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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,



HYPOTHESIS

The shortage of suitable specialist applications packages
has meant that many small and medium sized companies within
the building industry have been wunable to fully utilise

computer technology.

It is said that through the use of advanced software
development concepts and techniques, bespoke software to
meet the needs of individual companies can be produced

quickly, cheaply, and reliably. It would thus be possible to
make bespoke software, and so computer technology, more

widely available to building companies.

The purpose of the following research project is to test

that hypothesis.
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CHAPTER 1.

1. INTRODUCTION

1.1. COMPUTERS IN THE BUILDING INDUSTRY

Companies in the building industry, particularly those firms

of small and medium size, are generally seen as being slow
to adopt computer technology [NatO1l], This slowness is
usually attributed to the industries inherent conservatism.

On closer analysis, this charge seems unfounded.

The industry, always a barometer of the economy, is
currently 1in recession, and building companies are looking
for ways to become more competitive. The increased
efficiency and management information that can be acheived
through computerised systems has been recognised, and there
is an increasingdemand for such systems within the

indus try .

In the building industry, the size of the company is not
always a reflection of 1its complexity. For example a small
building business may undertake a largenumber of small

jobs, which will produce a modest turnover (say £500,000).
However the volume of work creates a heavy load of paper
work [ColOl]. Small building companies may therefore require

complex computer systems.



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.



As the systems required are complex, few builders can afford

to have bespoke software written, so 1f packages are not
available for certain applications, a builder has little
chance of fully exploiting computer technology.

1.2. COMMON PROBLEMS WITH BESPOKE SOFTWARE.

Using the traditional programming languages and
methodologies, the production of bespoke software is a
labour intensive exercise. The specialist labour required is
expensive, and the production of software slow [Mar0O1l],

hence the resulting software 1is expensive.

Even after a long wait, and considerable investment, the
system implemented may not entirely meet the builders
requirements. However the cost of rewriting the software is
often prohibitive, consequently the builder 'makes do' with

the system offered.

These problems are not necessarily the fault of the people
producing the application system nor the wusers themselves.
What is at fault are the systems for producing and agreeing

the systems specification and its implementation.

The specification is typically produced by a systems analyst

who will gather facts about the proposed system from the

builders, assess the system requirements, and finally
draw up a system design and specification. Gane and Sarson
[GanO1l] identify 5 problems with the traditional methods

used to acheive a system specification



i) The analyst may find it difficult to understand the
business. EFEach business has 1its own terminology, (which
the analyst must come to terms with), and existing systems
may include a certain amount of 'intuition' which the

users may have difficulty explaining.

ii) The user community may not be sufficiently aware of
computer technology to be able to visualise, or explain

the sortof system they want.

iii) The analyst may be overwhelmed with detail, and find
it difficult to abstract the 1important facts from those

which are 1less important.

iv) The system specification effectively forms the basis
of a contract between the user department and the system
implementors. However the document 1s usually written for

the use of the programmers who will implement the system,

and so may be almost meaningless to the users.

v) If the analyst 1is careful and produces a specification

that the users do understand, it may not be detailed or
accurate enough for the system implementors. Thus two
specifications are required, one for each group.

From the builders point of view, the ideal situation would

be to see exactly what the system looks 1like before agreeing
to its purchase and implementation. This approach can be

adopted when buying a standard applications package, but

10



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



of gquantities. The Dbills are easily maintained, and from

them house type estimates are calculated.

Site estimates are built up from an accumulation of house
type estimates, and an estimate of costs pertaining to the
site generally, for example roads and sewers. These site
costs are apportioned to each plot. The the final estimate
is expressed 1in terms of costs per plot. The plot <costs are
grouped under a variable number of headings, or cost

categories as defined by the user.

The cost control module accepts input from 'invoices',
'goods received notes', and 'labour allocation sheets'. A
simple code structure 1s used to store the costs in the same
format as the estimate, that 1is by cost category and plot.

It is then possible to print comparisons between costs and

estimates at plot and site 1level.

The conclusion drawn from this thesis shows that given
advanced software development systems, such as DB4GL,
complex bespoke software, such as Spec-Builder, can be
produced in a more satisfactory way than is currently
acheived. Bespoke software would therefore become available
to a much wider spectrum of building companies and

specialist applications.

14



CHAPTER 2.

2. METHOD OF RESEARCH.

The research hypothesis that, through the use of advanced

software development concepts and tools, it is possible to
produce bespoke software tomeet the needs of individual
building companies in amuch quicker, cheaper and
satisfactory way than 1is currently practiced, can most

easily be supported through an example.

In order to develop such an example it was necessary to
investigate modern software development concepts and tools,
and specify and develop such as system. Once developed,
these concepts and tools were applied to an example typical
of the problem areas described in the introduction. The
example selected was the estimating and cost control
function in a medium sized speculative house building

company.

The fact finding process continued throughout the project,

using a variety of methods and sources;

discovering 1information on research already carried out on

and around the subject area. An 1initial search through the

building and computing abstracts revealed much background

15



information, but little specific information concerning
the type of software tools to be developed, or on
estimating and cost control systems specifically for

speculative house builders.

The lack of relevant information concerning software tools
was probably caused by two factors. Firstly they form a

comparitively new field, and secondly most of the research

that has been carried out has taken place in commercial
organisations who are developing products, and are
therefore reluctant to publish their research results.

Although estimating 1s a much researched and controversial
subject, it would appear that very little published
research has been carried out 1in the speculative housing

sector of the building industry.

The literature search, although concentrated at the
beginning of the project, was continued throughout.
Particular attention was paid to periodicals such as
Construction Computing, Computing, and IEEE publications

which often contained details of new products announced 1in

related areas.

ii) Experimentation played an important role in the

development of both the software tools (DB4GL) , and the

estimating and cost control system (Spec-Builder) . The
modular construction of DB4GL made it possible to insert
and try new modules with ease. Similarly the prototyping

facility of DB4GL made it possible to easily experiment

16



with various methods and facilities in the Spec-Builder

system.

System development (DB4GL or Spec-Builder) was carried out

in a series of stages. As each stage reached completion it

was critically evaluated along with the rest of the
system. The evaluation illustrated both the good and Dbad
aspects of the design, and helped the generation of new
ideas

If the evaluation proved unsatisfactory, two corrective
actions were available; either amend the existing system,
or start again, incorporating the good features of the
existing system with new ideas for the less satisfactory
features. In the latter case, when developing DB4GL, parts
of the new system could be generated using the discarded
system.

iii) Formal interviews with personnel at the collaborating
building company formed the main source of information for
the estimating and cost control system. These interviews
were often supported by the generous provision of

documentation by the interviewees.

iv) Informal discussions with both research supervisors,
members of the Building and Computer Studies departments,
and other interested people provided an useful framework
for the formation and development of ideas which could

then be tried 1in the actual systems.

17



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



that would form the basis of the eventual DB4GL system.

The initial system development was carried out using
Microsoft Basic (MBASIC), an interpreted language which
allows fast system development, so that ideas could be tried

and evaluated quickly.

The result of this development was a simple screen and file
generation system. Screen and file definitions were
formalised, and could be entered into a 'data dictionary'
interactively. The definitions could then be used to

generate MBASIC programs.

It soon became apparent that the system was limited by the
host language, which was slow to execute, and had poor file
handling characteristics. The MBASIC system was therefore
discarded and a new prototype developed using Micro Focus
CIS COBOL. This language has good file handling
characteristics, and executes faster- but being a compiled

language, results in slower program development.

The revised prototype carried over the formalised screen and
file descriptions within the data dictionary, from the

previous system, and introduced file handlers.

The prototype was gradually refined, introducing more detail

to the data dictionary definitions, more powerful file
handlers, and complex screens, eventually forming a system
sufficiently powerful to provide a useful software

development tool.

19



This prototype was then used during the second software

development stage.

2.2. PROTOTYPE ESTIMATING SYSTEM.

There were a number of reasons for starting the development

of the estimating system before the software development

tools were complete;

i) This stage involved the first contact with the
collaborating building company. It was important to
maintain their initial 4interest in the project through

regular meetings.

ii) The systems analysis stage of the estimating system
development required a large amount of user co-operation.
Although this was always forth-coming, people within the
collaborating company were busy with their own concerns,
and care was required not to over exploit this co-
operation. By dividing the systems analysis into two
stages, their participation was spread over a larger time
period .

iii) A systems analysis methodology was to form an
integral part of the 'fourth generation' software
development system. It was necessary to establish and test
the basis of this methodology before completing the

software tools to ensure compatibility.

iv) If the prototype software development tool was to form

20



the basis of the eventual system, then it was dimportant to
test that basis. The protoype estimating system provided
such a test and illustrated the good and weak aspects of

the software tools.

V) The early application of the software tools to a
building problem verified the suitability of the concepts
and tools being developed to test the hypothesis in

sufficient time to allow revision 1f necessary.

The prototype estimating system, its method of development,

and the software tools used are described in the unpublished

research paper entitled 'W" computer estimating system for
a speculative house builder wusing 4th generation software
tools' [Ew 101]

The analysis of the estimating prototype was encouraging.
Software development was rapid, approximately 2 weeks

including some improvements made to the generating software,
and although the estimating system was only a prototype, the
exercise illustrated that the software tools were applicable
to at least some problems occuring in building companies.
The research paper also received a positive response from

the collaborating establishment, see appendix B4.

2.3. DESIGN AND IMPLEMENTATION OF DB4GL

In the 1light of the generation of the estimating system, the
prototype software tools were reviewed. Although generally

successful, some significant improvements were necessary,

21



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.
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CHAPTER 3.

3. THE DB4GL DATA BASE MODEL

The Data Base model was developed gradually during

course of the research project. This chapter describes

the

the

final version of the data base model, and the considerations

and theories behind 1its conception.

3.1. THE DERIVATION OF A SUITABLE DATA BASE MODEL.

The data base mechanism 1is the central component of the
DB4GL prototyping system. Considerable effort was spent to
develop a satisfactory design.
3.1.1 DATA BASE REQUIREMENTS.
The first stage in the design was to draw up a list of
requirements for the data base mechanism.
i) It must provide a powerful and flexible tool for
storing and manipulating data.
ii) It must provide a consistant 1interface between the
data base and applications programs. This interface must
be suitable for both generated and manually written
applications programs.
iii) The data base system must be simple in concept, and



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.
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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.
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3.2. THE DB4GL THREE SCHEMA MODEL

Although derived from the ANSI-X3-SPARC model, the DB4GL
data base system contains some differences. The three
schemas types are retained, but their roles have been

altered to produce a data base system founded on the entity

relationship approach which gives a high level of data
independence. The schemas are described in 3.2.1. to 3.2.3.
below .

3.2.1. THE DB4GL CONCEPTUAL SCHEMA.

The conceptual schema 1is not part of the 'run time' data
base system as external schemas map directly onto the
internal schemas. However it 1s an important factor during

the design, 1implementation and maintenance of the system.

The conceptual schema 1is part of the object dictionary (see
chapter 4). It 1includes the descriptions of all entities and
relations that are included, or are likely to be included,
in the data base. These descriptions are used to generate
the internal and external schemas (entity handlers and
subschemas) . The entity decriptions must be in 3rd normal
form to enable the relationships to be fully exploited as

mapp ing s .

Each entity type 1is identified within the conceptual schema

by a unigque entity number. Each attribute type within an
entity type is identified by an attribute number which is
unique to that entity type. Any attribute type can
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therefore be identified within the conceptual schema (or

data base) by a pair of numbers; entity number, attribute
numb er .

Within an entity type, there are two classes of attribute
type; 'key attributes' which identify a particular entity
occurrence, and 'mon-key attributes' which merely describe
the occurrence. For example, 1n an entity type 'stock item',
'stock code' would be a key attribute, but attributes such
as 'stock item name', 'quantity on hand', and 're-order

level' would be non-key attributes.

Key attributes are assigned attribute numbers 1 to 5, These
numbers represent thesignificance of the keys. Attribute
number 1 indicates themajor, or most significant key, and
attribute number 5, the least. Non-key attributes are
numbered 6 to 99. Refering to the above example, 'stock
code' would be attribute number 1, and 'stock item name',
'quantity on hand', and 're-order level' numbered say, e, 7,
and 8.

3.2.2. THE DB4GL INTERNAL SCHEMA (ENTITY HANDLERS) .

The internal schema is implemented as a collection of
'entity handlers'. There is an entity handler for each
entity in the data base, and they control and maintain the

indexed sequential files 1in which the data is stored.

Data within the file, and the file itelf, is manipulated by

calling the entity handler program and passing a parameter
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which contains the instructions to be carried out. This

formalised communication mechanism gives a very high level

of data 1independence. Data manipulation instructions are
divided into two classes.

INSTRUCTION DESCRIPTION

OPEN Open entity type (file), permitting input and
output operations.

CLOSE Close entity type (file).

GET Get (read) the entity occurrence matching the
value contained in the current entity key
field. If no such occurrence exists return
status

GET NEXT Get (read) the next entity occurence after the
current entity, in key sequence.

LOCATE Get (read) the entity occurrence matching the
value contained in the current entity key
field. If no such entity exists, get (read) the
next entity in key sequence, and return status.

STORE Store (write) the current entity.

DELETE Delete the current entity.

Fig 3.2. ENTITY LEVEL OPERATION DESCRIPTIONS.

i) Entity level 1instructions are instructions that either
change the state of the file, or the current entity
(record) occurrence, for example read and write record,

or open and close file.
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The entity level idinstructions supported by the entity
handler are based on the standard Micro Focus COBOL file

actions, but include some enhancements.

The result of the execution of an instruction 1is recorded
in a status field included in the return parameter. This

can be interpreted by the calling program.

The full set of entity instructions, and their codes are

described in Fig 3.2.

ii) Attribute level 1instructions manipulate the attribute
values of the current entity. There are two such
instructions; move-in, which inserts a new value into an
attribute in the current entity, and move-out, which

extracts the value of an attribute in the current entity.

a) To insert a new attribute wvalue 1into the current

entity (move-in), a data value 1is taken from the program

call parameter, and inserted into an attribute in the
current entity. The target attribute 1s identified by
its attribute number, which is also passed in the

parameter.

The entity handler can also validate data input. Only

valid wvalues are stored in the current entity.

The validation tests available are maximum and minimum
value checking for numeric attributes, and upto 12 four

character alternatives for non-numeric attributes.

32



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.
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A subschema may encompass the whole data base, or Jjust part

of it. There can be any number of subschemas and subschema

programs .

A subschema can therefore implement a set of linkages
(mappings) that represents the 'view' of the data base
required by a particular application. Alternative
relationships between entity types of the same data base (or
part of), can be implemented as further subschema programs,

as required by other applications.

Linkages are implemented as single direction mappings.
Attribute types 1in different entity types are paired. One
attribute type 1s called the source attribute, the other the
target attribute. The entity types containing the attribute

pair are similarly called the source and target entities.

The mapping takes the current value of the source attribute

and puts it 1in the target attribute. The target attribute
must be a key field, any attribute type can be a source
attribute. The source attribute 1s also known as a 'foreign
key '.

Once a mapping has been made, the subschema program calls
the target entity handler instructing a 'locate' operation.
The subschema program checks to see whether the value
inserted into the target attribute 1is still present, and
that any more significant keys are unchanged. If the
'located' entity occurrence fails this test, then the
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current target entity 1is given a null wvalue indicating that
there is no corresponding target entity occurrence to the

current source entity.

The subschema controls when the mappings are carried out.
These occasions occur whenever the value of a source
attribute changes; 1e after a 'insert' attribute action on a
source attribute, or a 'locate', 'get', or 'get next' entity

action 1is carried out on a source entity.

The target attribute in one mapping, can also be the source
attribute 1in another. Thus when the first mapping 1is made,
the second mapping must also be carried out, as the value of
its source attribute has changed. A single entity or
attribute action can therefore cause a chain reaction

throughout the data base.

The subschema program also contains a deadlock avoidance
mechanism which inhibits 'loops' occurring in the chained

mapp ing s .

There is no 1limit as to how many times a single attribute 1is

included as the source or target attribute in data base

mappings

Mappings are limited during program execution to those
entity types which have been 'opened' by the applications
program. This allows the formation of program 'domains'
within subschemas, ie the applications program only uses the

precise area of the data base that it requires.
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3.2.4., ATTRIBUTE PROCESS PARTNERS.

In order to extend the processing capabilities of the entity
handlers, “process partnefs' have been introduced. Each data
base attribute can have associated “process partners”. Two
types of process partners have been specified, and an

attribute may have one of each type directly associated.

i) pre-process partner, to produce a data value prior to
presentation to the user, for example “age” from “date-of-

birth”.

ii) post-process partner, to act on the data value
recieved and generate mnew values for that attribute,
and/or other attributes, for example “month-number” from

‘“month-name”.

Process partners are implemented in the entity handlers as
in-line procedures called during attribute instructions. A
pre-process partner is <called during value extraction
instructions, and post-process partners during value

insertion.

36



CHAPTER 4.

4. THE OBJECT ORIENTATED APPROACH.

An 'object' represents a unit of DB4GL software; a program.
Each object consists of a unit of private memory (object
space), and a set of operations. Objects communicate through
'messages’'. A message 1is a request for an object to carry
out one of its set of operations. The set of messages to
which an object can respond 1is called the 'interface' of
that object. Messages can be sent by other objects or, if

the receiving object has a 'human' interface, from the user.

Objects can be grouped 1into object classes, these are groups

of objects which represent the same kind of system
component. An individual object within a class 1s called an
instance. For example, in DB4GL, there 1s an object <class
'entity type' (see below) which includes all entities, ie
the entity handlers. Each entity handler 1is an 1instance of

the object class 'entity type'.

The only way to interact with an object is through its
interface. This ensures modularity in the system, as
messages merely send instructions, and are not concerned
with how they are carried out. Changes to an object will
therefore not affect other objects with which it
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communicates unless the object interface is changed.

Smalltalk-80 [Gol0l] is a well known system which opioneered
the object-oriented approach., It forms a very powerful
graphical interactive programming environment which supports
a large number of standard object types, to which the wuser

can add his own.

SmallLalk-SO is a programming support environment, the
concepts of objects and messages are carried down to the
lowest levels of programming. DB4GL is a system development
support environment and so objects referred to are “high
level” objects, that 1is they express system components
rather than program components, there are consequently fewer

object classes, but those objects are complex.

DB4GL programs are written in Micro Focus Level II COBOL,
which is based on the 1974 ANSI standards, and is a
traditional style programming language, which has been used

to implement the object oriented system structure.

DB4GL supports only 6 object <classes; entity type,
subschema, screen, repbrt, data manipulation, and system. Of
these object types, the first four can be generated by
DB4GL, system objects are common to all DB4GL systems, 80
the wuser only has to write the data manipulation objects
(programs). This simple object oriented approach leads to

highly modular systems.
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4.1. THE OBJECT DICTIONARY.

Objects within the classes entity type, subschema, screen
and report have a very similar format. The differences
between objects in each class can easily be formalised, and
used as the 'specification template' for all objects 1in that
class. For example, an instance of the object class 'entity
type' can be expressed entirelyin terms of entity number
and name, and details of the attribute types which make up
that entity type. These details therefore form the
specification template for the object <class 'entity type',

see appendix A2 [3-4]

The 'object dictionary' contains the specification templates
for each of the DB4GL object types. Each template is
described as one or more normalised entity type(s) . These

entity types are 1implemented as a standard DB4GL data base,
ie as entity handler and subschema programs, and constitute

the object dictionary.

The object dictionary is central to DB4GL . System
descriptions, in terms of object specifications, are entered
into theobject dictionary data base during the systems

analysis and design phase of the system 1life cycle.

Once in the dictionary, object specifications <can then be
used by a suite of DB4GL system programs to generate the
data Dbase, screen and report objects which form the
prototype system. Amendments to the prototype are entered
into the dictionary, and the appropriate objects
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regenerated. Data manipulation objects are added to the

prototype manually.

Object generation is achieved by inserting the object
specifications into a 'skeleton program' which represents
the common aspects of the object class. The 'insertion' is
done by system object programs. There 1is one generation
program, and one skeleton program per generated object
class. The object dictionary and generation procedures are

shown graphically in appendix Al [21,

When a satisfactory prototype system has been built,
documentation can be produced directly from the object
specifications 1in the dictionary to support the prototype as
the system specification. The prototype can be used as the
basis for the live system, and much of the system

documentation produced automatically from the dictionary.

Once the 1live system 1is 1implemented, the object dictionary
can play an important role 1in system maintenance. All system

changes can be entered into the object dictionary and tested

on the prototype before altering the 1live system. Revised
system documentation may then be produced automatically.
Example documentaion generated by DB4GL is included in

appendices C2 and C4.

4.2. ENTITY TYPE OBJECTS.

Entity type objects (entity handlers), are described in

chapter 3. To summarise, an entity handler program is
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dedicated to the maintenance and control of a single indexed

sequential file. That file being the storage medium for an

entity type 1in the data base.

The 'object space' of an entity handler is the record format
of the file within the program work space. An entity
occurrence contained in the object space is termed the

'current entity'.

The operation set of an entity handler is divided into two

sect ion s ;

i) operations which 1insert or extract attribute wvalues 1in

the current entity.

ii) operations which affect the status of the file, or the
current entity occurrence, for example open and close

file, or locate and store entity occurrence.

Operations are enacted through the message set which forms
the operation interface. The only object class which calls
entity type objects directly are subschema objects. These

contain a copy of the standard operation set for entity type

objects .

Messages are returned to the calling subschema object after
the completion of an operation, these messages contain data
extracted from the current entity by the 'move-out'
operations (see 3.2.2 (ii) above) and/or a status value
representing the degree of success (or otherwise) of the
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operation,

The specification template for entity types is expressed in

two object dictionary entity types;

i) entity details (entity number 1 1in the object
dictionary) which contains information <concerning the
entity type, such as entity name, description and disk

drive.

ii) attribute details (entity number 2) which describes
the attribute types that make up the entity type. There is

one such entity occurrence per attribute.

