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RESEARCH ABSTRACT

A wide v a r iety of pac kag ed applicat ion s systems for builde rs  
have re cen tly become available, how ever the diversi ty and 
comp lex ity of individual building companies has meant that 
man y p r o s pe ct ive users have been unable to find packages 
wh ic h p r e c is el y meet their needs.

The high cost, and long lead times ass ocia te d with 
t r adit io nally produced besp oke software has made  many 
builders reluctant to become involved. Some bui lde rs who 
have co mmi ssi oned besp oke  software have had u n s a t i s f a c t o r y  
experiences, where systems 'have been unreliable, or have not 
fully met the original objectives.

This researc h project was conceived to test the hypo thesis  
that, through the use of advanced software development  
concepts, bespoke software could be made more acc ep ta ble 
to builders with smaller budgets.

The researc h was con ducted in two stages; 
construct an advanced  software development 
secondly, to apply that system in a typical 
area .

The software development system (DB4GL) combines current 
analysis and design techniques, p r o gram g en er ation tools, a 
powerf ul data base m e c h a n i s m  and a d o cumenta ti on facility, 
to yield a well str uctured app roa ch to software de ve lopment 
throughout the system life cycle.

DB4GL was used to develop a complex integrated esti mating 
and cost control system (S p e c - B u i l d e r ) suitable for an 
actual speculative house building company.

S pe c-Build er was developed over a re lativel y short time 
period, thus supporting the research hypoth esis. As much of 
the software was ge ner ate d from proven DB4GL procedur es, the 
resulting system was reliable. The development tech niques 
encourage extensive user p a r t i ci pation  and early app ra isal 
of the system w h ic h can be amended easily to fulfill the 
user's precise requirements.

fi rstly to 
system, and 
a p p 1 icat ions
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HYPOTHESIS

The shortage of suitable specialist applications packages 

has meant that many small and medium sized companies within 

the building industry have been unable 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 [NatOl], 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 in 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 increasing demand for such systems within the

indus t ry .

In the building industry, the size of the company is not 

always a reflection of its complexity. For example a small 

building business may undertake a large number 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.
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It is only since the advent of cheaper mini  and mic ro 

computers that builders, other than the larger firms, have 

been able to afford computers of sufficient power to meet 

these requirements. Even then, builders  have had to wait for 

the n e c e ss ary software to become available. There are now a 

large nu mber of appl ic ation software packages on the market, 

These range from complex integrated manag em ent inform ation  

systems such as 'Contractor' from ICL, and 'Siteman' from 

Systime, down to simple estimating programs wh ic h run on the 

most basic micro computers.

Despite the abu ndance of building appl ications packag es (the 

quarterly ma ga zine 'Con struction  Computing' includes a 16 

page software directory listing such packages) many bu il ders 

are still having diffic ulty obtaining systems to meet all 

their requirements.

The pr obl em with the package approach for supplying software 

to the building industry is that there are consi d e r a b l e 

vari ati ons in the way individual building companies are run 

[WesOl]. These differences can be reflective of m a n a g e m e n t  

style, organis at io nal structure, or the type of c o n s t r u c t i o n  

busine ss carried out.

Most building applica tio ns packages are design ed for the 

general contractor, the most pre valent type of bui lde r, 

others, such as speculative house builders, have a m u c h  

smaller selection of packages available.
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As the systems required are complex, few builders can afford 

to have bespoke software written, so if 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 [MarOl], 

hence the resulting software is 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 users 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 

[GanOl] identify 5 problems with the traditional methods 

used to acheive a system specification
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i) The analyst may find it difficult to understand the

business. Each business has its 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 sort of system they want.

iii) The analyst may be overwhelmed with detail, and find

it difficult to abstract the important facts from those 

which are less important.

iv) The system specification effectively forms the basis 

of a contract between the user department and the system 

implementors. However the document is 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 is 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 like before agreeing 

to its purchase and implementation. This approach can be 

adopted when buying a standard applications package, but
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when procuring bespoke systems the software pro du cer 

requires the full commitment of the bui lde r before making  

any substantial investment in software produ ction.

1.3. NEW CONCEPTS IN BESP OKE SOFTWARE DEVELOP MENT.

New tools, techniques, and me t h o d o l o g i e s  are becomi ng  

available wh ic h will allow besp oke software to be p r o du ced 

in a more satisfac tory way than is curre ntly achieved. These 

advances include highl y structured systems analysis 

methodol ogies, and so called 'fourth gene ra tion'  systems 

which facilitate pro to typing  and appl ic ation p r o g r a m  

generat i o n .

These advances allow the systems analyst, or an a l y s t -  

programmer, to conduct more accurat e investigations, and 

then quickly, and cheaply, produce prot ot ype systems w h i c h  

can be shown to the user as a tangible illu stratio n of what 

the system will look like. When the user is sat isfied wi t h  

the pr oto typ e system, the analyst can use the pr o t o t y p e  as a 

part of the spe cific ation for the 'live' a p p l i c a t i o n  

system, wh ic h can be (at least partially) ge nerate d by an 

application gene ratio n system.

