WIDTH

Notes:

Name: PROCESS OCCURRENCES
‘Type: DATA STORE

Alias:

Composition:

{PRCCESS OCCURRENCE}

Notes:

D7.

Name: PROJECT

Type: DATA STORE
Alias:
Composition:

PROJECT NAME + DATE PROJECT CREATED +

DATE PROJECT LAST AMMENDED + DD DISPLAY VALUE +
DD BELETE VALUE + TOP DFD VALUE + DFD BORDER VALUE

Notes:
D1.

Attributes of a project, including the project parameter
values,




Name: PROJECT DATABASE
Type: DATA STRUCTURE
Alias:

Compeosition:

Notes:

All information contained in the MUSSAT
stores D1-D22) for a particular project.

database

(data

Name: PROJECT NAME
Type: DATA STRUCTURE
Alias:

Composition;

Notes:

User defined text string.

Name: SAVED DFD WINDOW VIEW
Type: DATA STRUCTURE

Alias:

Composition:

Notes:

A description of which portion of a particular DFD to

display.




Name: SQURCE OBJECT ID
Type: DATA STRUGCTURE
Alias:

Compositicn:

DFD ELEMENT EKEY

Notes:

Key identifying the DFD element occurrence that serves as
the source object for a particular data flow occurrence.

Name: SUB PROCESS DD ENTRY

Type: DATA STORE

Alias:

Composition:

DD ENTRY ID + SUB PROCESS NAME + SUB PROCESS DEFN + NOTES
Notes:

Di4.

Name: SUB PROCESS DEFN
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text description of a sub process, including
the names of any sub processes it may use.




Name: SUB PROCESS NAME
Type: DATA STRUCTURE
Alias:

Composition:

Netes:

User defined text string.

Name: SUB PROCESS USAGE

 Type: DATA STORE

Alias:

Composition:

MAIN ENTRY BD ID + COMPONENT SUB PROCESS DD ENTRY ID

Notes:

D20.

Name: TOP DFD VALUE
Type: DATA STRUCTURE
Alias:

Composition:

DFD ID

Notes:




Name: UNTYPED DD ENTRY
Type: DATA STORE

Alias:

Composition:

DD ENTRY ID + UNTYPED NAME

Notes:

D15.

Temporary DD entry for an element named in ancther DD
definition and for which the user has not yet specified what

type the entry should be.

entry

Name: UNTYPED NAME
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text string appearing in the
of another PD entry.

definition

field

Name: VERSION FIELD
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text string.




Name: VIEWING SCALE
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

A description of the zoom level at which to display a par-
ticular DFD.

Name: VOLUME

Type: DATA STRUCTURE
Alias:

Composition:

Notes:

User defined text string.

3.2. Data Item and Temporary Data Store Definitions

Name: ADDITIONS TO BB CAUSED BY EDITING

Type: DATA FLOW
Alias:
Composition:

[NEW UNTYPED DD ENTRY | NEW DD ENTRY USAGE COMPONENT |
NEW ALIAS ENTRY]

Notes:




Name: APPEARS IN DFD NAME
Type: DATA FLOW

Alias:

Composition:

DFD NAME

Notes:

Names of the DFD in which an occurrence of the specified DFD

element appears.

"Name: (CLOSED WINDOW
Type: DATA FLOW
Alias:

Composition:

Notes:

Deleted DD or EDIT ERRORS WINDOW

Name: COMPCONENT OF NAMES
Type: DATA FLOW

Alias:

Composition:

Notes:

Names of all items which use the selected component.

D21.

D17~




Name: CONNECTED DATA FLOW IDS

Type: DATA FLOW
Alias:
Composition:

{DATA FLOW 1D}
Notes:

bata flow occurrence IDs of those data flows connected to
the selected DFD, EE PROCESS or DATA STORE. D22.

Name: COPY OF SELECTED DD ENTRY

Type: DATA STORE
Number:

Alias:
Organisation:
Composition:

[DATA STRUCTURE DD ENTRY | DATA FLOW DD ENTRY |
EE DD ENTRY | DATA STORE DD ENTRY |

PROCESS DD ENTRY | UNTYPED DD ENTRY |

SUB PRCCESS DD ENTRY]

Notes:

Name: CORRESPONDING WINDOW ID
Type: DATA FLOW

Alias:

Composition:

WINDOW ID

Notes:




Name: DATA FLOW OCCURRENCE DETAILS

Type: DATA STRUCTURE
Alias:
Composition:

Notes:

Name of source and destination elements of data flow oc-
currence.

Name: DATA FLOW CCCURRENCE 1DS3
Type: DATA FLOW

Alias:

Composition:

{DATA FLOW ID}

Notes:

D4.

Name: DATA FLOW OCCURRENCE NAME POSITION
Type: DATA FLOW

Alias:

Composition:

NAME POSITION

Notes:

Calculated position of data flow name label.




Name: DATA FLOW DETAILS

Type: DATA STRUCTURE
Alias:
Composition:

DATA FLOW NAME + DATA FLOW TYPE + VOLUME +
DATA FLOW DEFN + NOTES + MAIN ENTRY NAME +
ARG NAME

Notes:

Name: DATA STORE DETATLS

"Type: DATA STRUCTURE
Alias:
Composition:

DATA STORE NAME + DATA STORE NUMBER +
ORGANISATION + DATA STORE DEFN + NOTES +
MATN ENTRY NAME

Notes:

Rame: DATA STORE OCCURRENCES IN OPEN DFD

Type: DATA FLOW
Alias:
Composition:

{PATA STORE ID}
Notes:

IDs of all occurrences of a particular data steore in the
QOPEN DFD. D5,




Name: DD ENTRY DETAILS

Type: DATA FLOW
Alias:
Composition:

[DATA FLOW DETAILS | DATA STORE DETAILS |
EE DETAILS | PROCESS DETAILS |

DATA STRUCTURE DETAILS | UNTYPED DETAILS |
SUB PROCESS DETAILS]

Notes:

Name: DD ENTRY NAME

Type: DATA FLOW
Alias:
Composition:

{[DATA FLOW NAME | DATA STORE NAME | DATA STRUCTURE NAME |
DATA ELEMENT NAME | UNTYPED NAME]

Notes:

Name: DBD ENTRY NAMES TO REPORT ON
Type: DATA FLOW

Alias:

Composition:

{DD ENTRY NAME]}

Notes:




Name: DD REPORT

Type: DATA FLOW
Alias:
Composition:

[MAYN & SUB ENTRIES REPORT | UNUSED ENTRIES REPORT |
DFD DD ENTRIES REPORT | PRINTED DD REPORT]

Notes:

Name: DELETED ALIAS ENTRY
Type: DATA FLOW

Alias:

Composition:

Notes:

A deleted D16 —~ ALIAS ENTRY row.

Name: DELETED DATA FLOW END POINTS
Type: DATA FLOW

Alias:

Composition:

Notes:

A deleted D22 - DATA FLOW END POINTS row.




Name: DELETED DD ENTRY

Type: DATA FLOW
Alias:
Composition:

Notes:

One deleted data structure, data flow, EE, data store,
utyped or sub process PD entry. D3S-D15.

Name: DD WINDOW
 Type: DATA STRUCTURE
Alias:

Composition:

WINDCW ID + WINDOW POSITION + DD ENTRY ID +
FORMATTED DD ENTRY TEXT + DD WINDOW VIEW

Notes:

Name: DD WINDOW VIEW

Type: DATA STRUCTURE
Alias:
Composition:

Notes:

Describes the portion of the underlying DD ENTRY that the
associated DD WINDOW displays




Name: DELETED DD INFORMATION

Type: DATA FLOW
Alias:
Composition:

DELETED ORDERED DD ENTRY + DELETED DD ENTRY +
DELETED USAGE OF DD ENTRY COMPONENT

Notes:

Name: DELETED DD WINDOW
Type: DATA FLOW

Alias:

Composition:

Notes:

Window deleted as a result cof DD entry being deleted.

Name: PELETED DFD
Type: DATA FLOW
Alias:
Composition:

Notes:

Cne deleted DFD. D2.




Name: DELETED DFD ELEMENT OCCURRENCE
Type: DATA FLOW

Alias:

Composition:

Notes:

One deleted process, data fleow, EE or data store occurrence.
D4-D7.

Name: DELETED DFD ELEMENT END POINTS
Type: DATA FLOW

Alias:

Composition:

Notes:

One deleted DF END POINTS row. D22,

Name: DELETED DFD ELEMENT USAGE
Type: DATA FLOW

Alias:

Composition:

Notes:

One deleted usage row. D16-D21.




Name: DELETED DFD OCCURRENCE INFORMATION

Type: DATA FLOW
Alias:
Composition:

DELETED DATA FLOW END POINTS +
DELETED DFD ELEMENT OCCURRENCE

Notes:

_Name::DELETED ERASED ELEMENTS NAME
Type: DATA FLOW

Alias:

Composition:

Notes:

A deleted row in ERASED ELEMENTS

Name: DELETED ORDERED DD ENTRY
Type: DATA FLOW

Alias:

Composition:

Notes:

One deleted DD row. D3.




Name: DELETED PROJECT
Type: DATA FLOW
Alias:

Composition:

Notes:

All information for one project deleted
DATABASE deleted). DO.

(i.e.

ocne

FROJECT

Name: DELETED PROJECT LIST ENTRY
Type: DATA FLOW

Alias:

Composition:

Notes:

A row to be deleted row PROJECT LIST.

Name: DATA FLOW END POINT IDS
Type: DATA FLOW

Alias:

Composition:

SQURCE OBJECT ID + DESTN OBJECT ID

Notes:




Name: DATA FLOW PATH DESCRIPTION
Type: DATA FLOW

Alias:

Composition:

DATA FLOW DESC

Notes:

Name: DATA FLOW OCCURRENCE ARG POSITION

Type: DATA FLOW
Alias:
Composition:

ARG POSITION
Notes:

D4.

Name: DELETED USAGE OF DD ENTRY COMPONENT

Type: DATA FLCW
Alias:
Composition:

Notes:

A usage row no longer required as a result of USED item be-
ing deleted from DD entry being edited. D16-21.




Name: DELETIONS FRCM DB CAUSED BY EDITING

Type: DATA FLOW
Alias:
Composition:

[DELETED USAGE OF DD ENTRY COMPONENT |

DELETED DD ENTRY INFORMATION |
DELETED ALIAS ENTRY]

Notes:

- Name: 'DFD BALANCING REPORT
Type: DATA FLOW

Alias:

Composition:

Notes:

As per report mock-up.

Name: DFD DD ENTRIES REPCORT
Type: DATA FLOW

Alias:

Composition:

Notes:

As per report mock-up.




Name: D¥D DD ENTRY DETAILS

Type: DATA FLOW
Alias:
Composition:

[DATA FLOW DETAILS | DATA STORE DETAILS |
EE DETAILS | PROCESS DETAILS]

Notes:

Name: DFD DESC
Type: DATA FLOW
Alias:
Composition:

DFD 1D + DFD NAME + VERSION FIELD + DFD SIZE +
DFD WINDOW VIEW + VIEWING SCALE

Notes:

Name: DFD DETAILS
Type: DATA FLOW
Alias:
Composition:

DFD ID + DFD NAME + VERSION FIELD +
DATE DFD CREATED + DATE DFD LAST AMMENDED + DFD NUMBER

Notes:

D2.




Name: DFD DETAILS + DFD SIZE

Type: DATA FLOW
Alias:
Composition:

DF DID + DFD NAME + VERSION FIELD +
DATE DFD CREATED + DATE DFD LAST AMMENDED + DFD SIZE

Notes:

Name: DFD ELEMENT DESC

Type: DATA STRUCTURE
Alias:
Composition:

[DFD NAME + DATA FLOW OCCURRENCE | DATA STORE NAME +
DATA STORE NUMBER + DATA STORE OCCURRENCE | EE NAME +
EE QOCCURRENCE + PROCESS NBME + PROCESS NUMBER +
PROCESS OCCURRENCE]

Notes:

All the information necessary to draw a DFD element. DA4-D7,
ps, D10, D12, Di3.

Name: DFD ELEMENT ID

Type: DATA FLOW
Alias:
Composition:

[DATA ¥LOW ID | DATA STCRE ID | EE ID |}
PROCESS 1ID]

Notes:




Name: DFD ELEMENT NAME

Type: DATA FLOW

Alias:

Composition:

[DATA FLOW KAME | PROCESS NAME | EE NAME | DATA STORE NAME]

Notes:

Name: DFD ELEMENT NAMES
' Type: DATA FLOW

Alias:

Composition:

{DFD ELEMENT NAME}

Notes:

Name: DFD ELEMENT POSITION
Type: DATA STRUCTURE
Alias:

Composition:

{POSITION | DATA FLOW DESC + NAME POSITION +
ARG POSITION]

Notes:




Name: DFD ELEMENT POSITIONS
Type: DATA FLOW

Aljas:

Composition:

{DFD ELEMENT POSITION}

Notes:

Description of the space each object withing the OPEN DFD
occupies. D4-D7.

Name: DFD STATISTICS REPORT.
Type: DATA FLOW

Alias:

Composition:

Notes:

As per report mock-up.

Name: DFD WINDOW VIEW
Type: DATA STRUCTURE
Alias:

Composition:

Notes:

A description of which portion of a particular DFD to dispa-
ly.




Name: DFDS TC REPORT ON
Type: DATA FLOW

Alias:

Composition:

{DFD ID}

Notes:

IDs of all DFDs to include in a report.

Name: DUPLICATE DATA FLOW PATH DESCRIPTION
Type: DATA FLOW

Alias:

Composition:

DATA FLOW DESC

Notes:

D4.

Name: DUPLICATE SCREEN POSITICON

Type: DATA FLOW
Alias:
Composition:

Notes
Representation of a selectead point within the OPEN DFD win-

dow -~ the position which the user has selected as the point
at which a duplicate of a DFD element should be drawn.




Name: EDIT ENTRY

Type: DATA STORE
Number:

Alias:
Organisation:
Composition:

WINDOW ID

Notes:

~Name: EDIT ERRORS

Type: DATA FLOW
Alias:
Composition:

{EDIT ERROR}
Notes:

A
All errors found in the DD ENTRY being edited.

Name: EDIT ERRORS WINDOW
Type: DATA STRUCTURE
Alias:

Composition:

WINDCOW ID + WINDOW POSITION + ERRORS LISTING =
EDIT ERRORS WINDOW VIEW

Notes:




Name: EDIT ERRORS WINDOW VIEW

Type: DATA STRUCTURE
Alias:
Composition:

Notes:

Description of the portion of the EDIT ERRORS body which is
currently visible in the EDIT ERRORS WINDOW.

Name: EDITS
Type: DATA FLOW
Alias:
Composition:

Notes:

All user specified changes tc DD ENTRY being edited.

Name: EE DETATLS

Type: DATA STRUCTURE

Alias:

Composition:

EE NAME + NOTES + MAIN ENTRY NAME

Notes:




Name: ELEMENT NAME

Type: DATA FLOW
Alias:
Composition:

[DATA FLOW NAME | DATA STORE NAME |
EE NAME | PROCESS NAME]

Notes:

Name: END PQCINT OBJECT IDS

Type: DATA FLOW

Alias:

Composition:

SOURCE OBJECT ID + DESTN OBJECT ID

Notes:

Name: END POINTS OF DUPLICATED DATA FLOW

Type: DATA FLOW

Alias:

Composition:

DATA FLOW ID + SOURCE OBJECT ID + DESTN OBJECT ID

Notes:

A new D22 row.




Name: END POINTS OF NEW DATA FLOW

Type: DATA FLOW

Alias:

Composition:

DATA FLOW ID + SOURCE OBJECT ID + DESTN OBJECT ID

Notes:

A new D22 row.

Name: ERASED ELEMENTS

Type: DATA STORE
Number:

Alias:
Organisation:
Composition:

{DD ENTRY ID}
Notes:

A list of the DD IDs of all elements in a DFD removed by the
ERASE command.

Name: EXISTING DATA STORE NUMBERS
Type: DATA FLOW

Alias:

Composition:

{DATA STORE NUMBER}

Notes:

D10,




Name: EXISTING DD ENTRY NAMES
Type: DATA FLOW

Alias:

Composition:

{DD> ENTRY NAME}

Notes:

D3.

Name: EXISTING DD ENTRY NAMES & IDS
Type: DATA FLOW

Alias:

Composition:

{PD ENTRY ID + DD ENTRY NAME)
Notes:

D3.

Name: EXISTING DFD ID
Type: DATA FLOW
Alias:

Composition:

DFD ID

Note;:

D2.




Name: EXISTING DFD NAMES
Type: DATA FLOW

Alias:

Composition:

{DFD NAME}

Notes:

D2.

Name: EXISTING OCCURRENCES
Type: DATA FLOW

Alias:

Composition:

{DFD ELEMENT 1D}

HNotes:

D4-D7.

Name: EXISTING PROJECT
Type: DATA FLOW

Alias:

Composition:

PRCJECT DATABASE
Notes:

DO.




Name: EXISTING PROJECT NAMES

Type: DATA FLOW
Alias:
Composition:

{PROJECT NAME}
Notes:

DO,

Name: FINISH NAME

. Type: DATA FLOW
Alias:
Composition:

(DD ENTRY NAME + (WILDCARD CHARACTER))

Notes:

User specified text string representing last DD entry to in-

clude in report.

Name: FIRST DFD

Type: DATA FLOW
Alias:
Composition:

DFD DESCRIPTION
Notes:

Level 0 DFD created by default when a new PROJECT is

ed.

creat-




Name: FULL DESC OF ELEMENTS IN DFD

Type: DATA FLOW

Alias:

Composition:

{DFD ELEMENT DESCRIPTION}
Notes:

p4-D7, b9, D10, D12, D13.

Name: IDS OF ALL ELEMENT IN DFD
Type: DATA FLOW

Alias:

Composition:

{DFD ELEMENT ID)

Notes:

D4-D7.

Name: KEY ONLY DESC OF ELEMENTS IN DFD
Type: DATA FLOW

Alias:

Composition:

{SIMPLE DFD ELEMENT DESC}

Notes:

Key only values of each DFD element in a specific DFD.

p7, D9, D10, D12, D13.

D4~




Name: MAIN & SUB ENTRIES REPORT
Type: DATA FLOW

Alias:

Composition:

Notes:

As per report mock-up.