These object dictionary entity types are fully described in

appendix A2 [3-4].

Entity type specifications are entered and maintained in the

object dictionary interactively, wusing the screen program

described in appendix A3 [17].
4.3. SUBSCHEMA OBJECTS.

Subschema objects (programs) describe an area, or view, of
the data base. This includes logical relationships between
entities, which afe implemented as single direction
attribute mappings. Subschema programs are described in

chapter 3.

A1l data base access must pass through a subschema program,

and not directly to the entity handlers. Operations within

the subschema operation set have two functions;
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i) To reformat and pass on messages to relevant entity

handler objects.

ii) To re-establish any relationship links that may have
been affected by that entity handler operation. This may
require sending and receiving a number of messages to and

from a number of entity handlers.

The message sequence of a subschema object can be summarised

as;

i) Receive message from calling object (eg screen

program).

ii) Send message to entity handler specified in previous

message.
iii) Receive message from entity handler

iv) Depending on received message, operation type, and the
entity relationships involved, send and receive messages
to and from affected entity handlers until all data Dbase

linkages are again consistant.

v) Return message to original calling object indicating

the success of the requested operation.

Three entity types are required to store the subschema

specification template;

i) Subschema heading details (entity number 5). There is
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one such entity occurrence per subschema.

ii) Subschema area (entity number 6) specifies each entity
type included in the subschema. There is one such entity

occurrence per entity type in the subschema.

iii) Attribute relationships within the subschema area
(entity number 7) are expressed in terms of source and
target attributes. There is one such entity occurrence per

relationship (attribute mapping).

The subschema specifications are described in detail in
appendix A2 [8-10]. Specifications are entered into the
object dictionary wusing the screen programs described in

appendix A3 [18-19].
4.4, SCREEN OBJECTS.

Screen objects (programs) allow the user to access and

update data contained in the system data base interactively.

To develop a general purpose screen object <class, the
requirements of screen programs within the DB4GL environment

were first analysed;

i) A single screen program should allow the wuser to
operate in create, update, enquire, and delete modes, thus

reducing system duplication.

ii) It must be possible to generate the screen program
from specifications, held in a data dictionary, as

required by any prototype system.
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iii) The screen program should be able to maintain entity

types with 'l to many' or 'parent child' relationships.

iv) The screen program must 1interface with the established
data base system. The program must be able to identify and
act on error messages returned from the data base

mechanism.

V) The general screen design must reflect and encourage
the accepted guidelines for good screen design [GalOl].
A screen program displays the 1image of a blank 'form' on the
VDU. The user 1s then invited to fill in the form. The
screen program provides a set of simple commands (messages)

with which the user can control the screen operation set.

A form, or screen image, 1is built up of two types of fields;

i) Constant fields which describe the 'blank form'. The
values of these fields are constant 1irrespective of which,
if any, entity occurrence 1is current, and cannot be

changed during execution.

ii) Variable fields which contain data to be entered into,
or has been extracted from, the data Dbase. Each wvariable

field relates directly to an attribute type. There are two

types of variable fields; 'input fields' into which data
can be inserted and amended during program execution, and
'output fields' which cannot, but whose value depends on

the current entity.
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Data is entered into the varable input “fields” in sequence
from 1left to right, top to bottom on the screen, which

follows the natural eye movement sequence [GalOl].

The screen program prompts the user for a response by
displaying the brackets “<” and “>“ around the current input
field. Data can only be entered between the two Dbrackets.
When the user has entered data into a field, the “return”

key 1is pressed, and control passes back to the screen

program.

Each value input is checked against the validation criteria
for the corresponding attribute type. These criteria fall

into two classes;

i) Format, the field is checked to see whether it 1lies
between the minimum and maximum lengths, and if a numeric
field, does mnot exceed the maximum number of integer or
decimal places. Non-numeric characters cannot be entered
into numeric fields. Fields with a mandatory input

condition are checked for a value.

. -
ii) Content, the value of the field is checked against
any validation criteria specified for the attribute type.

This is acheived by interpreting messages received from

the entity handler objects via the subschema.

If the data input fails a validation test, then the field is

rejected, an appropriate error message displayed, and the
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user asked to re-input the field.

There are two screen types within screen object <class;

simple screens and complex screens.

4.4,1, SIMPLE SCREEN OBJECTS.

A “simple” screen is concerned with a single entity, that
is, only one entity type can be updated from that gcreen.
Data from other entity types can be displayed on the screen
if there are the necessary mappings from thé “source”, or
‘projected” entity type within the specified subschema

object,

When the screen program is run, a blank “form” (the screen
format), is displayed on the VDU. The user is prompted to
enter data at the first input field (the field nearest the

top left hand corner).

The first field input will relate to the most significant
key attribute type of the source entity type.. If there are
more key attributes, then these fields are also Trequested.
Once the complete key has been entered, the screen program
searches the data base for an occurrence within the source

entity type which matches the key value(s) input.

If no such occurrence is located, then the screen program
assumes that the user wishes to create a new entity, and

requests values for the remaining input fields.

If there is an existing entity occurrence which matches the
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key entered, then the remaining screen fields are filled in

with values from the located entity.

Once the screen is complete, either after the wuser has
entered a new entity occurrence, or an existing occurrence
has been displayed, the user is presented with three options

(the simple screen object interface).

i) DELETION; The wuser <can delete the current entity
occurrence from the data base. After deletion, the screen
program clears all variable fields, and returns to the

first input field.

ii) EXIT; The wuser can exit from the current entity
occurrence, saving the updated version in the data base.
All wvariable fields are cleared, and the screen program

returns to the first input (key) field.

iii) AMEND; The user can amend any of the non key input

fields displayed on the screen. The fields are amended in
the same sequence that they are input, 1left to right, top

to bottom.

At each field, the current value is enclosed by the
brackets “<° and “>°, The user can amend the value
‘enclosed by over-writing it. The “return’ key moves the

.screen program to the next input field.

~When the last field has been amended, the user is again
presented with the same three choices, EXIT, DELETE, or

- AMEND,
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The screen program 1is terminated by entering a null wvalue at
the first input field. The process flow of simple screens 1is
illustrated in appendix A4 [30], An example simple screen
can be seen 1in appendix C4 [24].

4.4.2. COMPLEX SCREEN OBJECTS.

A 'complex' screen 1is the combination of two entity types
within a single screen. The two entity types must be
connected via 'one to many', 'parent child' or 'owner
member' relationships. Such relationships are a basic
construct of the entity relationship model. A single
occurrence of the parent entity type 1is projected in the top
screen area, and many occurrences of the child entity type
can be projected in the bottom area.

A 'parent child' relationship exists when the key attribute
type (s) of the parent entity type form the major (most
significant) key attributes in the child entity type. The
child entity will also have further key allribute(s), ie in
a child entity type the first (major) key attributes
identify the 'parent' entity occurrence to which a child
belongs, the remaining key attributes identify a child
entity occurrence amongst those with the same parent.

The subschema object (program) wused by the screen program
must contain mappings from the key attribute types in the
parent entity type to those related attribute types in the
child entity.
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The top, or parent, screen area, is treated 1n much the same
way as a 'simple' screen. In the bottom, or child, screen
area, each related 'child' entity occurrence 1s presented as
a series of input fields on a single 1line. Although several
such lines can be displayed at once, if there are more
related child entity occurrences than available lines, the
user can 'scroll' this area of the screen up and down as

required

When a complex screen program 1is run, the blank 'form' is
displayed and the user promptedto input the first field in
the parent area of the screen (anull field stops program

execution) . The first fields input relate to the key
attributes of the parent entitytype. Once these have been
input, the screen program searches the parent entity type

for an occurrence matching the key entered.

If no match is found, then the screen program assumes that
the user wishes to enter a new entity occurrence. The
remaining input fields in the 'simple' part of the screen
can be entered. The wuser can then enter any number of child

entity occurrences, one line at a time.

If there 1is a corresponding parent entity occurrence to the

key entered, then the located entity details are displayed

on the screen. The screen program also searches for related
occurrences of the child entity type. Details of these, or
at least as many as there 1is room for, are displayed in the
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bottom part of the screen. Additional child entity

occurrences may be displayed by 'scrolling' the screen.

The complex screen object operation set 1is divided into two
subsets, one each for the simple and paged (scrolled) areas
of the screen. Once the screen has been filled, the wuser is
presented with the operation subset for the paged screen

area.

i) EDIT; the user can insert new child entities or amend
and delete existing ones. When edit has been selected,
then the user 1is prompted to enter the key fields of a
child entity occurrence. If it 1is a new occurrence, then
the user 1s prompted for the remaining field details, if
the key matches an existing occurrence, then those details
are displayed, and the user 1is given a further choice of
amending or deleting the occurrence, or leaving it

unchanged.

Once the current child entity has been either entered or
re-displayed and updated, the screen program promptsfor
another key field. This continues until a null key field
is entered. The screen program returns to the original

option 1list.

ii) SCROLL DOWN ; If there are too many related child
entity occurrences to be displayed at once, then the
remainder may be displayed by 'scrolling' down. The bottom
line currently displayed in the paged screen area 1s moved

to the top, and subsequent 1lines are displayed below. The
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child entity occurrences are displayed in ascending .key
order. Groups of lines displayed together are called

“pages”.

iii) SCROLL UP; After scrolling down, the user can return
to previous ‘pages” by scrolling up, the reverse of
scrolling down, ie the current top line in the paged
screen area becomes the bottom line, and lines
representing cﬁild entity occurrences with lower key

values fill the tbp part.

iv) EXIT; This operation changes the operation subset from

the paged screen area to the simple screen area.

The simple screen area operation subset allows the user to
manipulate the parent entity details in the top part of the
screen. This operation subset is very similar to the

operation set of simple screens;

i) AMEND; The simple screen area can be amended in exactly
the same way as if it were a wholly simple screen.
However, once amended, the user is passed again into the

operation subset for the complex screen area.

ii) DELETE; The parent entity occurrence is deleted, and
also the related child entity occurrences. The screen 1is

cleared of variable fields, and a new key requested.

iii) EXIT; The parent entity occurrence 1is saved, or

updated, and the variable fields cleared. The user is
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prompted for data at the first input (key) field.

To exit the screen program, the user must enter a null value

at the first input field. The process flow of complex
screens is illustrated in appendix A4 [29], An example
complex screen can be seen in appendix C4 [22]

4.4.3. SCREEN PROCESS PARTNERS.

Process partners can be introduced to increase the
flexibility of screen object programs. It is possible to
assign both a pre-process partner and a post-process partner

to each variable field 1in the screen.

i) Pre-process partners are enacted before a value is
displayed or input at a field. These process partners are
useful for displaying special information, or further

instructions concerning a particular data field.

ii) Post-process partners are enacted after a value has
been displayed or input at a field. Post-process partners
can act on the value which was displayed or input at the
field position. They may be used for further data

manipulation and to control field input sequence.

4.4.4. SCREEN OBJECT SPECIFICATION.

Three entity types are used to describe occurrences of the

screen object class 1inthe object dictionary.

i) Screen header (entity number 10), contains the

specifications of general information concerning the

53



screen, for example, the subschema and entity type objects
required, and whether the screen object is a simple or
complex type. There is one screen header entity occurrence

for each screen object.

ii) Constant field description (entity number 11),
describes the screen co-ordinates and value of constant
fields. There 1is an entity occurrence for each constant

field in the screen format.

iii) Variable field description (entity number 12),
describes the screen co-ordinates and source or target
entity and attribute reference (in terms of entity number
and attribute>number). There is an entity occurrence for

each variable field in the screen.

These entity types are fully described in appendix A2 [5-7].
Specifications are entered into the object dictionary via

the screen programs described in appendix A3 [21-23].
4,5, REPORT OBJECTS.

The production of hard copy reports is an essential function
of any data base system. The requirements for report objects

within, and generated by, DB4GL are as follows;

i) The report programs should be able to select
information from the data base which <corresponds to

parameters inserted at run time.
ii) It should be possible to sort the selected data into
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any required order before it is printed.

iii) The report format should be flexible enough to cope

with a wide range of report formats.

iv) The report program must interface with, and

complement, the existing data base system.

v) It must be poésible to generate report programs from

specifications held in the object dictionary.

To help the construction of the report generator, which is a
very complex program, a formal specification was drawn up
describing the features that should be included in an ideal
report object class, and how they can be implemented. This
specification 1is included in appendix D and forms the basis

of the DB4GL repbrt generator.

Although data from more than one entity type can be included
in the same report, It is necessary to identify one entity
type as the “main source entity”. This entity type contains
the basic data required in the réport, and from which all

the other entity types required by the report can be mapped.

The production of a report takes place in two stages; the
selection and sorting of the data, and the formating and

printing of the report.
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4,5.1., DATA SELECTION AND SORTING.

Before any data can be printed, it must be selected from the

data base and sorted into order.

i) Selection :- Entity occurrences are selected from the
main source entity, and their key values are stored in a
temporary list file. The selection 1is achieved by
comparing attribute values in the main source entity, and
other “linked” entity types, with values specified by the
user at run time. There is no limit to fhe number of
selection conditions included in the report progam. To be
selected an entity occurrence must meet all of the

specified selection criteria,

The comparison tests provided are; equal, not equal, less

than, not less than, greater than and not greater than.

ii) Sorting :- Once the data hes been selected, the
temporary key list is sorted into a specified order. Any
number of sort keys can be included in the report program,
the Lkeys <can be any of the attribute types in the main
source entity, or ofher “linked” entity types, The key
list can be sorted into either ascending, or descending

order.,

If the keys are not sorted, then the report is printed in
the ascending sequence of the main source entity key

values.
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.5.2. REPORT FORMAT AND PRINTING.

e report format 1is divided into three sections or areas;

i) Report Header The report header area 1is printed at
the top of every page 1in the report. The area may simply
include the report title, however it may also include
variable data fields, and titles describing the following

data area

ii) Data Area :- The data area contains repeating groups
of data lines. Each group of lines describes a single

entity occurrence in the main source entity.

The groups of 1lines are repeated until a 'break condition’
occurs. These conditions occur when the end of the main
source entity 1is reached, in which case execution halts,
when the end of the page 1is reached, or when a specified

'break attribute' changes 1its value.

iii) Footing area The footing area 1s printed at the
bottom of each page of the report, for example after a
break condition has occurred during the printing of the
data area. Constant and variable data can be included in

the footing area.

.5.3. RUN TIME CONTROL.

en a report program is run, a simple screen format is

displayed, and the user 1s prompted to enter values for any

of

the run time selection parameters. The data base is
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searched for occurrences of the main source entity which
match the selection parameters entered. The corresponding
keys are stored 1in a temporary file. The sort keys are also
stored in the temporary file. This file 1is then "bubble'
sorted according to those keys.

The sorted main source entity keys are then used to sequence

access to the main source entity and so
those other 1linked entities in the

be extracted, in the required sequence,
for printing in the report.

4.5.4. REPORT OBJECT SPECIFICATION.

representation of

The object dictionary

template consists of four entity types;
i) Report header (entity number 15),
report details, such as report name,

and entity handlers are used by the

subschema.

and which

consequently all
Data can then

from the data base

the specification

contains general

subschema

report program.

ii) Report format entity type (entity number 16) contains
descriptions of the fields (both constant text and
variable data) that form the report. There 1is an entity
occurrence for each report field.

iii) The report sort entity type (entity number 17) allows
the specification of sort keys. For each report sort key
there 1is a corresponding entity occurrence.

iv) Selection details are specified in the report select
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entity type (entity number 18) in a similar way to sort
details. Each selection criteria is represented by an

entity occurrence.

These entity descriptions are presented in more detail in
appendix A2 [11-14]. Specifications are entered into the

system via the screens described in appendix A3 [25-28].
4,6, DATA MANIPULATION OBJECTS.

Data manipulation objects take data from one or more entity
type(s) and use it, with perhaps some transformation, to

update or create one or more other entity types.

Unlike the entity, subschema, screen and report object
classes, it 1is very difficult to formulate specification
templates for data ﬁanipulation objects as there is a wide
variance in their function. There is therefore no data
dictionary representation for these objects, mnor generation

routines.

The DB4GL user must write these programs .manually wusing
COBOL, but can interface with the DB4GL data base by using
the standard message format and operation codes. The

data base interface was described in chapter 3.

4,7. SYSTEM OBJECTS.

A system object is a DB4GL program which is supplied 1in
compiled form only. They are not generated by the user, and

are common to all DB4GL systems., There are two kinds of

59



system object;

i) System objects which constitute the DB4GL system, such
as the specification maintenance, object generation,
system menu, and documentation programs. The MICRO FOCUS
COBOL compiler and run time programs can also be included

as system objects.

ii) System objects which can be used by generated
programs. For example all screen field input and output is
acheived by sending messages to a system object called
'ACCEPT"'. This object carries out all the field
operations, such as updating and extracting information
from the relevant attribute value in the data base,
accepting a value from the user and checking its format,
displaying values from the data base, and returning the

value to the calling screen object.
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CHAPTER 5.,

5. APPLICATION DEVELOPMENT USING DB4GL.

The DB4GL software development system should be used in a
much wider role than purely as a program generator. The
associated systems development methodologies wutilise the
software tools to enable DB4GL to play an important role

throughout the system life cycle.

The. system development methodologies require adoption of new

approaches to system development and maintenance.

Systems development, particularly systems analysis and
design, is an area of much debate in the 1light of new
techniques and tools. Some people (Ed Yourdin et al) support
structured analysis methodologies such as those described by
De Marco [DeMdl], and Gane and Sarson [GanOl]. Others,
notably James Martin [Mar0l], support the prototyping

approach to systems analysis and design [ComO1l].

The proposed systems analysis and design methodology is a
combination of these two approaches, the structured systems
anélysis methods, and the wuse of protoyping. It 1is
recognises that both approaches have strengths and

weaknesses;
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i) Structured analysis provides a logical framework for

the recording of analysis results, and the development of
well structured solutions. However, although pictorial,
the design is not easily demonstrable to users, and is
poor at expressing the business meaning of the data and

functions it describes.

ii) Prototyping gives a very clear picture of the proposed

system, this can be used to obtain valuable feedback from
the users for system verification and improvement.
However, prototyping does not provide a stuctured format
for dinitial system analysis, and often ignores the system

elements that fall outside the scope of the prototyping

system .
Zimmerman [ZimO1l], advocates a balanced combination of
system development methods to give a broader insight into
the problem, and in areas of overlap, provide checks.
However the combination of more than one methodology to a

single situation implies duplication of analysis effort.

In the development methodology described below, duplication

of effort has been avoided by applying each methodology only

to those aspects of analysis to which it 1is most suited.
Initial analysis and design is carried out using structured
analysis techniques, subsequent design refinement and

verification 1is achieved by system prototyping.

The effective combination of techniques 1is acheived through

the DB4GL object dictionary. Specifications derived from the
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initial analysis and design phase are entered directly into

the dictionary, and used to generate the system prototype.

Although based on a micro computer, DB4GL can be applied to
the development of large systems. It can pe used as a tool
by systems analysts and programmer analysts to develop
systems to run on large multi-user computers. With some
development, DB4GL could become fully compatible with these
computers thus allowing the implementation of prototypes as

“live” multi-user systems.

intena-
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— o — /-J-\
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Initial Fyste
Systems System ?::e:at- f:fé:li Iiple:en- ISystem
Analysis Design Develop- pocument -| Jeation ;:ﬁ
ment htion ce
bject
S ictionary Systen
pecifications Documentation
Fig 5.1. DB4GL SYSTEM DEVELOPMENT METHODOLOGY.
System maintenance is simplified as amendments can be

introduced by re-generating the affected objects. The highly
modular nature of the applications systems developed using

DB4GL means that amendments are isolated to those objects
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directly‘affected by changes.

The complete system development methodology is summarised in

Fig 5.1.
5.1. INITIAL SYSTEMS ANALYSIS.

The initial systems analysis is the first stage of the
system development process. Traditional systems
investigation methods are wused, such as interviews,
observation, and documentation searches, to build a global

model of the system.

Initially, the analyst concentrates on data requirements
and data flows within the system, rather than functional
specifications., The aim is to produce a simple “logical data
flow diagram® [Gan0Ol] [DeMOl]. This diagram should be
constructed using the four symbols (representing broad

function types) illustrated in Fig 5.2.

Logical Logical
. . Data
Logical Logical o it Data
Output ransi Store
Input 0 p jon
Process roce Process

Fig 5.2, LOGICAL DATA FLOW SYMBOLS.

The symbols are joined using lines indicating the logical

flow of data through the system. Each symbol should be
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identified by a number unique within its type. Details of
the items represented by each symbol in the logical data

flow model are recorded on standard forms (see appendix B3).

The first draught logical data model should aim to identify
and organise the major system components. When the first
model has been completed, it forms a working document, and
is successively amended and refined to include greater
detail., The modellis complete when the analyst is content
that it is correct, and that suffiecient detail is included

to allow a system prototype to be designed.

The “top down” approach is an important aspect of structured
systems analysis [GanOl] [DeMO0l]. It gives the analyst a

logical, controlled approach to his analysis task.
5.2. SYSTEM DESIGN.

The system design phase uses the logical data flow model and
its supporting documentation to develop a prototype design.

The objectives are;

i) To draw up a physical data flow model, which identifies
the entity, screen, report and data manipulation objects

that will constitute the applications system.

ii) To enter the relevant DB4GL object specifications into

the object dictionary.

The physical model is derived from the logical data flow

model. It is built using the same symbol set, but with a
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well defined meaning to each symbol type, see Fig 5.3. Each
symbol type corresponds directly to a system object type.
The objects contained in the physical data flow model can

therefore be described in the DB4GL object dictionary.

—

Data N Entity
Manipul- e
Screen Report ation TYP
L‘ﬁ_—’///”——_ Process

Fig 5.3. PHYSICAL DATA FLOW SYMBOLS.

The design phase is divided into 5 stages, the first three
are concerned with developing the DB4GL generated system
objects, the fourth with data transformation (manipulation)
objects. The final stage is a “walk through” check of the
system design. These stages are described in -5.2.1. to

5.2.5. below.
5.2.1. DATA BASE DESIGN,

The data base forms the basis for all the other stages, it
is therefore necessary to complete its design before

starting the other design étages.