The pr ototypi ng and ap plications gene ra tion stages can be 

combined so that the final p r o t otype is adopted as, or forms 

the basis of, the 'live' ap plications system.
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1.4. THE OBJECTIVES OF THIS RESEA RC H PROJECT.

At the outset of this project, there were no c o m m e rcial ly  

available micro computer based software dev elopment systems 

with sufficient power to test the research  hypo thesis. It 

was therefore nec e s s a r y  to research, design, and implement 

an advanced software dev elopment system. The resulting 

system was then applied to produce bespoke software for an 

appl ic ation typical of the housing sector of the building 

industry that is curre ntly facing a shortage of software.

In chapters 3-5, an app lic at ion software de velop ment system 

called 'DB4GL' (an acronym for Data Base 4th Generat io n 

Language) is discussed. This system combines pr ototype  and 

ap plicat ion generation, with a structured system analys is 

and devel opment methodo lo gy. DB4GL was jointly de velope d by 

the Departmen ts of Building and Computer Studies as part of 

this research project.

The DB4GL system aims to support the dev elopment of software 

throughout the project life cycle. In p a r t ic ular it :-

i) provides a framework for systems analysis - giving 

structure to the analysis, and a formal m e t h o d  for 

recording the system spe cification.

ii) allows the analyst to develop system p r o t o t y p e s  

quickly from the specific ations entered into the system.

iii) allows the analyst to amend the design and r e ­

generate the prototype easily.
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iv) aids the produc ti on of a formal spe cifi catio n from the 

information used to prod uce the prototype.

v) provides the basis for the 'live' system. Indeed in 

simple app lications, the final pr oto typ e can be adopte d as 

the 'live' system.

vi) provides c ompreh en sive system do c u m e n t a t i o n  

automatically.

vii) provides a basis and test bed for future system

m a i n t e n a n c e  and dev elopment.

Speculative house builders were identified as one class of 

specialist buil der for who m  there was a shortage of suitable 

software, in particular, estimating and cost control 

packages. This shortage was dem onst rated by the fact that 

the speculative house buildi ng company who colla b o r a t e d  in 

this project had commision ed besp oke software for these 

applications. The bespoke estimating system was d e v e lo ped 

during the course of this project using c o n v e n t i o n a l

methods .

DB4GL was used to develop an integrated estimating and cost 

control system for such a company. The resulting pa c k a g e  was 

named " S p e c - B u i l d e r 11 for ease of refe rence and is di sc ussed  

in chapters 6,7 and 8 below.

Spec- Bui lder is a complex system. Within the estimatin g

module, house types are desc ribed  using hier a r c h i c a l  bills
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of quantities. The bills 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 in 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 is used to store the costs in the same 

format as the estimate, that is by cost category and plot. 

It is then possible to print comparisons between costs and 

estimates at plot and site level.

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.
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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 to meet the needs of individual

building companies in a much quicker, cheaper and

satisfactory way than is 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 

c omp a n y .

The fact finding process continued throughout the project, 

using a variety of methods and sources;

discovering information on research already carried out on 

and around the subject area. An initial search through the 

building and computing abstracts revealed much background
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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 is a much researched and controversial 

subject, it would appear that very little published 

research has been carried out in 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 in 

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
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with various methods and facilities in the Spec-Builder 

s ys t e m .

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 bad 

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 in the actual systems.
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v) The attendanc e at lectures provided ano ther important 

source of information. The lectures include courses 

attended within  the Pol ytechni c run by the Building and 

Computer Services departments, and lectures organ ised by 

external org anisat io ns such as the Bri tish Computer 

Society.

vi) There are a number of products av ailable w h ich are 

similar in purpose to the systems dev eloped during the 

research project. For example, other estimat ing systems and 

fourth gen era ti on languages. Much was learnt by atten ding 

demonstratio ns of such systems. D e m o n s trat io ns were 

attended within Sheffiel d Polytechnic, at the vendors  

premises 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 

genera te the latter. This would seem to impose a strict 

sequence of ge neratio n software first, ge nerate d software 

second. Howeve r development of the two systems was 

interleaved to form 5 separate stages as de scribed in 2.1 to 

2.5 b e l o w .

2.1. DE SI GN  OF A P R O TOTY PE  SOFTWARE G E N E R A T I O N  SYSTEM.

The objective of the first software de ve lopment stage was to 

formulate and test ideas generated during the initial 

in ves tigation 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.
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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 interest 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
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the basis of the eventual system, then it was important 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 if necessary.

The prototype estimating system, its method of development, 

and the software tools used are described in the unpublished 

research paper entitled 'A computer estimating system for 

a speculative house builder using 4th generation software 

tools' [Ew iO1] .

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 IM P L E M E N T A T I O N  OF DB4GL .

In the light of the generation of the estimating system, the 

prototype software tools were reviewed. Although generally 

successful, some significant improvements were necessary,
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in par ti cu lar a more powerfu l data base structure.

The prototyp e was discarded, and a new system built 

incorporating the features of the pro to type with a data base 

system which  linked the file handle rs (renamed 'entity 

handlers') via subschemas.