Name: MAIN ENTRY NAME
Type: DATA FLOW
Alias:

Composition:

DD ENTRY NAME

Notes:

Name: MODIFIED ELEMENT NAME

Type: DATA FLOW
Alias:
Composition:

[DATA FLOW NAME| DATA STORE NAME

Notes:

EE NAME

PROCESS NAME]




Name: MUSSAT REPORT

Type: DATA FLOW
Alias:
Composition:

[PRINTED CURRENT DFD | UNNAMED ELEMENTS REPORT |

DFD BALANCING REPORT | DD REPCRT | PRINTED DFD HIERARCHY |
DFD STATISTICS REPORT]

Notes:

See report mock-ups for report contents.

. Name: -NAME OF EXISTING DFD
Type: DATA FLOW

Alias:

Composition:

DFD NAME

Notes:

Name: NAME OF NEW PROJECT
Type: DATA FLOW

Alias:

Composition:

PROJECT NAME

Notes:

User specified name of a new project.




Name: NEW ALIAS ENTRY

Type: DATA FLOW

Alias:

Composition:

MAIN ENTRY DD ID + ALIASED FROM DD ID

Notes:

Name: NEW COMMENT FIELD
Type: DATA FLOW

Alias:

Composition:

COMMENT

Rotes:

User specified value for process COMMENT field.

Name: NEW DATA FLOW ARGUMENT
Type: DATA FLOW

Alias:

Composition:

ARG NAME

Notes:

User specified value for data flow ARG NAME,




Name: NEW DATA STORE DD ENTRY

Type: DATA FLOW
Alias:
Composition:

Notes:

A Di0 row for an existing named and/or numbered DATA STORE
OCCURRENCE (D5).

Name: NEW DATA STORE OCCURRENCE
Type: DATA FLOW

Alias:

Composition:

DATA STORE OCCURRENCE

Notes:

A new DATA STCRE OCCURRENCE. D3,

Name: NEW DD ENTRY

Type: DATA FLOW

Alias:

Composition:

DD ENTRY ID + DD ENTRY NAME

Notes:

New DD row. D3.




Name: NEW DD ENTRY USAGE COMPONENT

Type: DATA FLOW
Alias:
Composition:

Notes:

A row in one of the USAGE tables created as a result of the
component name being added to the DD ENTRY being edited.
Dl6-D21.

Name: NEW DD WINDOW
Type: DATA FLCW
Alias:

Composition:

DD WINDOW

Notes:

Name: NEW DATA FLOW OCCURRENCE
Type: DATA FLOW

Alias:

Composition:

DATA FLOW OCCURRENCE

Notes:

A new DATA FLOW OCCURRENCE. D4.




Name: NEW DFD
Type: DATA FLOW
Alias:
Composition:
DFD DESCRIPTION
Notes:

Description of a new DFD. D2Z2.

Name: NEW DFD ELEMENT DD ENTRY
Type: DATA PFPLOW

Alias:

Composition:

Notes:

A new DFD ELEMENT with default values.

D9,

D10,

D12, D13,

Name: NEW DFD NAME
Type: DATA FLCW
Alias:
Composition:

DFD NAME

Notes:

User specified new name for existing DFD.




Name: NEW DFD SIZE
Type: DATA FLOW
Alias:
Composition:

DFD SIZE

Notes:

User specified description of number and layout of pages in
a DFD.

"Name: NEW EE OCCURRENCE
Type: DATA FLOW

Alias:

Composition:

EE QCCURRENCE

Notes:

A new EE OCCURRENCE. dé6.

Name: NEW HORIZ SCROLIL BOX POSITICN
Type: DATA FLOW

Alias:

Composition:

SCREEN PCSITION

Notes:




Name: NEW OBJECT NAME

Type: DATA FLOW

Alias:

Composition:

{DATA FLOW NAME | DATA STORE NAME | EE NAME | PROCESS NAME]

Notes:

b8-14, D3.

Name: NEW ORDERED DD ENTRY
Type: DATA FLOW

Alias:

Composition:

DD ENTRY ID + DD ENTRY NAME

Notes:

A new row in D3 - DD.

Name: NEW PROCESS NUMBER
Type: DATA FLOW

Alias:

Composition:

PROCESS NUMBER

Notes:

Updated PROCESS NUMBER - user specified last digit.




Name: NEW PROCESS OCCURRENCE

Type: DATA FLOW
Alias:
Compesition:
PROCESS OCCURRENCE
Notes:

A new PROCESS OCCURRENCE with line width
D7.

set do

default.

- Name: -NEW PROJECT
Type: DATA FLOW
Alias:
Composition:
PRCJECT DATABASE

Notes:

DO.

Name: NEW PROJECT DETAILS
Type: DATA FLOW

Alias:

Composition:

PROJECT DESCRIPTION
Notes:

Dl.




Name: NEW PROJECT LIST ENTRY
Type: DATA FLOW

Alias:

Composition:

PROJECT NAME + LIST POSITION

Notes:

A new row in PROJECT LIST.

Name: NEW PROJECT NAME
Type: DATA FLOW

Alias:

Composition:

PROJECT NAME

Notes:

New user specified name for an existing project.

Name: NEW SCROLL BOX POSITION
Type: DATA FLOW

Alias:

Composition:

[NEW HORIZ SCROLL BOX POSITION |
NEW VERT SCROLL BOX POSITION]

Notes:




Name: NEW TCP DFD VALUE
Type: DATA FLOW

Alias:

Composition:

DFD NAME

Notes:

Name: NEW UNTYPED DD ENTRY
. Type: . DATA FLOW

Alias:

Compoesition:

DD ENTRY ID + UNTYPED NAME

Notes:

Name: NEW VERSION FIELD
Type: DATA FLOW

Alias:

Composition:

VERSION FIELD

Notes:




Name: NEW VERT SCROLL BOX POSITION
Type: DATA FLOW

Alias:

Composition:

SCREEN POSITICHN

Notes:

Name: NEXT DD ENTRY ID
Type: DATA STRUCTURE
Alias:

Composition:

DD ENTRY ID

Notes:

Name: NEXT/PREV DD ENTRY ID

Type: DATA FLOW
Alias:
Composition:

[NEXT DD ENTRY ID | PREV DD ENTRY ID]
Notes:




Name: NUMBER OF DFD LEVELS TO REPCRT ON

Type: DATA FLOW
Alias:
Composition:

{POSITIVE INTEGER}
Notes:

Null value indicates that all levels are to be reported in-
cluded, a wvalue of 0 indicates that only selected DFD is to

be included.

" Name: OBJECT SPECIFIC DATA

Type: DATA FLOW
Alias:
Composition:

[DATA FLOW PATH DESCRIPTION | DUPLICATE SCREEN POSITION |
DUPLICATE DATA FLOW PATH DESCRIPTICN | ELEMENT NAME |

NEW DATA FLOW ARGUMENT | NEW COMMENT FIELD |

NEW PROCESS NUMBER { SPECIFIED DATA STORE NUMBER |

SPECIFIED DFD NAME | SPECIFIED DFD NUMBER | UNLINKED DFD NAME]

Notes:

Name: OQCCURRENCE DETAILS

Type: DATA FLOW

Alias:

Composition:

[DATA FLOW QCCURRENCE DETAILS | OTHER CCCURRENCE DETATLS]
Notes:

D2, D4-7, DS, D1, D12, D13, D22.




Name: OPEN DD WINDOWS

Type: DATA STORE
Number:

Alias:
Organisation:
Composition:

{DD WINDOW} + {EDIT ERRORS WINDOW}1
Notes:

Name: OPEN DFD

Type: DATA STORE
Number:

Alias:
Organisation:
Composition:

DFD ID

Notes:

Name: QPEN DFD NUMBER
Type: DATA FLOW
Alias:

Composition:

PROCESS NUMBER

Notes:

D13.




Name: OPEN DFD PROCESS NUMBERS
Type: DATA FLOW

Alias:

Composition:

{PROCESS NUMBER)

Notes:

D13,

Name : QPEN DFD SIZE
Type: DATA FLOW
Alias:

Composition:

DFD SIZE

Notes:

DZ2.

Name: OPEN DFD ZOOM LEVEL
Type: DATA FLOW

Alias:

Composition:

VIEWING SCALE

Notes:

D2.




Kame: OPEN PROJECT

Type: DATA STORE
Number:

Alias:
Organisation:
Composition:

PRCJECT NAME

Notes:

Name: OPEN PROJECT NAME
Type: DATA FLOW

Alias:

Composition:

PROJECT NAME

Notes:

Di1.

Name: QPEN WINDOW
Type: DATA FLOW
Alias:
Composition:

DD WINDOW

Notes:




Name: QOPEN WINDOW CONTENTS

Type: DATA FLOW

Alias:

Composition:

[FORMATTED DD ENTRY TEXT | ERRCRS LISTING]

Notes:

Name: QPEN WINDOW POSITION
Type: DATA FLOW

Alias:

Composition:

WINDOW POSITION

Notes:

Name: OTHER OCCURRENCE DETAILS

Type: DATA STRUCTURE
Alias:
Composition:

Notes:

Names of all data flows in and out of a PROCESS, DATA STORE
or EE OCCURRENCE.




Name: PARENT DFD ID
Type: DATA FLOW
Alias:

Composition:

DFD ID

Notes:

D2.

Name: PARENT DFD NUMBER
Type: DATA FLOW

Alias:

Composition:

DFD NUMBER

Notes:

b2.

Name: PARENT PROCESS 1D
Type: DATA FLOW

Alias:

Composition:

PROCESS ID

Notes:

D7.




Name: PARENT PROCESS NUMBER
Type: DATA FLOW

Alias:

Composition:

PROCESS NUMBER

Notes:

Name: PREV DD ENTRY ID
Type: DATA FLOW

Alias:

Composition:

DD ENTRY ID

Notes:

Name: PRINTED CURRENT DFD
Type: DATA FLOW

Alias:

Composition:

Notes:

As per report mock-up.




Name: PRINTED DR REPORT
Type: DATA FLOW

Alias:

Composition:

Notes:

As per report mock-up.

Name: PRINTED DFD HIERARCHY
Type: DATA FLOW

Alias:

Composition:

Notes:

As per report mock-up.

Name: PROCESS DETAILS

Type: DATA STRUCTURE
Alias:
Composition:

PROCESS NAME + PROCESS NUMBER + COMMENT + PROCESS DEFN + NOTES
Notes:




Name: PROJECT DD DELETE VALUE
Type: DATA FLOW

Alias:

Composition:

DD DELETE VALUE

Notes:

D1.

Name: PROJECT DD DISPLAY VALUR
Type: DATA FLOW

Alias:

Composition:

DD DISPLAY VALUE

Notes:

Dl.

Name: PROJECT DETAILS
Type: DATA FLOW
Alias:

Composition:

{PROCJECT INPUT DATUM}

Notes:




Name: PRCJECT DFD BORDER VALUE
Type: DATA FLOW

Alias:

Composition:

DFD BORDER VALUE

Notes:

D1.

Name: PROJECT INPUT DATUM

Type: DATA FLOW
Alias:
Composition:

{ EDITS | FINISH NAME | MAIN ENTRY NAME | MODIFIED ELEMENT NAME |
NEW DFD NAME | NEW PROJECT NAME | NEW SCROLL BOX POSITION |

NEW TOP DFD VALUE | OBJECT SPECIFIC DATA |

SELECTED SCREEN POSITION | SPECIFIED DFD NAME |

SPECIFIED DFD NUMBER | SPECIFIED ENTRY NAME | START NAME |

TOP DFD SPECIFIER]

Notes:

Name: PROJECT LIST

Type: DATA STORE
Rumber:

Alias:
Organisation:
Composition:

{PROJECT NAME + LIST POSITION} + PORTION VISIBLE
Notes:




Name :PROJECT NAME & DATES
Type: DATA FLOW

Alias:

Composition:

PROJECT NAME + DATE PRCJECT CREATED +
DATE PROJECT LAST AMMENDED

Notes:

Dl.

Name: PROJECT NAME TO COPY TO
Type: DATA FLOW

Alias:

Composition:

PROJECT NAME

Notes:

User specified PROJECT NAME use in COPY command.

Name: RESTORED DD ENTRY
Type: DATA FLOW

Alias:

Composition:

Notes:

Saved version of entry as at last SAVE EDITS or
edit session. D9-15,

prior

to




Name: SELECTED DATA FLOW DESC
Type: DATA FLOW

Alias:

Composition:

DATA FLOW DESC

Notes:

D4,

Name: SELECTED DATA FLOW LINE WIDTH & NUM ARROWS
Type: DATA FLOW

Alias:

Composition:

LINE WIDTH + NUM ARROWS

Notes:

D4,

Name: SELECTED DATA FLOW NAME
Type: DATA FLOW

Alias:

Composition:

DATA FLOW NAME

Notes:

b3.




Name: SELECTED DATA STORE DD ENTRY ID
Type: DATA FLOW

Alias:

Composition:

DD ENTRY ID

Notes:

p10.

Name: SELECTED DATA STORE LINE WIDTH
Type: DATA FLOW

Alias:

Composition:

LINE WIDTH

Notes:

b5.

Name: SELECTED DD ENTRY
Type: DATA FLOW

Alias:

Composition:

Notes:

DS, D10, D12-15.




Name: SELECTED DD ENTRY ID
Type: DATA FLOW

Alias:

Composition:

Notes:

Name: SELECTED DD ENTRY NAME

Type: DATA FLOW
Alias:
Composition:

[DATA ELEMENT NAME | DATA FLOW NAME | DATA STORE NAME |
DATA STRUCTURE NAME | EE NAME | PROCESS NAME |
SUB PROCESS NAME | UNTYPED NAME]

Notes:

08-D15.

Name: SELECTED DD WINDOW

Type: DATA STORE
Number:

Alias:
Organisation:
Composition:

WINDOW ID

Notes:




Name: SELECTED EE DD ENTRY ID
Type: DATA FLOW

Alias:

Compesition:

DD ENTRY ID

Notes:

blz.

Name: SELECTED EE LINE WIDTH
Type: DATA FLOW

Alijas:

Composition:

LINE WIDTH

Notes:

D6.

Name: SELECTED EE NAME
Type: DATA FLOW

Alias:

Composition:

EE NAME

Notes:

D12,




Name: SELECTED OBJECT

Type: DATA STORE
Number :

Alias:
Organisation:
Composition:

OBJECT TYPE + [DATA FLOW ID | DATA STORE ID | EE ID |
PROCESS 1ID]
Notes:

OBJECT TYPE will indicate whether the selected okject is a:
PROCESS, EE DATA FLOW, DATA FLOW NAME LABEL, DATA FLOW ARG
LABEL, or DATA STORE.

Name: SELECTED OBJECT ID

Type: DATA FLOW

Alias:

Composition:

[DATA FLOW ID | DATA STORE ID | EE ID | PROCESS 1D}

Notes:

Name: SELECTED PROCESS ID
Type: DATA FLOW

Alias:

Compositien:

PROCESS ID

Notes:




Name: SELECTED PROCESS
Type: DATA FLOW

Alias:

Composition:

PROCESS NAME

Notes:

D13.

NAME

Name: SELECTED PROCESS
Type: DATA FLOW

Alias:

Composition:

PROCESS NUMBER

Notes:

bi3.

NUMBER

Name: SELECTED PROJECT

Type: DATA STORE
Number:

Alias:
Organisation:
Composition:

PROJECT NAME

Notes:

A PROJECT NAME selected from the lilst of existing projects.




Name: SELECTED PROJECT DATABASE
Type: DATA FLOW

Alias:

Composition:

PROQJECT DATABASE

Notes:

Name: SELECTED SCREEN POSITION

Type: DATA FLOW
Alias:
Composition:

Notes:

Descripticn of the selected point within the OPEN DFD WIN-
DOW. Used to determine which DFD element was selected, or
to specify the position that a new DFD ELEMENT or label will
occupy.

Name: SELECTED WINDOW POSITION
Type: DATA FLOW

Alias:

Composition:

WINDOW POSITION

Notes:

Used to determine where to show 'E’ marker for edit entry.




Name: SIMPLE DFD ELEMENT DESC

Type: DATA STRUCTURE
Aljas:
Composition:

[DATA FLOW ID + DATA FLOW NAME |

DATA STORE ID + DATA STORE NAME |
EE ID + EE NAME | PRCCESS ID + PROCESS NAME]

Notes:

- Name: - SPECIFIED DATA STORE NUMBER -
Type: DATA FLOW

Alias:

Composition:

DATA STORE NUMBER

Notes:

User specified number for a data store - need not be unique.

Name: SPECIFIED DFD NAME
Type: DATA FLOW

Alias:

Composition:

{DFD NAME)

Notes:

User specified.




Name: SPECIFIED DFD NUMBER
Type: DATA FLOW

Alias:

Composition:

{DFD NUMBER)
Notes:

User specified.

Name: SPECIFIED ENTRY NAME
Type: DATA FLOW

Alias:

Composition:

DD ENTRY NAME

Notes:

User specified,

Name: START NAME

Type: DATA FLOW

Alias:

Composition:

(DD ENTRY NAME + (WILDCARD CHARACTER))

Notes:




Name: SUB PROCESS DETAILS

Type: DATA STRUCTURE

Alias:

Composition:

SUB PROCESS NAME + SUB PROCESS DEFN + NOTES

Notes:

Name: TOP DFD DETAILS
Type: DATA FLOW
Alias: DFD DBETAILS
Composition:

Hotes:

Name: TOP DFD SPECIFIER
Type: DATA FLOW

Alias:

Composition:

DFD NAME

Notes:




Name: UNDEFINED DFD ELEMENT NAMES
Type: DATA FLOW

Alias:

Composition:

{OFD ELEMENT NAMES!}

Notes:

Name: UNLINKED DFD NAME
Type: DATA FLOW

Alias:

Composition:

DFD NAME

Notes:

Name: UNNAMED ELEMENTS REPORT
Type: DATA FLOW

Alias:

Composition:

Notes:

As per report mock—up.




Name: UNNUMBERED DATA STORES
Type: DATA FLOW

Alias:

Composition:

bP» ENTRY ID

Notes:

D10.

Name: UNNUSED ENTRIES REPORT
Type: DATA FLOW

Alias:

Composition:

Notes:

As per repcrt mock-up.

Name: UNTYPED DETAILS
Type: DATA STRUCTURE
Alias:

Composition:

UNTYPED NAME

Notes:




Name: UPDATED ALIAS ENTRY

Type: DATA FLOW

Alias:

Composition:

MAIN ENTRY DD ID + ALIASED FROM DD ID

Notes:

Name: UPDATED ARG POSITION
Type: DATA FLOW

Alias:

Composition:

ARG POSITION

Notes:

D9.