The first step for the designer is to remove data redundancy

and normalise the data store descriptions contained in the

logical data flow diagram. Normalisation simplifies the data
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structures into simple tabular entities [Gan0l1] [DeMO1]

[Dee01] [SakO1l].

One probable result of normalisation is that each 1logical
data store will be split into more than omne physical entity
type object. This will be reflected on the physical data
flow éiagram, where each entity type object is represénted
as an separate symbol. For example, a data store “order’
after normalisation will be split into two entity type

objects;

i) “order header” contains details such as “order date”
and “supplier”. There is one occurrence of “order header”

per order dispatched.

ii) “order line”, describes the items orders. There is one
occurrence of “order line” per product ordered, there may
therefore be many occurrences of “order line” relating to

a single occurrence of “order header”.

Each entity type 1is given a unique entity number, and
recorded in the DB4GL object dictionary along with the
attributes that. constitute it. Decisions must be made
concerning field type and size, but these can be amended at

a later stage.
5.2.2, INPUT DESIGN,

All data input to the system is be made via screen programs.
Each logical input process represents one or more screen

program(s). The screens maintain entity types derived from
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the logical data store(s) to which the 1logical input process
is connected in the logical data flow diagram (ie the

target entities).

The screen requirements for any logical input process

depends upon;

i) The number of entity types required to implement the

I
target logical data store(s). The maximum number of entity
types a single screen can maintain 1is two, so at least one

screen 1is required for every two target entity types.

ii) The relationships between the target entity types. If
a 'parent-chi Id' relationship exists between two entity
types, then they can be maintained by a single complex
screen. If no such relationship exists, then two simple

screens are required.

iii) The number of input fields required to maintain each
entity type. If the entity types consist of a large number
of attributes, then more than one screen may be required
to maintain them. Such entity types cannot be maintained

by complex screens.

iv) The format of incoming data. Screen design should
reflect the document (s) from which the information is

taken 1in terms of input order and presentation [GalOl].

v) The timing and source of input data. Some entity types,

or related entity types, contain data attributes which
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have different sources, and so may not become available at
the same time. Screen design should combine only those

attribute details normally available together.

Each screen format is given a unique screen number, recorded
in the object dictionary, and shown as a symbol on the
physical data flow diagram. The subschema requirements of
the screen. are calculated; and if no suitable subschema

exists, they are recorded in the object dictionary.

5.2.3. OUTPUT DESIGN.

There are two possible output formats, enquiry screens and
reports., The first design task is therefore to establish
which of these formats is required. Enquiry screens are
designed and specified ‘in the same way as input screens

(5.2.2. above).

To design a report, it is necessary not only to establish
what data is required, and the source entity types, but also
the order and format in which it is to be presented. Each
report is given a wunique report number, and the
specifications are entered into the object dictionary.
Subschema requifements must also be calculated, and if no
suitable subschema exists, they are recorded in the object

dictionary.
5.2.4. DATA MANIPULATION PROCESS DESIGN.

The specifications of data manipulation processes are not

stored in the object dictionary, and are less easy to define
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than for the other DB4GL objeét types. Specifications are
formalised to a limited extent by showing which entity
types are accessed for input and output, and subschema
requirements which are entered into the object dictionary if

no suitable subschema exists.

The actual process procedures can be specified in the
traditional narrative form, or by using structured
techniques such as those described by Gane and Sarson

[Gan01].
5.2.5. SYSTEM WALKTHROUGH,

The physical data flow model provides a clear picture of the
complete system. This picture 1is wused in the system
walkthrough. The objective of the walkthrough 1is to

illustrate;

i) That all system output is possible, ie all output data
is derivable (by specified processes) from data entered

into the system.

ii) That all system input is necessary, ie for each value
input, there is a path to a corresponding output value (or

values).

iii) That the system is complete, ie that all functions

have the necessary source and target destinations,

Any errors detected should be amended in both the physical

data flow model, and the object dictionary before proceeding

70



to the next stage.

5.3. PROTOTYPE GENERATION AND DEVELOPMENT,

The purpose of the ©prototype system in this system

development methodology is fourfold;

i) To provide the program basis for the “live” system or,

at least, the basis of the system specification.

ii) As a systems analysis tool to extract system details
missed by the initial analysis stage and less quantitative

details such as user opinion.

iii) To test and prove the system design as a worthwhile

solution to the problem.

iv) As a “public relations” tool to encourage user
participation in design, and acceptance of the eventual

system,

Prototype generation 1is the cyclic application of three
processes, which are repeated in sequence to refine and
develop the prototype. This evolutionary approach 1is
complete when a satisfactory prototype has been developed.

The processes are described in 5.3.1. to 5.3.3. below.
5.3.1. PROTOTYPE GENERATION.

Prototype generation is acheived by applying a suite of
generation programs (contained in the DB4GL system menu), to

specifications held in the object dictionary. This
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application produces source COBOL programs which can be

compiled to form the prototype system.

The first system prototype should be generated immediately
from the specifications entered into the object dictionary
during the design phase. Data manipulation objects should
only be included as simple approximations in order to build
up a data base for output objects, for example, reports,
that use derived data. This data base could alternatively be

derived by generating temporary screen objects.

In some cases, a prototype developed in this way will Be
sufficient to satisfy the prototype requirements. In more
complex systems however, some manual additions are required,
for example data manipulation objects and process partners.
These can be added to the prototype as it passes through its

evolutionary development cycles.
5.3.2. PROTOTYPE ANALYSIS,

Once a prototype has been generated, it should be tested
using sample data from the user department. The subsequent
output data should be checked and any errors in the

prototype corrected.

The prototype should then be taken 1into the user
environment, and demonstrated to the people who will use and
supervise the. system. Careful note should be made of all
user response, as further details concerning the system,

which were missed during previous analysis phases, may
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become apparent.

5.3.3. PROTOTYPE AMENDMENT.

The results of the prototype analysis phase ie user
responses, are analysed, and a list of amendments produced.
These amendments are made 1in both the physical data flow
diagram, and the object dictionary. If the 1initial systems
analysis was accurate, then these amendments should be
limited to cosmetic changes to the user interface. The
prototype development cycle continues with the re-generation

of the prototype.

When the prototype is found to be satisfactory ie the
prototype is complete (including data manipulation objects
and process partners) and there are no amendments

outstanding, the prototype generation phase 1s complete.

5.4. SYSTEM SPECIFICATION AND DOCUMENTATION.

During the analysis, design and prototyping phases, a
comprehensive system specification is built up . This

comprises of;

i) The logical data flow model and supporting

documentation from the initial analysis phase.

ii) The physical data flow model from the design phase.

iii) Detailed object specifications from the object

dictionary as entered and amended during the design and
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prototype generation phases.

iv) A working model (the prototype) demonstarting the

“live” system from the users point of view.

If the prototype is to be used as the “live” system, then

the specification becomes the system documentation.
5.5. SYSTEM IMPLEMENTATION.'

~The prototype 1is a single user system, based on a micro
computer. If the “live system” is to be installed in such an
environment, then the prototype can be adopted after

testing.

Since much of the prototype is generated wusing standard
DB4GL objects, which have been well tested, program testing
should concentrate on the non-standard parts, such as the
data manipulation objects. Thbrough system testing should be
carried out to check the interfaces between the system

objects.

If the 1live system is to be installed in a more complex
environment, for example on a mainframe or mini computer, or
on a computer network, then the prototype will need
enhancing to include such facilities as file sharing and

security.

Even in complex mainframe environments the prbtotype may
still be used as the program basis, as DB4GL generates COBOL

programs which conform to the 1974 ANSI standard [MicOl].
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The prototype is therefore compatible, at source code level,

with most mini and mainframe COBOL compilers.

This compatibility can be enhanced considerably by two

additional developments;

i) The implementation of file sharing and system security

facilities in the DB4GL prototyping system.

ii) The introduction of new micro to mainframe program
development aids such as “VS COBOL WORKBENCH” recently
announced by Micro Focus [Bla0l]. This package gives
object <code compatibility between IBM mainframes and the
IBM Personal Computer during the development of COBOL
programs which comply with the ANSI 74 or IBM 85

standards.
5.6, SYSTEM MAINTENANCE.

System maintenance 1is an ever increasing and expensive
burden on data processing. It has been estimated that 50% of
the total costs incurred during the system life cycle are

spent on the maintenance phase [Gla0l].

Systems developed using DB4GL are easier to maintain than

traditionally developed systems for five reasons;

i) Systems developed using DB4GL are highly modular and so
most amendments can be localised to the relevant system

modules.,
ii) The data base mechanism offers a very high level of
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data independence, so amendments to the data base mneed
only affect those objects which use the changed data

items.

iii) The user can quickly test maintenance amendments by
updating and testing the prototype before interrupting the

live system.

iv) If the live system has been derived directly from the
prototype, then the appropriate modules can be re-

generated with little manual intervention.

v) System amendments are recorded in the object dictionary
in order to re-generate the live  system and/or system
prototype. Documentation can be updated automatically from

the object dictionary.
5.7. OBSERVATIONS ON DB4GL.

An analysis of the DB4GL software development system brings

forth the following observations.

i) The DB4GL system provides an integrated strategy for
software development through the phases of systems

analysis, design, implementation and maintenance.’

ii) The DB4GL generation tools allow the rapid development
and substantiation of system designs, producing prototype
data base, screen and report designs quickly, which can be

used to involve the users in the system design process.
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iii) The use of prototypes allows a tangible
demonstration of the proposed system to the wuser before
the implementation phase begins. Many problems can be
located and sorted out immediately without expensive re-

programming.

iv) By using the system prototype as a basis, the “live’
system can be developed faster than more traditional

programming methods alone.

v) Maintenance is eased by the modular system design, and
the high level of data independence provided by the data
base mechanism. Attributes can be added, amended, and
deleted from entity types, and only those programs that

use those attribute tyﬁes need be amended or re-generated.

vi) DB4GL is self documenting, the specification of each
system object is held in the “object dictionary”, and can
be retrieved, formated and printed using the programs
provided. Sysﬁem specifications and documentation can

easily be produced and maintained.

vii) It was recognised that the program generation tools
could not fulfill all the requirements of a complex system
development strétegy. Therefore flexibility was increased
by the introduction of “process partners” which allow
users to inclpde enhancements in the generated programs.
The COBOL source code can be edited to incorporate further

amendments.
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.viii) Programs which are beyond the scope of the
generation tools are still included in the development
strategy. They are cléarly defined in the design process,
and interface with the generated data base system. Such

programs must be written in COBOL.
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CHAPTER 6.

6. ANALYSIS OF THE ESTIMATING AND COST CONTROL FUNCTIONS.

There are a large number of packaged computer estimating
systems available, some, such as the estimating system from
Mandata, allow the integration of a cost control module.
Most of these packages have been designed for the general
contractor, and it would appear that very few have been

designed specifically for speculative house builders.

Estimating systems designed for general contractors are not
usually applicable to speculative house builders for two

reasons;

i) Estimating systems for general contractors are wusually
based on the standard method of measurement (SMM), as that
is the format of most bills of quantities presented to
them. Speculative house builders produce their own bills
of quantities (for internal use only), and so use a format

"most akin to their particular needs.

ii) The purpose of the estimate for the general contractor
is to allow managers to produce a competitive tender for a

particular contract [InsOl].

Speculative house builders do not produce tenders, but use
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cost estimates to aid decision making and control. In

particular;

a) To estimate the cost of developing a new site, which,
when compared to the estimated site revenue, indicates

the site potential,

b) To estimate the cost of building a new house type,
which can be compared with the estimated selling price
and other similar designs to show whether the design is

cost effective.

¢) To produce periodic site budgets, which form the
basis for cash flow forecasts to maintain the planned

level of site construction.

d) To provide information to enable accurate cost

control during the site construction.
6.1. METHOD OF ANALYSIS.

The estimating and cost control package was developed from
analysis <carried out at a local medium size speculative
house building company. This company already used computers
for accounting and cost analysis, and, at the time of
analysis, a bespoke estimating package was being written

using traditional software development methods.

The involvement of this company was entirely altruistic.
Whilst exceptionally generous with time and the supply of

information, it was obviously impossible to expect the same
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level of involvement that would be obtained from a

prospective user department.

In order to spread the analysis phase over a wider timescale
and reduce the concentration of user involvement, the system

development was divided into two phases;

i) In the first phase emphasis was placed on the
estimating function, an estimating system was designed and
a prototype developed, wusing an early version of DB4GL

[EwiOl].

ii) The first ©phase estimating system and supporting
documentation formed the basis for the second analysis
phase which investigated the cost control function and

it“s relationship to the estimating function.

During the initial analysis phases, four fact gathering

methods were used;

i) A literature search into estimating and cost control in
the building industry. The search provided background
information only and was not specific to speculative house

builders.

ii) Interviews with the personnel from the speculative
house builder proved the most useful source of
information. These interviews were formally arranged, and
conducted wusing prépared lists of questions and subject
headings. These structured interviews vere very

successful at extracting information, and only seven
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interviews were required throughout the project.

a) Interview 1, with the Managing Director, to gather
introductory information concerning the company, for
example the company history and scale of operation, and

to seek access to other members of the organisation.

b) Interview 2, with the company secretary and
accountant, to discover how the accounting and cost
control functions were carried out, and establish the

current computer resources and how they were used.

c) Interviews 3, 4, and 5 with the chief estimator, to
gather specific information concerning the estimating

function, and to demonstrate initial system designs.

d) Interviews 6, and 7 with the accountant, to gather
specific informationconcerning cost control and its
relationship to estimating, and to demonstrate the

initial system design.

iii) The investigation of documentation supplied during

interviews to support the interview notes.

iv) The investigation of existing computer estimating
packages, through attending demonstrations and

exhibitions, and the analysis of supporting documentation.

When the investigation stage was complete, a logical data
flow model was drawn (appendix Bl [2]1) and supporting
documentation produced. A report of this system was written
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[EwiO1l], and sent to the builder who confirmed 1its accuracy
(appendix B4) . The second analysis stage used that model as
a basis, extending it to include the integration of the cost
control function (appendix Bl [3]). The analysis of each

logical object was recorded on standard forms (appendix B3)

6.2. THE ESTIMATING FUNCTION.

Speculative house builders have a limited number of standard

house designs. There 1is a bill of quantities for each of
these house designs which 1is maintained as the design is
updated
The structure of the house type Dbill of guantities forms a
hierarchy of 'operations' and 'items';
i) An 'item' is a unit of resource which has a wvalue, for
example, a unit of material or operatives time, or a sub-
contracted operation. Items are grouped according to cost

type. There are seven such types;

a) Materials.

b) Sub-Contract.

c) Labour.

d) Plant and Haulage.

e) On Costs.

f) Selling .

g) Supervis ion .

ii) 'Operations' are the combination of resources to

produce output. Operations are combined into a three level
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hierarchy, each operation can be expressed 1in terms of

items and lower level operations.

The highest operation 1level relates to the construction of
a particular house type. This operation can be broken down
into 'secondary operations' which represent the major

tasks 1involved in the construction of that house type, for

example, foundations, and brickwork to first floor.
Secondary operations can be broken down into 'primary’
operations and items. A primary operation 1is a combination

of items.

House Type Sheffield
(quant ity)

Secondary Operation Foundat ions Br ickwork
(1st floor)

(quant ity) 13.5 13 .5

Primary Operation Excavate trench Concrete trench
(1 cubic metre) (1 cubic metre)

(quant ity) 0.2 0.2

Item JCB Operator

Unit price £10.00 Hr £5.00 Hr

Fig 6.1. The Bill of Quantities Hierarchy

The bill of gquantity structure can be easily described using
an example (see Fig 6.1.); The construction of an 1imaginary
house type, the "Sheffield", can be divided into a number of

secondary operations, one of which, relates to the
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construction of the house foundations. Note that the bill of
quantities for each house type includes a “standard”
foundation, estimates of plot variations from this standard

are included as general site costs (see below).

The house foundation secondary operation can be divided into
a number of primary operations which includes the excavation

of the foundation trench, and concreting the foundations.

The primary operation to excavate a trench corresponds to
one cubic metre of earth removed, however the house
foundation requires the excavation of 13.5 cubic metres. The
secondary operation therefore associates a quantity of 13.5

with the primary operation to excavate trench.

The primary operation requires the resources, or “items” of
a JCB excavator, and its operator. These are priced at
£10.00 and £5.00 per hour respectively, but to excavate 1
cubic metre of earth only takes 12 minutes, or one fifth of
an hour. The primary operation therefore associates the

quantity of 0.2 with each of these items.

To price the bill, the hierarchical tree structure 1is
traversed, The value of each operation is calculated as the
sum of the product of its constituent lower level operations

and items multiplied by their associated quantities.

In the example, the excavation primary operation is priced
at £3.00 ((£10.00 x 0.2)+(£5.00 x 0.20)), and the excavation

of the foundation trench costs £40.50 (£3.00 * 13.,5), This
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is added to the cost of the other primary operations forming
the foundations secondary operation to give the total

foundations cost.

If the JCB belongs to the “plant and haulage” item type, and
operator to the “labour” item type, then an item cost type
analysis of the house foundation excavation shows £13.50

labour, and £27 .00 plant and haulage.

To produce a site estimate, a bill of quantities is drawn

up. This bill is a combination of two bill types;

[
[+2]

i) Standard house type bills of quantities. Each plot
represented within the site estimate by the bill of
quantities which corresponds to the house type to be

constructed on that plot.

ii) A general site bill of quantities which describes the
site construction and site overheads required to allow the
house <construction to ©proceed. This includes roads,
sewers, site security site supervision, and some special
plot <costs such as the extra cost of non standard

foundations.

A site bill of quantities is produced for these costs in the
same way as for a house type, 1ie using a hierarchy of
secondary and primary operations, aﬁd items., Site costs are
apportioned to plots using an apportionment factor, such as

plot frontage.

86



To allow the integration of the estimating and cost control
functions, it is necessary that estimated and actual costs
can be compared over the same format. This is achieved by
including the same three digit code structures used for cost
recording within operation descriptions. When an estimate is
produced, it 1is structured using these cost codes rather

than the bill of quantities codes

Three types of estimate are required, as described in 6.2.1

to 6.2.3 below.
6.2.1. HOUSE TYPE ESTIMATE.

When a house type bill of quantities has been drawn up for a
new or amended house type, an estimate can be produced to

showv the cost of building that particular house type.

The estimate is summarised as a table with item cost along
one axis type and operation cost code along the other.

Totals and subtotals are also included.
6.2.2. NEW SITE APPRAISAL.

Before the purchase of a new site, a new site appraisal is
.produced. The purpose of this analysis is to help the land
purchasing department, and ultimately the company
management, decide whether or not to attempt the purchase,

and the maximum price that they should be prepared to pay.

To prepare a site appraisal the estimator is given a plan of

the proposed site, which includes the plot layout,
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indicating the house type to be built on each plot.

The estimator produces a site bill of gquantities, combining
the separate house type bills for each plot with a bill of
general site costs, for example roads, sewers, and

security.

The combined site bill of gquantities 1is priced, and the

general site costs are apportioned to each plot according to

plot frontage. The resulting estimate 1is summarised to
produce a site appraisal (see appendix B2 [4] for manual
format) . Estimates of house selling prices are included in
the appraisal for comparison, any surplus indicating the

builders gross profit and the wvalue of the 1land.

6.2.3. SITE BUDGET ANALYSIS.

The frequency with which site budgets are produced varies
between companies, some produce them annually, or more
frequently, others produce budgets to cover phases of

construction (see appendix B2 [5] for manual budget format).

The purposes of a site Dbudget are;

i) To provide expenditure estimates to be used during the

formulation of cash flow forecasts.

ii) To provide a estimated costs for comparison with

actual costs over a given construction phase or period.

Site budgets are produced in the same way as site

appraisals. Both are site estimates combining house type
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and general site cost bills of quantity. There are however
three significant differences between site budgets and

appraisals;

i) Site appraisals are produced before a site  is

purchased, budgets are only produced after purchase.

ii) Site budgets do not include any income data, ie
estimated house sale value, as 1included 1in site

appraisals.

iii) Site appraisals include the whole site, whereas,
unless the site 1is small, only the portion to be
constructed during the budgeted period or phase is

included in the site budget.
6.3. COST CONTROL FUNCTION,
Cost control systems have two important purposes;

i) To pin point unusually high costs, and directing
management effort towards solving the associated problems.
Similarly practices 1leading to low costs <can also be

identified.

ii) To compare cost control reports with corresponding
estimates, Estimate inaccuracies are high-lighted and the
estimating data updated so that future estimates will be

more accurate.

To implement a cost control system, it is necessary to
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record all <construction costs as they are incurred, and
allocate those costs to the elements of <construction for
which they are required. This is achieved using a simple

code structure.

The code is numeric, and divided into three parts; the first
three digits form the site code, or site number, the second
three digits form the plot code, or plot number, and the
final three digits form the cost code catagory (the same
code as recorded in the operations within the bill of
quantities). General site costs, that is those costs not
directly attributable to a particular plot, are recorded:

using a six digit cost code, ie omitting the plot code.

General site costs are apportioned to each plot, in the site

cost analysis.
The cost information is extracted from three sources;

i) Operatives worksheets, which show the time spent on

each cost coded section.

ii) Invoices from material suppliers, sub-contractors,
plant suppliers etc. This information is combined with
information from the site surveyors and foremen in order

to assign cost codes to the invoiced items.

iii) Goods received notes to which cost code and
provisional cost information is added on site. The cost
coded notes are passed to the cost control, or accounting

department, and matched with corresponding invoices, see
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(ii) above. If the matching invoices are not found, then
the provisional costs can be included in the cost analysis

reports, and erased when the invoices are received.