The data dic tio nary 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 dic ti onary 

was renamed the 'object dictionary'.

Many of the new system components were ge nerated using the 

discarded prototype, saving con sider ab le time.

The system was further enhanced by the inclusion of a report 

generator, whi ch  used the flex ibility of the data base 

system to select, sort, and format prin ted reports. The 

screen gener ation system was also enhanced to exploit the 

revised data base. The col lection of tools was combin ed via 

a simple menu driven system, and named DB4GL, Data Base 4th 

Ge ne ration Language [Ewi02],

The systems analysis and design technique used during the 

constructi on  of the pro to type estimating system was refined  

and formalised into the method  described in cha pter 5 below.

2.4. THE D E SIGN AND I M P L E M E N T A T I O N  OF SPEC-BtJILDER.

The integrated estimating and cost control system (Spec-
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Builder) is a complex and extensive application. Al tho u g h  

consisting of the same basic operations, there is a wide 

v ar ia tion in the way in whic h estimating and cost control is 

carried out wi thin different companies. This is illustrated 

by the wide range of estimating systems available, and the 

di fficulty  that many builders still experience in obt aining 

a suitable system.

The ap plica tion therefore offers a good example with whi ch 

to test the hypothesis, that bespoke a p p l ic at ion software 

can be produced in a more satisfac to ry way than curr ently  

achieved, through the use of advance d software de velopment 

concepts and tools.

Spec-Build er  was developed using DB4GL and its as sociat ed  

m e th odolog ie s. This developmen t is describ ed 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. Previo us app raisa ls  had 

con cen trat ed  on short term considerations, w h i c h  could be 

implemented in the subsequent gen era ti on of D B 4 G L . This 

final app raisal was also con cerned with longer term 

development, identifying features that would be desira bl e in 

future versio ns of D B 4 G L .

The final development stage for DB4GL included short term 

amendments to the system, and the i d entifi ca tion of some
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pos sib le future enhancements, such as m u l t i - u s e r  data base 

access and system security me chanisms.

The short term amendme nts  included the additi on of process 

partners to screen and entity objects as de scribed in 

chapters 3 and 4 below, and other cosmetic changes to the 

object di ctionary format and system p r e s e n t a t i o n  to improve 

co mp at ibilit y with the asso ciated systems analysis and 

design m e tho do logies.

The final DB4GL ve rs io n is described  in detail in chapters 

3,4 and 5 be l o w .
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CHAPTER 3.

3. THE DB4GL DATA BASE MODEL

The Data Base model was developed gradually during the

course of the research project. This chapter describes the 

final version of the data base model, and the considerations 

and theories behind its conception.

3.1. THE DERIVATION OF A SUITABLE DATA BASE MODEL.

The data base mechanism is 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 interface 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. Si mplicity should also ease system design and 

implementat ion .

iv) It must be possib le to gen erate  the data base system 

from specifi cations held in an object d i c t ionary (see 

chapters 4 and 5).

v) The data base m e c h a n i s m  must be imp lementable from the 

standard file handing charac terist ic s of the COBOL host 

language •

vi) The data base system must fit initially into a m i c r o ­

computer environment.

When the requirement s 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 A N S I - X 3 - S P A R C  DATA BASE MODEL.

As a starting point, the A N S I - X 3 - S P A R C  data base m o d e l  was 

adopted [ANS01]. This mode l is reco gnised througho ut the 

computer industry as a data base standard, and so is w i d e l y  

known and understood.

The AN S I - X 3 - S P A R C  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 not make reference to the m a c h i n e  

environment, or specify access paths bet ween entities.

26



The external schema (subschema) describes the data items, 

formatting information, and datasets. The external schema 

can be m a p p e d  onto the conceptual schema, or (to increase 

pe rf o r m a n c e  at the expense of data independence) dir ec tl y 

onto the internal schema.

The internal schema is res ponsible for the p h y si ca l 

arrangem ent of data in the data base.

Physical
Database

Physical
Database

Physical
Database

External
Schema

Application
Program

External
Schema

Application
Program

Application
Program

External
Schema

INTERNAL
SCHEMA

CONCEPTUAL
SCHEMA

Fig 3.1. THE A N S I - X 3 - S P A R C  3 LEVEL DATA BASE A R C H I T E C T U R E .

3.1.3. THE E N T I T Y - R E L A T I O N S H I P  DATA BASE MODEL.

The A N S I - X 3 - S P A R C  spe cificat ion describes a data base 

m o d e l, bu t does not detail how it should be im ple mente d. Two
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im plementat ion meth ods  were considered;

i) A 'CODASYL' type implemen tation [infOl] [DeeOl] is 

most commonly as sociated with the A N S I - X 3 - S P A R C  data base 

model. This uses independent schema and subschema data 

definition languages (DDLs) to specify the global and 

local views of the data base. These views include 

specifications of data access paths. The CODASYL me thod 

was rejected becaus e it would have been too comple x and 

m e m o r y  dependent for a micro computer data base system, 

Ne twork data base m e c h an is ms also give poor data 

ind ep endenc e .

ii) The e n t i t y - relat io nship approach is based on a simple 

model, in which entities are expressed as n o r m a l i s e d  sets 

of attributes, and access paths are derived from 

re lations hips be tw ee n entities. Both entities and 

relations can be exp ressed in a simple tabular form. The 

entity relat ionship mode l was first de veloped by CHEN 

[ChenOl] [Chen02], with the objective of giving a pure and 

natural r e pre se ntation  of the world, and to de scribe a 

conceptual schema in logical data base design. The en tity- 

relationshi p model has pote ntial  for good data 

independence.