Name: UPDATED DATA FLOW ARG
Type: DATA FLOW

Alias:

Composition:

ARG NAME

Notes:

D9,




Name: UPDATED DATA FLOW END POINTS

Type: DATA FLOW

Alias:

Compesition:

DATA FLOW ID + SQURCE OBJECT ID + DESTN OBJECT ID
Notes:

Updated D22 row for redrawn DATA FLOW OCCURRENCE.

Name: UPDATED DD WINDOW VIEW

Type: DATA FLOW
Alias:
Composition:

[DD WINDOW VIEW | EDIT ERRORS WINDOW VIEW]
Notes:

Name: UPDATED CHILD DFD NAME
Type: DATA FLOW

Alias:

Composition:

DFD NAME

Notes:

D2.




Name: UPDATED DATA STORE NUMBER
Type: DATA FLOW

Alias:

Composition:

Notes:

D10.

Name: UPDATED DATA STORE POSITION
Type: DATA FLOW

Alias:

Composition:

POSITION

Notes:

D5.

Name: UPDATED DATA DFD LAST AMMENDED
Type: DATA FLOW

Alias:

Composition:

DATE DFD LAST AMMENDED

Notes:

D2. .




Name: UPDATED DATA FLOW DESC

Type: DATA FLOW

Alias:

Composition:

DATA FLOW DESC + NAME POSITION + ARG POSITION

Notes:

D4.

Name : UPDATED DATA FLOW LABEIL POSITIONS
Type: DATA FLOW

Alias:

Composition:

[NAME POSITION | ARG POSITION |
NAME POSITION + ARG POSITION]

Notes:

D4,

Name: UPDATED DD DELETE VALUE
Type: DATA FLOW

Alias:

Composition:

DD DELETE VALUE

Notes:

Dl.




Name: UPDATED DD DISPLAY VALUE
Type: DATA FLOW

Alias:

Composition:

DD DISPLAY VALUE

Notes:

Di.

Name: UPDATED DD WINDOW CONTENTS
Type: DATA FLOW

Alias:

Composition:

FORMATTED DD ENTRY TEXT

Notes:

Name: UPDATED DFD BORDER VALUE
Type: DATA FLOW

Alias:

Composition:

DFP BORDER VALUE

Notes:

D1.




Name: UPDATED DFD NAME
Type: DATA FLOW

Alias:

Composition:

DFD NAME

Notes:

b2.

Name: UPDATED DFD WINDOW VIEW
Type: DATA FLOW

Alias:

Composition:

DFD WINDOW VIEW

Notes:

D2.

Name: UPDATED DFD SIZE
Type: DATA FLOW

Alias:

Composition:

PFD S5IZE

Notes:

b2.




Name: UPDATED EE POSITION
Type: DATA FLOW

Alias:

Composition:

POSITICN

Notes:

D6.

Name: UPDATED LAST AMMENDED DATES

Type: DATA FLOW

Alias:

Composition:

DATA DFD LAST AMMENDED + (DATA PROJECT LAST AMMENDED)

Notes:

Name: UPDATED NAME POSITION
Type: DATA FLOW

Alias:

Composition:

NAME POSITION

Notes:

D4.




Name: UPDATED OBJECT LINE WIDTH
Type: DATA FLOW

Alias:

Composition:

LINE WIDTH

Notes:

D4-DB7.

Name: UPDATED OBJECT NAME

Type: DATA FLOW
Alias:
Composition:

[DATA FLOW NAME { DATA STORE NAME | EE NAME | PROCESS NAME]
Notes:

D3, D9, D10, D12, D13.

Name: UPDATED QOPEN WINDOW
Type: DATA FLOW

Alias:

Composition:

WINDOW POSITION

Notes:




Name: UPDATED ORDERED DD ENTRY
Type: DATA FLOW

Alias:

Composition:

DD ENTRY NRME

Notes:

D3.

Name: UPDATED PARENT PROCESS NAME
Type: DATA FLOW

Alias:

Composition:

PROCESS NAME

Notes:

D13.

Name: UPDATED PORTION VISIBLE
Type: DATA FLOW

Alias:

Composition:

PORTICN VISIBLE

Notes:




Name: UPDATED PROCESS COMMENT
Type: DATA FLOW

Alias:

Composition:

COMMENT

Notes:

Di3.

Name: UPDATED PROCESS NUMBER
Type: DATA FLOW

Alias:

Composition:

PROCESS NUMBER

Notes:

D13.

Name: UPDATED PROCESS POSITION
Type: DATA FLOW

Aljas:

Composition:

POSITION

Notes:

D7.




Name: UPDATED PROJECT
Type: DATA FLOW
Alias:

Composition:

PROJECT DATABASE
Notes:

DO.

Name: UPDATED PROJECT LIST ENTRY
Type: DATA FLOW

Alias:

Composition:

PROJECT NAME + LIST POSITION

Notes:

Name: UPDATED PROJECT NAME
Type: DATA FLOW

Alias:

Composition:

PROJECT NAME

Notes:

D1.




Name: UPDATED SELECTED DD ENTRY

Type: DATA FLOW
Alias:
Composition:

Notes:

Updated version fo DD entryas a result of edits = updated
version is error-free. DS-D15,

Name: UPDATED TOP DFD VALUE
Type: DATA FLOW

Alias:

Composition:

TOP DFD VALUE

Notes:

Dl.

Name: UPDATED VERSIION FIELD
Type: DATA FLOW

Alias:

Composition:

VERSION FIELD

Notes:

D2.




Name: UPDATED WINDOW VIEW

Type: DATA FLOW
Alias:
Composition:

{EDIT ERRORS WINDOW VIEW | DD WINDOW VIEW]
Notes:

Name: UPDATED Z200M LEVEL
Type: DATA FLOW

Alias:

Composition:

VIEWING SCALE

Notes:

DZ2.

Name: UPDATES TC DB CAUSED BY EDITING

Type: DATA FLOW
Alias:
Composition:

[UPDATED SELECTED DD ENTRY | UPDATED ALIAS ENTRY]

Notes:




Name: USER

Type: EXTERNAL ENTITY
Alias:

Notes:

Name: VISIBLE ENTRIES
Type: DATA FLOW
Alias:

Composition:

{Db ENTRY ID}

Neotes:

DD ENTRY IDs of all DD entries currently visible.

3.3. Process and Sub Preocess Definitions




Name: ACTICN EDITED ALIAS
Type: SUB PROCESS
Description:

if new alias field is empty
then
delete existing alias entry (DELETED ALIAS ENTRY)
if DD ENTRY associated with alias entry is not
used by any DFD ELEMENT, or any other DD ENTRY,
or as a MAIN ENTRY for any DD ENTRY

then
if PROJECT DD DELETE VALUE = DELETE
then
*DELETE DD ENTRY* for alias entry
end if
end if
else
if there is not an existing alias entry for
DD ENTRY '
then
get DD ENTRY ID for DD ENTRY named in alias
field
create an alias entry (NEW ALJAS ENTRY)
else
get DD ENTRY ID for DD ENTRY named in alias
field
update existing alias entry (UPDATED ALIAS
ENTRY}

if DD ENTRY associated with original alias
is not used by any DFD ELEMENT, DD ENTRY
or as the MAIN ENTRY for a DD ENTRY

then
if PROJECT DD DELETE VALUE = DELETE
then
*DELETE DD ENTRY* for old alias
end if
end if
end if
end if

Notes:




Name: ACTION EDITED DEFN FIELD
Type: SUB PRCCESS
Description:

for each DD ENTRY name that appears in new version and
not in the old version of the PD ENTRY, do:
if the named entry does not exists
then
create a NEW UNTYPED DD ENTRY for component name
end if
create a NEW DD ENTRY USAGE COMPONENT linking
edited DD ENTRY and component

for each DB ENTRY name that appeared in the old wversion

and net in the new version of the DD ENTRY, do:
delete usage of component (DELETED USAGE OF DD ENTRY COMPONENT)
if DD ENTRY associated with component is not used by any

DFD ELEMENT, or DD ENTRY, or as the MAIN ENTRY of another

DD ENTRY
then
if PROJECT DD DELETE VALUE = DELETE
then
*DELETE DD ENTRY* of component
end if
end if

Notes:

Name: ACTION EDITED SELECTED DD ENTRY

Type: PROCESS
Number: 1.7.4
Description:

check edited version of DD ENTRY for errors
if any errors are found

then

display error dialogue box

else

*UPDATE DB TC REFLECT EDITS*

update DATE PROJECT LAST AMMENDED
end if

Notes:




Name: AUTONUMBER DATA STORES

Type: SUB-PROCESS
Description:

find DD ENTRY IDs of all unnumbered data stores in
OPEN DFD (UNNUMBERED DATA STORES)
for each of these DD ENTRY IDs do:
calculate next data store number to allocate
{using EXISTING DATA STORE NUMBERS)
set UPDATED DATA STORE NUMBER to calculated
number

Notes:

I.E. will only autonumber named datastores.

Name: AUTONUMBER DFD ELEMENTS

Type: PROCESS
Number: 1.6.1.4
Descripticn:

*AUTONUMBER DATA STORES™*
*AUTONUMBER PROCESSES*
if one or more DFD elements were numbered
then
update DATA PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED
end if -

Notes:




Name: AUTONUMBER PROCESSES

Type: SUB-PROCESS
Description:

working top to bottom, and left tc right across DFD,
{(re)number the last digit of each PROCESS NUMBER
{UPDATED PROCESS NUMBER) starting from "17.

Notes:

Name: BALANCE FLOWS INTO PARENT PROCESS WITH NET FLOWS
INTO DFD )

Type: SUB-PROCESS
Description:

get names of all data flows flowing into parent process
get name of all net flows into DFD
new flows into a DFD are found by:
retrieving names of all data flows in DFD with no
source object
retrieving names of all data flows in DFD flowing from
a data store that serves as a source oject for a data flow
into the parent process where the data store is named
if such a data flow is unnamed then use the name of the
connected data store.
for each data flow into the parent process do: _
search for a matching data flow or data flow component in
net flows into child DFD
a match exists if:
a2 data flow with the same name exists in net fiows into
the DFD, or
one or more net flows into the DFD are sub-data flows, or
sub-data flows of a sub-data flow of a data flow into the
parent process.

Notes:




Name: BALANCE FLOWS QUT OF PARENT PROCESS WITH NET FLOWS
OUT OF DFD

Type: SUB-PROCESS
Description:

get names of all data flows flowing out of parent process
get name of all net flows out of DFD
new flows out of a DFD are found by:
retrieving names of all data flows in DFD with no
destination obiject
retrieving names of all data flows in DFD flowing to
a data store that serves as a destination oject for a data f:
out of the parent process where the data store is named
if such a data fiow is unnamed then use the name of the
connected data store.
for each data flow out of the parent process do:
search for a matching data flow or data flow component in
net flows out of child DFD
a match exists if:
a data flow with the same name exists in net flows out of
the DFD, or
one or more net flows intc the DFD are sub-data flows, or
sub—~data flows of a sub-data flow c¢f a data flow out of the
parent process.

Notes:




Name: CHANGE CONTENTS OF SELECTED WINDOW TO 'NEXT’ ENTIRY

Type: PROCESS
Number: 1.5.1.2
Description:

get SELECTED DD ENTRY NAME for DD ENTRY ID in
DD WINDOW indicated by SELECTED BD WINDOW
get NEXT DD ENTRY ID for DD ENTRY alphabetically
next after SELECTED DD ENTRY NAME
if PROJECT DD DISPLAY VALUE = FULL
then
*RETRIEVE FULL DD ENTRY DETAILS*
else
*RETRIEVE SUMMARY DD ENTRY DETAILS*
end if
replace existing FORMATTED DD ENTRY TEXT with
' retrieved UPDATED DD WINDOW CONTENTS
redisplay SELECTED DD WINDOW

Notes:

Name: CHANGE CONTENTS OF SELECTED WINDOW TO ‘PREV’ ENTRY

Type: PROCESS
Number: 1.5.1.3
Description:

get SELECTED DD ENTRY NAME for DD ENTRY ID in
DD WINDOW indicated by SELECTED DD WINDOW
get NEXT DD ENTRY ID for DD ENTRY alphabetically
preceeding SELECTED DD ENTRY NAME
if PROJECT DD DISPLAY VALUE = FULL
then
*RETRIEVE FULL DD ENTRY DETAILS*
else
*RETRIEVE SUMMARY DD ENTRY DETAILS*
end if
replace existing FORMATTED DD ENTRY TEXT with
retrieved UPDATED DD WINDOW CONTENTS
redisplay SELECTED DD WINDCW

Notes:




Name: CHANGE DD DELETE VALUE

Type: PROCESS
Number: 1.1.7
Description:

update PROJECT DD DELETE VALUE by setting the wvalue of

UPDATED DD DELETE VALUE to¢ the opposite value
contained in PRCJECT DD DELETE VALUE

Notes:

Name: CHANGE DD DISPLAY VALUE

Type: PROCESS
Number: 1.1.3
Description:

update PROJECT DD DISPLAY VALUE by setting
the value of UPDATED DD DISPLAY VALUE to
the opposite value contained in PROJECT
DD DISPLAY VALUE

Notes:

Name: CHANGE DFD BORDER VALUE

Type: PRCCESS
Number: 1.1.8
Description:

update DFD BORDER VALUE by setting
the wvalue of UPDATED DFD BORDER VALUE to
the opposite value contained in PROJECT
DFD BORDER VALUE

Notes:




Name: CHANGE DFD SIZE

Type: PROCESS
Number: 1.3.9
Description:

update DFD SIZE of DFD INDICATED by OPEN DFD to
NEW DFD SIZE (UPDATED DFD SIZE)
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:

Assumes that the user is unable to specify an invalid DFD
size.

Name: CBANGE LINE WIDTH OF ALL OCCURRENCES

Type: PROCESS
Number: 1.6.1.1.4
Description:

get DFD ELEMENT IDs of all occurrences of SELECTED OBRJECT
{EXISTING OCCURRENCES)
for each occurrence do:
set LINE WIDTH to opposite value (UPDATED OBJECT LINE WIDTH)
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:




Name: CHANGE LINE WIDTE OF ALL OCCURRENCES IN DFD HIERARCHY

Type: PROCESS
Number: 1.6.1.1.2
Description:

get DFD ELEMENT IDs of all occurrences of SELECTED OBJECT in
DFD hierarchy starting at COPEN DFD (EXISTING OCCURRENCES)
for each of the occurrences do:
set LINE WIDTH to opposite value {UPDATED OBJECT LINE WIDTH)
update DATE PRQJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:

Name: CHANGE LINE WIDTH OF ALL OCCURRENCES IN QOPEN DFD

Type: PROCESS
Number: 1.6.1.1.3
Description:

get DFD ELEMENT IDs of all occurrences of SELECTED OBJECT
in OPEN DFD (EXISTING OCCURRENCES)
for each occurrence do:
set LINE WIDTH to opposite value (UPDATED OBJECT LINE WIDTH)
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:




Name: CHANGE LINE WIDTH OF SELECTED OQOCCURENCE

Type: PROCESS
Number: 1.6.1.1.1
Description:

set LINE WIDTH of SELECTED OBJECT to cpposite walue

(UPDATED OBJECT LINE WIDTH)
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:

That is, toggle value from NORMAL to BCOLD or vice versa.

Name: CBANGE SELECTED PROCESS COMMENT FIELD

Type: PROCESS
Rumber: 1.6.3.1
Description:

update COMMENT of SELECTED OBJECT by setting UPDATED

PROCESS COMMENT to NEW COMMENT FIELD value
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:

Name: CHANGE TO ZOOM LEVEL 1

Type: PROCESS
Number: 1.3.5
Description:

update VIEWING SCALE by setting UPDATED ZOOM LEVEL TO
level 1 value

update DFD WINDOW VIEW by recalculating portion of DFD
visible with new VIEWING SCALE

Notes:




Name: CHANGE TO ZOOM LEVEL 2

Type: PROCESS
Number: 1.3.6
Description:

update VIEWING SCALE by setting UPDATED ZO0OM LEVEL TO
level 2 value

update DFD WINDOW VIEW by recalculating portion of DFD
visible with new VIEWING SCALE

Notes:

Name: CHANGE TO ZOOCM LEVEL 3

Type: PROCESS
Number: 1.3.7
Description:

update VIEWING SCALE by setting UPDATED ZOOM LEVEL TO
level 3 value

update DFD WINDOW VIEW by recalculating portion of DFD
visible with new VIEWING SCALE

Notes:




Name: CHANGE TOP DFD VALUE

Type: PROCESS
Number: 1.1.2
Description:

if NEW TOP DFD VALUE does not exist in EXISTING DFD NAMES
then
display error dialogue box
else
set PROJECT TOP DFD VALUE to NEW TGP PFD VALUE
(UPDATED TQOP DFD VALUE)}
end if

Notes:

Name: CHANGE VERSION FIELD

Type: PROCESS
Numper: 1.3.1
Description:

update VERSION FIELD of OPEN DFD by setting value of

UPDATED VERSION FIELD to NEW VERSION FIELD
update DATA PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:




Name: CLOSE ALL WINDOWS

Type: PROCESS
Number: 1.5.3
Description:

for all OPEN DD WINDOWS except the window indicated by
EDIT ENTRY do:
erase window
delete window from OPEN DD WINDOWS {(CLCOSED WINDOW)
if window indicated by SELECTED DD WINDOW is not
window indicated by EDIT ENTRY
then
reset SELECTED DD WINDOW
end if

Notes:

Name: CLOSE OPEN DFD

Type: PROCESS
Number: 1.4.2
Description:

erase DFD from viewing area
if PROJECT DD DELETE VALUE = DELETE
then
for each DD ENTRY ID in ERASED ELEMENTS do:
if DD ENTRY indicated by DD ENTRY ID is not
used by any DFD ELEMENT, DD ENTRY or as
a MAIN ENTRY for another DD ENTRY
then
*DELETE DD ENTRY*
end if
end if
reset ERASED ELEMENTS
reset OPEN DFD

Notes:




Name: COPY SELECTED PROJECT TO CREATE NEW PROJECT

Type: PROCESS
Number: 1.8.3
Description:

copy project indicated by SELECTED PROJECT to create a
new project with PROJECT NAME = PROJECT NAME TC COPY TO
insert PROJECT NAME TO COPY TO into PROJECT LIST in
alphabetic order
set SELECTED PROJECT to new PROJECT NAME TC COPY TO
highlight new PROJECT NAME in PROJECT LIST
Notes:

Name: CREATE CHILD DFD

Type: PROCESS
Number: 1.4.6
Description:

erase currently visible DFD indicated by COPEN DFD

create NEW DFD with DFD NAME = SELECTED PROCESS NAME
indicated by SELECTED PROCESS ID

link NEW DFD to parent process

delete DD row for selected process (DELETED ORDERED ENTRY)

set QOPEN DFD to DFD ID of NEW DFD

reset SELECTED OBJECT

*DISPLAY NEW DFD* indicated by OPEN DFD

Notes:




Name: CLOSE PROJECT - NO SAVE

Type: PROCESS
Number: 1.1.5
Description:

reset OPEN PROJECT DB

reset OPEN PRQJECT
display PROJECT LIST

Notes:

Name: CLOSE PROJECT - WITH SAVE

Type: PROCESS
Kumber: 1.1.4
Description:

set DATE PROJECT LAST AMMENDED for OPEN PRCJECT to current DATE/TI?

copy OPEN PROJECT DB t¢o ORIGINAL MUSSAT DB replacing original
project details of OPEN PROJECT {(UPDATED PROJECT)

regset OQPEN PRCJECT DB

reset CPEN PROJECT

display PRQJECT LIST

Notes:

Name: CLOSE SELECTED DD WINDOW

Type: PROCESS
Number: 1.5.2
Description:

erase SELECTED DD WINDOW

delete SELECTED DD WINDCOW from OPEN DD WINDOWS
{CLOSED WINDOW}

reset SELECTED DD WINDOW

Notes:




Name: CREATE EDIT ERRORS WINDOW

Type: PROCESS
Number: 1.7.5
Description:

format EDIT ERRORS for display

create EDIT ERRORS WINDOW

set SELECTED DD WINDOW to EDIT ERRORS WINDOW ID

display SELECTED DD WINDOW at front of all windows
with highlighted window border

Notes:

Name: CREATE NEW DATA TLOW

Type: PROCESS
Number: 1.6.4.1
Description:

determine cbjects at end points of DF PATH DESCRIPTION
{END POINT QOBJECT IDS) using DFD ELEMENT POSITIONS

create NEW DATA FLOW OCCURRENCE setting DATA FLOW PATH
DESC to DATA FLOW PATE DESCRIPTION, LINE WIDTH to
default, NUM ARROWS to 1 or 2 depending on icon used

line NEW DATA FLOW OCCURRENCT to OPEN DFD

create END POINTS OF NEW DATA FLOW using END PCINT OBJECT
Ibs .

set SELECTED OBJECT to DFD ELEMENT ID of NEW DATA FLOW
QCCURRENCE

Notes:




Name: CREATE NEW DATA STORE

Type: PROCESS
Number: 1.6.2.4
bescription:

if there is space for a data store at SELECTED POSITION
then
create NEW DATA STORE OCCURRENCE with POSITION set to
SELECTED POSITICN and LINE WIDTH sete to default
else
sound audible alarm
end if

Notes:

Name: CREATE NEW DD WINDOW

Type: SUB PROCESS
Description:

if PROJECT DD DISPLAY VALUE = FULL
then
*RETRIEVE FULL DD ENTRY DETAILS FOR DISPLAY* for DD ENTRY
else
*RETRIEVE SUMMARY DD ENTRY DETAILS FOR DISPLAY* for DD ENTRY
end if
select a position at which to dislay a new DD WINDOW
create NEW DD WINDOW with WINDOW POSITION set to selected
position, FORMATTED DD ENTRY TEXT set to retrieved details,
DD WINDOW VIEW set to top of DD ENTRY
set SELECTED DD WINDOW to WINDOW ID of NEW DD WINDOW
display SELECTED DD WINDOW at fron with highlighted window frame

Notes:




Name: CREATE NEW EE

Type: PROCESS
Number: 1.6.2.1
Description:

if there is room for an EE at SELECTED POSITION
then
create NEW EE OCCURRENCE with position set to
SELECTED POSITICON and LINE WIDTH set to

default
else
sound audible alarm
end if
Notes:

Name: CREATE NEW PROJECT

Type: PROCESS
Number: 1.9
Description:

if a project already exist with PROJECT NAME = NEW
PROJECT NAME
then
display error dialogue box
else .
create NEW PRCJECT DETAILS, setting DD DISPLAY VALUE,
DD DELETE VALUE and DFD BORDER VALUE to default values,:
and setting DATE PROJECT CREATED TO current
DATE/TIMESTAMP
set OPEN PROJECT to NEW PRCJECT NAME
create FIRST DFD for project setting DFD NAME to ‘DFD 07,
DATE DFD CREATED to current DATE/TIMESTAMP, DFD SIZE,
DFD WINDOW VIEW and VIEWING SCALE to default values
set OPEN DFD, and TOP DFD VALUE to DFD ID of FIRST DFD
*DISPLAY NEW DFD* indicated by OPEN DFD
end if
Notes:




Name: CREATE NEW UNLINKED D¥D

Type: PROCESS
Number: 1.4.5
Description:

if NAME OF NEW DFD exists in EXISTING DFD NAMES
then
display error dialogue box
else
create NEW DFD, setting DFD NAME to NAME OF NEW DFD
and all other fields to default values
set COPEN DFD to DFD ID of NEW DFD
*DISPLAY NEW DFD* indicated by OPEN DFD
end if

Notes:_

Name: CREATE PROJECT LIST

Type: PROCESS
Number: 1.8.6
Description:

get all EXISTING PROJECT NAMES

sort into alphabetic list

create a PROJECT LIST entry for each PROJECT NAME,
in alphabetic order -

set PORTION VISIBLE to top of list

display PROJECT LIST

initialise SELECTED PROJECT to none selected

Notes:




Name: DELETE ALL ASSOCIATED DATA FLOW END POINTS

Type: SUB-PROCESS
Description:

if the DFD ELEMENT OCCURRENCE is a data flow
then
delete all DATA FLOW END POINT rows where
DATA FLOW ID = DFD ELEMENT ID
else
for each row in DATA FLOW END POINTS where
either SCURCE OBJECT ID or DESTN OBJECT ID =
DFL ELEMENT ID do:
delete DFD ELEMENT OCCURRENCE indicated by DATA FLOW ID
if DD ENTRY indicated by DATA FLOW ID is not
used by any 4fd element, DD ENTRY, or as the
MAIN ENTRY for a DD ENTRY
then .
*DELETE DD ENTRY* for DD ENTRY indicated by
DATA FLOW ID
end if
delete DATA FLOW END POINTS row
end for
end if

Notes:

Deletes unused DD entries of source and cbiject DFD elements.




Name: DELETE ALL ASSOCIATED DATA FLOW END POINTS ONLY

Type: SUB-PROCESS
Description:

if the DFD ELEMENT QCCURRENCE is a data flow
then (* delete connections to source and destn objects *)
for each DATA FLOW END POINT row where
DATA FLOW ID = DFD ELEMENT ID do:
delete DATA FLOW END POINT row (DELETED DFD ELEMENT
END POINTS)
end for
else (* delete all connections and connected data flow
occurrences *)
for each DATA FLOW END POINT row where
either SOURCE OBJECT ID or DESTN QOBJECT ID =
DFD ELEMENT ID do: {(* for all connected data flows *)
delete DFD ELEMENT OCCURRENCE indicated by DATA FLOW ID
(DELETED DFD ELEMENT OCCURRENCE)
deliete DATA FLOW END POINT row (DELETED DFD ELEMENT
END POINTS)

Notes:

Doesn’'t delete unused entries of source or destination ob-
jects.

Name: DELETE ALL OCCURRENCES

Type: PROCESS
Number: 1.6.1.6.4
Description:

find DFD ELEMENT IDs of all occurrences of SELECTED OBJECT
{(EXISTING OCCURRENCES)

*DELETE EXISTING OCCURRENCES*
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:




Name: DELETE ALL OCCURRENCES IN DFD HIERARCHY

Type: PROCESS
Number: 1.6.1.6.2
Description:

find DFD ELEMENT IDs of all occurrences of SELECTED OBJECT

in DFD hierarchy starting at OPEN DFD (EXISTING OCCURRENCES)
*DELETE EXISTING OCCURRENCES*
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:

Name: DELETE ALL OCCURRENCES IN OPEN DFD

Type: PROCESS
Number: 1.6.1.6.3
Description:

find DFD ELEMENT IDs of all occurrences of SELECTED OBJECT
in QOPEN DFD (EXISTING OCCURRENCES)

*DELETE EXISTING CCCURRENCES*

update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:




Name: DELETE ALL UNUSED DD ENTRIES

Type: PROCESS
Number: 1.1.9
Description:

for each DD ENTRY (DB8-D14) do:
if PD ENTRY is not used by any DFD ELEMENT occurrence,
DD ENTRY, or as a MAIN ENTRY for a DD ENTRY
then
*DELETE DD ENTRY*
end if
if one or more entries are deleted
then
update DATE PROJECT LAST AMMENDED
end if
end for

Notes:

Name: DELETE CHILD DFD HIERARCHY

Type: SUB-PROCESS
Description:

for each DFD that is part of the DFD hierarchy
with the root being the DFD that is the
child DFD of the specified process do:
*DELETE DFD ELEMENTS*
if DFD ID = TOP DFD VALUE

then
reset TOP DFD VALUE by setting UPDATED TOP DFD VALUE
to blank
end if

delete DFD DESCRIPTION for DFD (DELETED DFD)
Notes:




Name: DELETE DD ENTRY

Type: SUB-PROCESS
Description:

if DD ENTRY ID appears as an ALIASED FROM DD ID

in ALIAS ENTRY
then (* uses another entry for defn field *}

delete ALIAS ENTRY row
else
*DELETE DD ENTRY HIERARCHY*

Notes:

Even if unused, the MAIN ENTRY for an aliased entry is not
deleted.

Name: DELETE DD ENTRY HIERARCHY

Type: SUB-PROCESS
Description:

for each DD ENTRY associated with this DD ENTRY do:
(* i.e. each DD ENTRY 1D appearing as MAIN ENTRY DD ID in
D17-D21 where component DD ID = current DD ENTRY ID *)
delete usage row
if DD ENTRY indicated by MAIN ENTRY DD ID is not used by any
PFD ELEMENT, DD ENTRY or as MAIN ENTRY for ancother DD ENTRY
then
*DELETE DD ENTRY* indicated by MAIN ENTRY DD ID
end if
end for
delete DD row for DD ENTRY (DELETED ORDERED DD ENTRY}
delete DD entry {DELETED DD ENTRY)
Notes:




Name: DELETE DFD ELEMENTS

Type: SUB-PROCESS
Description:

for each DFD element in the DFD do:
*DELETE CONNECTED DATA FLOW OCCURENCES*
delete the DFD ELEMENT occurrence
(DELETED DFD ELEMENT OCCURRENCE)
if PROJECT DD DELETE VALUE = DELETE
then
if the DD ENTRY indicated by the DFD ELEMENT ID is not
used by any other DFD ELEMENT, DD ENTRY or as a
MATN ENTRY for another DD ENTRY
then
*DELETE DD ENTRY®*
end if
else
delete the DFD ELEMENT occurrence
(DELETED DFD ELEMENT OCCURRENCE)}
end if
end for

Notes:




Name: DELETE DFD HIERARCHY

Type: PROCESS
Number: 1.3.4
Description:

for each DFD that is part of the DFD hierarchy with the root
DFD being the DFD specified in D¥FD, do:
*DELETE DFD ELEMENTS*
if DFD ID = TOP DFD VALUE

then
reset TOP DFD VALUE by setting UPDATED TOP DFD VALUE
to blank
endg if

delete DFD DESCRIPTION for DFD (DELETED DFD)
if root DFD has a parent process
then
create a new DD entry for parent process (NEW ORDERED DD ENTI

end if
end for
reset OPEN DFD
update DATE PROJECT LAST AMMENDED

Notes:




Name: DELETE EXISTING QCCURRENCES

Type: SUB-PROCESS
Description:

if PROJECT DD DELETE VALUE = DELETE
then
for each DFD ELEMENT ID do:
*DELETE ALL ASSOCIATED DATA FLOW END POINTS*
delete DFD ELEMENT occurrence
{DELETED DFD ELEMENT OQCCURRENCE)
if DD ENTRY associated with DFD ELEMENT ID is not
used by an other DFD ELEMENT occurrence, DD ENTRY,
or as MAIN ENTRY for another DD ENTRY
then
*DELETE DD ENTRY™*
end if
end for
else
for each DFD ELEMENT ID do:
*DELETE ALL ASSOCIATED DATA FOW END PQINTS ONLY*
delete DFD ELEMENT occurrence (DELETED DFD ELEMENT OCCURRER(
end for
end if

Notes:




Name: DELETE ONE DD ENTRY

Type: SUB-PROCESS
Description:

if DD entry appears as an ALIASED FROM DD ID entry
in ALIAS ENTRY
then
delete ALIAS ENTRY row
else
for each DP ENTRY ID used by selected
DD ENTRY {(D17-D21}) do:
delete usage row {(DELETED USAGE OF DD ENTRY COMPONENT)
end for
end if
delete DD row {DELETED ORDERED DD ENTRY)
delete DD ENTRY occurrence {(DELETED DD ENTRY)
- update DATE PROJECT LAST AMMENDED to current data/time
{UPDATED DATA PROJECT LAST AMMENDED)

Notes:

Name: DELETE SELECTED DD ENTRY

Type: PROCESS
Number: 1.7.1
Description:

*DELETE ONE DD ENTRY* of entry indicated by SELECTED DD ENTRY ID
delete DD WINDOW indicated by SELECTED DD WINDOW
(DELETED DD WINDOW)
reset SELECTED DD WINDCW
update DATE PROJECT LAST AMMENDED
Notes:




Name: DELETE SELECTED OCCURRENCE ONLY

Type: PROCESS
Number: 1.6.1.6.1
Description:

if PROJECT DD DELETE VALUE = DELETE
then
*DELETE ALL ASSOCIATED DATA FLOW END POINTS*
delete DFD ELEMENT occurrence
(PELETED DFD ELEMENT OCCURRENCE)
if DD ENTRY associated with DFD ELEMENT ID is not
used by an other DFD ELEMENT occurrence, DD ENTRY,
or as MAIN ENTRY for another DD} ENTRY
then
*DELETE DD ENTRY*
end if
else .
for each DFD ELEMENT ID do:
*DELETE ALL ASSOCIATED DATA FOW END POINTS ONLY*
delete DFD ELEMENT occurrence {(DELETED DFD ELEMENT QCCURRENC!
end for
end if
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:

Name: DELETE SELECTED PROJECT

Type: PROCESS
Number: 1.8.7
Description:

delete PROJECT NAME indicated by SELECTED PROJECT from

PROJECT LIST
delete project indicated by SELECTED PROJECT (DELETED PROJECT)

reset SELECTED PROJECT
redisplay PROJECT LIST

Notes:




Name: DISPLAY DFD

Type: SUB-PROCESS
Description:

use OPEN DFD DESC to create DFD title line and to determine
window and viewing scale

use OPEN PROJECT NAME to create bottom title on DFD

use FULL DESC OF ELEMENTS IN DFD to drall all PFD elements

if DFD has a parent process

then

get DFD NUMBER from PROCESS DETAILS to display

end if

Notes:

Name: DRAW/ERASE DFD BORDER OF OPEN DFD

Type: PROCESS
Number; 1.3.8
Description:

if PROJECT DFD BORDER VALUE = NO BORDER
then
erase existing berder for OPEN DFD
else
draw a new border around the perimeter of DFD
indicated by OPEN DFD, ensuring that the ..
border is not shown at those points where
DFD elements lie (as described by DFD ELEMENT
POSITICNS)
end if

Notes:




Name: DUPLICATE SELECTED DATA FLOW

Type: PROCESS
Kumber: 1.6.4.4
Description:

determine objects at end points of DATA FLOW PATH DESCRIPTICN
(END POINT OBJECT IDS) using DFD ELEMENT POSITIONS

if selected data flow (SELECTED OBJECT) has an arg label

then

calculate ARG POSITICON for new data flow occurrence

end if

similarly for data flow name label

create a NEW DF OCCURRENCE setting DATA FLOW DESC to DATA FLOW
PATH DESCRIPTION, LINE WIDTE and NUM ARROWS to values of
selected data flow (SELECTED OBJECT), ARG POSITION and NAME
POSITION to previcusly calculated values

"if SELECTED OBJECT has a dd entry (D3)

then

line NEW DF OCCURRENCE to dd entry

end if

link NEW DF OCCURRENCE to OPEN DFD

create END POINTS OF DUPLICATED DATA FLOW using
END POINT OBJECT IDS

set SELECTED OBJECT to DFD ELEMENT ID of NEW DATA FLOW
OCCURRENCE

update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:




Name: DUPLICATE SELECTED DATA STORE

Type: PROCESS
Number: 1.6.2.6
Description:

if there is rcom for an DATA STORE at
DUPLICATE SCREEN PQOSITION
then
create NEW DATA STORE OCCURRENCE with POSITION set to
DUPLICATE SCREEN POSITION and LINE WIDTH set
to value for SELECTED OBJECT
link NEW DATA STORE OCCURRENCE to QOPEN DFD
if SELECTED OBJECT has a DD ENTRY
then
link NEW DATA STORE OQOCCURRENCE to same DD ENTRY
end if
update DATE PROJECT LAST AMMENDED and
DATE DFD LAST AMMENDED
else
sound audible alarm
end if

Notes:




Name: DUPLICATE SELECTED EE

Type: PROCESS
Number: 1.6.2.3
Description:

if there is room for an EE at DUPLICATE SCREEN POSITION
then
create NEW EE OCCURRENCE with POSITION set to
DUPLICATE SCREEN POSITION and LINE WIDTH set
to value for SELECTED OBJECT
link NEW EE QCCURRENCE to OPEN DFD
if SELECTED OBJECT has a DD ENTRY
then
link NEW BEE QCCURRENCE to¢ same DD ENTRY
end if
update DATE PROJECT LAST AMMENDED and
DATE DFD LAST AMMENDED
else
sound audible alarm
end if

Notes:

Name: EDIT SELECTED DD ENTRY
Type: PROCESS

Number: 1.7.6

Description:

Notes:

Undefined.