Site surveyors record the amount of work done on site using
“tick sheets”. These sheets break down the construction of a
house into a number of operations, and each operation 1is
broken down into a number of equal parts. Each part is
represented by a box. The surveyors assess the proportion
of each operation complete, and tick the <corresponding
number of boxes. For example, if there are eight boxes
representing the excavating of the house foundation trench;
and the surveyor considers this operation half <complete,

then he will tick four boxes.

The tick sheets can be used to indicate operations which are
likely to exceed their budget before they are complete,
allowing early management response. With respect to the
previous example, if the tick sheet shows the foundation
trench to be half complete, yet the comparison between cost
analysis and estimate shows that three quarters of the
budgeted cost has already been spent, then the combination

of this information pin points a problem.
6.4. THE LOGICAL DATA FLOW MODEL.,

The information extracted during the two analysis phases was
used to develop a logical data flow model which represents

the estimating and cost control functions within a
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speculative house building company (see appendix Bl [3]).

The individual symbols that comprise the model are explained
in more detail on the supporting documentation, see appendix

B3.
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7.

CHAPTER 7.

DESIGN OF THE ESTIMATING AND COST CONTROL SYSTEM.

From the basis of the logical data flow model and supporting

documentation produced during the systems analysis phase, a

system design was derived.

Before system design could be considered, code structures

required formulating;

i) The cost, site and plot code structures were all

derived from the manual system (three digit numbers).

ii) House type codes were formed as 5 character codes of
the form XXXnn, where XXX represents the first three
characters of the house type name, for example SHE for the
house type SHEffield, and nn represents the variation

number within that house type.

iii) Bill of quantity operation codes were also
formulated. Each operation was identified using a two part
code; operation level and operation code. Operation level
is a number 1 or 2, indicating whether the operation is
primary or secondary level, and operation code 1is of the
form XXXnnn , where XXX represents the first three
characters of the operation class, for example BRI for
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BRIckwork, and nnn 1s a sequence number to identify the

operation within its class.

iv) Item codes were also structured XXXnnn, where XXX
represents the first three characters of the item name for
example CAR for CARpenter, and nnn 1is a sequence number to

identify the individual item within its item group.

7.1 PROTOTYPE DESIGN.

The initial prototype design for Spec-Builder was developed
following the 5 stage design methodology described in

chapter 5 above.

i) The data base requirements were specified within the
data stores described in the logical data flow model and
supporting documentation. To design the data base, the
data store descriptions were normalised [GanOl] [DeMO1]
[DeeOl] [SakOl] to form simple tabular data structures
called entity types. The resulting entity types were

examined for inconsistency and unnecessary data redundancy

which was removed.

For example logical data store 1 (see appendix B3 [6])
describes house types in terms of house details (eg
description, and house class), and the major operations

required to build it.

When logical data store 1 was normalised, it formed two
entity types; entity 1 containing the descriptive house

type details, and entity 2 containing the major operations
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required to build it, see appendix C2 [3-4]. There was
only one occurrence of the entity 1 per house type, but
there was an occurrence of entity 2 for each major

operation required to build each house type.

The normalised entity types were numbered and recorded in
the object dictionary. An analysis of these entity types,
generated from the data dictionary 1is included in

appendix C2.

ii) The arrangement of input screens was derived from both
the input processes of the logical data flow model, and

the newly designed data base entity types.

There are two types of DB4GL generated screens; simple
screens which wupdate a single entity type, and complex
screens which can update two entity types which have a
“parent-child” relationship (see chapter 4 above). The
normalisation of the logical data base split many of the
logical data stores into more than one entity type. The
logical input processes which update those data stores may

require spliting -into more than one input screen.

Screen design was carried out to following the guidelines
described in chapter 5 above. The four 1logical input
processes produced seven screens. These screen
descriptions were entered into the object dictionary from
which the screen documentation included in appendix C4 was

generated,

95



The subschema requirements for each screen were also
noted, and recorded in the object dictionary as additions

to an existing subschema, or as a new subschema.

iii) The four output processes contained in the 1logical
data flow model related directly to the estimate and cost
control reports identified as being required during the

systems analysis phase (see chapter 6).

It was noted that the format of the site budget and site
appraisal were very similar. Implementation was simplified
by combining the two output processes to form a .single
report object. The logical distiction between site

appraisal and site budget remained (see 6.2.3 above).

The format and content of each report was recorded in the

object dictionary.

The subschema requirements for each report were also
noted, and recorded in the object dictionary as additons

to an existing subschema, or as a new subschema.

iv) In the initial prototype, the data manipulation
processes were ommitted., Temporary screens were designed
and recorded in the object dictionary, which enabled the
output from the data manipulation process to be simulated
for system testing purposes. These temporary screens were
gradually replaced by data manipulation programs during

the prototype development phase.

6



v) As the prototype passed through the design stages, a
physical data flow model was built wup (see appendix
Cl). Using this model it was possible to follow the path
of data through the system. Inconsistancies, for example
output values that could not be derived from the data

input, were identified and removed.
7.2, PROTOTYPE DEVELOPMENT.

The initial prototype design was recorded in the object
dictionary as it was developed. Once complete, the prototype

was generated.

The objective of the initial prototype was to demonstrate
and test the input and output procedures to ensure that they
were in a suitable format, and expressed, or requested, the

right data attributes.

In order to test the generated processes, example data was
entered into the prototype screens, and into temporary
screens to put data into the source entity types of the
prototype reports. Apart from minor alterations, to include
totals in reports for example, the input and output

processes were satisfactory.

Most of the prototype development was concerned with the
data manipulation processes. The first process developed was
to calculate house type estimates. The resulting program
accepted a house <code from a screen, and traversed the

corresponding bill of quantities tree to <calculate the
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estimate. This process was tested using source data input
through the house type and operation i1input screens and by

printing the results wusing the house type estimate report.

The data transition process in the logical data flow model
to calculate site estimates, was divided into three seperate
stages ;

i) To calculate the estimate of general site costs from

the general site cost bill of guantities.

ii) To copy plot estimates from the corresponding house

type esimate generated by data manipulation process 1.

iii) To apportion the general site costs toeach plot,

according to plot frontage.

Each stage was 1implemented as a separate data manipulation
processes. There were four reasons for the process division.
i) To simplify the programs required to calculate a site

estimate.

ii) To give the user greater flexibility during the
calculation of site estimates. The calculation of site
estimates from a large bill of gquantities can be time

consuming, and so by splitting the process, the user could

select partial re-calculation, and so save time.

iii) Anintermediate entity type was required to hold the
site estimate before it was apportioned. This entity type
could be used as a source for an unapportioned site
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estimate report, 1ie an estimate that shows details of

éeneral site costs.
The new entity type was entered into the object

'dictionary, and an entity handler generated.

:i§) Micro Focus level II COBOL programs can use a maximum
Sf six index sequential files simultaneously. To combine
the site estimate as a single‘program would require more
‘than this. Even with the division it was necessary to
combine the operation header and item entity types to
féduce the number of files required to calculate the

‘estimate of general site costs.

Thé unapportioned site estimate report was implemented, and
uség to analyse the results of the two estimate <calculation
processes when applied to test data. Test output from the
apportionment process was output using the site budget

report.

¢

'Théllogical data transition process to calculate site costs
wa; divided into two stages, or processes, the calculation
oflésite costs, and the apportionment of general site costs
bylﬁlot. This division also required a intermediate entity
type, which <contained details of general site <costs. A
regort which selected and compared the actual and estimated
diféct site costs could be easily introduced. The
apéprtionment process was copied from the equivalent site
est&mate program,

]
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Test results of the site cost calculation process were
listed via the cost v estimate report process.

When the data manipulation processes had been implemented in
the prototype, which then formed a complete system, the

prototype design was appraised, and amendments which were

necessary, or desirable noted.

Ideally the prototype should have been demonstrated to the
collaborating building company at this stage, however this
was not possible due to the logistic problems of moving the
computer system, and time shortages. The system design was
however demonstrated to the accountant during the final

interview, albeit in a diagramatic form.

From the results of the prototype appraisal, two amendments

were made to the prototype system,

i) The inclusion of operation estimates. The estimator is
frequently faced with “rush jobs”, in which estimates have
to be produced very quickly. Breaking down the bill of
quantity into a hierarchy of operations and items is a

time consuming process.

The facility introduced allows the estimator to use his
experience to price operations rather than breaking them
down to item level. This can save time at the expense of

accuracy.

ii) Site cost variations. The <collaborating building
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companies area of operation covers an area from Yorkshire
to Northamptonshire. There can be considerable variances:
in costs at the different sites throughout this area.
These variances can be incorporated into the site estimate
using factors introduged into the site description entity
type. There is a factor for each item cost type, and when
a site estimate 1is calculated, all item <costs are
multiplied by the corresponding factors. It is therefore
possible to increase (or decrease) all labour charges on a
particular site, by say 10%Z, by entering the relevant

factor in the site description.

Allowances for inflation <c¢an be 1incorporated in site

estimates in the same way.

On completion of these amendments the prototype would, in

normal circumstances, be ready for implementation.
7.3. SYSTEM DEVELOPMENT DURATION.

The initial analysis phase of the system development process
was carried out in two stages, as described in chapter 6. It
is difficult to quantify the time taken to complete the
analysis as it.yas‘carried out concurrentiy with development
work on the DB4CL system, An estimate drawn from the
research diary indicates that around two weeks was spent on

each analysis phase.

The development of the Spec-Builder prototype system from

the analysis results took just over five weeks. This was
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spent as follows :-
i) System design - One week.

ii) The generation and testing of data base, screen and

report programs — Three days.

iii) The development of data manipulation processes, ie
the estimate calculation and apportionment programs - Two

weeks.

iv) Prototype testing and development to form a system
which would be suitable for implementation in a “live”

environment - One week and three days.

This time estimate does not include time spent on literature
searches, attending lectures, or product demonstrations that

were part of the investigation process.

It 1is not possible to make.a direct comparison between the
development time taken using DB4GL and traditional system
development procedures, without developing identical systems
using both techniques. However the development time was

obviously extremely short for a complex system,
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CHAPTER 8.

8. USING SPEC-BUILDER.

Spec-Builder forms a comprehensive estimating and cost
control system. In terms of functional capability it exceeds
the bespoke systems that were written for the collaborating
company. However it does not contain the refinements such as
multi-user capability, and security considerations that

would be necessary for a commercial system.

A two level hierarchical menu system 1is used to combine the

components of Spec-Builder into a packaged system. Menus are

lists of options displayed on the screen. For each option
there is a description, and a three character code. To
select an option, the code 1is entered in the position

indicated ;

ENTER OPTION, OR 'X' TO EXIT < >
This causes the corresponding program to be executed. When
the program execution 1is completed, control returns to the

menu program, and the menu 1is redisplayed.

The menu at the top of the hierarchy is the main system
menu, which is displayed when the system 1is started (see

appendix C3 [181]).
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This menu divides the package into three sections; data
base maintenance screens, system processes, and data base
reports. There 1is a menu option for each of these sections
which 1lead to sub-menus forming the second level of the

menu hierarchy.
8.1. DATA BASE MAINTENANCE.

When the data base maintenance option is selected in the
system menu, a sub-menu is displayed. The sub-menu contains
an option for each screen program in the system, see

appendix C3 [21].
8.1.1. HOUSE DETAIL MAINTENANCE.

The house detail maintenance screen is a complex screen
which is used to maintain the two house detail entity types,

(see appendix C4 [22-23]).

The parent entity details describe the general house
details, the <child entity details describe the operations

carried out to build the house type.
8.1.2, OPERATION DETAIL MAINTENANCE.

Operation details are maintained by a complex screen. The
parent entity details describe the operation, and the child
entity section contains the details of the sub-operations
.and items which make up that operation, see appendix C4 [26-

27].
When entering details in the parent section, the cost
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“CATEGORY” displayed after a value has been entered into the

“COST CODE” field.

The value entered against “ESTIMATE (Y/N)“ is used by the
estimate <calculation processes to determine whether the
value of the operation is to be calculated from it“s sub-
operations and items, or the value entered in the “ESTIMATED
VALUE” field is to be used. When (and if) the operation cost
is calculated, the process stores the value in the entity
type. This value is displayed in the “ESTIMATED VALUE’

field.

The “WASTAGEZ” value is a percentage value entered to allow
for estimated wastage of each sub-operation or item during
the operation construction. For example if an operation
requires 10 cubic metres of concrete, and the estimator
expects a ISZ‘wastage, then he enters a 5 in the wastage
field. When the estimate is calculated, the cost of the sub-
operation or item is increased by 5%, thus the estimate is

calculated for 10.5 cubic metres.
8.1.3. ITEM DETAIL MAINTENANCE.

Item details are maintained through a simple screen, see
appendix C4 [24-25]. The field “COST TYPE” must be one of
the following;

i) “LAB” - Labour item

ii) “MAT” - Material item

iii) “SUB” - Sub-contracted item

105



iv) “PLA” - Plant or haulage item
v) “ONC” - Oncosts

vi) “SEL” - Selling

vii) “SUP” - Supervision

Some items, such as sand, are always calculated as site
costs, even though they may be included in the house type
bills of quantities. These items can be denoted by entering
the value “Y” against the field “APPORTIONED”. This value 1is
tested by the house estimate calculation process, and if

positive, the item is ommitted from the estimate.
8.1.4. SITE HEADER MAINTENANCE,

Site heading details are entered using a simple screen see
appendix C4 [28-29]. The site address and telephone number
are for documentation purposes only. Site weightings allow
local <cost anomalies to be incorporated 1in the estimate
without adjusting the operation data base. If for example
the cost of labour on a particular site was 10Z higher than
usual, the by entering the value 1.100 against “LABOUR”, all
labour item costs are increase by 10%Z when the site cost 1is

estimated (the value 1.000 represents no weighting).
8.1.5. SITE OPERATION MAINTENANCE.

The site operation details are maintained through a complex
screen. The parent entity is the site header entity type,
but only the site code is entered in this part. The site

name is displayed if the corresponding site header details
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have been entered. The child entity details (the site

operations) are entered in the same way as operations in
the house detail maintenance screen above, see appendix C4
[32-33 1.

8.1.6. PLOT MAINTENANCE.

The plot maintenance screen 1is similar to the site operation

maintenance screen (above) in format, see appendix C4 [30—
317. It is a complex screen but the only field entered in
the parent entity section of the screen 1s the site code.
The site name is displayed. There is a child entity
occurrence for each plot within the site, and the details

entered against the plot are the code for the house type to

be constructed, and 1its estimated sale value.

8.1.7. COST DETAIL MAINTENANCE.

The cost detail maintenance screen was designed to reflect
the format of 1invoices and goods received notes which are
the source documents, see appendix C4 [34-35]. The 'SOURCE
REF' field 1is the i1dentification code of the invoice, goods
received note, or labour worksheet. This code should also be
recorded on the source document for future reference. The
'PROVISION OR INVOICE' field will accept the wvalues 'P' or
‘T only. This field indicates whether the following cost
items are actual costs or provisional costs. Provisional

costs can easily be updated to actual costs on receipt of an
invoice, by replacing the 'P' with an 'I', and recording the

source reference on the invoice.

107



Cost items are recorded 1in the child entity part of the

screen in the same sequence as they appear on the source
document. Each item is allocated to a site, and if
applicable, a plot. A cost code 1s also assigned. A brief
description of the item 1is recorded, and the item cost

catagory, 1ie MATerial LABour etc. Finally the gross wvalue of

the 1item 1is entered.

8.1.8. COST CATAGORY MAINTENANCE.

Cost codes and cost code descriptions can be maintained via

a simple screen (see appendix C4 [36-37]). Meaningful names

can be assigned to the numeric cost <codes, which can then be

used in their place to make reports more easily understood.
The cost code description is used by the operation
maintenance screen above, as a visual reference to enable
the operator to check that the correct cost code was
ent ered

8.2. SYSTEM PROCESSES.

The system process menu 1is a sub-menu of the main system
menu, see appendix C3 [20]. It contains an option for each
of the data manipulation processes which facilitate the

calculation of estimated and actual costs.

A complete site estimate 1s built up from the sequential

application of four estimate processes.

i) The calculation of house type estimates.
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ii) The calculation of general site costs.
iii) The calculation of plot estimates, wusing the house
type estimates.

iv) The apportionment of general site costs to each plot.

Site <cost analyses are produced through the application of

two processes.

i) The calculation of total site costs.

ii) The apportionment of general site costs to each plot.

All of the data manipulation processes consist of the same

three execution stages.

i) A simple screen is displayed, and the user requested to
enter the code representing the object (site or house
type) to be calculated or estimated. If an invalid code 1is
entered, then an error message is displayed, and the user
invited to re-enter the code. When a wvalid code 1is
entered, the bbject name is displayed, and the process
continued. If a null code is entered, then the process is

stopped, and control returns to the menu,

When a data manipulation process is completed, the screen
data fields are cleared, and the user is prompted for
another code. To exit the process, a null field is

entered.

ii) When a valid code has been entered, then any data

generated by a previous application of the process to that
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code is deleted.

iii) The data manipulation process updates the target
entity type wusing information drawn from source entity

types.

The data manipulation processes are described 1in detail

below.
8.2.1, HOUSE TYPE ESTIMATE.

The house type estimate process is wused to create, or

update, information held in the house type estimate entity

type.

The estimate 1is <calculated by traversing the bill of
quantities hierarchy, multiplying operation and item
quantities by item values and estimated operation values.

Wastage factors are also applied.
8.2.2. SITE ESTIMATE :- DIRECT COST.

The direct cost site estimate process calculates the
estimated <cost of the general site costs, that 1is those

costs not directly attributable to a plot.

Direct site costs are estimated in the same way as house

types, the bill of quantities is traversed, multiplying item
and operation; quantities by item values and estimated
operation values.' Wastage factors are also applied. The
resulting Qalues are then multiplied by the relevant site

variation factors, and stored in the wunapportioned site
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estimate entity type.
8.2.3. SITE ESTIMATE :~ PLOT COST,

The site plot cost estimate follows the same three stages as
the previous processes, 1ie accept valid site code, delete

existing estimate details, calculate new estimate.

To calculate plot estimates, the house type estimate, as
generated by the house type estimate process, 1is used. Site
variation factors are applied to the plot estimates as they
are calculated. The results are stored in the unapportioned

site estimate entity type.
8.2.4., SITE ESTIMATE APPORTIONMENT.

To complete the site estimate, the analysis should be
expressed in  terms of cost per plot. This allows direct
comparison between site income, from house sales, and site
costs. Therefore a share of general site costs for example
roads and sewers, must be apportiomed to each plot. To
achieve a fair distribution, plot frontage 1is wused to

calculate an apportionment factor.

The apportionment process totals the plot frontages for the
site, and calculates the apportionment factor for each plot
as; INDIVIDUAL PLOT FRONTAGE / TOTAL PLOT FRONTAGE. The

resulting factors are recorded in the plot detail entity

type.
Each general site cost item is “shared” between the plots,
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under the collective cost code 'APPORTIONEb’, as the product .

of apportionment factor and total general site cost.
8.2.5. SITE COST CALCULATION,

The site <cost <calculation process calculates the total
actﬁal and provisional <costs entered 1into the system,
through the screen described in 8.1.7. above, for a given
site. The resulting data is stored in the wunapportioned

site cost entity type.
8.2.6. SITE COST APPORTIONMENT,.

The site cost apportionment process functions in the same
way as the estimate apportionment process (see 8.2.4.
above), except that it also apportions provisional cost

‘information.
8.3. DATA BASE REPORTS.

The report menu is.a sub-menu of the main system menu. It
contains an option for each of the reports that can be

generated from the data base.
8.3.1., HOUSE TYPE ESTIMATE.

The house type estimate report program produces a tabular
analysis of the estimated costs, see appendix C5 [38]. The
report program prompts the user for a house code, which it
uses to extract the relevant details from the house type

estimate entity type. These are then sorted into cost <code
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order, and printed. Obviously, a house type estimate must

have been calculated previously (see 8.2.1 above).

8.3.2. SITE ESTIMATE :— DIRECT COSTS.

The direct cost site estimate report includes an analysis of

the unapportioned general site costs. It also includes an
estimate analysis for each plot, see appendix C5 [39-417.
The report program prompts the user for a site code, and
then selects, sorts and prints the corresponding details
from the unapportioned site estimate entity type. The source
data must have been previously created by the direct site
cost, and plot cost estimate processes (see 8.2.2. and

8.2.3. above).

8.3.3. SITE ESTIMATE :— BUDGET.

The site budget 1s an analysis of estimated site costs,
broken down by plot (see appendix C5 [42-437]). All general
site costs are apportioned between the plots. The report
program prompts the user for a site code, and then selects,
sorts and prints the corresponding details from the
apportioned site estimate entity type. The source data must
have been previously created by the direct site cost, plot
cost estimate, and estimate approtionment processes (see

8.2.2, 8.2.3, and 8.2.4 above).

8.3.4. COST ANALYSIS :-— BY SITE.

The cost analysis report 1is a list of all cost 1tems entered

into the cost control system. It 1s ordered (in order of
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significance) according to site code, plot code, and cost
code. It also includes the reference identifying the source
document, and a description of the cost item (see appendix

c5 [461).

The purpose of the cost analysis report is to aid the
detection of ébnormal costs. Such costs are highlighted in
the cost v estimate comparison repbrt, but only in terms of
plot number, cost code, and item type. Using that
information, and the cost analysis report, the cost item(s)
can be traced back to their source document. The report
program prompts the user for a site code, and then selects,
sorts, and prints dété from the cost source and cost item

detail entity types.
8.3.5. COST V ESTIMATE COMPARISON.

The site cost v estimate comparison report is an analysis of
actual and provisionél site costs and includes site estimate
details for comparison (see appendix C5 [44-451]). The
report program prompts the user for a site code, and then
selects, sorts and prints the corresponding details from the
apportioned site cost entity type. The source data must have
been previously created by the site cost calculation and

apportionment processes (see 8.2.5, and 8.2.6 above).
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CHAPTER 9.