The e n t i ty -relat io nship ap proach was adopted for reasons of 

simplicity, and bec aus e it provides a ver y flexible  and 

powerful method of data manip ul ation.
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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 is not part of the 'run time' data 

base system as external schemas map directly onto the 

internal schemas. However it is an important factor during 

the design, implementation and maintenance of the system.

The conceptual schema is part of the object dictionary (see 

chapter 4). It includes 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 is identified within the conceptual schema 

by a unique 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 'non-key attributes' which merely describe 

the occurrence. For example, in 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 the significance of the keys. Attribute

number 1 indicates the major, 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, 6, 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 in 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 independence. Data manipulation instructions are 

divided into two classes.

I NS TR UCTION  D E S C RI PT ION

OPEN

CLOSE

GET

GET NEXT

LOCATE

STORE

DELETE

Open entity type (file), per mit ting input and 

output operations.

Close entity type (file).

Get (read) the entity occurre nce matching  the 

value contained in the current entity key 

field. If no such occurre nce exists return 

status •

Get (read) the next entity occ urence after the 

current entity, in key sequence.

Get (read) the entity occurr ence ma tc hing 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 (write) the current entity.

Delete the current entity.

Fig 3.2. ENTITY LEVEL OP ERATIO N DES CRIP TIONS.

i) Entity level instructions 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 instructions 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 is 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 instructions 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 value into the current 

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

call parameter, and inserted into an attribute in the 

current entity. The target attribute is identified by 

its attribute number, which is also passed in the 

parameter.

The entity handler can also validate data input. Only 

valid values 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.
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If a va li dation  test fails, an error status code is 

included in the return par ameter.

Note, to update or insert the attribute val ue  w i t h i n  the 

data base, the current entity must also be stored,

b) To extract an attri bute val ue from the current entity 

(move-out), the val ue of an att ribute in the current 

entity is entered into the pr og ram call paramet er. This 

is then returned to the calling program. The source

attribute is identified by the attrib ut e number

contained in the parameter.

Note, the current entity must be establ ished by a prior 

entity action, for the value returned to be mean i n g f u l .

3.2.3. THE DB4GL EXT ERNAL SCHEMA (SUBSCHEMAS).

The external schema, or subschema, defines 'logical'

relati ons hips between the individual entity types that

comprise the data base.

The subschema program, wh ic h is gener at ed from the 

con cep tual schema, implements these 'r el ations hi ps' as 

phy sic al linkages, or mappings, be tween attr ib ute types in 

different entity types.

All data base access must pass through a subschema program, 

w h ich calls the relevant entity hand ler to carry out the 

initial instruction, and then brings about any n e c e s s a r y  

mapp ing s .
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A subschema may encompass the whole data base, or just 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 in different entity types are paired. One

attribute type is 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 in the target attribute. The target attribute

must be a key field, any attribute type can be a source

attribute. The source attribute is 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 is 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 is given a null value 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; ie after a 'insert' attribute action on a 

source attribute, or a 'locate', 'get', or 'get next' entity 

action is carried out on a source entity.

The target attribute in one mapping, can also be the source 

attribute in another. Thus when the first mapping is 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 limit as to how many times a single attribute is 

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. ATT R I B U T E  PROCESS PARTNERS.

In order to extend the pro cess in g capa bilities of the entity 

handlers, 'process part ners' have been introduced. Each data 

base attri bute can have associated  'process par tners '.  Two 

types of process partners have been specified, and an 

attribute may have one of each type directly as soc iated.

i) pre- pr ocess  partner, to prod uce a data value  prior to 

p re se ntatio n to the user, for example 'age' from 'date-of - 

birth' .

ii) post-p rocess partner, to act on the data value 

recieved and gene rate new values for that attribute, 

and/or other attributes, for example ' m o n t h - n u m b e r ' from 

' m o n t h - n a m e '.

Process partners are implemented in the entity han dl er s as 

in-line proced ures called during attri bute instructi ons. A 

pre-process partner is called during value ext r a c t i o n  

instructions, and post-p ro cess partners during val ue 

ins ert ion .
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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 is a request for an object to carry 

out one of its set of operations. The set of messages to 

which an object can respond is 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 into object classes, these are groups 

of objects which represent the same kind of system 

component. An individual object within a class is called an 

instance. For example, in DB4GL, there is an object class 

'entity type' (see below) which includes all entities, ie 

the entity handlers. Each entity handler is an instance 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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communi cat es unless the object interface is changed.

Sm alltalk-8 0 [GolOl] is a well known system w h i c h  pion eered 

the o b j e c t -o riente d approach. It forms a very powerfu l 

gr aph ical interactive prog ra mming env ironment w h i c h  supports 

a large number of standard object types, to w h ich the user 

can add his own.