Name: ERASE CPEN DFD ELEMENTS

Type: PROCESS
Number: 1.6.1.5
Description:

for each DFD element in OPEN DFD do:

add DD ENTRY ID of element to ERASED ELEMENTS

delete relevant DF END POINTS row

{DELETED DATA FLOW END POINTS)

delete element occurrence {DELETED DFD ELEMENT OCCURRENCE)
end for
if one or more DFD elements were erased

then

update DATA PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

end if

"Notesr

Name: LINK SPECIFIED DFD HIERARCHY TO SELECTED PROCESS

Type: PROCESS
Number: 1.6.3.4
Description:

search for DFD with DFD NAME = SPECIFIED DFD NAME or
parent process PROCESS NUMBER = SPECIFIED DFD NUMBER
if not found -
then
display error dialogue box
else
link selected process (SELECTED OBJECT) to found DFD
update found DFD NAME by setting NEW DFD NAME to
name of selected process (SELECTED PROCESS NAME)
delete process entry from DD (DELETED ORDERED DD ENTRY)
update DATE PROJECT LAST AMMENDED
end if

Notes:




Name: MAKE BACKUP COPY OF SELECTED DD ENTRY

Type: PROCESS
Number: 1.7.2
Description:

copy DD entry indicated by SELECTED OBJECT ID from
database (SELECTED DD ENTRY) to COPY OF SELECTED DD ENTRY

Notes:

Name: MAKE WORKING COPY OF OPEN PROJECT

Type: PROCESS
Number: 1.1.1
Description:

copy PROJECT DATABASE from ORIGINAL MUSSAT DB
(EXISTING PROJECT) for project named as
CPEN PROJECT to CPEN PROJECT DB

Notes:




Name: MODIFY SELECTED OBJECT NAME

Type: PROCESS
Number: 1.6.1.2
Description:

if MODIFIED ELEMENT NAME exists in EXISTING DD ENTRY NAMES
then
display error dialogue box
else
update DD entry name of SELECTED OBJECT in DD
{UPDATED ORDERED DD ENTRY}
update DD entry name in DD entry for SELECTED OBJECT
(UPDATED OBJECT NAME)
if OBJECT TYPE for SELECTED OBJECT is = process
then
if SELECTED OBJECT has a child DFD

. then S
update child DFD NAME by setting UPDATED DFD NAME to

MODIFIED ELEMENT NAME
end if
end if
end if
Notes:

Name: MOVE SELECTED DATA FLOW NAME LABEL

Type: PROCESS
Number: 1.6.4.2
Description:

update NAME POSITION of SELECTED ORBRJECT name label using

SELECTED SCREEN POSITION (UPDATE HAME POSITION)
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:




Name: MOVE SELECTED DATA STCORE

Type: PROCESS
Number: 1.6.2.5
Description:

update position of SELECTED OBJECT using SELECTED SCREEN
POSITION (UPDATED DATA STORE POSITION)

update DATA FLOW DESC of each connected data flow
(UPDATED DATA FLOW DESC)

recalculate and update position of NAME POSITION and ARG POSITION
(UPDATED DATA FLOW LABEL POSITIONS)

update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:

Name: MOVE SELECTED EE

Type: PROCESS
Number: 1.6.2.2
Description:

update position of SELECTED OBJECT using SELECTED SCREEN
POSITION (UPDATED EE POSITION)

update DATA FLOW DESC of each connected data flow
(UPDATED DATA FLOW DESC)

recalculate and update position of NAME POSITICN and ARG POSITION
{UPDATED DATA FLOW LABEL POSITIONS) N

update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:




Name: MOVE SELECTED PROCESS

Type: PROCESS
Number: 1.6.3.3
Description:

update positicn of SELECTED OBJECT using SELECTED POSITION
{UPDATED PROCESS POSITION)
for each connected data flow (CONNECTED DATA FLOW IDS) do:
update DATA FLOW DESC (UPDATED DATA FLOW DESC}
recalculate new positions for name and arg labels
update ARG and NAME POSITION (UPDATED DATA FLOW LABEL POSITIONS)
with calculated positions
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:

Name: MOVE SELECTED WINDOW

Type: PROCESS
Number: 1.5.5
Description:

redraw SELECTED DD WINDOW at position indicated by
SELECTED SCREEN POSITION

update WINDOW POSITION by setting OPEN WINDOW POSITION
to positicon indicated by SELECTED SCREEN POSITION

Notes:




Name: NAME OBJECT WITH EXISTING NAME

Type: SUB-PROCESS
Description:

link DFD ELEMENT CCCURRENCE indicated by
SELECTED OBJECT to DD entry with same name
as ELEMENT NAME
if OBJECT TYPE of SELECTED OBJECT is data flow
then
calculate and update NAME POSITION for SELECTED ORJECT
if DD ENTRY with same name as ELEMENT NAME has a non-blank
ARG NAME
then
calculate and update ARG POSITION for SELECTED OBJECT
end if
end if

Notes:

Name: NAME OBJECT WITH UNIQUE NAME

Type: SUB-PROCESS
Description:

create a NEW DFD ELEMENT DD ENTRY for SELECTED OBJECT
with name = ELEMENT NAME and all other fields set
to default values -

create NEW DD ENTRY using ELEMENT NAME and DD ENTRY ID
of NEW DFD ELEMENT DD ENTRY

if OBJECT TYPE of SELECTED OBJECT = data flow

then

calculate and update NAME POSITION

end if

Notes:




Name: NAME SELECTED OBJECT

Type: PROCESS
Number: 1.6.1.3
Description:

if ELEMENT NAME exists in EXISTING DD ENTRY NAMES & IDS
then
if OBJECT TYPE of SELECTED OBJECT = process
then
display error dialogue box
else
if SELECTED OBJECT is not the same type as the DD entry in
EXISTING DD ENTRY NAMES & IDS
then
display error dialogue box
else
use prompt dialogue box to ask whether to create duplit
if answer = yes
then
*NAME OBJECT WITH EXISTING NAME* using ELEMENT NANM]
update DATE PROJECT LAST AMMENDED and
DATE DFD LAST AMMENDED

end if
end if
end if
else
if ELEMENT NAME exists in ERASED ELEMENTS
then

*NAME CBJECT WITH EXISTING NAME* using ELEMENT NAME
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDI
if OBJECT TYPE of SELECTED OBJECT = process
then ,
delete ELEMENT NAME from ERASED ELEMENTS
end if
else
*NAME OBJECT WITH UNIQUE NAME* using ELEMENT NAME
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED
end if
end if

Notes:




Rame: NUMBER DATA STORE WITH EXISTING NUMBER

Type: SUB-PROCESS
Description:

link SELBCTED ELEMENT to DATA STCRE DD ENTRY with
DATA STORE NUMBER = SPECIFIED DATA STORE NUMBER

Notes:

Name: NUMBER DATA STORE WITH UNIQUE NUMBER

Type: SUB-PROCESS
Description:

create NEW DATA STORE DD ENTRY with DATA STORE NUMBER
set to SPECIFIED DATA STORE NUMBER, all other
fields set to default values

link SELECTED OBJECT to NEW DATA STORE DD ENTRY

Notes:

Name:; OPEN CHILD DFD

Type: PROCESS
Number:1.4.3
Description:

set QPEN DFD to DFD ID of DFD where DFD NUMBER
= PROCESS NUMBER for process indicated by
SELECTED PROCESS ID

*DISPLAY DFD* indicated by OPEN DFD

Notes:




Name: CPEN PARENT DFD

Type: PROCESS
Number: 1.4.4
Description:

set OPEN DFD to DFD ID of parent DFD (PARENT DFD ID)

of SELECTED OBJECT
*DISPLAY DFD* indicated by OPEN DFD

Notes:

Name: OPEN SELECTED PROJECT
Type: PROCESS

Number: 1.8.2

Description:

erase PROJECT LIST from screen
set QOPEN PROJECT to SELECTED PROJECT wvalue

Notes:

Name: OPEN SPECIFIED DFD

Type: PROCESS
Number: 1.4.1
Description:

if DFD specified by either SPECIFIED DFD NAME or
SPECIFIED DFD NUMBER does not exist
then
display error dialogue box
else
set OPEN DFD to DFDR ID of found DFD
*DISPLAY DFD* indicated by OPEN DFD
end if

Notes:




Name: PREPARE DD ENTRY OF SELECTED OBJECT

Type: PROCESS
Number: 1.5.1.4
Description:

*CREATE NEW DD WINDOW* for DFD element indicated
by SELECTED OBJECT ID

Notes:

.Name: PREPARE DD ENTRY SPECIFIED BY NAME

Type: FROCESS
Number: 1.5.1.1
Description:

if SPECIFIED ENTRY NAME contains the wildcard character
then
if a DD entry exists that matches the specified string
in EXISTING DD ENTRY NAMES & IDs
then
*CREATE NEW DD WINDOW* for found entry
else
display error dialogue box
else
if an entry exists that exactly matches SPECIFIED ENTRY NAME
in EXISTING DD ENTRY NAMES & IDS ‘

then
*CREATE NEW DD WINDOW* for found entry
else
display error dialogue box
end if
end if

Notegs:




Name: PRINT CURRENT DFD

Type: PROCESS
Number: 1.2.1
Description:

*PRINT DFD* for DFD indicated by OPEN DFD preoducing
{PRINTED CURRENT DFD)

Notes:

Name: PRINT DFD

Type: SUB-PROCESS
Description:

if PROJECT DFD BORDER VALUE = full
then
format DFD for printing with a border
else
format DFD without a border
end if
print each page of DFD

Notes:




Name: PRINT DFD BALANCING RESULTS

Type: SUB-PROCESS
Description:

print DFD heading as per report mock-up
if DFD has no net flows in
then
print "None" in net flows in column
else
for each net data flow into DFD do:
*PRINT NET FLOWS INTO DFD BALANCING RESULTS*

end for
end if
if DFD has no net flows out
then
print "None" in net flows in column
else

for each net data flow out of DFD do:
*PRINT NET FLOWS OUT OF DFD BALANCING RESULTS*
end for
end if

Notes:




Name: PRINT DFD HIERARCHY

Type: PROCESS
Number: 1.2.4
Description:

if DFD specified as TQP DFD SPECIFIER does not exist in
EXISTING DFD NAMES
then
display error dialogue box
else
get PROJECT NAME & DATES
print header page as per report mock-up
determine DFDS TO REPORT ON using TOP DFD SPECIFIER and
NUMBER OF LEVELS TC REPCRT ON
sort DFD IDS in depth first order
for each DFD ID do:
*PRINT DFD*
end for
end if

Notes:




Name: PRINT NET FLOWS INTO DFD BALANCING RESULTS

Type: SUB-PROCESS
Description:

order names of net data flows into DFD by data flow name
(in the case that not matched with a parent process data flow
in), or on the name of the matched parent process data flow in
for each of these data flows do:
if no match was found
then
print data flow name enclosed in "*"
else
print data flow name
if match was made at sub-data flow level
then
print names of all matched and unmatched
sub-components as per report mock-up
end if
end if
end for

Notes:




KName: PRINT NET FLOWS OUT OF DFD BALANCING RESULTS

Type: SUB-PROCESS
Description:

order names of net data flows out of DFD by data flow name
(in the case that not matched with a parent process data flow
out), or on the name of the matched parent process data flow o
foer each of these data flows do:
if no match was found
then
print data fliow name enclosed in ™*"
else
print data flow pame
if match was made at sub-data flow level
then
print names of all matched and unmatched
sub-components as per report mock-up
end if
end if
end for

Notes:




Name: PRINT PARENT PROCESS BALANCING RESULTS

Type: SUB-PROCESS
Description:

print parent process heading as per report mock-up
if no parent process exists for DFD
then
print "None" in net flows columns as per report mock-up
else
if parent process has no net flows in
then
print "Ncne" in net flows in column
else
sort net flow in names into alphabetic order
for each net flow in do:
if a match was found in child DFD
then .
print data flow name
else
pPrint data flow name enclosed in
"x" to indicate no match
end if
end for
end if
if parent process has no net flows out
then
print "None" in net flows out column
else
sort net flow out names into alphabetic order
for each net flow out do:
if a match was found in child DFD
then
print data flow name
else
print data flow name enclosed in
"x" tp indicate no match
end if
end for
end if
end if

Notes:




Name: PRODUCE DFD BALANCING REPORT

Type: PROCESS
Number: 1.2.6
Description:

if DFD specified as TOP DFD SPECIFIER does not exist in
EXISTING DFD NAMES
then
display error dialogue box
else
retrieve PROJECT NAME & DATES
print heaer page as per report mock-up
determine DFDS TO REPORT ON using TOP DFD SPECIFIER and
NUMBER OF LEVELS TC REPORT ON
sort DFD IDS in depth first order
for each DFD ID do:
*BAIANCE FLOWS INTC PARENT PROCESS WITH NET FLOWS
INTO DFD*
*BALANCE FLOWS OUT OF PARENT PROCESS WITH NET FLOWS
QUT OF DFD*
*PRINT PARENT PROCESS BALANCING RESULTS*
*PRINT DFD BALANCING RESULTS*
end if

Notes:




Name:

Type:

PRODUCE DFD STATISTICS REPORT

PROCESS

Number: 1.2.5
Description:

if DFD specified as TOP DFD SPECIFIER does not exist in

EXISTING DFD NAMES

then
display error dialogue box

else
get PROJECT NAME & DATES
print header page as per report mock-up
determine DFDS TO REPORT ON using TOP DFD SPECIFIER and

NUMBER OF LEVELS TO REPQRT ON

sort DFD IDS in depth first order
for each DFD indicated in sorted DFDS TO REPORT ON do:
-retrieve DFD DETAILS

en
end if

Notes:

print DFD header as per report mock-up
retrieve IDS OF ALL ELEMENTS IN DFD
reset all totals
for each element in DFD do:
if the DFD element is named (i.e. an associated DD entry
exists)
then
if the associated name has not already been counted
then
add 1 to appropriate DFD element count
end if
else
an unnamed element has been found
end if
end for
print totals as per report mock-up
if all elements were named
then
print “All DFD elements included."
else
print "Unnamed DFD elements found and not included."
d for




Name: PRODUCE FULL DFD DD ENTRIES REPORT

Type: PROCESS
Number: 1.2.2.,1.1
Description:

if DFD specified as TOP DFD SPECIFIER does not exist in
EXISTING DFD NAMES
then
display error dialogue box
else
retrieve PROJECT NAME & DATES
print header page as per report mock—up
determine DFDS TO REPORT ON using TCOP DFD SPECIFIER and
NUMBER OF LEVELS TQ REPORT ON (DFDS TO REPORT ON}
retrieve the names of all named DFD elements within these DFDS
except the names of non-leaf level processes
(DFD ELEMENT NAMES)
sort names into alphabetic order, removing duplicates
for each DFD ELEMENT NAME do:
*RETRIEVE FULL DD ENTRY DETAILS FCR PRINTING*
print formatted entry

end for
if any unnamed elements were found in any of the DFDS TO REPORS
then
print "Unnamed DFD element (s) found and not included.”
end if
end if

Notes:




Name: PRODUCE FULL PRINTED DD ENTRIES REPORT

Type: PROCESS
Number: 1.2.2.3.1
Description:

if a wildcard character is not used in START NAME and
a matching DD ENTRY NAME is not found in
EXISTING pD ENTRY NAMES & IDS

then

display error dialogue box
elge

if a wildcard character is used

then
find first matching DD ENTRY NAME in
EXISTING DD ENTRY NAMES & IDS
end if

retrieve PROJECT NAME & DATES

print header page as per report mock-up

for each DD ENTRY NAME in EXISTING DD ENTRY NAMES & IDS repeat:
*RETRIEVE FULL DD ENTRY DETAILS FOR PRINTING*
print formatted entry

until FINISH NAME entry is printed or end of DD ENTRY NAMES & !

is reached
end if

Notes:




Name: PRCDUCE SUMMARY UNUSED ENTRIES REPORT

Type: PROCESS
Number: 1.2.2.2.1
Description:

if a wildcard character is not used in START NAME and
a matching DD ENTRY NAME is not found in
EXISTING DD ENTRY NAMES & IDS

then

display error dialogue box
else

if a wildcard character is used

then
find first matching DD ENTRY NAME in
EXISTING DD ENTRY NAMES & IDS
end if

for each DD ENTRY NAME in EXISTING DD ENTRY NAMES & IDS do: -
if entry is not used as the main entry of another dd entry,
and has no asociated DFD elements and is not used in the

definition field of any other DD entry
then

*RETRIEVE SUMMARY DD ENTRY DETAILS FOR PRINTING*

print formatted entry
end if
end if

Notes:




Name: PRODUCE FULL DFD DD ENTRIES REPORT

Type: PROCESS
Number: 1,2.2.2.2
Description:

if DFD specified as TOP DFD SPECIFIER does not exist in
EXISTING DFD NAMES
then
display error dialogue box
else
retrieve PROJECT NAME & DATES
print header page as per report mock-up
determine DFDS TO REPORT ON using TOP DFD SPECIFIER and
NUMBER OF LEVELS TO REPORT ON (DFDS TO REPORT ON)
retrieve the names of all named DFD elements within these DFDS
except the names of non-leaf level processes
"{DFD ELEMENT NAMES)
sort names into alphabetic order, removing duplicates
for each DFD ELEMENT N2ME do:
*RETRIEVE FULL DD ENTRY DETAILS FOR PRINTING*
print formatted entry

end for
if any unnamed elements were found in any of the DFDS TO REPOR-
then
print "Unnamed DFD element (s) found and not included."
end if
end if

Notes:




Name: PRODUCE FULL MAIN & SUB ENTRIES REPORT

Type: PROCESS
Number: 1.2.2.4.1
Description:

if MAIN ENTRY NAME does not exist in EXISTING DD ENTRY NAMES
then
display error dialogue box

else
retrieve the names of all DD entries that are components

of, or are components of the MAIN ENTRY NAME (i.e. the
specified MAIN ENTRY NAME has an alias)
do this recursively for each entry used by each of these
compeonents, and so forth (EXISTING DD ENTRY NAMES)
sort names into alphabetic sequence
print "MAIN ENTRY" heading as per report mock—up
*RETRIEVE FULL DD ENTRY DETAILS FOR PRINTING* for MATIN ENTRY NI
print formatted entry
print T"SUBORDINATE ENTRIES™ heading as per report mock—up
for each DD ENTRY NAME in EXISTING DD ENTRY NAMES do:
*RETRIEVE FULL DD ENTRY DETAILS FOR PRINTING*
print formatted entry
end for
end if

Notes:




Name: PRODUCE SUMMARY MAIN & SUB ENTRIES REPORT

Type: PROCESS
Number: 1.2.2.4.2
Description:

if MAIN ENTRY NAME does not exist in EXISTING DD ENTRY NAMES
then
display error dialogue box
else
retrieve the names of all DD entries that are compenents
of, or are components of the MAIN ENTRY NAME (i.e. the
specified MAIN ENTRY NAME has an alias)
do this recursively for each entry used by each of these
components, and so forth (EXISTING DD ENTRY NAMES)
sort names into alphabetic sequence
print "MAIN ENTRY" heading as per report mock-up
*RETRIEVE SUMMARY DD ENTRY DETAILS FOR PRINTING* for MAIN ENTR:
print formatted entry
print "SUBORDINATE ENTRIES"™ heading as per report mock-up
for each DD ENTRY NAME in EXISTING DD ENTRY NAMES do:
*RETRIEVE SUMMARY DD ENTRY DETAILS FOR PRINTING*
print formatted entry
end for
end if

Notes:




Name: PRODUCE SUMMARY PRINTED DD ENTRIES REPORT

Type: PROCESS
Number: 1.2.2.3.2
Description:

if a wildcard character is not used in START NAME and
a matching DD ENTRY NAME is not found in
EXISTING DD ENTRY NAMES & YDS

then

display error dialogue box
else

if a wildcard character is used

then
find first matching DD ENTRY NAME in
EXISTING DD ENTRY NAMES & IDS
end if

retrieve PROJECT NAME & DATES

print header page as per report mock-up

for each DD ENTRY NAME in EXISTING DD ENTRY NAMES & IDS repeat:
*RETRIEVE SUMMARY DD ENTRY PETAILS FOR PRINTING*
print formatted entry

until FINISH NAME entry is printed or end of DD ENTRY NAMES &

is reached
end if

Notes:




Name: PRODUCE SUMMARY UNUSED ENTRIES REPORT

Type: PROCESS
Number: 1.2.2.2.1
Description:

if a wildcard character is not used in START NAME and
a matching DD ENTRY NAME is not found in
EXISTING DD ENTRY NAMES & IDS

then

display error dialogue box
else _

if a wildcard character is used

then
find first matching DD ENTRY NAME in
EXISTING DD ENTRY NAMES & IDS
end if

for each DD ENTRY NAME in EXISTING DD ENTRY NAMES & IDS do:
if entry is not used as the main entry of another dd entry,
and has noc asociated DFD elements and is not used in the

definition field of any other DD entry
then

*RETRIEVE SUMMARY DD ENTRY DETAILS FOR PRINTING*

print formatted entry
end if
end if

Notes:




Name: PRODUCE UNDEFINED ELEMENTS REPORT

Type: PROCESS
Number: 1.2.7
Description:

if DFD specified as TOP DFD SPECIFIER does not exist in
EXISTING DFD NAMES
then
display error dialogue box
else
retrieve PROJECT NAME & DATES
print header page as per report mock-up
determine DFDS TO REPORT ON using TOP DFD SPECIFIER and
NUMBER OF LEVELS TO REPORT ON
scrt DFD IDs in depth first order
for each DFD ID do:
.retrieve DFD NAME (NAME OF EXISTING DFD)
retrieve PARENT PROCESS NUMBER {(if one exists)
print DFD heading as per report mock-up
retrieve the names of all DFD elements within the DFD that
are not named and have a blank DEFN field and are not
the parent process of a child DFD
sort these names into alphabetic order
print names as per report mock-up
end for
end if
Notes:




Name: PRODUCE UNNAMED ELEMENTS REPCORT

Type: PROCESS
Number: 1.2.3
Description:

if DFD specified in TOP DFD SPECIFIER does not exist in
EXISTING DFD NAMES
then
display error dialogue box
else
print header page as per report mock-up
determine DFDS TO REPORT ON using TOP DFD SPECIFIER and
NUMBER OF LEVELS TO REPORT ON
sort DFD IDS in depth first order
for each DFD ID in sorted DFDS TO REPORT ON do:
retrieve IDS QF ALL ELEMENTS IN DFD
reset all totals and sub-totals
for each DFD ELEMENT ID do:
depending on the type of DFD element:

process, EE or data store:
if no assocliated DD ENTRY exists
then
add 1 te number of unnamed processes, El
or data stores
end if
data flows: if no assocliated DATA FLOW DD ENTRY exists
then
get. DATA FLOW END POINT IDS for
PATA FLOW OCCURRENCE
if either SOURCE or DESTN OBJECT ID
indicates a connected data sotre
then :
add 1 to unnamed data flows to/from
data stores
else
add 1 to other unnamed data stores
end if
end if
end depending
add together all unnamed DFD element totals to give grand t
print results as per report mock—up

end if
then
add 1 to number of unnamed EEs
end if -
data store: if no assocaited DATA STORE DD ENTRY exists
then
add

Notes:




Name: REDRAW SELECTED DATA FLOW

Type: PROCESS
Number: 1.6.4.3
Description:

determine objects at end points of DF PATH DESCRIFTION
{END POINT OBJECT IDS) using DFD ELEMENT POSITIONS
calculate new ARG POSITION and/or NAME POSITION for
selected data flow on DATA FLOW PATH DESC
update calculated label positions and
DATA FLOW PATH DESCRIPTION for DATA FLOW OCCURRENCE
update DATA FLOW END POINTS for selected data flow using
NEW END POINT OBJECT IDS
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:

Name: REFORMAT ALL DD WINDOHWS

Type: PROCESS
Number: 1.5.8
Description:

if PROJECT DD DISPLAY VALUE = FULL
then
for each DD WINDOW in OPEN DD WINDOWS do:
*REFORMAT TO FULL DD ENTRY FOR DISPLAY*
npdate FORMATTED DD ENTRY TEXT in DD WINDOW
with reformatted DD ENTRY TEXT
redisplay DD WINDOW
else
for each PD WINDOW in OPEN DD WINDOWS do:
*REFORMAT TO SUMMARY DD ENTRY FOR DISPLAY*
update FORMATTED DD ENTRY TEXT in DD WINDOW
with reformatted DD ENTRY TEXT
redisplay DD WINDOW

Notes:

Will be used when the user changes PROJECT DD DISPLAY VALUE
and there are one or more DD entry windows open.




Name: REFORMAT TO FULL DD ENTRY FOR DISPLAY

Type: SUB-PROCESS
Description:

if the DD entry is a DFD element
then :
for each occurrence of the DFD element (D4-D7}) do:
retrieve and format QCCURRENCE DETAILS
end if
if the DD entry is a data flow or any other non-DFD element
then
retrieve and format the names of all DD entries that use
this entry
end if

Notes:

Name: REFCORMAT TO SUMMARY DD ENTRY DD DISPLAY

Type: SUB-PROCESS
Description:

delete all occurrence and usage details from the
DD WINDOW

Notes:




Name: RENAME DFD

Type: PROCESS
Number: 1.3.2
Description:

if NEW DFD NAME already exists in EXISTING DFD NAMES
then
display error dialogue box
else
update DFD NAME by setting UPDATED DFD NAME to
NEW DFD NAME for DFD indicated by OFEN DFD
if DFD indicated by OPEN DFD has a parent process
then
update PROCESS NAME of parent process by setting
the value of UPDATED PARENT PROCESS NAME to
NEW DFD NAME
end if :
update DATA PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED
end if

Notes:

Name : RENAME PROJECT

Type: PROCESS
Number: 3.8.4
Pescription:

get names of all existing projects (EXISTING
PROJECT NAMES)
if NEW PROJECT NAME exists in EXISTING PRCOJECT NAMES
then
digplay error dialogue box
else
update PROJECT name to NEW PROJECT NAME
{UPDATED PROJECT NAME) in CRIGINAL MUSSAT DB
and PROJECT LIST
redisplay PROJECT LIST
end if
Notes:




Name: RENUMBER DATA STORE

Type: SUB-PRCCESS
Description:

update DATA STORE NUMBER of DATA STORE DD ENTRY
associated with SELBCTED OBJECT to
SPECIFIEC DATA STORE NUMBER (UPDATED DATA
STCRE NUMBER)

Notes:




Name: (RE) NUMBER SELECTED DATA STORE

Type: PROCESS
Number: 1.6.2.7
Description:

if no DATA STORE DD ENTRY exists for
SELECTED COBJECT
then
if SPECIFIED DATA STORE NUMBER does not
exist in EXISTING DATA STORE NUMBERS
then
*NUMBER DATA STORE WITHE UNIQUE NUMBER*
update DATE PROJECT LAST AMMENDED and
DATE DFD LAST AMMENDED
else
if ID of DATA STORE DD ENTRY with
matching number exists in ERASED ELEMENTS
then
*NUMBER DATA STORE WITR EXISTING NUMBER*
update DATE PROJECT LAST AMMENDED and
DATE DFD LAST AMMENDED
else
use a prompt dialogue box to ask whether to
create a duplicate
if answer = yes
then
*NUMBER DATA STORE WITH EXISTING NUMBER*
end if
end if
end if
else (* already named and/or numbered *)
if SPECIFIED DATA STORE NUMBER exists in
EXISTING DATA STORE NUMBERS
then
dislay error dialogue box
else
*RENUMBER DATA STORE*
end if
Notes:




Name: (RE)NUMBER SELECTED PROCESS

Type: PROCESS
Number: 1.6.3.2
Description:

get the PROCESS NUMBER of all processes in OPEN DFD
other than SELECTED OBJECT (OPEN DFD PROCESS
NUMBERS)
if no existing PROCESS NUMBER ends in the same digit
as specified in NEW PROCESS NUMBER
then
update PROCESS NUMBER of SELECTED OBJECT by
replacing last digit of existing
PROCESS NUMBER with NEW PRQCESS NUMBER
(UPDATED PROCESS NUMBER)
else
display error dialogue box
end if

Notes:

Name: REPLACE OPEN PROJECT WITH SAVED VERSION

Type: PROCESS
Number: 1.1.6
Description:

copy project indicated by OPEN PROJECT (EXISTING PROJECT)
from ORIGINAI MUSSAT DB to OPEN PROJECT DB
Notes:




Name: RESET EDIT ENTRY
Type: PROCESS

Number: 1.7.8
Description:

reset EDIT ENTRY
remove "E" from SELECTED DD WINDOW close box

Notes:

Name: RESTORE SAVED VERSION. OF DD ENTRY

Type: PROCESS
Number: 1.7.3
Description:

copy COPY OF SELECTED DD ENTRY back to DD entry indicated

by SELECTED DD ENTRY ID (RESTORED DD ENTRY)
reformat window contents (UPDATED WINDOW CONTENTS)

Notes:




Name: RETRIEVE FULL DD ENTRY DETAILS FOR DISPLAY

Type: SUB-PROCESS
Description:

retrieve and format DD ENTRY DETAILS for specified entry
if DD entry is a DFD element entry
then
retrieve and format OCCURRENCE DETAILS and
APPEARS IN DFD NAME for each occurrence
end if
if DD entry is a data flow, or non-DFD element entry
then
retrieve and format names ¢f all DD entries that
use this entry in defn fields and as MAIN ENTRY
end if

Notes:

Name: RETRIEVE FULL DD ENTRY DETAILS FOR PRINTING

Type: SUB-PROCESS
Description:

retrieve and format DD ENTRY DETAILS for specified entry
if DD entry is a DFD element entry
then
retrieve and format OCCURRENCE DETAILS and
APPEARS 1IN DFD NAME for each occurrence
end if
if DD entry is a data flow, or non-DFD element entry
then
retrieve and format names of all DD entries that
use this entry in defn fields and as MAIN ENTRY
end if

Notes:




Name: RETRIEVE SUMMARY DD ENTRY DETAILS FOR DISPLAY

Type: SUB-PROCESS
Description:

retrieve and format DD ENTRY DETAILS for
specified DD entry

Notes:

Name: RETRIEVE SUMMARY DD ENTRY DETAILS FOR PRINTING

Type: SUB-PROCESS
Description:

retrieve and format DD ENTRY DETAILS for
specified DD entry

Notes:

Name: SAVE WORKING COPY QOF CPEN PROJECT
Type: PRCOCESS

Number: 1.1.10

Description:

replace PROJECT DATABASE of OPEN PROJECT in
ORIGINAL MUSSAT DB with OPEN PROJECT DB (EXISTING PROJECT)

Notes:




Name: SCROLIL DFD

Type: PROCESS
Number: 1.3.3
Description:

update DFD WINDOW VIEW by recalculating visible postion
of DFD using NEW HORIZ SCROLL BOX POSITION or
NEW VERT SCROLL BOX POSITION and DFD ZOOM LEVEL values
(UPDATED DFD WINDOW VIEW)

Notes:

Name: SCROLL PROJECT LIST

Type: PROCESS
Number: 1.8.5
Description:

redisplay PROJECT LIST s¢ that the portion of
PROJECTLIST indicated by NEW VERT SCROLL BOX
POSITION is displayed

update PORTION VISIBLE to values indicated by
NEW VERT SCROLL BOX POSITION (UPDATED PORTION
VISIBLE)

Notes:




Name: SCROLL SELECTED DD ENTRY WINDOW

Type: PROCESS
Number: 1.5.7
Description:

redisplay SELECTED DD WINDOW so that the portion
of FORMATTED DD ENTRY TEXT or BERRCORS LISTING
indicated by NEW VERT SCROLL BOX POSITION is
displayed '

update EDIT ERRORS WINDOW VIEW or DD WINDOW VIEW
by setting UPDATED WINDOW. VIEW to value
indicated by NEW VERT SCROLL BOX POSITICN

Notes:

Name: SELECT DD WINDOW

Type: PROCESS
Number: 1.5.4
Description:

set SELECTED DD WINDOW to WINDOW ID of
window indicated by SELECTED SCREEN POSITION
{CORRESPONDING WINDOW ID)
bring window to front and display with hightlighted
window frame

Notes:




Name: SELECT DFD OBJECT

Type: PROCESS
Number: 1.6.5
Description:

determine ID of object located at SELECTED
SCREEN POSITION :
if no SELECTED SCREEN POSITION is unoccupied
then
reset SELECTED OBJECT
else
set OBJECT ID to ID of selected object
if object is a data flow
then
if SELECTED SCREEN PQSITICON indicates the
data flow name label
then :
set OBJECT TYPE to name label
else
if SELECTED SCREEN PCSITION indicates
the arg label

then
set OBJECT TYPE to arg label
end if
end if
end if
highlight selected object
end if
Notes:

Name: SELECT PROJECT FROM PROJECT LIST

Type: PROCESS
Number: 1.8.1
Description:

find PROJECT NAME in PROJECT LIST that

corresponds to SELECTED SCREEN POSITICN
set SELECTED PROJECT to PROJECT NAME selected

Notes:




Name: SET EDIT ENTRY

Type: PRCCESS
Number: 1.7.7
Description:

set EDIT ENTRY to WINDOW ID of SELECTED DD WINDOW
display "E" in SELECTED DD WINDOW close box

Notes:

Name: SPECIFY DATA FLOW ARGUMENT

Type: PROCESS
Number: 1.6.4.6
Description:

if DD entry associated with SELECTED OBJECT does not
have a ARG NAME
then
for each occurrence of selected data flow (DATA FLOW
OCCURRENCE IDS) do:
calculate position for the new arg label
using SELECTED DATA FLOW DESC
set UPDATED ARG POSITION to calculated pesition
end for
end if
update ARG NAME by setting UPDATED DATA FLOW ARG to
NEW DATA FLOW ARGUMENT (UPDATED DATA FLOW ARG)
update DATE PROJECT LAST AMMENDED and DATE DFD LAST AMMENDED

Notes:




Name: UNLINK DFD HIERARCHY FROM SELFECTED PROCESS

Type: PROCESS
Number: 1.6.3.5
Description:

if UNLINKED DFD NAME exists in EXISTING DFD MNAMES
then
display error dialogue box
else
update DFD NAME of child DFD of selected process
(SELECTED OBJECT) by setting UFDATED CHILD DFD
NAME to UNLINKED DFD NAME
unlink selected process (SELECTED OBJECT) and
child DFD
create a DD entry for process (NEW ORDERED DD ENTRY)
update DATE PROJECT LAST AMMENDED
end if

Notes:

Name: UNSELECT DD WINDOW

Type: PROCESS
Number: 1.5.6
Description:

display SELECTED DD WINDOW with unhighlighted

window frame
raset SELECTED DD WINDOW

Notes:




Name: UNSELECT OBJECT
Type: PRCOCESS

Number: 1.6.6
Description:

unhighlight SELECTED OBJECT
reset SELECTED OBJECT

Notes:

Name: UPDATE DB TO REFLECT EDITS

Type: SUB-PROCESS
Description:

if ALIAS field has been changed

then
*ACTION EDITED ALIAS FIELD*
end if
if definition field has been changed
then
if entry is not a DATA ELEMENT DD ENTRY
then
*ACTION EDITED DEFN FIELD*
end if
end if

update DD entry indicated by EDIT ENTRY
with new version (UPDATED SELECTED DD ENTRY)

update DATE PROJECT LAST AMMENDED to current DATE/TIMESTAMP
(UPDATED DATE PROJECT LAST AMMENDED)

Notes:

Example MUSSAT Reports

The following report mock-ups are based on the order pro-

cessing example introduced in Chapter 2.



DD Contents Report as at 6/1/87 10:30 am

Project: Order Processing Example
Date created: 31/5/86 12:.07 pm
Date last ammended: 5/1/87 10:35 am

Starting entry: "A"
Ending entry: "CUST*"
Entry format: full

page



DD Contents Report as at 6/1/87 10:30 am page

Data structure name: ADDRESS-LINE
Currency: used

See alias entry:

Aliases:

Volume:

Definition: {ALPHA-CHAR]} 30

Notes: One line of an address.

Component of: CUSTOMER-POSTAL-ADDRESS

Process name: CHECK CUSTOMER DETAILS
number: 1
Process type: '
Definition: read CUSTOMER-DETAILS from CUSTOMERS using
CUSTOMER-IDENTIFIER
if not found
then invalid CUSTOMER-IDENTIFIER
else
check that CUSTOMER-CREDIT-RATING is ok
if ok

then set CUSTOMER-NUM to CUSTOMER-IDENTIFIER.

Notes: Checks that a valid CUSTOMER-IDENTIFIER is given and that
the customer doesn't have a blacklisted credit rating.

