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RESEARCH ABSTRACT

A wide variety of packaged applications systems for builders
have recently become available, however the diversity and
complexity of individual building companies has meant that
many prospective wusers have been unable to find packages
which precisely meet their needs.

The high cost, and long lead times associated with
traditionally produced Dbespoke software has made many
builders reluctant to become involved. Some builders who
have commissioned bespoke software have had unsatisfactory
experiences, where systems ‘have been unreliable, or have not
fully met the original objectives.

This research project was conceived to test the hypothesis
that, through the wuse of advanced software development
concepts, bespoke software could be made more acceptable
to builders with smaller budgets.

The research was conducted in two stages; firstly to
construct an advanced software development system, and
secondly, to  apply that system in a typical applications
area.

The software development system (DB4GL) combines current
analysis and design techniques, program generation tools, a
powerful data base mechanism and a documentation facility,
to yield a well structured approach to software development
throughout the system life cycle.

DB4GL was wused to develop a complex integrated estimating
and cost control system (Spec-Builder) suitable for an
actual speculative house building company.

Spec-Builder was developed over a relatively short time
period, thus supporting the research hypothesis. As much of
the software was generated from proven DB4GL procedures, the
resulting system was reliable. The development techniques
encourage extensive user participation and early appraisal
of the system which can be amended easily to fulfill the
user’s precise requirements,
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It is only since the advent of cheaper mini and micro
computers that builders, other than the larger firms, have
been able to afford computers of sufficient power to meet
these requirementé. Even then, builders have had to wait for
the necessary software to become available. There are now a
large number of application.software packages on the market,
These range from complex integrated management information
systems such as “Contractor” from ICL, and “Siteman” from
Systime, down to simple estimating programs which run on the

most basic micro computers.

Despite the abundance of building applications packages (the
quarterly magazine “Construction Computing” includes a 16
page software directory listing such packages) many builders
are still having difficulty obtaining systems to meet all

their requirements.

The problem with the package approach for supplying software
to the building industry is that there are <considerable
variations in the way individual building companies are run
[Wes01]. These differences can be reflective of management
style, organisational structure, or the type of construction

business carried out.

Most building applications packages are designed for the
general contractor, the most prevalent type of builder.
others, such as speculative house builders, have a much

smaller selection of packages available.
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when procuring bespoke systems the software producer
requires the full commitment of the builder before making

any substantial investment in software production.
1.3, NEW CONCEPTS IN BESPOKE SOFTWARE DEVELOPMENT.

New tools, techniques, and methodologies are becoming
available which will allow bespoke software to be produced
in a more satisfactory way than is currently achieved. These
advances include highly structured systems analysis
methodologies, and so called “fourth generation”® systems
which facilitate prototyping and application program

generation.

These advances allow the systems analyst, or analyst-
programmer, to conduct more accurate investigations, and
then quickly, and cheaply, producé prototype systems which
can be shown to the user as a tangible illustration of what
the system will look like. Wﬁen the user is satisfied with
the prototype system, the analyst can use the prototype as a
part of the specification for the “live” applicatiop
system, which <can be (at least partially) generated by an

application generation system.,

The prototyping and applications generation stages can be
combined so that the final prototype is adopted as, or forms

the basis of, the “live” applications system,

11



1.4. THE OBJECTIVES OF THIS RESEARCH PROJECT.

At the outset of this project, there were no commercially
available micro computer based software development systems
with sufficient power to test the research hypothesis. It
was therefore necessary to research, design, and implement
an advanced software development system. The resulting
system was then applied to produce bespoke software for an
application typical of the housing sector of the building

industry that is currently facing a shortage of software.

In chapters 3-5, an application software development system
called “DB4GL” (an acronym for Data Base 4th Generation
Language) is discussed, This system combines prototype and
application generation, with a structured system analysis
and development methodology. DB4GL was jointly developed by
the Departments of Building and Computer Studies as part of

this research project.