Smalltalk-80 is a pro gra mm ing support environment, the

concepts of objects and messages are carried down to the 

lowest levels of pro gramming.  DB4GL is a system deve lopment 

support environment and so objects referred to are 'high 

level' objects, that is they express system components

rather than p r o gr am  components, there are c o n s e q u e n t l y  fewer 

object classes, but those objects are complex.

DB4GL programs are w r i tten in Micro Focus Level II COBOL, 

whi ch  is based on the 1974 ANSI standards, and is a 

tr aditio nal style p ro grammin g language, which  has been used 

to implement the object oriented system structure.

DB4GL supports only 6 object classes; entity type,

subschema, screen, report, data man ipul ation, and system. Of 

these object types, the first four can be ge n e r a t e d  by 

DB4GL, system objects are common to all DB4GL systems, so 

the user only has to write the data m a n i p u l a t i o n  objects 

(programs). This simple object oriented ap pr oa ch leads to 

highly  modul ar 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 in that 

class. For example, an instance of the object class 'entity

type' can be expressed entirely in 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 implemented 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 the object dictionary data base during the systems

analysis and design phase of the system life cycle.

Once in the dictionary, object specifications can then be 

used by a suite of DB4GL system programs to generate the

data base, 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 is one generation 

program, and one skeleton program per generated object 

class. The object dictionary and generation procedures are 

shown graphically in appendix A1 [2],

When a satisfactory prototype system has been built, 

documentation can be produced directly from the object

specifications in 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 live system is implemented, the object dictionary 

can play an important role in system maintenance. All system 

changes can be entered into the object dictionary and tested 

on the prototype before altering the live 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 in 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 insert or extract attribute values in 

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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op erat ion .

The specifi cation template for entity types is expressed in 

two object di ctionary entity types;

i) entity details (entity number  1 in the object 

dictionary) w h ic h contains information con cerning the 

entity type, such as entity name, desc ri ption and disk 

drive.

ii) attribute details (entity number 2) wh ich describes 

the att ribute types that make up the entity type. There is 

one such entity oc currence per attribute.

These object dict ion ary entity types are fully describe d in 

appendi x A2 [3-4].

Entity type specifications are entered and m a i n t a i n e d  in the 

object dic tio nary interactively, using the screen pr o g r a m  

des cribed in appendix A3 [17].

4.3. SUB SC HEMA  OBJECTS.

Subschema objects (programs) describe an area, or view, of 

the data base. This includes logical relat io nships b e t w e e n  

entities, which are implemented as single di r e c t i o n  

attr ibu te mappings. Subschema program s are des c r i b e d  in 

chapter 3 .

All data base access must pass thr ough a subschema program, 

and not directly to the entity handlers. Oper ations  w i t h i n  

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

han dle r objects.

ii) To r e-e st ablish any rel atio nship links that may have 

been aff ect ed by that entity hand ler operation. This may 

require sending and receiving a number of me ss ages to and 

from a nu mbe r of entity handlers.

The me ss age  sequence of a subschema object can be summar ised  

a s ;

i) Receive m e s sage from calling object (eg screen 

p r o g r a m ) .

ii) Send m e s sa ge to entity hand ler  specified in pre vi ou s  

me ss ag e .

iii) Receive me ssage  from entity handler

iv) Depen ding on received message, ope ration type, and the 

entity relatio nships involved, send and receive m e s s a g e s  

to and from affected entity handlers until all data base 

linkages are again consistant.

v) Return me ss age to original calling object in di catin g 

the success of the requested operation.

Three entity types are required to store the s u b s chema  

spe cif ication  template;

i) Subschema heading details (entity number 5). There is
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one such entity oc cu rrenc e 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) A t t r ibute relati onships wi thin the subschema area 

(entity nu mbe r 7) are expressed in terms of source and 

target attributes. There is one such entity occu rrenc e per 

rela tio ns hip (attribute mapping).

The subschema speci fic ations are des cribed in detail in 

a ppe ndix A2 [8-10]. Specif icatio ns  are entered into the 

object d ict io nary using the screen programs desc ri bed in 

app end ix A3 [18-19].

4.4. SCREEN OBJECTS.

Screen objects (programs) allow the user to access and 

update data contained in the system data base inte ra ctive ly.

To develop a general purp ose  screen object class, the 

req uir ements of screen programs wi th in  the DB4GL env ir on ment 

were first analysed;

i) A single screen p r og ra m should allow the user to 

operate in create, update, enquire, and delete modes, thus 

reducing system duplication.

ii) It must be possible to generate  the screen p r o g r a m  

from specifications, held in a data dict ionary, as 

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

types with '1 to many' or 'parent child' relationships.

iv) The screen program must interface 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 image of a blank 'form' on the 

V D U . The user is 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, is built up of two types of fields;

i) Constant fields which describe the 'blank form'. The 

values of these fields are constant irrespective of which, 

if any, entity occurrence is current, and cannot be 

changed during execution.

ii) Variable fields which contain data to be entered into, 

or has been extracted from, the data base. Each variable 

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 16 entered into the varable input 'fields' in sequence 

from left to right, top to b o t t o m  on the screen, which  

follows the na tu ral  eye mov eme nt sequence [GalOl].