Appears in: PROCESS ORDERS

Flows in: CUSTOMER-DETAILS, CUSTOMER-IDENTIFIER

Flows out: CUSTOMER-NUM




DD Contents Report as at 6/1/87 10:30 am page

Process name: CHECK ORDER

Process number: 2

Process type:

Definition: child dfd defined

Notes:

Appears in: PROCESS ORDERS

Flows in: ORDER-DETAILS, PART-DESC

Flows out: OUT-OF-STOCK-BREPORT, VALID-ORDER-DETAILS

Process name: CHECK PART NUM
number: 2.1

Currency: used

Process type:

Definition: ~

Notes: Checks that a part number as specified by a customer
in an order is an existing part number.

Appears in: CHECK ORDER

Flows in: CUST-PART-NUM, PART-NUM

Flows out: VALID-PART-NUM

Process name: CHECK QTY AVAILABLE
number: 2.3
Currency: used
Process type:
Definition: read QTY-ON-HAND from PARTS using VALID-PART-NUM
if QTY-ORDERED <= QTY-ON-HAND
then set QTY-SUPPLIED to VALID-QTY-ORDERED
else set QTY-NOT-SUPPLIED to VALID-QTY-ORDERED.
Notes:
Appears in: CHECK ORDER
Flows in: QTY-ON-HAND, VALID-PART-NUM, VALID-QTY-ORDERED
Flows out: INSUFFICIENT-STOCK-DETAILS, VALID-ORDER-DETAILS




DD Contents Report as at 6/1/87 10:30 am page

Process name: CHECK QTY ORDERED
Process number: 2.2

Process type:

Definition:

Notes:

Appears in: CHECK ORDER

Flows in: QTY-ORDERED

Flows out: VALID-QTY-ORDERED

Data fiow name: CUST-PART-NUM
Currency: used
See alias enfry: PART-NUM
Aliases:
Data flow type:
Volume:
Definition:
Notes: A part number as specified by the customer, on a
received order,
Appears in: [1] CHECK ORDER
Source:
Destination: CHECK PART NUM
Component of: ORDER-LINE

External entity hame: CUSTOMER

Notes:
Appears in:  [1] CONTEXT DFD
Flows in:
Flows out: ORDER
[2] CONTEXT DFD

Flows in: INVOICE, QUT-OF-STOCK-REPORT
Flows out:



DD Contents Report as at 6/1/87 10:30 am page

[3] PROCESS ORDERS
Fiows in: INVOICE, OQUT-OF-STOCK-REPORT
Flows out: CUSTOMER-IDENTIFIER, ORDER-DETAILS

Data structure name: CUSTOMER-ADDRESS

Currency: used

See alias entry:

Aliases:

Volume:

Definition: 1 {ADDRESS-LINE} 5

Notes: ‘ '

Component of: CUSTOMER-POSTAL-ADDRESS, CUSTOMER-RECORD

Data flow name: CUSTOMER-DETAILS
See alias entry:
Aliases:
Data flow type:
Volume:
Definition: CUSTOMER-NAME + CUSTOMER-IDENTIFIER +
CUSTOMER-CREDIT-RATING
Notes:
Appears in:  [1] PROCESS ORDERS
Source: CUSTOMERS
Destination: CHECK CUSTOMER DETAILS
Component of: CUSTOMERS

Data flow name: CUSTOMER-IDENTIFIER
Currency: used

See alias entry:

Aliases:

Data flow type:

Volume:

Definition: 1 {digit} 4

Notes:



Unnamed DFD Elements Repott as at 7/1/87 9:22 am

Project: Order Processing Example
Date created: 31/5/86 12:07 pm
Date last ammended: 5/1/87 10:35 am

Starting DFD: 0 "PROCESS ORDERS"
Number of additional levels: all

page



DD Contents Report as at 6/1/87 10:30 am page

Appearsin: [1] PROCESS ORDERS

Source: CUSTOMER

Destination: CHECK CUSTOMER DETAILS
Component of: CUSTOMER-DETAILS

Data flow name: CUSTOMER-NAME
See alias entry:

Aliases:

Data flow type:

Volume:

Definition: 1 {ALPHA-CHAR} 30
Notes:

Appears in:

Component of: CUSTOMER-DETAILS

Data flow name: CUSTOMER-POSTAL-ADDRESS

Currency: used

See alias entry:

Aliases:

Data flow type:

Volume:

Definition: CUSTOMER-ADDRESS

Notes:

Appears in: [1] PROCESS ORDERS
Source: CUSTOMER
Destination: PRODUCE INVOICE

Component of:

Data structure name: CUSTOMER-RECORD
See alias entry:

Aliases:

Volume:



DD Contents Report as at 6/1/87 10:30 am page

Definition: CUSTOMER-DETAILS + CUSTOMER-ADDRESS

Notes:
Component of: CUSTOMERS

4

Data store name: CUSTOMERS
number:
search arguments:

See alias entry:
Aliases:
Organisation:
Definition: {CUSTOMER-RECORD}
Notes:
Appearsin: [1] PROCESS ORDERS

Flows in:

Flows out: CUSTOMER-DETAILS,

CUSTOMER-POSTAL-ADDRESS




Unnamed DFD Elements Report as at 7/1/87 9:22 am
DFD 0: "PROCESS ORDERS"

Undefined DFD element totals by element type:

Data flows
to/from data stores: 2
other: 1
Data stores: 1
External entities: 0
Processes: | 1

Total: 5

DED 2: "CHECK ORDER™

Undefined DFD element totals by element type:

Data flows
to/frocm data stores: 0
other: 0

Data stores:

External entities: 0

Processes: 0

Total: 0

page



DD Main and Sub Entries Report as at 7/1/87 9:00 am page

Project: Order Processing Example
Date created: 31/5/86 12:07 pm
Date last ammended: 5/1/87 10:35 am

Main entry: "PARTS"
Entry format: summary



DD Main and Sub Entries Report as at 7/1/87 9:00 am page

Main entry:

Data store name: PARTS
number:

See alias entry:

Aliases:

Organisation:

Definiton: {PART}

Notes:

-Subordinate entries:

Data element name: CENTS-AMOUNT

See alias entry:
Values & meaning: 0 <= DOLLAR-AMOUNT <= 99 = valid range

Notes:

Data element name: DOLLAR-AMOUNT

See alias entry:
Values & meaning: 0 <= DOLLAR-AMOUNT <= 9 999 999 = valid range

Notes:

Data structure name: DOLLAR-VALUE

See alias entry:

Aliases:

Volume:

Definition: DOLLAR-AMOUNT + CENTS-AMOUNT
Notes:

Data structure name: PART

Currency: used

See alias entry:

Aliases:

Volume:

Definition: {PART-NUM + QTY-ON-HAND + UNIT-PRICE + PART-NAME}



DD Main and Sub Entries Report as at 7/1/87 2.00 am page

Notes:

Unknown type name: PART-NAME
Currency:

See alias entry:

Aliases:

Definition:

Notes:

Data structure name: PART-NUM

_Currency: used

See alias entry:

Aliases: CUST-PART-NUM, VALID-PART-NUM
Volume:

Definition: 1 {DIGIT} 6

Notes:

Data element name: QTY-ON-HAND
Currency: used
See alias entry:
Aliases:
Values & meanings: > 0 = in stock
< 10 = reorder level
<= 5 = danger level
Notes:

Data structure name: UNIT-PRICE

See alias entry:

Aliases:

Volume:

Definition: DOLLAR-VALUE

Notes: Per-unit price of an item in stock - excluding GST.




DD Main and Sub Entries Report as at 7/1/87 9:00 am page



DFD Balancing Report as at 6/1/87 10:02 am

Project: Order Processing Example
Date created: 31/5/86 12:07 pm
Date lfast ammended: 5/1/87 10:35 am

Starting DFD: "Context DFD"
Number of additional levels: all

page



DFD Balancing Report as at 6/1/87 10:02 am page

DED: "CONTEXT DFD"
PARENT PROCESS: none

DFD:

NET FLOWS IN NET FLOWS QUT
None None

DFED 0: "PROCESS-ORDERS™

PARENT PROCESS:

FLOWS IN FLOWS OUT
ORDER INVOICE
OUT-OF-STOCK-REPORT
DFD:
NET FLOWS IN NET FLOWS OUT
ORDER INVOICE

. "ORDER-ADDRESS® OUT-OF-STOCK-REPORT
*ORDER-DATE"
ORDER-DETAILS

Incompletely specified elements found and not included.



DFD Balancing Report as at 6/1/87 10:02 am

DED NUMBER 2: "CHECK-ORDER"

PARENT PROCESS:

FLOWS IN

ORDER-DETAILS
PART-DESC

DFD:

NET FLOWS IN

ORDER-DETAILS
*CUST-ORDER-DATE"
CUST-PART-NUM
*CUST-POSTING-ADDRESS*
QTY-ORDERED

PART-DESC
*PART-NAME*

PART-NUM
QTY-ON-HAND
UNIT-PRICE

All DFD elements included.

page

FLOWS OUT

OUT-OF-STOCK-REPORT
VALID-ORDER-DETAILS

NET FLOWS OUT

OUT-OF-STOCK-REPORT
VALID-ORDER-DETAILS



DFD DD Entries Report as at 6/1/87 11:00am page

Project: Order Processing Example
Date created: 31/5/86 12:07 pm
Date last ammended: 5/1/87 10:35 am

Starting DFD: 2 "CHECK ORDER"
Number of additional levels: 0
Entry format: summary

Unnamed DFD elements found and not included.



DFD DD Entries Report as at 6/1/87 11:00am page

Process name: CHECK PART NUM

Process number: 2.1

Process type:

Definition:

Notes: Checks that a part number as specified by a customer
in an order is an existing part number.

Process name: CHECK QTY AVAILABLE
Process number: 2.3
Process type: _
Definition: read QTY-ON-HAND from PARTS using VALID-PART-NUM
if QTY-ORDERED <= QTY-ON-HAND
then set QTY-SUPPLIED to VALID-QTY-ORDERED
else set QTY-NOT-SUPPLIED to VALID-QTY-ORDERED.
Notes:

Process name: CHECK QTY ORDERED
Process number: 2.2

Process type:

Definition:

Notes:

Data flow name: CUST-PART-NUM

See alias entry: PART-NUM

Aliases:

Data flow type:

Volume:

Definiton:

Notes: A part number as specified by the customer,
on a received order.




DFD DD Entries Report as at 6/1/87 11:00am page

Data flow name: INSUFFICIENT-STOCK-DETAILS
See alias entry:

Aliases:

Data flow type:

Volume:

Definiton: VALID-PART-NUM + QTY-NOT-SUPPLIED
Notes:

Data flow name: OUT-OF-STOCK-REPORT
See alias entry:

“Aliases:

Data flow type:

Volume:
Definiton: QUT-OF-STOCK-HEADER + 1 {INSUFFICIENT-STOCK-DETAILS}

Notes:

Data store name: PARTS
humber:

See alias entry:

Aliases:

Organisation:

Definition: {PART)}

Notes:

Data flow nhame: QTY-ORDERED
See alias entry:

Aliases: VALID-QTY-ORDERED
Data flow type:

Volume:

Definiton: 1 {DIGIT} 6

Notes:




DFD DD Entries Report as at 6/1/87 11:00am

Data flow name: VALID-ORDER-DETAILS
Currency: used

See alias entry:

Aliases:

Data flow type:

Volume:

Definiton: 1 {VALID-ORDER-LINE]}
Notes:

page

Data flow name: VALID-PART-NUM
See alias entry: PART-NUM
Aliases:

Data flow type:

Volume:

Definiton:

Notes: A part number found to exist in the PARTS file.

Data flow name: VALID-QTY-ORDERED
See alias entry: QTY-ORDERED
Aliases:

Data flow type:

Volume:

Definiton:

Notes:




DFD Statistics Report as at 6/1/87 2:00 pm

Project: Order Processing Exampie
Date created: 31/5/86 12:07 pm
Date last ammended: 5/1/87 10:35 am

Starting DFD: "Context DFD"
Number of additional levels: all

page



DFD Statistics Report as at 6/1/87 2:00 pm

DFD: "CONTEXT DFD"

Date created: 1/6/86 8:20 am
Date last ammended: 10/6/86 5:01 pm
Version:

Number of unique data flows
data stores
external entities
processes

All DFD elements included.

DFD 0: "PROCE RDERS"

Date created: 1/6/86 1:10 pm
Date last ammended: 23/12/86 10:00 am
Version:

Number of unique data flows
data stores
external entities
processes

Unnamed DFD elements found and not included.

DFD 2: "CHECK QORDER"

Date created: 10/6/86 2:22 pm
Date last ammended: 20/6/86 4:15 pim
Version:

Number of unique data flows
data stores
external entities
processes

All DFD elements included.
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Printed DFDs Report as at 6/1/87 2:32 pm

Project: Order Processing Example
Date created: 31/5/86 12:07 pm
Date last ammended: 5/1/87 10:35 am

Starting DFD: "CONTEXT DFD"
Number of additional levels: all



N—

~
( DFD: CONTEXT DFD Verslon 1
0} iNvoicE
ORDER »| PROCESS | OUT-OF-STOCK-
CUSTOMER ORDERS REPORT
Date created: 1/6/86 8:20 am Date last ammended: 10/6/86 5:01 pm

S




s

~

DFD ¢: PROCESS ORDERS Verslon 2
INVOICES
< INVOICE
CLISTOMER INVOICE-NUM
. CUSTOMER-
POSTAL-ADDRESS
ry CUSTOMER- 4
IDENTIFIER PRODUCE
CUSTOMERS INVOICE
QUT-OF .
STOCK- CUSTOMER-
REPORT DETAILS
ORDER. CUSTOMER-NUM l
DETAILS CUSTOMER FILLED-ORDER-
DETAILS DETAILS
3 ‘
Y N \. J
(2 VAUD-ORDER-DETALS | FILL E Y
CHECK
ORDER PART-DESC  GARTDIAME + |
i
\ ) PARTS
Date created: 1/6/86 1:10 pm Date last ammended: 23/12/86 10:00 am

»




DFD 2: CHEC

K ORDER

Version 3

~

PART-NUM

/_'Q‘ PARTS
CUST- 1 QTY-ON-HAND
PART-NUM oK
%’;{RT VALID-
NUM PART-NUM A
> VALID-ORDER-DETAILS
\ y, CHECK
Qry
AVAIL-
— ABLE
2 INSUFFICIENT-
VALID STOCK-DETAILS
QTY-ORDERED | %?ECK QTY-ORDERED
4
ORDERED OUT-OF-STOCK-
PRODUCE | REPORT
k___) QUTOF
STOCK
REPORT
e

\hDate created:

10/6/86

2:22 pm

Date last ammended:

20/6/86 4:15 pm

J




Undefined Elements Report as at 6/1/87 11:.05 am

Project: Order Processing Example
Date created: 31/5/86 12:07 pm
Date last ammended: 5/1/87 10:35 am

Starting DFD: 2 "CHECK ORDER"
Number of additional levels: 0

page



Undefined Elements Report as at 6/1/87 11:05 am page

DFD 2: "CHECK ORDER"

Element Name

CHECK PART NUM
CHECKQTY ORDERED
CUST-PART-NUM
VALID-PART-NUM
VALID-QTY-ORDERED

Element Tvpe

PROCESS
PROCESS
DATA FLOW
DATA FLOW
DATA FLOW



Unused DD Contents Report as at 7/1/87 9:15 am page

Project: Order Processing Example
Date created: 31/5/86 12:07 pm
Date last ammended: 5/1/87 10:35 am

Starting entry: "UN*"
Ending entry: "VALID*"
Entry format: full



Unused DD Contents Report as at 7/1/87 9:15am ’ page

Data flow name: UNFILLED-DETAILS
See alias entry:

Aliases:

Data flow type:

Volume:

Definition: {UNFILLED-ORDER-DETAILS}
Notes:

Appears in:

Component of:

Data flow name: VALID-CUSTOMER-NAME

See alias entry:

Aliases:

Data flow type:

Volume:

Definition: 1{ ALPHANUMERIC CHAR} 30

Notes: Customer name containing only valid alphanumeric characters.
Appears in:

Component of:

Data structure name: VALID-DATE

See alias entry:

Aliases:

Volume:

Definition: VALID-DAY + VALID-MONTH + VAID-YEAR
Notes:

Component of:




Appendix VI

Cross Reference of MUSSAT Commands and SSA Processes

Menu Command Process Condition
SYSTEM EXIT
PROJECT ADD 1.8
MODIEY 1.8.2
1.1.1
RENAME 1.8.4
COPY 1.8.3
RESTORE 1.1.6
SAVE 1.1.1
CLOSE 1.1.4 User specifies CLOSE WITH
SAVE
1.1.5 User specifies CLOSE ~ NO
SAVE
PURGE DD 1.3.9
DELETE 1.8.7
OPTIONS DD DISPLAY 1.1.3 Value has been changed
1.5.8 Value has been changed and
one or more DD entry
windows are wvisible
DD DELETE 1.1.7 Value has been changed
TOP DFD 1.1.2 Value has been changed
DFD BORDER 1.1.8 Value has been changed
1.3.8 Value has been changed and
a DFD is displayed
DFD OPEN 1.4.1
1.4.2 Another DFD is displayed
OPEN PARENT 1.4.4
1.4.2 Another DFD is displavyed
ADD 1.4.5
1.4.2 Another DFD is displayed
CLOSE 1.4.2
DELETE 1.3.4
1.4.2
SHRINK 1.3.6 Current zoom level is
1.3.7 Current zoom level is
MAX SHRINK 1.3.7
ENLARGE 1.3.6 Current zoom level is
1.3.5 Current zoom level is
MAY, ENLARGE 1.3.5
PRINT 1.2.1
AUTO NUMBER 1.6.1.4
ERASE 1.6.1.5
VERSION 1.3.1



Menu Command Process Condition

DFD RENAME 1.3.2
DFD SIZE 1.1.9
SCROLL 1.3.3
OBJECT NAME 1.6.1.3 Selected object is unnamed
1.6.1.2 Selected object is named
NUMBER 1.6.2.7 Selected obilect is a data
store
1.6.3.2 Selected obiject is a
process
COPY 1.6.2.6 Selected object is a
data store
1.6.2.3 Selected object is an EE
1.6.4.4 Selected object is a data
flow
{UN) BOLD 1.6.1.1 User specifies SELECTED
CCCURRENCE ONLY
1.6.1.2 User specifies ALL IN
DFD HBIERARCHY
1.6.1.3 User sgpecifies ALL IN OPEN
DED
1.6.1.4 User specifies ALL
OCCURRENCES
ARGUMENT 1.6.4.¢6
REDRAW 1.6.4.3
COMMENT 1.6.3.1
EXPLODE 1.4.2 A DFD is open
1.4.3 A child DFD exists for
selected process
1.4.6 Process does not have a
child DFD and user
confirms execution
VIEW DD 1.5.1.4
DELETE 1.6.,1.6.1 User specifies SELECTED
OCCURRENCE CNLY
1.6.1.6.2 User specifies ALL
IN DFD HIERARCHY
1.6.1.6.3 User specifies ALL IN
OPEN DFED
1.6.1.6.4 User specifies ALL
OCCURRENCES
LINK 1.6.3.4
UNLINK 1.6.3.5



Menu Command Process Condition
MOVE 1.6.4.2 Selected object is a data
flow name label
1.6.4.5 Selected object is a data
flow argument label
1.6.3.3 Selected obiect is a
process
1.6.2.2 Selected object is an EE
1.6.2.5 Selected object is a
data store
DD ENTRY VIEW 1.5.1.1
NEXT 1.5.1.2
PREVIQUS 1.5.1.3
CLOSE 1.5.2
CLOSE ALL 1.5.3
DELETE 1.7.1
EDIT 1.7.2
1.7.6
1.7.7 No entry is currently
being edited
RESTORE 1.7.3
SAVE EDITS 1.7.4
1.7.5 EBEdit errors were found
END EDIT 1.7.4
1.7.5 Edit errors were found
1.7.8 No errors were found
SCROLL
DFD
REPORTS PRINTED DFDS 1.2.4
DFD
STATISTICS 1.2.5
UNNAMED
ELEMENTS 1.2.3
BALANCE DFDS 1.2.6
UNDEFTINED
ELEMENTS 1.2.7
DFD DD
ENTRIES 1.2.2.1.1 User specifies FULL format
' 1.2.2.1.2 User specifies SUMMARY

format



Menu Command Process Condition
DD
REPORTS PRINTED DD 1.2.2.3.1 User specifies FULL format
1.2.2.3.2 User specifies SUMMARY
format
UNUSED
ENTRIES 1.2.2.2.1 User specifies FULL format
1.2.2.2.2 User specifies SUMMARY
format
MATIN & SUB
ENTRIES 1.2.2.4 User specifies FULL format
1.2.2.4 User specifies SUMMARY

format




Appendix VIT

Notes on Several MUSSAT Features

Production of the DFD Balancing Report

To determine whether or not a data flow into or out of a
parent process 1is balanced in the child DFD, MUSSAT checks
for a data flow with exactly the same name as the data flow
inte or cut of the parent process. If a match by name is
not found, then flows intc or out of the c¢hild DFD are
checked to see if a parallel decomposition of data flows has

occurred between the parent process and child DFD.