The DB4GL system aims to support the development of software

throughout the project life cycle. In particular it :-

i) provides a framework for systems analysis - giving
structure to the analysis, and a formal method for

recording the system specification.

ii) allows the analyst to develop system prototypes

quickly from the specifications entered into the system.

iii) allows the analyst to amend the design and re-

generate the prototype easily.,

12



iv) aids the production of a formal specification from the

information used to produce the prototype.

v) provides the basis for the “live” system. Indeed in
simple applications, the final prototype can be adopted as

the “live” system.

vi) provides comprehensive system documentation

automatically.

vii) provides a basis and test bed for future system

maintenance and development,

Speculative house builders were identified as one class of
specialist builder for whom there was a shortage of suitable
software, in particular, estimating and <cost control
packages. This shortage was demonstrated by the fact Fhat
the speculative house building company who collaborated in
this project had commisioned bespoke software for these
applications. The Dbespoke estimating system was developed
during the course of this project wusing conventional

methods.

DB4GL was used to develop an integrated estimating and cost
control system for sﬁch_a company. The resulting package was
named "Spec-Builder" for ease of reference and is discussed

in chapters 6,7 and 8 below.

Spec-Builder 1is a complex systeﬁ. Within the &estimating

module, house types are described using hierarchical bills

13
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v) The attendance at lectures provided another important
source of information. The lectures include courses
attended within the Polytechnic run by the Building and
Computer Services departments, and lectures organised by

external organisations such as the British Computer

Society.

vi) There are a number of products available which are
similar in purpose to the systems developed during the
research project. For example, other estimating systems and
fourth generation languages. Much was learnt by attending
demonstrations of such systems, Demonstrations were
attended within Sheffield Polytechnic, at the vendors
premiées and at exhibitions such as “Interbuild” and the

“Which Computer Show”.

The major task of the project was to construct two computer
systems; DB4GL and Spec-Builder, where the former is used to
generate the latter. This would seem to impose a strict
sequence. of generation software first, generated software
seéond. However development of the two systems was
interleaved to form 5 separate stages as described in 2.1 to

2.5 below.
2.1, DESIGN OF A PROTOTYPE SOFTWARE GENERATION SYSTEM.

The objective of the first software development stage was to
formulate and test ideas generated during the initial

investigation phases, and develop a set of software tools

18
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in particular a more powerful data base structure.

The prototype was discarded, and a new system built
incorporating the features of the prototype with a data base
system which 1linked the file handlers (renamed “entity

handlers”) via subschemas.

The data dictionary system was retained and expanded to
include more detail concerning the existing system
components and subschemas. The term “object” was introduced
to describe the system components, and the data dictionary

was renamed the “object dictionary”.

Many of the new system components were generated using the

discarded prototype, saving considerable time.

The system was further enhanced by the inclusion of a report
generator, which wused the flexibility of the data Dbase
system to select, sort, and format printed reports. The
screen generation system was also enhanced to exploit the
revised data base. The collection of tools was combined via
a simple menu driven system, and named DB4GL, Data Base 4th

Generation Language [Ewi02].

The systems analysis and design technique used during the
construction of the prototype estimating system was refined

and formalised into the method described in chapter 5 below.
2.4, THE DESIGN AND IMPLEMENTATION OF SPEC-BUILDER.

The integrated estimating and cost control system (Spec-

22



Builder) 1is a complex and extensive application. Although
éonsisting of the same basic operations, there is a wide
variation in the way in which estimating and cost control is
carried out within different companies. This is illustrated
by the wide range of estimating systems available, and the
difficulty that many builders still experience in obtaininé

a suitable system.

The application therefore offers a good example with which
to test the hypothesis, that bespoke application software
can be produced in a more satisfactory way than currently
achieved, through the use of advanced software development

concepts and tools.

Spec-Builder was developed using DB4GL and its asséciated
methodologies. This development is described in detail in

chapters 6 and 7 below.
2.5. DB4GL REFINEMENT.

After the development of Spec-Builder, the DB4GL software
tools were re-appraised. Previous appraisals had
concentrated on short term considerations, which could be
implemented in the subsequent generation of DB4GL. This
final appraisal was also concerned with longer term
development, identifying features that would be desirable in

future versions of DB4GL.