The screen pr o g r a m  prompts the user for a response by

displaying the brackets '<' and '>' around the current input 

field. Data can only be entered be tween the two brackets. 

When the user has entered data into a field, the 'return'

key is pressed, and control passes back to the screen

program.

Each value input is checked against the v a l i d a t i o n  criter ia 

for the co rresponding attribute type. These cri ter ia fall

into two classes ;

i) Format, the field is checked to see w h e t h e r  it lies 

b et wee n the m i n i m u m  and m a x i m u m  lengths, and if a numeric 

field, does not exceed the m a x i m u m  number of integer or 

decimal places. Non- numer ic  characters cannot be entered 

into numeric fields. Fields with a m a n d a t o r y  input 

con dition are checked for a value.

ii) Content, the value of the field is checked against 

any v a l i da tion criteria specified for the att ribut e type. 

This is acheived by interpreting messages receiv ed  from 

the entity handler objects via the subschema.

If the data input fails a val i d a t i o n  test, then the field is 

rejected, an ap propriate  error me ss ag e displayed, and the
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user asked to re-input the field.

There are two screen types wi th in  screen object class; 

simple screens and complex screens.

4.4.1. SIMPLE SCREEN OBJECTS.

A 'simple' screen is con cerned wit h a single entity, that 

is, only one entity type can be updated from that screen. 

Data from other entity types can be displayed on the screen 

if there are the n e c e s s a r y  mappings from the 'source', or 

'projected' entity type wi thi n the specified subschema 

object.

When the screen p r o gram is run, a blank 'form' (the screen 

format), is displayed on the V D U . The user is pr o m p t e d  to 

enter data at the first input field (the field ne arest the 

top left hand c o r n e r ) •

The first field input will relate to the most si gnificant  

key attribute type of the source entity type. If there are 

more key attributes, then these fields are also requ ested. 

Once the complete key has been entered, the screen p r o g r a m  

searches the data base for an oc currence w i th in the source 

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

If no such occ urrence is located, then the screen p r o g r a m  

assumes that the user wishes to create a new entity, and 

requests values for the remaining input fields.

If there is an existing entity oc currence w h ich ma t c h e s  the
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key entered, then the remaining screen fields are filled in 

wit h values from the located entity.

Once the screen is complete, either after the user has 

entered a new entity occurrence, or an existing oc cu rrence  

has been displayed, the user is pr esente d with three options 

(the simple screen object interface).

i) DELETION; The user can delete the current entity 

occ urr ence from the data base. Aft er deletion, the screen 

p r o gr am clears all varia bl e fields, and returns to the 

first input field.

ii) EXIT; The user can exit from the current entity 

occurrence, saving the upda ted  versio n in the data base. 

All variab le  fields are cleared, and the screen p r o g r a m 

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 am en de d in 

the same sequence that they are input, left to right, top 

to bottom.

At each field, the current val ue is enc losed by the 

brackets '<' and '>'. The user can amend the v a lu e 

enclosed by over-wri tin g it. The 'return' key moves the 

screen p r o gr am  to the next input field.

When the last field has been amended, the user is again 

pr esent ed  with the same three choices, EXIT, DELETE, or 

AMEND.
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The screen program is terminated by entering a null value at 

the first input field. The process flow of simple screens is 

illustrated in appendix A4 [30], An example simple screen 

can be seen in appendix C4 [24].

4.4.2. COMPLEX SCREEN OBJECTS.

A 'complex' screen is 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 is 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 a11ribute(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) used 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 in much the same 

way as a 'simple' screen. In the bottom, or child, screen 

area, each related 'child' entity occurrence is presented as 

a series of input fields on a single line. 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 is run, the blank 'form' is 

displayed and the user prompted to input the first field in

the parent area of the screen (a null field stops program

execution). The first fields input relate to the key

attributes of the parent entity type. 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 user can then enter any number of child 

entity occurrences, one line at a time.

If there is 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 is 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 is divided into two 

subsets, one each for the simple and paged (scrolled) areas 

of the screen. Once the screen has been filled, the user 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 is prompted to enter the key fields of a 

child entity occurrence. If it is a new occurrence, then 

the user is prompted for the remaining field details, if 

the key matches an existing occurrence, then those details 

are displayed, and the user is given a further choice of

amending or deleting the occurrence, or leaving it

u nchanged.

Once the current child entity has been either entered or

re-displayed and updated, the screen program prompts for

another key field. This continues until a null key field 

is entered. The screen program returns to the original 

option list.

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 is moved 

to the top, and subsequent lines 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 child entity occurrences with lower key 
values fill the top 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 is 
cleared of variable fields, and a new key requested.

iii) EXIT; The parent entity occurrence is 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 in 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 in the object dictionary.