9. CONCLUSIONS.

Many building companies, although keen to exploit computer
technology, have difficulty in obtaining suitable software.
There are two ways in which companies without internal data

processing expertise can acquire suitable software;

i) The purchase of “packaged” software. Such software is

i

designed to be used within a large number of
organisations, thus exploiting economies of scale.
However, the specialist requirements of individual

companies are not catered for.

ii) The commission of bespoké software. This software 1is
traditionally expensive, and can be unreliable. There is
no guarantee that the resulting software will fully

satisfy the users” requirements.

The research hypothesis stated that through the wuse of
advanced software development concepts and tools, reliable
bespoke software can be written for ©building companies

quickly and cheaply.

When the project was started, there were no micro-computer

based software development systems available with sufficient
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flexibility to test the hypothesis. It was therefore
necessary to specify, design, and implement such a system.
This strategy offered an opportunity to develop and test

novel approaches to data base structures,

The resulting system was mnamed DB4GL (ﬁata Base 4th
Generation Language). The DB4GL system combined current
systems analysis and design techniques with program
generation tools, a powerful data base mechanism and a self
documentation facility. This combination formed a structured
approach to software development throughout the system 1life
cycle, from the initial phase of systems analysis to system
maintenance. Thereafter DB4GL was wused to develop an
integrated estimating and cost control system, which would
be suitable for small to medium sized speculative house
building companies. The resulting applications system was

called “Spec-Builder”.

At the start of the research project there were already a
large number estimating packages available [Con0l]. However
many companies with specialist requirements still could not
find suitable packages, this included the <collaborating
company who had already commissioned a bespoke estimating

system that was developed during the course of this project.

The estimating and cost control system was therefore seen as
a difficult application area where the wide variety of
approaches adopted by individual housing companies made it

virtually impossible for software package suppliers to
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satisfy individual company requirements.
9.1. THE DB4GL SOFTWARE DEVELOPMENT SYSTEM,

The DB4GL system Qés an émbitioﬁé éttempt to produce a
comprehensive software development strategy, encompassing
the whole application system life cycle, that is; systems
analysis, dgsign, prototyping, implementation and

maintenance.

The core of the DB4GL system is én object dictionary into
which system design specifications ére enteréd, and from
which system prototypes, and eventuélly “live” systems are
generated. Hence the DB4GL development methodology forms a
guideline for the analyst, or analyst-programmer to follow.
At specified points certéin documents, such as data flow
diagrams, must be produced, and certéin tasks, such as
entering information into the object dictionary, must be

carried out.,

Prototyping tools must allow rapid program development, and
provide the flexibility to amend prototypes easily. Using
DB4GL experience confirms that écreen, report and data base
programs can be generated very quickly from object
dictionary descriptions. The modular brototype construction,
énd high degree of déta independence frovided by the data
base mechanism means that the prototyﬁes ére éasily amended

and are resiliant to change.

As the prototyping system generates standard COBOL source
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code programs, it is easily possible to edit and extend

these programs to enhance the prototype. It is therefore
possible to evolve 'live' application systems through the
stepwise refinement of less sophisticated prototypes. This

facility 1is supported by the process partner concept.

The prototyping approach allows wusers to become involved
with the design process, and appraise the system as it is
developed. This provides better project control and reduces

the possibility of 1logical errors in the system through the

misunderstanding of user requirements.

The data base mechanism 1is the foundation of the whole
prototype generation system. It 1is a novel 1implementation of

sound academic principles contained in the ANSI-X3-SPARC

[ANSO1] and entity relationship [CheOl] models. This
combination gives a simple data base structure, with the
performance characteristics of a network data Dbase, and yet

retains the flexibility and high 1level of logical data

independence normally associated with a relational data
base.

The maintenance of 'live' systems developed from generated
prototypes is simplified. Such systems retain the highly
modular structure, and the high 1level of data independence
provided by the data base mechanism. This means that changes

can be localised to the area of the system directly affected
by the amendments. If maintenance amendments are made

initially to the object dictionary descriptions, then they
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may be tested on the prototype before interrupting the
“live” system. As DB4GL can be used to generate system
specifications and documentation from the object dictionary,

these can be updated automatically.
9.2, THE SPEC~-BUILDER ESTIMATING AND COST CONTROL SYSTEM,

Spec-Builder 1is an integrated estimating and cost <control
system that would be suitable for a small to medium sized

speculative house builder. The package enables;

i) The estimator to build up a hierarchical bill of

quantities for each house type.

ii) The compilation of site estimates by combining house
type bills of quantities, with similar bills of quantities

for general site costs.

iii) The production of estimates for sites and house
types. All estimates are expressed in terms of cost code

and item type.

iv) The entry of cost details, whether actual or

provisional, into the system interactively.

v) The direct comparisons between estimated and actual

costs,

vi) The identification of the sources of deviant

construction costs.

Spec-Builder gives the estimator considerable flexibility
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when building up estimates, in particular;

i) Estimated costs for high level bill of quantities
operations can be 1inserted if the estimator has
insufficient time to break the bill of quantities down to

elemental items.

ii) Site &estimates can be adjusted easily to allow for
local variations in the cost of items such as labour and

materials.

iii) Wastage can be included as a percentage factor at all

levels in the bill of quantities hierarchy.

Spec-Builder 1is a comple# applications system. In terms of
functional sfecification, it e#ceeded the bespoke software
written for the collaborating company,/ particularly with
regard to the integration of the estimating and cost control
functions. However, Spec-Builder does not include the multi-
user capabilities and security considerations that would be
required of such a system in a medium.siéed company. The
package therefore remains a prototype system, however as a
single wuser system, Spec-Builder could be of use to small

speculative house builders where estimating and cost control

are carried out by the same person.
9.3. RESEARCH CONCLUSIONS AND RECOMMENDATIONS,

In terms of functional capability, Spec-Builder is a complex
applications package. Moreover, the software was developed

in just over five weeks, a very short period, which would

120



confirm the validity of the hypothesis that current software
shortages within the building industry could be
significantly reduced through the use of advanced software

development concepts and tools,

The major limitation of Spec-Builder, that it 1is not
suitable for a multi-user environment, 1is a reflection on
the lack of development time available for DB4GL rafher than
weakness of the hypothesis. Future versions of DB4GL could

include such facilities.

The otherwise satisfactory development of Spec-Builder also
illustrates that the DB4GL software development system
achieves 1its objective of providing an integrated strategy
for the software - life cycle. As such DB4GL could form the
foundation of a powerful software development system
although further research and - development would be

necessarye.

Such was the confidence gained in this approach that it is
recommended that future research programmes should focus on

the following areas.

i) The current development methodology forms a support
environment in which various systems analysis and design
methodologies, such as those proposed by Gane and Sarson
[Gan0l], can be practised. A useful research area would be
the identification and formalisation of a systems

analysis and design methodology which would most
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efficiently utilise the support environment.

ii) The development of softﬁare toolé to éllow the
automatic generation of more soﬁhisticéted prototypes.
This could include the formulation of a very high 1level
language by which process partners and data manipulation

procedures can be described.

iii) Enhancements to include multi-user capabilities and

system security.

iv) The introduction of advanced “expert” interfaces to
both the DB4GL development system and generated
prototypes. These interfaces <could include 'query by
example" data b#se enquiry facilities, and "expert'" screen

and report design aids.
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DB4GL OBJECT DICTIONAPY ANALYSIS

ENfITY SPECIFICATION
ENTITY NO 1
ENTITY NAME : ENT-DSC
DEQCRIPTION ¢ DATA DICTIONARY :— ENTITY HEADER

ATTRIBUTE MIN MaXx INT DEC
NUMBER SHORT NAME TYPE -LENGTH LENGTH PLACES PLACES SIGNED
1 ENTITY NO "9 0 2 2 0 N
. 6 ENTITY NAME X 1 12 0 0
7 DATA DISK X 1 1 0 0
8 DESCRIPTION X 1 40 0 0

.

A2y

PACKED
N



ENTITY SPECIFICATION
ENTITY NO : 2

ENTITY NAME : ATTRIBUTE

DESCRIPTION : DATA DICTIONARY :- ATTRIBUTE

ATTRIBUTE MIN MaX INT DEC

NUMBER SHORT NAME TYFE LENGTH LENGTH PLACES PLACES SIGNED PACKED
1 ENTITY NO 9 0 2 2 0 N N
2 ATTRIBUTE NO & 0 2 e 0 N N
€ SHORT NAME X 1 i2 0 0
7 TYPE X 1 1 ] 0
8 MIN LENGTH o 0 2 2 0 N N
9 MAX LENGTH 9 0 2 2 0 M N
10 INT PLACES 9 0 1 1 0 N N
11 DEC PLACES 9 0 1 1 0 N
12 SIGNED X 1 1 0 0

132 PACKED X 1 1 0 o

14 START CHAR - X 0 1 o 0

15 FILL CHAR X 0 1 0 0

16 IN PROCESS 9 0 4 4 0 N N
17 © OUT PROCESS 9 0 4 4 0 N N
18 ACT OR VIRT X 1 1 0 0

19 MIN VALLUE 9 0 20 9 o Y N
20 MaX VALUE 9 1) 20 o = Y N
21 VALUE 1 X 0 4 0 0

2z VALUE 2 X 0 4 0 0

23 VALUE 3 X 0 q 0 0

24 VALUE 4 X 0 4 o 0

25 .VALUE S X 0 4 0 0

26 VALUE 6 X 0 4 o 0

27 VALUE 7 X 0 4 o] ]

28 VALUE 8 X 0 4 0 0

29 - VALUE 9 X 0 4 o 0

30 VALUE 10 X 0 4 0 0

31 VALUE 11 X 0 -4 0 0

32 VALUE 12 X 0 4 0 0
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ATTRIBUTE
NUMBER

ENTITY

ENTITY NO :

ENTITY NAME :

DESCRIPTION :

MIN
SHORT NAME

SCREEN NO
SCREEN NAME
SCREEM DESC
SCREEN TITLE
SCREEN TYPE
SCREEN DISK
SCHEMA NO
PARENT ENT
CHILD ENT
LINK ENT 1
LINK ENT 2
LINK ENT 3
LINK ENT 4
NO OF PAGES
SCROLL START

WWUWIoWYWUWYUOUWXXXXXY

SPECIFICATION

S

SCREENHD

DATA DICTIONARY

MAX

[SEVELVIES I RN SIS R

INT

2

MMM NNNNNOODO O

SCREEN HEADER

DEC

OO0 DODO0OO0O000D0OCO

N

TYPE LENGTH LENGTH PLACES PLACES SIGNED PACKED

N

Z2Z2zZ2Z2Zz2ZzZ2ZZ



ENTITY SPECIFICATION
ENTITY NO : 6

ENTITY NAME : SCREENFD

DESCRIPTION : DATA DICTIONARY :— SCREEN FIELD

ATTRIBUTE i " MIN MAX INT DEC ‘
NUMBER SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED PACKED
1 SCREEN NO 9 0 2 2 0 N N
2 LINE NUMBER 9 0 2 3 0 N N
3 COLUMN 9 0 3 3 0 N N
6 ENTITY NO ) 0 2 2 0 N N
7 ATTRIBUTE MO 9 0 2 2 0 N N

8 INPUT OUTPUT X 1 1 0 0
9 OPT MAND X 1 1 0 0
10 PRE PROCESS 9 0 4 4 ] N N
11 POST PROCESS 9 0 4 4 0 N N
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ENTITY SPECIFICATION

ENTITY NO : 7

ENTITY NAME : SCREENTX

DESCRIPTION : DATA DICTIONARY :— SCREEN TEXT

ATTRIBUTE » MIN MAX INT DEC . :
NUMBER SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED PACKED

1 SCREEN NO 9 0 2 2 o N N

2 LIME NUMBER o ] 3 3 0 N . N

3 COLUMN 9 ] 3 3 a M N

6 TEXT VALUE X 1 40 0 0

7 TEXT LENGTH 9 0 2 2 0 N N
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ATTRIBUTE
NUMBER

[ BN RO N

ENTITY
ENTITY NO :

ENTITY NAME :

DESCRIPTION :

MIN

SPECIFICATION
10
SCHEMAHD

DATA DICTIONARY :- SCHEMA HEADER

SHORT NAME - TYPE LENGTH LENGTH PLACES PLACES SIGNED

SCHEMA NO

SCHEMA NAME
SCHEMA DESC
SCHEMA DISK

X X X
PR o

MAX INT DEC
2 2 0 N
iz2 0 0
40 0 0
1 0 0

PACKED

N



ENTITY SPECIFICATION

ENTITY NO & 11

ENTITY NAME : SCHEMAET

DESCRIPTION : DATA DICTIONARY :- SCHEMA ENTITIES

ATTRIBUTE - MIN MAX INT DEC ,
NUMBER  SHORT NAME  TYPE LENGTH LENGTH PLACES PLACES SIGNED PACKED
1 SCHEMA NO 9 0 2 2 0 N N
2 ENTITY NO 9 0 2 2 0 N N
6 1 0 0 ?

ENTITY DISK X 1
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ENTITY SPECIFICATION
ENTITY NO 12

ENTITY NAME : SCHEMALK

DESCRIPTION : DATA DICTIONARY :-~ SCHEMA LINKAGES

ATTRIBUTE : MIN MAX INT DEC
NUMBER. SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED PACKED
1 SCHEMA NO 9 U 2 2 0 N N
2 SOURCE ENT 9 0 2 2 ¢ N N
3 TARGET ENT o 0 2 2 0 N N
4 TARGET ATTR o 0 2 2 0 N N
S SOURCE ATTR 9 0 2 2 0 N N

L A2-10
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ATTRIBUTE
NUMBER

SHORT NAME

REPORT NO

REPORT NAM
REPORT DES
SCHEMA NO

SOURCE ENT
LINK ENT 1
LINK ENT 2
LINK ENT 3
LINK ENT 4
BREAK ENT

BREAK ATTR
DATA START
FOOT START
FORM WIDTH

ENTITY

ENTITY NO

ENTITY NAME

TYPE LENGTH LENGTH PLACES PLACES SIGNED PA

: 15

: REPORTHD

SPECIFICATION

t DATA DICTIONARY

DESCRIPTION
MIN MAX
a 0
E X . 1 1
c X 1 4
9 0
9 0
o 0
9 0
9 0
2 0
o 0
9 0
9 0
9 0
X 2
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ENTITY SPECIFICATION

ENTITY NO :t 16

ENTITY NAME : REPORTSE

DESCRIPTION : DATA DICTIONARY :~ REPORT SELECTION

ATTRIBUTE MIN MAX INT DEC
NUMBER SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED PACKED
1 REPORT NO o 0 2 2 0 N N
2 SELECT NO = 0 2 0 N N
6 ENTITY NO 9 0 e 2 a ] N
7 ATTR NO 9 0 2 2 0 N N
8 SELECT COND X 1 4 0 0
9 SELECT DESC X 1 20 0 0
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ENTITY SPECIFICATION
ENTITY NO 2 17

ENTITY NAME : REPORTSO

DESCRIPTION : DATA DICTIONARY :- REPORT SORT

ATTRIBUTE MIN MAX INT - DEC
NUMBER SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED PACKED
1 REPORT MO 9 0 2 2 0 N N
2 SORT NO ) 0 Z 2 0 N N
3 ENTITY NO 9 0 2 2 0 N N
7 ATTR MO 9 0 2 2 0 M N
= ~ASCHMD DESMD - X 1 1 0 0
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ENTITY SPECIFICATION
ENTITY NO  : 18
ENTITY NAME : REFORTFD

DESCRIPTION : DATA DICTIONARY :— REFPORT FORMAT

ATTRIBUTE MIN MAaX INT DEC
NUMBER = SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED PACKED
b REFORT NO o 0 2 2 0 M M
2 REFPORT AREA X 1 1 0 1] :
3 LINE MO 9 0 2 2 0 N N
4 COoLUMN = U 2 2 0 M N
6 FIELD TYPE X 1 1 0 0
7 TEXT VALUE X 1 a0 0 0
8 ENTITY NO 9 0 2 2 0 N N
9 ATTR NO S 0 2 2 0 M N
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APPENDIX A3

DBAGL SCREEN FORMATS

MENU :
OPTION : MAIN SYSTEM MENU

: SELECT

SYSTEM MENU ACTION
OFTION . CODE
DATA BASE MAINTENANCE......... DAT
SCREEN MAINTENANCE......cveun. SCR
REFORT MAINTENAMCE. ........a.. REF

ENTER OFTION, OR *X° TO EXIT <
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MENU : MAIN SYSTEM MENU

OPTION :

DATA BASE MAINTENANCE

ENTITY 2% SCHEMA MAINTENANCE

ACTION :

SELECT

OFTION

ENMTITY MAINTENAMCE............
ATTRIBUTE MAINTENANCE......vv.w
ENTITY GENERATION. ...vueuonn.
SCHEMA ENTITY MAINTENANCE.....
SCHEMA ATTRIEBUTE LINKABGES.....
SCHEMA GENERATION........ semas

ENTITY

SFECIFICATION REFORT...

ENTER OFTION, OR *X*©

TO EXIT

A3-16

CODE

ENT
ATT
EGN
SEN
SLK
SGN
REF




MENU : DATA BASE MAINTENANCE

OPTION : ENTITY-MAINTENAHNCE

AREA : SCREEN ENTITY MAINTENANCE ACTION : ENGUIRE

ENTITY NO =2 1 NAME : ENTITY DISK : E

DESCRIFTION : DE4GL ENTITY OBJECT DESCRIFTION

ATTR MIN MAX INT DEC IN ouT
NO SHORT NAME TYFE LENGTH LENGTH PLACE FLACE SIGN FACK FROC FROC A/V
1, ENTITY NO 9 (O 2 2 0 N ) 0 A
1) SHORT NAME X b 12 O o N O Q A
7 DESCRIFTION X Q 40 O 0 N 0 O A
8 DISE X 1 1 (¢] ¢ N ] (o] A

ENTER OFTION = <
OFTIONS = SCROLL (WWF, SCROLL (D)OWN, (EXDIT, OR E(X)IT
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MENU,: DATA-BASE MAINTENANCE
OPTION : SCHEMA ENTITY MAINTENANCE

AREA : SCREEN SCHEMA ENTITIES : ACTION : ENGUIRE

SCHEMA MD =+ 1 SCHEMA NAME : HASSALL DISE : A
DESCRIFTION : HASSALL SYSTEM SCHEMA
ENTITY NO ENTITY MAME DISK

ENTITYO1
ENTITYOZ2
ENTITYO3
ENTITYO4
ENTITYOS
ENTITYO&

: ENTITYO7
10 ENTITY10
11 ENTITY11
12 ENTITY12
2 ENTITYZO

NO Uik

>2IP»D>D>PDPD>PD>PDIDD

ENTER OFTION = < »
OFTIONS : SCROLL (U)F, SCROLL (D)OWN, (EX)DIT, OR E(X)IT
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MENU

OPTION : SCHEMA ATTRIBUTE LINKAGES

.
.