The final development stage for DB4GL included short term

amendments to the system, and the identification of some

23



possible future enhancements, such as multi-user data base

access and system security mechanisms.

The short term amendments included the addition of procéss
partners to screen and entity objects as described in
chapters 3 and 4 below, and other cosmetic changes to the
object dictionary format and system presentation to improve
compatibility with the associated systems analysis and

design methodologies.

The final DB4GL version is described in detail in chapters

3,4 and 5 below.

24
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easy to use. Simplicity should also ease system design and

implementation.

iv) It must be possible to generate the data base system
from specifications held in an object dictionary (see

chapters 4 and 5).

v) The data base mechanism must be implementable from the

standard file handlng characteristics of the COBOL host

language.

vi) The data base system must fit initially into a micro-

computer environment,

When the requirements were specified, the design of the data
base model was commenced., The first stage in this ©process
was to examine existing data base models, to find a basis to

work from.
3.1,2, THE ANSI-X3-SPARC DATA BASE MODEL,

As a starting point, the ANSI-X3-SPARC data base model was
adopted [ANSOl]. This model is recognised throughout the
computer industry as a data base standard, and so is widely

known and understood.

The ANSI-X3-SPARC model is based on three schemas [see fig
3.1], the conceptual, internal and external schemas. The
conceptual schema describes only the entities and their
. properties, it does mnot make reference to the machine

environment, or specify access paths between entities.

26



The external

formatting information,

and datasets.

can be mapped onto the conceptual schema,

performance at

onto the internal schema.

the

The internal schema 1is responsible for
arrangement of data in the data base.
Application Application Application
Program Program Program
External External External
Schema Schema Schema
CONCEPTUAL
SCHEMA
INTERNAL
SCHEMA

Fig 3.1. THE ANSI-X3-SPARC 3 LEVEL DATA

3.1.3. THE ENTITY-RELATIONSHIP DATA BASE MODEL.

The ANSI-X3-SPARC

model,but does not detail how it should be implemented.

specification

27
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the expense of data independence)

data

items,
schema
increase

directly

physical

BASE ARCHITECTURE.
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implementation methods were considered;

i) A “CODASYL” type implementation [InfOl] [Dee0Ol] 1is
most commonly associated with the ANSI-X3-SPARC data base
model. This uses 1independent schema and subschema data
definition 1languages (DDLs) to specify the global and
local views of the data base. These views include
specifications of data access paths. The CODASYL method
was rejected because it would have been too complex and
memory dependent for a micro computer data base system,
Network data base mq;hanisms also give poor data

independence.

ii) The entity-relationship approach is based on a simple
model, in which entities are expressed as normalised sets
of attributes, and access paths are derived from
relationships between entities. Both entities and
relations can be expressed in a simple tabular form. The
entity relationship model was first developed by CHEN
[Chen01] [Chen02], with the objective of giving a pure and
natural representation of the world, and to describe a
conceptual schema in log%cal data base design. The entity-
relationship model has potential for good data

independence.

The entity-relationship approach was adopted for reasons of
simplicity, and because it provides a very flexible and

powerful method of data manipulation.

28
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If a wvalidation test fails, an error status code 1is

included in the return parameter.

Note, to update or insert the attribute value within the

data base, the current entity must also be stored.

b) To extract an attribute value from the current entity
(move-out), the wvalue of an attribute in the current
entity is entered into the program call parameter. This
is then returned to the calling program. The source
attribute is identified by the attribute number

contained in the parameter.

Note, the current entity must be established by a prior

entity action, for the value returned to be meaningful,
3.2.3. THE DB4GL EXTERNAL SCHEMA (SUBSCHEMAS).

The external schema, or subschema, defines “logical”
relationships between the 1individual entity types that

comprise the data base.

- The subschema program, which is generated from the
conceptual schema, implements these “relationships” as
physical linkages, or mappings, between attribute types in

different entity types.

All data base access must pass through a subschema program,
which <calls the relevant entity handler to carry out the
initial instruction, and then brings about any necessary

mappings.

33
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