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

specifications of general information concerning the
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screen, for example, the subschema and entity type objects 

required, and w h e ther  the screen object is a simple or 

complex type. There is one screen header entity occ ur re nce 

for each screen object.

ii) Constant field desc ription  (entity nu mb er H ) »

describes the screen co-ordinates and value of constant

fields. There is an entity oc cu rrenc e for each constant 

field in the screen format.

iii) Variable field desc ription (entity nu mber 12),

describes the screen co-o rdina tes and source or target

entity and att ribute refer enc e (in terms of entity number 

and att ribute number). There is an entity o c c u rrence for 

each var ia ble field in the screen.

These entity types are fully des cribed in appendi x A2 [5-7]. 

Sp eci ficatio ns are entered into the object d i c t i o n a r y  via 

the screen programs descri bed in appendix A3 [21-23].

4.5. REPORT OBJECTS.

The pr oducti on  of hard copy reports is an essen tial fun cti on 

of any data base system. The requirement s for report objects 

within, and gener ated by, DB4GL are as follows;

i) The report progra ms should be able to select 

information from the data base which  corr es ponds to 

par ame ters 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 p r o g r a m  must interface with, and 

complement, the existing data base system.

v) It must be pos si bl e to gen erate report programs from 

specifications held in the object dictionary.

To help the const ru ct ion of the report generator, w h ic h is a 

very complex program, a formal specifica tion was drawn up 

describing the features that should be included in an ideal 

report object class, and how they can be implemented. This 

specifica tion is included in app endix  D and forms the basis 

of the DB4GL report generator.

A l t hough data from more than one entity type can be included 

in the same report, It is ne c e s s a r y  to identify one entity 

type as the 'main source entity'. This entity type contains 

the basic data required in the report, and from w h i c h  all 

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

The pro du ction  of a report takes place in two stages; the 

selection and sorting of the data, and the for mating and 

print ing  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 

temp ora ry list file. The selection is achieved  by 

comparing att ribute values in the main source entity, and 

other 'linked' entity types, with values speci fied by the 

user at run time. There is no limit to the n u mb er 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 pr ov ided are; equal, not equal, less 

than, not less than, grea ter than and not gr e a t e r  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 keys can be any of the att ribute types in the main 

source entity, or other 'linked' entity types, The key 

list can be sorted into either ascending, or d e s c en di ng 

order .

If the keys are not sorted, then the report is pr i n t e d  in 

the ascending sequence of the main source entity key 

values .
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4.5.2. REPORT FORMAT AND PRINTING.

The report format is divided into three sections or areas;

i) Report Header The report header area is printed at 

the top of every page in 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 lines are repeated until a 'break condition' 

occurs. These conditions occur when the end of the main 

source entity is reached, in which case execution halts, 

when the end of the page is reached, or when a specified 

'break attribute' changes its value.

iii) Footing area The footing area is 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.

4.5.3. RUN TIME CONTROL.

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

displayed, and the user is 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 in a temporary file. The sort keys are also 

stored in the temporary file. This file is 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 consequently all 

those other linked entities in the subschema. Data can then 

be extracted, in the required sequence, from the data base 

for printing in the report.

4.5.4. REPORT OBJECT SPECI FICATION.

The object dictionary representation of the specification 

template consists of four entity types;

i) Report header (entity number 15), contains general 

report details, such as report name, and which subschema 

and entity handlers are used by the 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 is 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 is 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 re pr esented by an 

entity occurrence.

These entity descriptions  are pre se nt ed in more detail in 

app end ix A2 [11-14]. Spe ci fications are entered into the 

system via the screens described in appendix A3 [25-28].

4.6. DATA M A N I P U L A T I O N  OBJECTS.

Data m a n i p u l a t i o n  objects take data from one or more entity 

type(s) and use it, with perhaps some transforma tion, to 

update or create one or more other entity types.

Unlike the entity, subschema, screen and report object 

classes, it is very difficult to formulate speci f i c a t i o n 

templates for data m a n i p u l a t i o n  objects as there is a wide

v ari ance in their function. There is therefore no data

dic ti on ary r e prese nt ation for these objects, nor g e n e r a t i o n  

rout i n e s .

The DB4GL user must write these programs m a n u a l l y  using 

COBOL, but can interface with  the DB4GL data base by using

the standard me ss age  format and operation codes. The

data base interface was des cribed in chapter 3.

4.7 . SYSTEM O B J E C T S .

A system object is a DB4GL p r o gra m wh ic h is supplie d in 

compiled form only. They are not gene rated by the user, and 

are common to all DB4GL systems. There are two kinds  of
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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. A P P L I C A T I O N  D E V E LO PM ENT USING DB4GL.

The DB4GL software dev elopment system should be used in a 

much wider role than purel y as a pr og ra m gen erator.  The 

associate d systems development m e t h o dologi es  utilise the 

software tools to enable DB4GL to play an important role 

throughout the system life cycle.

The system dev elopment me thod o l o g i e s  require ado pt ion of ne w 

approaches to system de velopment  and main te nance.