DATA BASE MAINTENANCE

AREA : SCREEN SCHEMA L.INKAGE ACTION : ENRUIRE
SCHEMA NO = SCHEMA NAME : HASSALL
SOURCE TARGET
ENTITY ATTRIBUTE ENTITY ATTRIEBUTE
1 ENTITYO1L 1 HOUSE CODE 2 ENTITYOZ2 1 HOUSE CODE
1 ENTITYO1 "1 HOUSE CODE 11 ENTITY11 1 HOUSE CODE
2 ENTITYOZ2 1 HOUSE CODE 1 ENTITYOL 1 HOUSE CODE
2 ENTITYOZ 2 0OF LEVEL & ENTITYOS 1 OF-ITEM TYFE
2 ENTITYOZ2 3 OF CODE & ENTITYO6 2 OF-1TEM CODE
3 ENTITYO3 1 SITE CODE 4 ENTITYO4 1 SITE CODE
3 ENTITYOS 1 SITE CODE S ENTITYOS 1 SITE CODE
3 ENTITYOX 1 SITE CODE 10 ENTITY10 1 SITE CODE
4 ENTITYO4 6 HOUSE CODE 1 ENTITYOL 1 HOUSE CODE
4 ENTITYO4 1 SITE CODE 3 ENTITYOQ3 1 SITE CODE
S ENTITYOS 1 SITE CODE 3 ENTITYO3 1 SITE CODE
S ENTITYOS 2 0P LEVEL 6 ENTITYOL 1 OF-ITEM TYFE
S ENTITYOS 3 OF CODE 6 ENTITYOS 2 OF-1ITEM CODE
ENTER OFPTION = < >
OFTIONS : SCROLL (UHF, SCROLL (DYOWN, (EYDIT, OR E(X)IT
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MENU : MAIN SYSTEM MENU
OPTION : SCREEN MAINTENANCE

SCREEN MAINTENANCE ACTION : SELECT

OFTION CODE

SCREEMN HEADER MAIMTENANCE..... HDR
SCREEN FIELD MAINTEMNANCE...... FLD

SCREEN TEXT MAINTENANCE....... TXT
SCREEN GENERATION...... ceeaawe BEN
SCREEN FORMAT PRIMNT........... FRI

"

ENTER OFTION, OR *X° TO EXIT <
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MENU : SCREEN MAINTENANCE
OPTION : SCREEN FIELD MAINTENANCE

AREA : SCREEN ’ SCREEN FIELD MAINTENANCE ACTION : ENQUIRE
SCREEN NO : 1 SCREEN MNAME : HSE-MNT
LINE COLUMN ENTITY ATTRIBUTE 1/0 0O/M PROCESS1 FROCESS2
3 19 1 ENTITYO1 1 HOUSE CODE I u] 0 0
K 36 1 ENTITYO1 6 HOUSE NAME I M O ¢]
3 &6 1 ENTITYOQ1 10 ABEREVIATION I M O Q
S 20 1 ENTITYO1 7 HDUSE CLASS 1 M [¢] 0
S 40 1 ENTITYO1 8 DESCRIFTION1 I M Q 0
1) 40 1 ENTITYOL 9 DESCRIFTIONZ I u] Q 0
8 19 1 ENTITYO1 11 FLOOR AREA I M 8] 0
2} 46 1 ENTITYO1 12 PLOT FRONT I M (] Q
8 &4 1 ENTITYOIL 13 GARAGE CODE I 0 0 Q
8 78 1 EMTITYO1 14 HEATING CODE I u] (] 0
99 8 2 ENTITYOZ2 2 O0OF LEVEL I 0 0O Q
99 15 2 ENTITYOQZ2 I OF CODE I M Q 0
99 24 6 ENTITYOS 7 DESCRIFTION1I O 0 (v} 0]

ENTER OFTION : < »
OFTIONS : SCROLL (U)F, SCROLL (D)OWN, (E)DIT, OR ECOIT
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MENU : SCREEN MAINTENANCE

OPTION : SCREEN HEADER MAINTENANCE

AREA : SCREEN

SCREEN

SCHEMA
FARENT
CHILD
LINE 1
LINE 2
LINK =
LINE 4
NUMEER
SCROLL

ScReeN HeadeR ACTION : DFTION
NUMEER : 1
NAME :  HSE-MNMT
DESCRIFTION : HASSALL :— HDUSE DETAIL MAINTENANCE
TITLE :  HOUSE DETAIL MAINTENANCE
TYFE : C :
DISK : A
NUMEER : 1 HASSALL
ENTITY ND 1 ENTITYO1
ENTITY NO : 2 ENTITYOZ
ENTITY ND : & ENTITYOb
ENTITY NO : ©
ENTITY NO
ENTITY NO =
OF PAGES : 6
START LINE : 13

ENTER DFTION : < >

ODFTIONS @ (AYMEND, (DYELETE, OR E(X)IT
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MENU : SCREEN MAINTENANCE

OPTION : SCREEN TEXT MAINTENANCE
AREA : SCREEN SCREEN TEXT FIELD MAINTENANCE  ACTION : ENGUIRE

SCREEN NO : 1 SCREEN NAME : HSE-MNT
LINE COLUMN TEXT VALUE

3 6 HOUSE CODE :

3 29 NAME :

3 51 ABBREVIATION :

5 6 HOUSE CLASS :

5 26 DESCRIFTION :

8 6 FLOOR AREA :

8 30 FLOT FRONTABE :

8 55 GARAGE : HEATING :

10 & OFERATION BUILD UF DETAILS :-

11 b LEVEL CODE DESCRIFTION

11 59 QUANTITY WASTAGE

ENTER OFTIDN : < >
DFTIONS : SCROLL (W)F,

SCROLL (D)OWN, (E)DIT, OR E(X)IT
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MENU : MAIN SYSTEM MENU
OPTION : REPORT MAINTENANCE

REFORT MAINTENANCE ACTION : SELECT
OFTION CODE

REFDRT HEADER MAINTENANCE..... HDF:

REFORT FIELD MAINTENANCE...... FLD

REFORT SORT MAINTENAMCE....... SOR

REFORT SELECTION MAINTENANCE.. SEL

REFORT BGEMNERATION.......n..... GEN

ENTER OFTION, OR "X° TO EXIT < )
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MENU : REPORT MAINTENANCE

OPTION : REPORT HEADER MAINTENANCE

AREA : SCREEN REFORT HEADER INFORMATION ACTION : ENGQUIRE

REFORT NUMBER

REFORT NAME : EST1-FLT
DESCRIFTIOM : SITE ESTIMATE BY FLOT, DIRECT HOUSE COST
SCHEMA NUMEER : 1 HASSALL
SDURCE ENTITY : 10 EMTITY10
LINE ENTITY 1 : 1 ENTITYO1
LINKE ENTITY 2 : 4 ENTITYO4
LINK ENTITY 3 : 3 ENTITYO3
LINK ENTITY 4 : 0 ENTITYO!
BREAK ENTITY : 10 ENTITY10
BREAK ATTRIBUTE : 2

DATA START LINE : 9

FODTING START LINE : 55

FORM WIDTH 80/120 : 120

FAGE NUMEBERS Y/N : N

ENTER OFTION : < >
OFTIONS : (AYMEND, (D)ELETE, OR E(X)IT
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MENU : REPORT MAINTENANCE
OPTION : REPORT FIELD MAINTENANCE

AREA : SCREEN REFORT FIELD DETAILS ACTION : CREATE
REFORT NUMEER : 1
AREA (1/2/3) = 1

LINE MUMBER : 1

COLUMN NUMEER : 30

TYFE (T/D) HEN
ENTITY NO HE ]
‘ATTRIBUTE MO = O
TEXT VALUE : REFORT TITLE

ENTER OFTION : < >
OFTIONS = (AYMEND, (DYELETE, OR E(X)IT
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MENU : REPORT MAINTENANCE
OPTION : REPORT SORT MAINTENANCE

AREA : SCREEN REFORT SORT DETAILS ACTION = ENRUIRE

REFORT NUMEER

"
[

SEQUENCE NUMBER : 1
ENTITY NUMEBER : 10 ENTITY10
ATTRIBUTE NUMEER : 2 FLOT NO
ASCEND/DESCEND : A

ENTER OFTION : < =
OFTIONS : (AYMEND, (DYELETE, OR E(X)IT
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MENU : REPORT MAINTENANCE

OPTION : REPORT SELECTION MAINTENANCE

AREA : SCREEN

REFORT ENTITY SELECTION

ACTION

ENQUIRE

REFORT NUMEER
SEQUENCElNUMBER
ENTITY NUMEER
ATTRIEBRUTE NUMBER
FARAMETER bESCRIPTIDN

SELECT CONDITION

1

1

10 ENTITY1Q

1 SITE CODE

SITE NUMEER

ENTER OFTION : < »
OFTIONS : (AYMEND, (D)ELETE, OR E(X)IT
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Display
Screen
Format

|

A4-29

Clear All Enter Null
Variable Parent Entity] Stop
Data Fields Key(s) Key
Locate’
Parent Entity
Occurrence
Found Not
und
Display Enter
Parent Entity Parent Entity
Values Values
Locate First
Child Entity
Occurrence
Not
Found Found [_____________
Display User Edit Enter Child
Next Options Entity Key
Page Seroll | (chi1a) Null (On New Line)
T Down Key
Scroll Down
Scroll Up
Edit
Exit Locate
Child Entity
Display Occurrence
Previous Scroll
Page U Found Not
g P ound
Display ) Enter
Child Entity Child Entity
User Exit Values Values
Options
(Parent) l_______._
Re-enter Amend 1
Parent Entity| Amend| Delete U
Values Exit ser
Options
(Child) Delete
Child Entity] |
Delete Parent lete Amend Delete Occurrence
& child De’€ Delete
Entity Exit
ccurrences
Exit
Amend Store
Store Exit Child Entity
Parent Entity Re-enter Occurrence
Occurrence Child Entity
Values



SIMPLE SCREEN OBJECT FLOW DIAGRAM

Display
Screen
Format
Clear Enter Key
Variable
’ ield(s
Data Fields Field(s)
Store Delete Locate
Entity Entity Entity
Occurrence Occurrence Occurrence

Display

Values

Enter
Values
User
Control
Amend Amend
Delete Delete
Exit Exit

A4-30

Stop



APFENDIX B.

ESTIMATING AND COST COMTROL aMNALYSIS RESULTS

Bl. LOGICAL DATA FLOW MODELS (DIAGRAMS)
B2. MANUAL REPORT FORMATS
B3. LOGICAL SYSTEM OBJECT ANALYSIS

B4. ESTIMATIMNG SYSTEM ACKMOWLEDGMENT
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LOGICAL DAaTA TRANSITION PROCESS DESCRIFTIONM.

PROCESS RO ¢ 1.

1

TITLE : CALCULATE HOUSE TYPE ESTIMATE.

OBJECTIVE : TO CALCULATE A& HOUSE TYPE ESTIMATE FROM IMFORMSTION
COMTAIMED IW THE BILL OF QUANTITIES.

SUMMERY .

1. Bresk down the secondary opsratiaone specified in logical data

m

t

t

vre 1 intoc primary operations and items, using the bill of

quantities hiervarchy, contained in logical data store 2.

-

2. Multiply secondary and primary opesration quantitiss by item

prices to calculste estimated operation costs,

3. Arrsngs estimste results by cost code and item type in logical

L
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-
1]
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LOGICAL DATA TRAMSITION PROCESS DESCRIPTION.

FROCESE MO @1 2.
TITLE : RE-FORMAT SITE COST DETAILS.

OBJECTIVE : TO RE-ARRANGE SITE COST INFORMATION INTO & FORM
HMHICH M&Y BE COMPSRED DIRECTLY WITH ESTIMATIMG DATA.

SUMMESRY .

1. Extract dats from logical data store 4, and change format from

source format inte cost code format, ie by site number, plot

number and cost code.

Hj]

2, #dd re-formated data te corvesponding dats items in logical

datz store &,

3. #pportion indirect eite costs to plots :ording to plot

w
n
O
[=]

frontage.,
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LOGICAL DATA TRAMSITION PROCESS DESCRIPTION.

FROCESZS NO @ 3.

TITLE : CALCULATE SITE ESTIMATE.

DEJECTIVE : T0O CALCULATE A SITE ESTIMATE BY COMBIMIMG HOUSE TYPE
EZTIMATES WITH AM ESTIMATE FOR IMNDIRECT SITE COETS
DERIVED FROM THE IMGIRECT €ITE COST EBILL aF
QUSHWTITIES, ’

SUMMARY .

1 -

£

vasn down the secondary operations specifisd in logical dats

store 3 into primary operations and items, using the bill of

quantitiesz hievarchy contained in logical data stors 2.

2. Multiply secondary snd primary coperation gusntities by  itme

prices to calcoculate estimated opervation costs,
3. @pportion indivect site cost:z to plots sccordina to plot

frontage.

3. Calrulate direct plot estimates using house typ sestimates

1]

from logiczsl dats store S,

S. #Arvange estimate vesults by plot number, cost code and i1tem

tvps'in logicsl dsta store 7.
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HASSALLIMOMES

P Hassall Limited

500 Charlotte Road,
Sheffield S2 4ER
Telephone (0742) 760191

MW/DB
19th December, 1984

- Mr. R. Oxley,
Dept. of Building,
Sheffield City Polytechnic,
Pond Street,
SHEFFIELD. S1 1WB

Dear Sir,

Co@puter Estimating for Spécu]ative House Bui]dér'and‘Data Base Systems

We consider that Mr. N.A. Ewin has produced an extremely comprehensive
report that would suit any house builder of sufficient size to warrant
the cost of the software and the necessary staff to keéép the system up
to date. Mr. Ewin has obviously spent a great deal of time on this
matter and appears to have covered all the essential points.

Registered Olfice: 500 Charlotte Road, Sheffisld S2 4ER
Repgistered No, 535148 England :
m% A Subsidiary Company of Raine Industries PLC
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APPENDIX C.

SPEC-BUILDER DESCRIPTICON

PHYSICAL DATA FLOL MODEL

SPEC-BUILDER OBJECT DICTIOMNARY ANALYSIS
SPEC-BUILDER MENUS

SPEC-BUILDER SCREEN FORMATS

SPEC-BUILDER REPORT FORMATS
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ATTRIRUTE
NUMEBER
1
b
7
8
©
10
11
12
13
14

SPEC-BUILDER OBJECT DICTIONARY ANALYSIS

ENTITY SFECIFICATION

ENTITY NO : 1

ENTITY MNAME = ENTITYOL

DESCRIFTION : HOUSE DESCRIFTION

MIM MaY INT DEC
SHORT NAME  TYPE LENGTH LENGTH FLACES FLACES SIGNED
HOUSE CODE X 1 5 0 0
HOUSE NAME X 1 12 0 0
HOUSE CLASS X 1 3 0 0
DESCRIFTION X 1 0 0 0
DESCRIFTIONZ X 1 0 0 0
SRBREVIATION X 1 2 0 0
FLODR AREA 9 0 7 4 o N
FLOT FRONT 9 0 7 4 2 M
GARAGE CODE X 1 2 0 O
HEATING CODE X 1 2 0 )

c2-3
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ATTRIBUTE
NMUMEBER
1

o~ O R

SHORT NAME
HOUSE CODE
OoF LEVEL
OF CODE
QUANTITY
WASTAGE
COST CODE

ENTITY

ENTITY NO

ENTITY NAME

DESCRIFTION :
MIN MEX
TYFE LENGTH LENGTH
X 1 S
X 1 1
X 1 =)
=] (4] 10
Q (W] b}
9 0 3

SFECIFICATION

2
-t

EMTITYOZ2

HOUSE OFERATION AMD ITEM RUILD UF

C2-4

INT
FLACES
)
0
0
6

el
Fos
-
o

DEC

FLACES SIGNED

O
0
8]
=
)

-

0Q

N
™
M

FACEED

\I
N



ENTITY SFECIFICATION

ENTITY NO

-
t

EMNTITY MAME : EMTITYO3

DESCRIFTION : SITE DESCRIFTION

ATTRIBUTE MIN MAX INT DEC
NUMEER SHORT NAME TYFE LENMGTH LENGTH FLACES FLACES SIGNED FACEED
1 SITE CODE 9 0O 3 3 0 M N
b6 SITE NAME X 1 0 O Q
7 ADDRESS 1 X 1 30 0 0
8 ADDRESS 2 X 1 0 0 O
g ADDRESS = X 1 =0 0O )
10 ADDRESS 4 X 1 0 0 O
i1 FOST CODE X 1 9 s} Q
12 TEL NO X 1 12 8] 0
13 LAROUR RATE 4 0 5 1 3 M Y
14 MATERIAL RTE 9 Q S 1 3 N Y
15 SUEB CON RATE 9 0 S 1 ) W] Y
16 FLANT RATE 9 O S 1 ) N Y
17 ON COST RATE 4 0 7] 1 = | Y
18 SELLING RATE 9 (€] S 1 z M Y
19 SUFERVIS RTE g 0 5 1 = N Y
20 ESTIMATE RTE 9 Q 5 1 3 I Y

c2-5



ENMTITY SFECIFICATION
ENTITYlND 4
éNTITY MAME @ ENTITYO4
DESCRIFTION : SITE FLOT DETAILS

ATTRIBUTE MIN MAX INT DEC

NUMEER  SHORT NAME TYFE LENGTH LENGTH FLACES FLACES GIGNED FACKED
1 SITE CODE 9 0O 3 RS 0 N N
z FLOT NO 9 0 3 = o N N
6 HOUSE CODE X 1 5 0 )
7 SALE VALUE 9 ) 9 & 2 N %
8 COMMENCE DTE X b 8 0 0
9 AFF FACTOR 9 0 11

1 Q N Y

C2-6



ATTRIRBUTE
NUMEER

LRy e

~N o

EMTITY SFECIFICATION
ENTITY NO : 5
EMTITY MAME @ EMTITYOS

DESCRIFTION : SITE OFERATION DETAILS

MIM MAX INT DEC
SHORT NAME TYFE LENGTH LENGTH FLACES FLACES SIGMED
SITE CODE ? 0O 3 3 8] N
OF LEVEL X -1 1 Q ¢
OF CODE X 1 b 0 0
QUANTITY 9 Q 106 = ) N
WASTAGE ? 0 S 2 2 M

c2-7

FACKEED
N



ATTRIBUTE
NUMEBER

ENTITY NO

ENTITY SFECIFICATION

ENTITY NAME =

DESCRIFTION =

SHORT MAME
OF-ITEM TYFE
OF-ITEM CODE
MNAME
DESCRIFTIONL
DESCRIFTIONZ
UNMIT

COST CODE
ESTIMATED
VALUE

ITEM TYFE
CONV FACTOR
DATE UFDATED
AFFORTIONED

TYFE LENGTH LENGTH FLACES

D¢ ¢ N0 M G X 0 K X KK

MI

C2-8

M ME&X INT
1 1 Q
1 & 0
1 a8 0
1 30 ¢ 0
(4] 30 0
1 8 0
Q 3 =
1 1 0
Q 10 6
3 = (%]
Q 9 4
& =] Q
1 1 (a]

1)

ENTITYOL

OFERATIOM AND ITEM DETAILS

DEC

FLACES SIGMNED

Q
0
O
0
QO
0
Q
0
=
(%]
4
(8]

Q

N

N

FACKED



ATTRIBUTE
NUMEBER

N k) -

ENTITY NO t 7
ENTITY NAME : ENTITYO?
DESCRIFTION : OFERATION
MIMN MAX
SHORT NAME TYFE LENGTH LENGTH
OF LEVEL X 1 1
OF CODE X 1 &6
SUB OF LEVEL X 1 1
SUE OF CODE X 1 )
CUANTITY ? 0 10
WASTAGE 9 (0] S

ENTITY SFECIFICATION

c2-9

BUILD UF

INT
FLACES
O
s}
(%]
O
b

2

-

DEC

.FLACES SIGNED

0
O
0
Q
3

ot

-

M
M

FACEED



ENTITY SFECIFICATION

ENTITY NO 8

ENTITY NAME @ ENTITYOS

DESCRIFTION : INVOICE % FROVISIONAL COST HEADER DETAIL

ATTRIBUTE MIN MAX INT DEC
MUMERER SHORT NAME TYFE LENGTH LENGTH FLACES FLACES GIGNED PFACEED
1 SOURCE REF X 1 10 3 0 M N
1) FROV OR INV X i 1 1] 0
7 SUFFLIER X 1 30 1<) 3 N Y
8 DATE X 0 3] 0 0

C2-10



ATTRIBUTE
NUMEER
1

2

ol

6
7
5]
C?
10
11

ENTITY NO

ENMTITY SFECIFICATIDN

EMTITY MAME :

DESCRIFTION :

SHORT NAME
SOURCE REF
ITEM NO
SITE NO
FLOT NO
COST CODE
DESCRIFTION
COsST CAT
VALUE

TYFE LENGTH LENGTH

X

g =X Q0200

MIN

1
Q)
O
O

o=

9

EMTITYO®

INVOICE
MAX

10

R0 I R O

12
o

2]

10

C2-11

&

D4

FROVISION COST

INT
FLACES

e Ol L L L 0

o<

DEC

ITEM DETAIL

FLACES SIGNED

%]
O
0
O
(8]

M
N
N
N
N

FACKED
N
M
M
N
N



EMTITY SPECIFICATION
ENTITY NO : 10
ENTITY NAME : ENTITY10

DESCRIFTION : SITE ESTIMATE

ATTRIBUTE MIM MAX INT DEC
NUMEBER SHORT NAME TYFE LENGTH LENGTH FLACES. FLACES SIGNED FACEED
1 SITE CODE ? () 3 = (8] M M
2 FLLOT NO 4 O 3 3 ] ] N
I COsT CODE Q 0 3 3 0 M N
6 MATERIAL 9 O Q? b 2 N Y
7 SUR CONTRACT 9 0 g b 2 M Y
8 LLAROUR 9 0 9 & 2 3] Y
9 FLANT~HAUL 9 0 9 b6 2 M Y
10 ON COSTS 9 0 9 ) 2 M Y
11 SELLING ? 0 9 b 2 M Y
1z SUFERVISION ? O 9 & 2 M Y
1= ESTIMATE 4 0 ? 6 2 M Y
14 TOTAL 9 0 10 7 2 N N

C2-12



ATTRIRBUTE
NUMEBER

ENTITY

ENTITY NO H

EMNTITY NAME :

DESCRIFTION :

SHORT MAME
HOUSE CODE
COST CODE
MATERIAL
SUER CONTRACT
LAEBOUR
FLANT  HAUL
ON COSBTS
SELL ING
SUFERVISION
ESTIMATE
TOTAL

TYFE LENGTH LEMGTH

G0L0L00-L000X

11

ENTITY11

SFECIFICATION

HOUSE ESTIMATE

MIN

1
Q
0
Q

C2-13

MAX

Q- 0000050040

INT
FLACES
Q

U\Q‘O‘U‘Q‘O‘G‘U‘U‘H

DEC

FLLACES SIGNED

0

FIRIRE R R RSO

N
™
N
M
M
M
™
M
N
M

FACEED

N
I\
N
N
N
N
N
N
M
N



ENTITY SFECIFICATION

ENTITY NO : 12

EMTITY NAME ¢ ENTITY12

DESCRIFTION : SITE ESTIMATE BY FLOT

ATTRIBUTE MIN MAX INT DEC

NUMEER SHORT NAME TYFE LENGTH LENGTH FLACES FLACES SIGNED  FACEED
1 SITE CODE 9 0 R 3 0O N N
2 FLOT NO 9 0 3 3 0 N N
3 COST CODE 4 0 3 3 8] N N
b6 MATERIAL 9 0 9 1) s M Y
7 SUE COMTRACT 9 0 E4 6 2 N Y
8 LAROUR ? 0 ? b 2 N Y
9 FLANT-HAUL 9 0 9 1) 2 N Y
10 oM COSTS ? 0 9 b 2 N Y
11 SELLING Q? Q ? 4 2 N Y
12 SUFERVISION ? (O 9 b 2 ] Y
13 ESTIMATE 9 O 9 1) 2 M Y
14 TOTAL Q? 0 10 7 2 M Y

Ce2-14



ENTITY SFECIFICATION
ENTITY NO : 14

ENTITY NAME : ENTITY14

DESCRIFTION : COST DETAILS BY SITE (NOT AFFORTIONED)

ATTRIBUTE MINM MAaX INT DEC
NUMEBER SHORT NAME TYFE LENGTH LENGTH FLACES FLACES SIGNED FACEED
1 SITE NO Q 0 3 K 0 M M
2 FLOT NO 9 0 3 2 0 M N
3 COST CODE Q 0 3 3 0 W N
1) MAT COST 9 0 10 ) 2 Y Y
7 SUR COST Q? 0 10 6 2 Y Y
8 LAR COST 9 0 10 & 2 Y Y
9 FLG COST Q Q 10 6 2 Y Y
10 ONC COST 9 QO 10 ) 2 Y Y
11 SEL. COST Q a] 10 & 2 Y Y
2 SUFr COST 4 4] 10 6 2 Y Y
13 MAT FROV 9 ] 10 ) 2 Y Y
14 SUR FROV Q O 10 b = Y Y
15 LAR FROV ? 0 10 & 2 Y Y
16 FLA& FPROV 9 O 10 6 2 Y Y
17 OMC FROV Q 0O 10 6 2 Y Y
i8 SEL. FPROV ? 0 10 & 2 Y Y
19 SUF FROV Q 0 10 6 2 Y Y
20 TOTAL 9 0O 11 7 2 Y N