A parallel decomposition is found by attempting to match
sub—-components of the data flow in question with data flows
into or out of the child DFDP. For example, if the following

data flow definitions existed:

DF1 = [DF1A | DF1Bj

DF1A

{DF1Al}

DF1B

[DF1Bl | DF1B2]

and DF1 appeared as a flow into a process and DFIBl appeared
as a net flow into the associated child DFD, as shown in

Figure VIII.Ll.



DF1

Figure Vil.1a - Parent process Pt with
net data flow in.

DF1B1

vy

Figure Vil.1b - Child OFD of process P1 with
decaomposed flow in.

MUSSAT would correctly identify that DF1 had been decomposed
in the child DFD and that DF1B2 and DF1A should also appear
in the DFD. If data flow DF1BZ and DF1A did not appear as
net flows into the child DFD, then BFl1 would be shown in the

MUSSAT Balancing Report as follows:



DF1
*DE1A*
DF1B
DF1B1
*DF1B2*,

If DB1B2 also appeared in the child DFD, then the above out-
put would appear as:
DF1
*DF1A*
DF1B

DF1B1
DF1B2Z,

If, instead of DF1Bl and DF1lBZ, DF1B was shown in the child
DFD, then the ocutput would be:
DF1

*DEFL1A*

DF1B.
That is, net data flows into the parent process axe only
decomposed if a match with a data flow into a c¢hild DFD is
found. If DF1B1 consisted of DFI1Blx and DFiIBly, and these
data flows appeared in the c¢hild DFD, and no higher level
components of DF1 appeared, then MUSSAT would not be able to
identify the parallel decomposition since only two levels of

decomposition are checked for.

The cholice of two levels of decomposition checking was based
on the author’s experiences of SSA in which no more that two
levels of decomposition were ever required between a parent

process and child DFD. It would be ppossible to define a



data flow that required more than two levels of decomposi~
tion to be used between parent process and child DFD, how-
ever, this author suggests that such data flows are 1likely
to be too complex and should be re—defined so that no more

that two levels of decomposition are required.

The output format of the DFD BALANCING REPORT was designed
to show the user where exceptions to the MUSSAT balancing
rules were detected. The philosophy follcowed when designing
this report was that the user knows best when an unbalanced
data flow is an error or when it is an acceptable divergence
from the normal DFD constructiion rules. Hence, the DFD
BALANCING REPCRT does not attempt to show ‘errors’ of
blancing between parent process and c¢hild DFD. Rather,
exceptions to the norm are noted and the user may then

decide what, 1if any, action to take.

Unused DD Entries

A DD entry is considered to be unused if all of the follow-

ing conditions are true:

the DD entry name is not used in the DEFN field of
any other DD entry;

the DD entry is not aliased from another DD entry,
that is, the DD ENTRY ID does not appear as MAIN EN-
TRY ID in an instance in the ALIAS ENTRY entity
{(D16}; and

the DD entry does not have any associated data flow,
data store, EE or process DFD elements.



Note that a DD entry is not unused if it only apears in the
DEFN field of a DD entry that is itself unused. Hence, the
PURGE DD command, that removes unused DD entries from the
DD, may cause other entries to become unused. DD entries
that become unused as the result of the PURGE DD command are
not automatically deleted, regardless of the value of DD

DELETE. The reasons for this are as feollows:

(1} To¢ maintain consistency between commands: the
DELETE command in the DD menu only deletes the

selected entry as does PURGE DD.

{2) The user could find the results of PURGE DD
unpredictable if the entire hierarchy of unused
entries was deleted since it is not immediately
apparant how many other entries may be affected by

the deletion of an unused DD entry.

(3) The user may wish to retain other entries, or
inspect any additional entries that become unused

as the result of the PURGE DD command.

The UNUSED DD ENTRIES report will print out all DD entries
that conform to the rules identified above. Hence, the
UNUSED DD ENTRIES report will list all those DD entries that

would be deleted if the PURGE DD command were activated.



DATE DFD LAST AMMENDED and DATE PROJECT ILAST AMMENDED

The two data fields, DATA DFD LAST AMMENDED and DATE PROJECT
LAST AMMENDED, found in the data structures DFD and PROJECT
(respectively) are always updated as soon as an operation is
performed that affects the model stored in the associated

PROJECT DB.

These data values rmust be updated when the relevant opera-
tion 1is carried out so that the correct date/timestamp is
always available for inclusion in the printed reports. All
of +the MUSSAT reports contain one, or both, of these times-
tamps in the report title page. Since reports may be
requested at almost any stage while wusing MUSSAT, the
date/timestamps recording when the project of DFD was last

ammended must be accurate.

Neither of these dates are changed in response to the user

changing any of the system parameter values.

The following commands as listed in the menu formats in

Appendix IV will cause DATE DFD LAST AMMENDED to be updated:



Menu Command

DED AUTONUMBER
ERASE
VERSION
RENAME
DFD S5IZE

OBJECT NAME
NUMBER
COPY
(UN) BOLD
ARGUMENT
REDRAW
COMMENT
DELETE
MOVE

The commands that may cause DATE PROJECT LAST AMMENDED to be
updated include, in addition to the commands listed above,

the following:

Menu Command
PROJECT RENAME
PURGE DD

DD ENTRY DELETE

SAVE EDITS

END EDIT
DED DELETE
OBJECT LINK

UNLINK




The PURGE DD command will cause DATE PROJECT LAST AMMENDED
to be updated of one or more DD entries are deleted. Simi-
larly, SAVE EDITS and END EDIT will cause DATE PROJECT LAST
AMMENDED to be updated if no edit errors are found and the

DD entry 1is successfull updated.

FRach of the associated process entries in the DD include the
appropriate statements to update one or both of the data
fields. In most cases, these data flows have only been
shown in intermediate-level DFDs and not in the lowest leaf
level DFDs where the processes for the above named commands
are shown. Although leaving the updated date flows out of
the leaf level DFDs leaves the DFDs unbalanced, it was
decided to ommit these data flows so as not the clutter the

already complex DFDs.

Process 1.7.6 —~ EDIT SELECTED DD ENTRY

The detailed function of the editor that allows the user to
hange fields in a DD entry has not been defined, other than
to note which fields the user may edit and wvalid values for

each of these fields.

The system design presented has concentrated on the more
specialised functions required in MUSSAT. For example, the
logic associated with producing the DFD BALANCING REPORT has
been described in detail, while the text editor has been
left unspecified. The functional requirements of a text

editer are generally well understood. Suffice to say that



the MUSSAT DD entry editor should use the same interface

characteristics as the rest of the system.

Data Model Diagram entity D3 - DD

The entity DD’ in the Data Model Diagram provides the
mechanism that allows the user to view DD entries as they
would appear if the DD entries were stored alphabetically by
DD entry mname regardless of the DD entry type. The data
requirements for each of the DD entry types (entities D8-
D14} were different enocugh to worrant a separate entity for
each type of DD entry. Since most Database Management Sys-
tems do not allow relationships to contain different member
types, ‘DD’ was introduced to allow an alphabetic ordering

of all DD entries that the user may view and edit.

The DD’ entity is not strictly necesary since the alpha-
betic ordering of all DD entries could be achieved by
retrieving the names of all DD entries in entities D8§-D14,
sorting these names and removing the names of any process DD
entries. that have <c¢hild DFDs. Nevertheless, 'DD' was
included in the Data Model Diagram because 1t is an impor-
tant conceptual entity, even though the entity may be

removed when the physical database is designed.



(1)

(2)

Appendix VIII

Proposed Improvements to MUSSAT

Addition of a command to allow the user to add free-
form ftext blocks to any unnocupied space in a DFD.
This would allow the user to show any relevant notes on

the DFD.

The user would be able to add, delete and move these

text blocks with the DFD.

Allow the user to specify DFD names {and numbers) by
selecting the relevant name from a displayed list of

the names of all existing DFDs.

For commands for which the user must specify a DFD, the
current MUSSAT design reguires the user to type the DFD
name {or number} intc a dialogue box. Use of selection
lists could be incorporated with such dialogue boxes,
so that if the user does not wish to type in a DFD
name, then a list of all existing DFD names could be
displayed. The user may then select one of the

displayed names.

The use of selecticon lists is included in Hansen’s user
engineering principles as outlined at the beginning of

this chapter.



(3)

(4}

{5)

Allow the user to change the size of DD windows se that
a DD window may be shrunk so that only the window move
bar is visible, or expanded so that it f£ills the entire

viewing area.

Allow the user to specify where hyphenation and breaks
may occur in a DFD element name if the name must be
reformatted to fit inside the DFD element shape. Since
only a fixed amcunt of space will be available within
any process, data store or external entity in which to
display a name label, it is likely that the user would
prefer some form of contro over how the name is

displayed.

When the user creates a child DFD for an existing pro-
cess, a representation of the flows into and out of the
parent process could be carried down to the c¢hild DFD
to assist the user in balancing the child DFD with the
parent process. The user could then define net data
flows into and out of the child DFD using the flows

carried down from the parent process.

As new data flows were added to the c¢hild DFD, those
data flows that correspond to data flows in the list of
carried down data flows would be marked, in the list so
that at any point in time the user would have an indi-
cation of which flows were balanced between parent

proces and child DFD.



(6)

(7)

(8)

This feature is potentially very useful, however,
further work is required to define how the carried down
list would work when a data flow is sublject to parallel

decomposition between parent process and child DFD.

An option could be added to the production of all
reports, allowing the user to specify whether the
report should be printed or displayed on screen.

Currently, all reports are printed.

The addition of DD reports based on entry type may
prove to be useful. For example, a printed DD report

of all process entries.

The Gane & Sarson technique of marking duplicate DFD
elements with a unigue number of parallel lines has not
been included in the MUSSAT specification. Onc¢ce a ver-—
sion of MUSSAT has been implemented, and the users have
had the chance to experiment with the system, they may

decide that duplicate DFD elements should be marked.

The users may also decide that password protection

should be incorporated inte MUSSAT.



Appendix IX

Comments on Using SSA

The first section of this appendix describes the difficul-

ties

thatt were encountered in using S$SSA to specify MUSSAT.

The second section presents some general observations about

using SSA to create a system model.

1.

(1}

Difficulties in Using SSA

The DD (Data Dictionary) is difficult to maintain manu-

ally.

There are 22 DFDs in the MUSSAT model and over 150
pages of corresponding DD entries. A DD of this size
is hard to maintain manually because no Cross-—
referencing facility is maintained. A Cross—
referencing facility would allew the analyst to deter-
mine the relationships between individual DD entries.
Without some sort of cross—reference of DD entry usage,
it is difficult to determine the repercussions of

changes made to a particular DD entry.

For example, if a data element DD entry named ‘A’ is
renamed 'B’, then all DD entries that reference 2’
must be similarly updated. In a purely manual DD 1t is
usually difficult and tedious to find out which entries

are affected by a change to another DD entry.



(2}

The DD is alsc hard to maintain because that it quickly
becomes large, especially when complex data structures

are defined.

It is difficult to reference sub-structures of a com—

plex data store.

DeMarco suggests that databases should be shown as data
stores ([DEM79} p. 57), hence the MUSSAT database was
shown using one data store. Since a data store may
only consist of data structures and data elements, each
entity in the MUSSAT database design is represented as
a data structure 1in the data store definition of the

database.

Difficulties arose in showing the relationship between
data 1in the database and the contents of data flows
connected te the data store representing the database.
For example, the entities DATA STORE DD ENTRY and PRO-
CESS DD ENTRY both have the attributes DD ENTRY ID and
NOTES. The entities are defined in the database as
data structures and the attributes as data element com-
ponents of each of the data structures. If a data flow
connected to the data store representing the MUSSAT
database was defined as containing two data elements:
DD ENTRY ID and NOTES then it would be unclear as to
which logical database entity these data elements were

associated with.



(3)

The problem was overcome by showing the logical entity
numbers (from the MUSSAT Data Model Diagrams} that the
contents of a data flow are related to in the NOTES

section of the associated data flow DD entry.

The methodology does not differentiate between types of

data store accesses.

Neither DeMarco nocr Gane & Sarson give any guidelines
as to whether, or how, different types of data store
access should be shown. A data flow out of a data
store will contain data retrieved from the data stoeore
([DEM] pp. 52-54 and [GAN80] pp.39%-40), however, it 1is
this writer’s experience that a data flow flowing into
a data store may represent one of three types of

access:

adding new information to the data store;
uvpdating existing information in the data store; or

deleting existing information from the data store.

It is this author’s experience that a DFD is easier to
understand 1if the purpose of a data flow into a data
store is apparent from the DFD. Hence, a data flow
naming convention was adopted for all data flows into a
data store, to indicate the role of data flow.
Details of the naming convention are included in Appen-

dix V.



It is also unclear whether or not deletion of existing
information from a data store should be shown as a data

flow.

{4) There are no guidelines supplied for wusing Structured
English to show how the mapping between data flows into
a process and the data flows cut of a process should be

represented.

When a process transforms data that exists as physical
cbhjects in the real world then the transformation is
usually straightforward. For example, a process called
PRODUCE INVOICE which accepts details of a filled order
and produces an invoice. In this case it is clear from
the function of the process that the order details are

transformed into the invoice.

The transformation is not so straight-forward when a
process has meore than one input and cutput data flows,
especially when the data flows do not represent physi-
cal objects. The MUSSAT system model abounds with such
processes. The convention developed to show the rela-
tionship between input and output data flows in the

MUSSAT system model is discussed in Appendix VI.

2. General comments on using SSA

{1) DeMarco’s seven plus or minus two guideline for the number

of processes on a DFD is a useful guideline for drawing



DFDs, however, the number of data flows connected tec a pro-
cess seems to be just as important. A DFD with between five
and nine processes can still be difficult to understand if

the processes have too many connected data flows.

DeMarco recognises the need to limit the of the number of
data flows connected to process, but does not offer any

advice other than "Less i1s better." ([DEM79] p. 113).

This author suggests that the maximum number of data flows
connected to any one process should be seven {plus or minus
two}). There are several reasons why this is a wuseful rule

of thumb:

As DeMarco suggests, the human mind is best at dealing

with sets of seven or less items {([DEM79] p. 82).

The more data flows that are connected to a process,
the more 1likely that one or more will intersect with
another data flow in order to reach the process;
intersecting data flows make a DFD more difficlt to

read.

The more data flows that are connected to a process,
the more 1likely that additiconal duplicates of data
stores and external entities will be required to help
minismise the number of intersecting data flows and

hence cause the DFD to become larger.



(2)

{3}

A large number of data flows connected to a process may
indicate that summary data flows should be used with a

paraliel decompositicon shown in lower level DFDs.

The minimum number of data flows that should be connected to

any one process is one.

It is useful to show, within a DFD, which processes have
been exploded inteo child DFDs, rather than searching through
the DD for a process definiticn; if a process definition
does not exist in the DD for a process, then the assumption

is that the process has been exploded into a child DFD,

In the MUSSAT system model, a "*" was placed in the process

bubble of those processes that had child DFDs.

It is difficult to produce easy to read DFDs with good par-
titioning. The MUSSAT system model presented in the Appen-

dices is the result of many months of work.

DeMarco suggests that the author of a DFD should be willing
to rework DFDs, possibly several times over, in order to
produce the final version ([DEM78] p. 69). Such reworking
can include repartitioning ([DEM78] p. 114). DeMarco gives
some guidelines on how to repartition a set of levelled
DFDs, and when repartitioning may be necessary {([DEM78] p.
113-114}. Nevertheless, good partitioning‘ is hard to

achieve.



(4}

The most useful error detection technique during
of the MUSSAT model was to simulate each of the
mands, following the transaction through the
énsuring that all the functions necessary to

commangd were defined.

the design
MUSSAT com-—
DFDs, and

execute the