C2-%5



ENTITY SFECIFICATION
EMTITY NO : 15
EMTITY NAME : ENTITY1S

DESCRIFTION : COST DETAILS BY SITE & FLOT (AFFORTIONED

ATTRIBUTE MINM M@X INT DE(C
NUMBER SHDRT NAME TYFE LEMGTH LENGTH FLACES FLACES SIGNED FACEED
1 SITE MO 9 O 3 3 o] M M
2 FLOT NO 9 O 3 3 0 N N
3 COST CODE ? 0 = 3 0 ™M N
6 MAT COST 9 0 10 b 2 Y Y
7 SuB COST ? 0 10 1) 2 Y Y
8 LA COST ? 0 10 & 2 Y Y
9 FLA COST 9 0 10 b6 pex Y Y
10 ONC COST 9 Q 10 & 2 Y Y
11 SEL COST 9 0 10 6 2 Y Y
12 SuUF COST 9 0 10 &6 2 Y Y
13 MAT FROV 9 0 10 6 2 Y Y
14 SUE FROV 9 0 10 & 2 Y Y
15 LAER FROYV 9 Q 10 6 2 Y Y
16 FLA FROV 9 Q 10 - 6 2 Y Y
17 OMC FROV 9 0 10 ) 2 Y Y
18 SEL. FROV 9 0 10 6 2 Y Y
19 5UF FROV 4 o 10 &6 2 b Y
20 TOTAL ? 0 11 7 2 Y Y

C2-16



ENTITY SFECIFICATION

ENTITY NO s 20

ENTITY NAME ENTITYZ0O

3z

DESCRIFTION : COST CATAGORY ANALYSIS
ATTRIBUTE MIN MAX INT - DEC
NUMERER SHORT NAME TYFE LENGTH LENGTH FLACES FLACES SIGNED
1 cosT CODE ? 0 3 = 0 ™
& COST NAME X 1 12 O 0

c2-17

FACKED
M



- SPEC-BUILDER MENUS

cosT CDNTROL % ESTIMATING SYSTEM ACTION @ SELECT

OFTION ’ : CODE

DATA BASE MAINTENANCE. ........ DAT
SYSTEM PROCEGSES. s it nenne FRO
DATA BASE REFDRTS. .. wcnenennnn REF

ENTER OFTION, OR "X" TO EXIT

C3-18



COST CONTROL -& ESTIMATE REFORTS

OFTION

CODE

HOUSE ESTIMATE ANALYSIGS. . ..., HSE
SITE ESTIMATE :-—~ DIRECT COS7T.. DIR

SITE ESTIMATE - BUDGET

....... EBUD

COST AMALYSIS :— RBRY SITE...... CST
COosT V ESTIMATE COMFARISON.... COM

ENTER OFTION, OR *X* TO EXIT

C3-19

ACTTON

: SELECT



SYSTEM FROCESS & CALCULATION ACTION @ SELECT
OFTION CORE
HOUSE TYFE ESTIMATE....vuwewua HSE
SITE ESTIMATE o— DIRECT COST.. DIR
SITE ESTIMATE :- FLOT COST.... FLO
SITE ESTIMATE AFFORTIOMMENT... EAF
SITE COST CALCULATION. . wwv.wn. CsT
SITE COST AFPPORTIOMMEMT........ CHF

EMTER OFTIONM, OR “X" T EXIT

€3-20



DATA BASE MAIMTENANCE ACTIOM = SELECT

QFTION ‘ CODE

HOWUSE DRETAIL MAINTENANCE. ... .. HSE
OFERATION DETAIL MAINTENANCE.. OFE
ITEM DETAIL MAINTEMAMCE. ...... ITHM
SITE HEADER MAINTEMANCE. « v ou..  SHD
SITE OFERATION MAINTEMNANCE.... SOF
FLOT DETATIL. MATNTEMANCE. « . ... « FLOD
COST DETATL MAINTEMAMOE. .. ... . GBT
CCOST CATAGORY MAINTEMNAMNCE..... CAT

EMTER OFTIOM, OR "X° TO EXIT

€3-21I



SPEC-BUILDER SCREEN FORMATS

Format print for screen number 1
L2220 2232522330202 828 8328822229

HOUSE DETAIL MAINTEMNAMCE

HOUSE CODRE & XXXXX MNAME = XXXXXHXXAXEX ABBREVIATION @ XX

HOUSE CLASS @ XXX DESCRIPTION 1 OOOUXXXOOOUXXXMOOOU XX XX XXX XX
XXX XXX UKL EXAAX LKL AKX KA KAK

FILOOR AREA @ 9999.99 FLOT FRONTAGE @ 9999.9% OGARAGE : XX HEATING @ XX
OFERATION BUILD UF DETAILS -

LEVEL  CODE DESCRIFTION QUARNTITY WASTAGE
X EXKUXX (0990000000000 IDPONORODOD S FAAA N A ?9.99
X XEXAKXX HAUXAXKXAXX XN KL T LK AR AXTXXAAAUNAL 999%9‘ Q‘Q G99.99
X AAXXKX NEAXKKAXXAXXIA LR RENAX LK R L LAKAKA / 99.99
X XAXXXX 19 99.9.908.999998.908 L 9.0 0.0.0.9.9.9.9.9 P7.99
X KEAXNKX 1999098099989 9 00000090000 008991 9e.99
X _XVX¥VX XORN R E LR XN AX XY 7.9
X XHHEAX YOO OO N KA AN XX XX G995 T.99
X 1999904 XXOCOOOOOMX XXX XXX N XX KN L XU KR Qi ?ﬁv ?W? 97.99
X 1999994 XXX XX AN XA XA A AL L Y XENAN 7 9%.99

Screen names @ HEE-MNT

Soreen dcscr;nL:nn : HASSALL =— HOUSE DETQIL MATNTENANCE

Sehema nuﬂ.bvr H 1

C4-22



Fiel

S ODNOU DR

-

Fiel

11
12
13
14

13

Screen documentation

d No.

Scrolled Area

d No. Key
Y
Y
M
N
M

Entity

ENTITYO!
ENTITYOL
ENTITYO1
ENTITYOL
ENMTITYO1L
ENTITYO1
ENMTITYO1
ENTITYO1
ENTITYOL
ENTITYOL

CEntity

ENTITYOZ
ENTITYOZ
ENTITYOA
ENTITYOZ2
ENTITYOZ

Attribute

HOUSE CODE
HOWSE MNAME
ABBREVIATION
HOUSE CLASS
DESCRIFTION1
DESCRIFTIONZ
FLOOR AREA
FLOT FRONT
GARAGE CODE
HEATING CODE

Attribute

OF LEVEL
OF CODE
DESCRIFTIONI
QUANTITY
WASTAGE

(field analysis)

Input/0utput

Pt bt bt b bt Bl e b et et

Input/0Output

—t bt O -

for screen number 1

Mandatory/0Optional

QO R=EZZO

Mandatory/0Optional

XOXDO

( N.B. Field numbers are allocated by horizontally traversing the screen )

LR 8 2 ¢

(2222223882

End of

C4-23

screen documentation

(3222222322288



Format print for screen number 2
22222222382 22282253323 82038 S e

ITEM DETAIL MAINTENANCE

CODE s XXXXXX

COST TYFE XXX

DESCRIFTION 2 XXXXXXXXXXXXXXXXXXXXXXXXAXXXXX
KXXKEXXXKLEXEXX AKX KA XL LAKTAKXN KX

UNIT

(3

XXAXKENXX

FRICE : 999999.999

AFFORTIONED : X

CONV FACTOR : 9999.9999

Screen name : ‘ ITEM-MNT

Screen description @ HASSALL :— ITEM DETAIL MAINTENANCE

Schema number @ 1

C4-24



Screen documentation (field analysieg)

for screen number 2

L2223 2222222282000 222020222 2222202 32000220222 202022 02228

Field No. key

SN U B -
Z2ZZ2ZZ2Z2Z<

Entity

ENTITYO6
ENTITYOS
ENTITYO
ENTITYO&
ENTITYOSG
ENTITYOS6
EMTITYOG
ENTITYOS

Attribute Input/0Output

OF-1TEM CODE
ITEM TYFE
DESCRIFTION1
DESCRIFTIDNZ
UNMIT

VALUE
AFFORTIONEDR
CONV FACTOR

Bt bt bt b b beed b

Mandatory/0Optianal

XICTOXXZ=ZO

( N.E. Field numbers are allocated by horizontally traversing the screen )

(S E 2SS 2822008

End of screen documentation

C4-25
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Format print for screen number 3
LSS 2032220223382 22% 8

OFERATION MAINTENAMNCE

LEVEL @ X CODE @ XXXXXX DESCRIFTION 3 XXXXXXXMXXXXUXXXXXXXUXAXNAAXXNXK
XXXXXXXEUXAXEXXXLLUXUXXXXXE KKK

UNIT & XXXXXXXX COST CODE = 999 CATAGBORY = XAXXUXAXAUXXX

ESTIMATE (Y/N) & X ESIMATED VALUE @ 999999.999

LEVEL CODE DESCRIFTION CUANTITY WABTABEZ
X XXXXXX  XXXUXMAUXXXAMKXAXXAXANXXXUAAXXXXY  999999.999 99.99
X YXHAXX  WXXXMAUXKARAALAXNAXAXUXXNAAXNEAAN 999999, 999 99.99
X XXEXAX  AXXXXXXXXAXXXLAXAXAAXAXXUXXXXXX 999999.999 29.99
X YUXXAX  XXAXXAXXAXXNEAAUNAXAXAXXAAXAXNY 999999, 999 99.99
X XXXXXX  XAUUXXXAXXXXNMUAUXEXXXXXXAXXXXXAX  999999.999 99.99
X XXXXXX XARAXMUXXAANKLAXXAAAXAXXXNXXAXXN 999999.999 ?9.99
X XXXXXX XXXXUXXUXXXUXXXXXAXAXXXXKXXXXX  999999.999 99.9%9
X HXXXXN  KXXXXXXKAAXKAXREAAXXEXXXAXXXRXXSL 999999.999 22.99
X XEXYEX  XXXXXXXXXXXEXXAXXXXXXXUXXXXXAXX ~ 999999.999 99.99
Screen name : OF-MNT

Screen description : HASSALL :— OFERATION MAINTENANCE

Schema number 1

C4-26



Screen documentation

Field No.

Lo N Bk

Scrolled

ke

ey
Y
Y
M
M
N

N
M
M
M

Area

Field No.

10
11
12
13

14

K

Entity

ENTITYO6
ENTITYO6
EMTITYO6
ENTITYOS
ENTITYO6
ENTITYOQ6
ENTITY20
ENTITYOS
ENTITYOS

Entity

ENTITYO?7
ENTITYO7
ENTITYOS
ENTITYQ7
ENTITYO7

Attribute Input/0utput

OF-ITEM TYFE

1
OF-ITEM CODE 1
DESCRIFTIOMNL I
DESCRIFTIONZ 1
UMIT 1
COST CODE I
COST NAME ‘0
ESTIMATED I
VAILUE 1
Attribute Input/0Qutput
SUR OF LEVEL I
SUE OF CODE 1
DESCRIFTION1 0O
QUANTITY 1
WASTAGE 1

(field analysis) for screen numher 3

ﬁandatnry/ﬂptional

OIO0O0CZ0=ETZRO

Mandatory/0Optional

OO0

( M.BH. Field numbers are allocated by horizontally traversing the screen )

(222228222228 20

End of screen documentation

C4-27
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Format print for screen number 4
(2225232335323 22323223 322333833334

HEADER
SITE CODE : 999
NAME OXXKXXXXXUAAXKAXKXXX KL XXX XXXXX
ADDRESS O XAXXEXAAXKXRXXXE AKX AALXA XK AAXX
1992093099999 989909 999999989994
XXXXAXAAXXXAE XK AAXRXAARNXAXUKLAX
XXXXXAAXXXXXXXXXXXXXX KRN AXKNX
FOST CODE : XXXXXXXXX
TEL NO. t XXXXXXKXXXXXX

SITE WEIGHTINGS :-

LABROUR MATERIAL SUB CON FLANT ON COST SELLING SUFERVIS ESTIMATE
?.999 ?.99%9 ?.999 ?.999 9.999 9.999 ?.999 ?.999
Screen name @ SITE-HDR

Screen description 2 HASSALL

Schema number 3 1

£4-28

:— SITE HEADER DESCRIFTION



Field No.

QTN U D=

10
11
12
13
14
15

16

Screen documentation (field analysis) for screen number 4
132322238 23823338223333322323232332¢¢03082323¢¢22¢2222222244

Key

Y
N
M
N
N
N
M
N
N
N
N
N
M
M
b
M

Entity

ENTITYOZ
ENTITYOS
ENTITYOXS
ENTITYOZ
ENTITYOX
ENTITYOX
ENTITYOS
ENTITYOX
ENTITYOX
ENTITYOS
ENTITYOS
ENTITYOS
ENTITYOZ
ENTITYOZ

ENTITYOS

ENTITYOS

Attribute Input/0Output

SITE CODE
SITE NAME
ADDRESS
ADDRESS
ADDRESS
ADDRESS 4
FOST CODE
TEL NOD
LAROUR RATE
MATERIAL RTE
SUBR CONM RATE
FLANT RATE
ON COST RATE
SELLING RATE
SUFERVIS RTE
ESTIMATE RTE

Ll r) =

bl b bt e b e bt b el b b b bl bt e

Mandatory/0Optional

0
M
M
0
a]
0
0

III=ZI=ZXZ=Z0C

( N.B. Field numbercs are allocated by horizontally traversing the screen )

LSS 22923232883

End of screen documentation

C4-29
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Format print for screen numbher 9§
EE 2228322228333 323323328332228¢8%12

FLOT MAINTENAMNCE

SITE MAME ¢ XOOOXXXOINXXEXXAXXNNXXYXXAXNX

SITE CODE : 999
FLOT NO HOUSE CODE DESCRIFTION SALE FRICE
999 - XXXXX 1909990880808 0800 0080089800899 4 Pe999.99
999 XXXXX XXXXKAXXUXAXYXUAXXKUXXEXXXKXX XXX 999999.99
299 XXXXX XXX XXERLEAAAXAXAAAAXAAXNKAXXXX Qe9999.99
999 XXXXX AXXXXXXXXXXXAXXEXXLXXARXAXXXXKX Q@I999.99
299 1 9.9.9 9.4 AXXXXAXAXEAXAAXAXAAXXANAXAAXAXX 99999.99
999 XXXXX XXUXXXXXXXEXAXXMXXAXXYXAXXXAXXX 99999.99
QP9 XXAXX 193998990800 03980009 80800899884 99999.99
99 XXXXX EXXXXUXAXXKXXUEAXXX XXX RXXXX 999999.99
?9? XX AXX )99 0509909988 09009999909 999 999999.99
999 XXXXX XXXXXKXXAXXXAXXAXXXXXXXHAXXXXXK 999999.99
99 XXXXXK AXXXXXEAAEKXAAAEAENNAAANXNAAARAN 999999.99
999 XAXXX HAAXMUAXYAAX XXX XAXXNKXAXXNXAEX 999999.99
AL XXXXX AXXAXAXXXAXXXXAXKXXXRXAAANKARAN 99999%.9%9
Screen name @ S-HOUSE

Screen description

Schema number

: HASSALL :- SITE DESCRIFPTION;

FLOT DETAIL

C4-30



Header

Scrolled Area

Field No.

P
e

ot

Screen documentation

Entity

ENTITYOS
ENTITYOS

Entity

ENTITYOA
ENTITYO4
ENTITYO1
ENTITYO4

Attribute

SITE CODE
SITE NAME

Attribute

FLOT NO
HOUSE CODRE
DESCRIFTION1
SALE VALUE

(field analysis)

Input/0Output

Input/Qutput

— (T e

faor screen number S
¥

Mandatory/0Optional

Mandatory/Optional

COoOX0O

( N.B. Field numberes are allocated by horizontally traversing the screen )

(2223322222228 88

c4-31

End of screen documentation
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Format print for =screen number

&

(2SS9 2200020383223 0E S

SITE DFERATIONS.

SITE CODE = 999 SITE NAME 3 XXXXXXAXXXXXXXMUAXXXXAXAXXXAAXKXX

LEVEL CODE DESCRIFTION QUANTITY WASTAGE
X AXXLAX 1098009990002 8909009909999 RFI97.999 99.99
X XXXXXK 190000000000 00 00000990909 99989 P99999. 999 ?9.99
X XXXXXX XXXXXXUXEAXXXXKKLLXXANAXAXNXANY F9999.99% 929.99
X XXXEXX (0920000000000 000800009999 889 999999.999 99.99
X KEXAXXE T XAAXAXAXA XXX KA AAX RN K AX KRR EAXRY, 9999. 999 9%9.99
X XXXXXX 18920000908 00088900808089 08881 RI99799. 999 99.99
X XXAXXX XXXXXXXAXAAXXNAXXAXXXXRANXAXYY 999999, 999 99.99
X XXXXKXX XXXUXKXXXXXXKLAAAAXXKEAAXNXAXY R99999.999 99.99
X XXAXXN XXEXKEKKLAX KA L A LN EXAAXAXAAARENAN R99999. 999 ?9.99
X XXXXXX KEXXKXKXAXEUUXEXXXEXEXXXXXXXXXY IR 999 99.99
X PSSP OP D 099999999089 909 99999080999 999 4 999999.999 99.929
X XXXXXX XXKXKUEXXAKXKAXAXAXXAXRAKX XN LXK 99999.999 99.99
X 1999994 XRXEXXXXRXRELAXKAXEAAAAAANAAAALN 999999.99% 99.99

Screen name @ S—-0FER

Screen description @ HASSALL :— SITE OFERATION MAINTENANCE

Schema number @ 1

-C4-32



Screen documentation (field analysis) for screen number 6
1223233232223 2223233233280 233332033202 ¢323230222223222222222233

Header Area

Field No. Key Entity Attribute Input/Output Mandatory/Optional
1 Y ENTITYOZ SITE CODE 1 0
2 N ENTITYOSD SITE NAME I

Scrolled Area

Field No. Key Entity Attribute Input/0utput Mandatory/Optional
3 Y ENTITYOS OF LEVEL I 0
4 Y ENTITYOS OF CODE I M
5 ] ENTITYOb DESCRIFTIONI 0 u]
b M ENTITYOS GUANTITY I M
7 M ENTITYOS WASTAGE I M

{ N.F. Field numbers are allocated by horizontally traversing the screen )

FEERKAORFARE RN KX i End of screen documentation 332232852328 2% 3]
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Format print for screen number 7

COST MAINTENANCE

SOURCE REF 1 XXXXXXXXXX FROVISION OR INVOICE : X

SUFFLIER : XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

DATE T OXXXXXXXX

ITEM NO SITE ND FLOT NO COST CODE DESCRIFTION COST CAT VALLUE
G99 999 999 99 18290099999 99999999.94 XXX ~999999.99
999 999 999 999 XXXXXAXXXAXAXNNXANXX XXX -999992.99
99 99 99 99 199089800599 9998 9994 XXX -Q9R999.99
999 99 999 99 XXXXXXXXXXXXXXXAXXXX XXX ~-999999.99
999 9% Q9 999 1390999800099 00 899994 XXX -999999.9%
999 999 99 9299 XXXXUXXXXXXXXXAXXXXAX XXX —-999992.9%9
G99 999 999 - 999 XUAUXAAUXKXXXANAXEXX XXX -99999%.97
999 999 999 99 XAXXXXXAXXXXAXXXXXXX XXX -999999.99
399 299 99 999 XXNXXXXEAAXKEAKXXKXXX XXX -999992.99
999 999 999 999 XXXXXXXXXXXXXXXXXXXX XXX ~-Q99992.99

Screen name : COST-MNT

Screen description @ COST (INVOICED % FROVISIONAL) MAITENANCE

+3

Schema number :

C4-34



Screen documentation (field analysis) for screen number 7

Field No. ey Entity Attribute Input/Output Mandatory/Optional
1 Y ENTITYOB SOURCE REF 1 0
b M ENTITYO8 FROY OR IRV 1 M
3 M ENTITYOB SUFPFLIER I M
4 M ENTITYOB DATE I M

Scrolled Area

Field No. ey Entity Attribute Input/Gutput Mandatory/Optional

b Y ENTITYO® ITEM MO I 0
) N ENTITYO®Q SITE NO I M
7 ™ ENTITYO9 FLOT NO 1 M
8 N ENTITYO9 COST CODE I M
9 I\ ENTITYOR DESCRIFTION I M
10 N ENTITYO? COST CAT I M
11 N ENTITYO? VALUE I M

{ N.EB. Field numberes are allocated by horizontally traversing the screen )

(S22 22 2281 End of screen documentation (3325223233822 2 4
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Format print for screen number 20
(3382232338333 333333083¢8330¢8¢% ¢

COST CATAGORY MAIMTENANCE

COST CODE = 999

CATABORY = XXUXAAXXANAX

Screen name @ © CE-MNT

Screen description @ COST CATAGORY MAINTENANCE

Schema number : 1
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Screen documentation (field analysis) for screen number 20
b 222223525233 83323203 2203430223320 328 3223228822222

Field Mo. ey Entity Attribute Input/Output Mandatory/0ptional
1 Y ENTITYZ20 COST CODE I 0
2 . M ENTITYZO COST MAME I M
( N.B. Field numbers are allocated by horizontally traversing the screen )
(RS SES TR SSEE S ] ‘ End of screen documentation (S SRS 222 EEE
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SPEC-BUILDER REPORT FORMATS

HOUSE ESTIMATE :- DIRECT COSTS

HOUSE CODE : SHEO1 HOUSE NAME : SHEFFIELD
COST CODE - MATERIALS SuB CON LABOUR PLNT & HLB UN.CDSTS SELLING  SUPERVISN  ESTIMATE TOTAL
FOUNDATIONS ~ 1830.00 0.00 745,00 239,00 9.00 0.00 0.00 0.00 2834.00
BRAINS 190.30 0.00 137.50 83.76 0.00 0.00 0.00 0.00 431.56
SUPER-STRUCT  6975.34 3100.30 3456.50 0.00 0.00 0.00 0.00 450,30 13962.44
EXTERNAL K5 387,20 190.40 190.70 307.30 0.00 0.00 0.00 0.00 1055.60
ONCOSTS 0.00 24.25 0.00 0.00 114,00 0.00 0.00 0.00 138.2%
HOUSE TOTAL  9382.B4  3314.95 4549.70 . 430.08 114.00 0.00 0.00 .450.30 18441.85
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SITE ESTIMATE (DIRECT COSTS) :- TEST SITE

PLOTND : O HOUSE CODE : HOUSE NAME @

COST CODE  MATERIALS SuB CoN LABOUR PLNT & HLE ONCOSTS SELLINE  SUPERVISN  ESTINATE TOTAL
GAND & THSLE 354,30 0.00 0.00 0.00 0.00 0,00 0.00 0.00 336.30
SITE HAULAGE 0.00 0.00 0.00 90,00 0.00 0.00 0.00 0.00 90.00
SUPERVISION 0.00 0.00 0.00 0.00 0.00 0.00 770.00 0.00 770.00
HATCHMAN 0.00 0.00 §70.00 0.00 0.00 0.00 0.00 0.00 670.00
SENERS 0.00 2330,00 0.00 0.00 0.00 0.00 0.00 0.00 2350.00
FOADS 0.00 3600.00 0.00 0.00 0.00 0.00 0.00 0.00 5600.60
PLOT TOTAL 354,30 7950.00 670,00 90.00 0.00 0.00 770.00 0.00 2834.30

(general site costs)
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SITE ESTINATE (DIRECT COSTS) :- TEST SITE
PLOTND : I HOUSE CODE : SHEO! HOUSE NAME : SHEFFIELD

COST CODE  MATERIALS SUB CON LABOUR PLNT & HLE ONCOSTS SELLING  SUPERVISN  ESTINATE TOTAL

FOUNDATIONS  1850.00 0.00 745.00 239.00 0.00 0.00 0.00 0.900 2834.00
DRAINS 190.30 0.00 157,50 83.78 . 0.00 0.00 0.00 0.00 431.56
SUFER-STRUCT  6975.34 3100.30 343650 0.00 0,00 0.00 0.00 430.30 1398244
EXTERNAL WKS  367.20 190.40 190.70 307.30 0.00 0.00 0.00 0.00 1053. 60
DNCOSTS 0.00 24.25 0.00 0,00 114,00 0.00 0.00 0.00 138.25
PLOT TOTAL 7362.84 331495 4549.70 630,06 114,600 0.00 0.00 450.30 18441.85

C5-40



SITE ESTINATE (DIRECT COSTS) :- TEST SITE

PLOTNO: 2 HOUSE CODE : WAKO! HOUSE NAME : WAKEFIELD

COST CODE  MATERIALS SuB Con LABOUR PLNT & HLE QONCOSTS SELLING  SUPERVISN  ESTIMATE TOTAL
FOUNDATIONS ~ 1942.50 0.00 197,145 262.90 0.00 0.00 0.00 0.00 3002.5%
LRAINS 21,23 0.00 189,00 96.32 0.00 0.00 0.00 0.00 496,55
SUPER-STRUCT 11858.07 4030.39 4942.79 0.00 0.00 0.00 0.00 0.00 20831.25
EXTERNAL WKS  422.28 220,86 228.84 334,95 0.00 0.00 0.00 0.00 1206.93
ONCOSTS 0.00 0.00 0.00 0.00 262.26 0.00 0.00 0.09 262,20
PLOT TOTAL 14434.08 4251.25 6157.78 694.17 262.20 0.00 0.00 0.00 25799.48
SITE TOTAL 24173.22  15516.20 11377.48 1414.23 376,20 0.00 770,00 430,30 §4077.63

C5-41



SITE BUDGET (APPORTIONED) :- TEST SITE

PLOT NUMBER : 1 HOUSE CODE & SHEO! NAME & SHEFFIELD APPORTION FACTOR : 0.434543454

COST CENTRE NATERIALS Sup COM LABOUR PLNT & HLE6  ON COSTS SELLING  SUPERVIEN  ESTINATE TOTAL
FOUNDATIONS 1850.00 0.00 745,00 239.00 0.00 0.00 0.00 0.00 234,00
DRAINS 190.30 0.00 157.50 83.76 0.00 0.00 0.00 0.00 431,56
SUPER-STRUCT 6975.34 3100.30 3456, 59 0.00 0.00 0,00 0.00 450,30 13982.44
EXTERRAL WKS 367.20 190.40 190.70 307.30 0.00 0.00 .00 0.00 1035, 60
ONCOSTS 0.00 24,25 . 0.00 C0.00 114,00 0.00 0.09 0.00 138,23
APPORTIOKED 161.95 3613.63 304.54 40.90 0.00 0.00 349.99  0.00 4471.01
PLOT TOTAL 9544.79 6928.58 4854.24 670,96 114,00 0.00 349.99 450,30 22912.86
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PLOT NUMBER :
COST CENTRE
FOUNDATIONS
DRAINS
SUPER-STRUCT
EXTERNAL WKS
ONCOSTS

APPORTIONED

PLOT TOTAL

SITE-TOTAL

2

HATERIALS
1942,50
211,23
11858,07
422,28
0.00

194,34

14628.42

24173.24

SITE BUDBET (APPORTIONED} :- TEST SITE

HOUSE CODE : WAKOL

SUB CON
0.00
0.00

1030.39

220,85
0.00

4336.35

83687.40

15516, 18

NAME : WAKEFIELD

LABOUR PLNT & HLE  ON COSTS

197.15

189.00

4942.79

228.84

9.00

365,43

6523.23

11377.47
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262.90 0.00
96,32 0.00
0.00 0.00
334.95 0.00
0.00 262,20

49,09 0.00

743.26 262.20

1414.22 376,20

APPORTION FACTOR : 0.545454545

SELLING

0.00

0.00

0.00

SUPERVISN

419.99

419.99

769.98

ESTINATE

0,00

0.00

450,30

TOTAL
3002.55
496,55
20831.25
1206.93
262,20

5365.22

31164.70

54077.56



PLOT NUMBER : 1

€0ST CENTRE

FOUNDATIONS COST
PROVISION
ESTINATE

DRAINS cost
PROVISION
ESTINATE

SUPER-STRUCT COST
PROVISION
ESTINATE

EXTERNAL NKS CDST
PKOVISION
ESTINATE

ONCOSTS Cost

PROVISION .

ESTINATE

APPORTIONED COST
PROVISION
ESTINATE

PLOT TOTAL. COST
ESTINATE

SITE COST ANALYSIS (APPORTIONED} :-TEST SITE

HOUSE CODE & SHEOL

MATERIALS

633,70
0.00
1830.00

274.90
0.09
190.30

6845.78
0.00
6975.34

428.90

0.00

367,20

0.00
0.00
0.00

145.68
0.00
161,95

B8350.96
9544.79

SuB CON

530

0,00
0.00

0.00
0.00
0.00

3090.00
0.00
- 3100.30

187.80
0.00
190.4¢

0.00
0.00
24.25

3730.47
0.00
3613.63

7033.77
6928.58

LABDUR  PLNT & HLG

840.00
0.00
745,00

149.00
0.00
157.50

3267.00
0.00
3456,50

197.00
0.00
150.70

0.00
0.00
0.00

327.49
0,00
304.54

4780.49
4854.24

C5-44

357,00
9.00
239.00

82,67
0.00
83.76

310.80
0.09
307,30

0.09
0.00
0.00

2.7
0.00
40.90

173.19
670.96

ON COSTS
0.00

0.00
0.00

127.50
114.00
0.00

0.00
0.00

127.50
114,00

APPORTION FACTOR : 0.454345454

SELLING

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00

SUPERVISN

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.09

375.45
0.00
349.99

375.45
349.99

ESTINATE

0.00

" 450,30

0.00

0.00

450.30

TOTAL

1898.00
2834.00

506,57
431.56

13202.78
13982, 44

124,50
1055.60

127.5¢
138.2%

4602.01
4#71.01

21481.38
22912.84



PLOT NUMBER : 2
COST CENTRE

FOURDATIONS  COST
PROVISION
ESTINATE

DRAINS cost
PROVISION
ESTINATE

SUPER-STRUCT COST
PROVISION
ESTINATE

EXTERNAL NKS COST
PROVISION
ESTINATE

ONCOSTS €osT
PROVISION
ESTINATE

AFPORTIONED COST
PROVISION
ESTINATE

PLOT TOTAL  COST
ESTINATE

SITE TOTAL  COST
ESTIMATE

SITE COST ANALYSIS (APPORTIONED) :-TEST SITE

HOUSE CODE : WAKO!

HATERIALS

583.50
0.00
1942,50

264.59
0.00
2123

11370.20
. 0.00
11858.07

450.75
0.00
422.28

0.00.

0.00
0.00

et

0,00
194,34

12843.76

14628.42

21194.72
24173.24

Sup COM

53.45
0.00
0.00

0.00
0.00
0.00

4001.70
0.00
4030.39

223.80
0.00
220.86

. 0.00
. 0,00
0.00

4476.80
0.00
4336.35

8735.75

B3B7. 80

15809.52
15516.18

LABOUR PLNT & HLG

923.00
0.00
197,15

162,00
0.00
189.00

4837.00
0.00
4942.79

225.40
0.00
228.84

0.00
0.00
0.00

392.99

0.00
365.45

8342,39
£523.23

11322.80
13NN
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390.50
0.00
262,90

97,50
.00
96.32

0.00
0.00
0.00

312.80
0.00
334,95

0.00
0.00
0.00

27.27
0.00
49,09

628.07
743,26

1601.26
1414,22

ON COSTS

0.00
0.00

0.00
0.00
0.0¢

240.00
0.00
262,20

0.00

0.00
0.00

240.00
262.20

367.50

376.20

RPPORTEON FACTOR : 0.545454545

SELLING

SUPERVISN

0.00
0.00
0.00

0.00
0.00
0.00

823.99
769.98

ESTIMATE

0.00

0.00

0.00

0.00

0,00

450.30

TOTAL

1952.45
3002.55

524,00
496,55

20208.90
20831.25

1212.75
1206.93

240.00
262,20

3922.41
3365.22

295660.51
31164.70

S1121.87
54077.56



COST & FROVISIONAL COST ANALYSIS

SITE NO = 1 SITE NAME : TEST SITE
FLOT COST SOURCE ITEM ) CosT CosT
NO CODE REFEREMNCE - NGO DESCRIFTION CATAGORY FROV VALLIE
0] 100 INVOOE 1 SAND AND THISTLE MAT I I20.50
0 101 FLACOL 1 JCE FLA I 50,00
] 101 FLAOOYL 2 JCE OFERATOR LAE I 38.00
] 102 WESZ2001 1 SITE FDOREMAN SUF I 155. 00
O 102 1 SITE FOREMAN SUF I 155. 50
0 102 1 SITE FOREMAN -SUF I 155. 00
Q 102 WESZ2004 1 SITE FOREMAN SUF 1 155. 00
0 102 WESZ005 1 SITE FOREMAN SUF 1 155. 350
8] 102 WESZO06 1 SITE FOREMAN RONUS SUF F 50.00
0 103 WES1001 1 WATCHMAN L&k I 134030
Q 103 WES1002 1 WATCHMAN LAR I 134,50
0] 103 WES1003 1 WATCHMAN L&E I 134,50
O 103 WES1004 1 WATCHMAN )] 1 139,50
2] 103 WHS 1005 1 WATCHMAM LAR I 139,70
Q 700 INVOOZ2 1 SEWER CONSTRUCTION SUR I 2557.90
] 800 - INVOO1L 1 ROAD COMSTRUCTION 5uUR 1 H650. 00
1 1 1NVOQO4 1 BERICES (COMMONS) MAT 1 E50.00
1 1 INVOO4 2 READY MIX MAT I Z&EO. 00
1 1 INVOO4 3 AIR ERICES MAT I 45.70
1 1 INVOOS 1 JCE & OFERATOR FLA I 357.00
2 1 INVOQO4 4 ERICKS (COMMONS) MAT I I23F.00
2 1 INVODYG 5 READY MIX MAT I 22F.00
2 1 INVOO4 & AIR BRICES MAT I 37.50
2 1 INVOOS 2 JCE & DOFERATOR FLA I IQ0.50
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APPENDIX

REPORT GENERATION

INTRODUCTION

This report forms the specification for a report generator. It
documents the ideas and concepts that would ideally be included in
such a program, and outlines how it may be implemented. The report
generator will form a part of. the fourth generation programming
package developed as part of the research project conducted within

the building department.

The report generator must obviously complement and interface with the
existing data dictionary and data base systems that form the basis of

the fourth generation system.

The specification of the report generator has been divided into three

sections;
i) generated report format and control
ii) report specification

iii) report generation

1. REPORT FORMAT AND CONTROL
The form and control of the reports it i1s intended to generate
must obviously be clearly established before any attempt to
generate them can be made.
The production of a report, in any form, consists of two stages;
i) the selection and sorting of ﬁhe data to be reported,

i1) the formating and printing of the report.
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These two stages are treated separately in the analysis and

production of the generated reports.

1.1. REPORT FORMAT

The generated report is divided into three physical areas:
i) the header area,

ii) the data area,

iii1) the footing area.

1.1.1. HEADER AREA

The header area contains constant and variable fields, and is
printed at the top of each page of the report. At the simplest
level the header area may contain nothing more than the report
title. It may also contain variable data obtained from the data
base which helps describe the data area below,e.g. in an order
report, the data area may include details of individual order
lines, and the header area contain details of the customer who

placed the order.

1.1.2. DATA AREA

The data area contains variable data only. It consists of
repeating groups of lines of data fields. Usually there is only
1 line per group, more are necessary only when the paper is not
wide enough to include all the required data.

The lines, or groups of lines, are directly proportional, ie 1:1,
to occurrences of the main source entity. The groups are

repeated until a break condition occurs (see breaks below).
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1.1.3. FOOTING AREA

The footing area also contains constant and variable fields,

is printed at the bottom of the page when a break condition has

occurred. An additional footing area is produced at the end of -

the report.

The footing may include totals of numeric data attributes in the

data area between the last breaks.

The end of report footing

contains totals for the whole report.

EXAMPLE REPORT FORMAT

H

E

A CUSTOMER NO
D ORDER NO :
E

R STOCK ITEM -
D

A A123 WIDGET
T B234 - WOTSIT
A

F

0 3

0 TOTAL VALUE

T

1.1.4. BREAKS

A control break is an event which occurs during the printing of
the report. It causes a break in the printing of the data area,
and the footing area to be printed, followed by a page throw, and

the heading area, before the printing of the data area 1is resumed

(if it can be).

PAGE : 999
ORDER REPORT
A0001 CUSTOMER NAME : ACME LTD
000001 ORDER DATE : 01/01/84
DATE REQD PRICE  QUANTITY VALUE
01/03/84 1.34 1000.00 1340.00
03/03/84 2.13 2000.00 4260.00
5600.00



There are ﬁwo types of breaks, those enforced by end of file
conditions, and those which can be imposed by the user. The user
implements breaks by specifying a particular data attribute, such
that when the value of that attribute changes, a break event
occurs. In the above example, the usef may specify customer or

order number as the break attribute.

1.2. REPORT CONTROL
Before any data can be printed, it must be selected from the data

base and sorted into the required order.

1.2.1. SELECTION

The report is built from data held in a source entity type and
other 'linked' entity types. Entities are seleeted‘from the
source entity type. The selection is achieved by comparing
attribute values»from both the source and the linked entity types,
with control values.: The control values may be inserted at run
time, or be dependent on the value of other attribute values in
the data base. The selectedventities are recorded by placing the

source entity keys into a temporary list file.

The selection criteria must allow the use of ‘'and' and 'or'
logical operators, and the conditions; 'equal', 'not equal',

'greater than', and 'less than'.

1.2.2. SORTING

Once the fequired entities have been selected, the keys stored in
the temporary file are sorted. This is done according to the
users specification. Any attribute in the source entity type, or

a linked entity type can be specified, in ascending or descending
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order. Any number of sort keys can be specified in order of

priority.

Once the entity keys have been selected and sorted, the temporary

file of keys is passed to the next stage, the report output.

2. REPORT SPECIFICATION

In order to generate a report, a precise unambiguous specification of

the report is required, which will form part of the system data

dictionary. The specification of reports can therefore be expressed

in terms of data dictionary entity types.

The action of generating a report is again considered as two separate

stages;

i) the selection and sorting of the required entity details.
ii) the specification of entity selection and sorting criteria.

iii) the specification of the report format.

2.1. REPORT HEADER
The report header information can be stored in a single entity
type. There is only one entity type occurrence per report. It
contains information relevant to botﬁ stages of this report
production.

REPORT NUMBER KEY FIELD

REPORT NAME

REPORT DESCRIPTION

SCHEMA NUMBER

MAIN SOURCE ENTITY

LINK ENTITY 1



LINK ENTITY 2

LINK ENTITY 3

LINK ENTITY Y4

BREAK ENTITY NO

BREAK ATTRIBUTE NO

DATA AREA START LINE

FOOTING AREA START LINE

FORM WIDTH (80 OR 120 COLUMNS)

PAGE NUMBERS REQUIRED

2.2. SELECTION AND SORTING SPECIFICATION

There are separate entity types for recording selection and
sorting criteria. There may be many occurrences of each entity
type for a single report. Both are keyed by report number and a

sequence number which indicates the order of the entities.

2.2.1. SELECTION
REPORT NUMBER KEY FIELD
SELECTION SEQUENCE NUMBER KEY FIELD
BRACKET OPEN
CURRENT ENTITY NUMBER
CURRENT ATTRIBUTE NUMBER
RELATIONSHIP
CONTROL ENTITY NUMBER
CONTROL ATTRIBUTE NUMBER
RUN-TIME PARAMETER NAME
BRACKET CLOSE

AND/OR/STOP



2.2.2. SORTING
REPORT NUMBER KEY FIELD
SORT SEQUENCE NUMBER - KEY FIELD
SORT ENTITY NUMBER

SORT ATTRIBUTE NUMBER

2.3. REPORT FORMAT

The report format specification is held in two entity types; one
each for text field details and variable field details (attribute
values). There is an entity occurrence for each field in the

report structure.

2.3.1. TEXT FIELDS

REPORT NUMBER KEY FIELD
AREA (HEADER OR FOOTING) KEY FIELD
LINE NUMBER KEY FIELD
COLUMN NUMBER KEY FIELD
TEXT VALUE

2.3.2. VARIABLE FIELDS (ATTRIBUTES)
REPORT NUMBER KEY FIELD
AREA (HEADING, DATA OR FOOTING) KEY FIELD
LINE NUMBER KEY FIELD
COLUMN NUMBER KEY FIELD
ENTITY NUMBER
ATTRIBUTE NUMBER

TOTAL? (IF NUMERIC IN FOOTING)
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3. REPORT GENERATION

The generation of report programs is divided into the same two
sections as report specification and report production, ie;

i) the selection and sorting of the required entity details

ii) the reporting of the selected and sorted information.
Two separate (object) programs are generated to produce each report.
The first object program selects and sorts the required entities
according to the specifications in the data dictionary. The sorted
and selected source entity keys are stored in a temporary file which
is passed to the second object program. This program produces the
hard copy report. The two object programs are linked at run time, thé

second following imediately after the first.

There are also two separate report generating programs, one for each
of the object program types. Both generating programs function by
encrypting the specifications held 1n the data dictionary into
skeleton programs.

3.1. SORT AND SELECTION

The sort and selection object program initially selects the required
entities, stores their keys and tﬁen sorts them. This sequence

reduces the amount of sorting (and therefore time) required.

The select procedure searches the main source entity sequentially,
from start to finish, locating entity occurrences that meet the
selection criteria. The attributes which can be tested are not
limited to the source entity, but also include attributes contained in
any of the entities that are contained in the current scheme, and are

specified in the report specification header, eg. in the order report

D-9



example, it would be possible to report only on those customers in a
certain area. The main source entity is the order line entity, but
the customer area code is held within the customer entity. So long as
the customer entity has been specified in the specification header,

and it is contained within the specified schema, then this is allowed.

There are two sources of control value against which the attributes
are compared during selection. The first are control values that are
contained within the data base, these are attribute values contained
in entity types which must part of the program sub-schema, ie within
the schema, and the report specification header. .The second type of
control values are those which are input, or can be changed, at run

time. These values are prompted for every time the generated report

program is run.

As entities are selected their keys are stored in a sequential file.
The record format of this file is defined by the first generation
program. When the file is opened it is opened as type 'output' only,
thus any.previoué oécurrence of the file 1s over-written. Once the
selection stage has been completed, the file is‘closed and re-opened

as 'input-output' for sorting.

The sorting algorithm 'bubble sorts' the keys. The keys are read from
the temporary file and passed, via the schema, to the source entity
enabling links to the other entities in the sub-schema. The
comparisons are made between the current schema attribute values, and
a set of previous values held within the sorting program. The key to
the lower set is stored and, if necessary, the program values

exchanged for those in the schema. The next key is then read from the
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temporary file.

The sorting algorithm passes repeatedly through the temporary file
swapping keys around until the keys are in the required order. The
temporary file is then closed, and the program halts. The report

output program is then called.

3.2. REPORT OUTPUT
The report output object program is generated from the report format

specification contained in the data dictionary.

The object program uses the ﬁemporary key file output by the seléct
and sort object program to access the relevant source entities in 
sequence. The keys are copied from the temporary file into the main
source entity via the sub-schema which links the other entities. The

attribute values can then be accessed for inclusion in the report.
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