Systems development, p a r t i c u l a r l y  systems analys is and 

design, is an area of much debate in the light of new  

techniques and tools. Some people (Ed You rdi n et al) support 

structured analysis me t h o d o l o g i e s  such as those d e s cr ib ed by 

De Marco [DeMOl], and Gane and Sarson [GanOl]. Others, 

notably James Ma rtin [MarOl], support the p r o t o t y p i n g  

approach to systems analysis and design [ComOl],

The proposed systems analysis and design m e t h o d o l o g y  is a 

combinati on of these two approaches, the structure d systems 

analysis methods, and the use of protoypi ng. It is 

recognises that both approaches have strengths and 

weaknes s e s ;
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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 initial system analysis, and often ignores the system 

elements that fall outside the scope of the prototyping 

s y s t em .

Zimmerman [ZimOl], 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 is most suited. 

Initial analysis and design is carried out using structured 

analysis techniques, subsequent design refinement and 

verification is achieved by system prototyping.

The effective combination of techniques is acheived through 

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

the dictio nary, and used to generate the system prot ot ype.

A l t ho ugh based on a micro  computer, DB4GL can be applied to 

the de velop me nt of large systems. It can be used as a tool 

by systems analysts and programmer analysts to develop 

systems to run on large m u l t i- us er computers. With some 

development, DB4GL could become fully compatible with these 

computers thus allowi ng the implementation of protot yp es as 

'live' m u l t i - u s e r  systems.
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Fig 5.1. DB4GL SY STE M D E V E L OPM EN T METHODOL OGY.

System m a i n t e n a n c e  is simplified as amendments can be 

introduced by r e -genera ti ng the affected objects. The hi gh l y  

mo du la r nature of the appl ica tions systems develop ed using 

DB4GL means that amendments are isolated to those objects
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di rec tly affected by changes.

The complete system development m e t h od ology is summarise d in 

Fig 5.1.

5.1. INI TIAL SYSTEMS ANALYSIS .

The initial systems analysis is the first stage of the 

system develo pment process. Tr ad itional systems

investi gat ion methods  are used, such as interviews,

obs ervation, and do c u m e n t a t i o n  searches, to build a global 

mode l of the system.

Initially, the analyst concentrates on data requir em ents 

and data flows with i n  the system, rather than fun ction al  

specifications . The aim is to produce a simple 'logical data 

flow diagram' [GanOl] [DeMOl]. This diagram should be

co nstruct ed using the four symbols (repre senting  broad

function types) ill ustrated in Fig 5.2.

Logical
Input
Process

Logical 
Output 
Procej

Logical
Data
Transit­
ion
Process

Logical
Data
Store

Fig 5.2. L O GICAL  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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ide ntified by a number unique within its type. Det ails of 

the items rep re sente d by each symbol in the logical data 

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

The first draught logical data mod el should aim to identify 

and organise the maj or system components. When the first 

mo del has been  completed, it forms a work ing document, and 

is suc cessively  amended and refined to include great er 

detail. The model is complete when the analyst is content 

that it is correct, and that suffiecient detail is included 

to allow a system pro to type to be designed.

The 'top down' approac h is an important aspect of structured  

systems analysis [GanOl] [DeMOl], It gives the analyst a 

logical, con tro lled app roach to his analysis task.

5.2. SYSTEM DESIGN.

The system design phase uses the logical data flow mod el  and 

its supporting d o cu me nt ation  to develop a pro to type design. 

The objectives are;

i) To draw up a phy sical  data flow model, w h ich identifie s 

the entity, screen, report and data m a n i p u l a t i o n  objects 

that will constit ute the app lica tions system.

ii) To enter the relevant DB4GL object s p ecifi ca tions into 

the object dictionary.

The physical mode l is derived from the logical data flow 

model. It is built using the same symbol set, but w i t h  a
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well defined m e a ni ng  to each symbol type, see Fig 5.3. Each 

symbol type corr es ponds  direct ly to a system object type. 

The objects co nta ined in the physical  data flow mo del can 

th ere fore be de scr ibed in the DB4GL object dictionary.

Data
Manipul­
ation
Process

Fig 5.3. PHY S I C A L  DATA FLO W SYMBOLS.

The design phase is divided into 5 stages, the first three 

are con cerned with develop ing  the DB4GL generat ed  system

objects, the fourth with data tr an sformat io n (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. b e l o w .

5.2.1. DAT A  BASE DESIGN.

The data base forms the basis for all the other stages, it 

is there fo re ne c e s s a r y  to complete its design befo re

starting the other design stages.

The first step for the designer is to remove data r e d u n d a n c y

and n o r ma lise the data store descriptions  contain ed in the

logical data flow diagram. N o r m a lisatio n simplifies the data
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structures into simple tabular entities [GanOl] [DeMOl] 

[DeeOl] [SakOl] .

One proba ble result of no rm a l i s a t i o n  is that each logical 

data store will be split into more than one p h y si ca l entity 

type object. This will be ref lected on the ph ys ical data

flow diagram, whe re each entity type object is r e p r e sen te d

as an separate symbol. For example, a data store 'order' 

after n o r m a l i s a t i o n  will be split into two entity type 

obj ects ;

i) 'order header' contains details such as 'order date' 

and 'supplier'. There is one occur rence of 'order header' 

per order dispatched.

ii) 'order line', describes the items orders. There is one 

occ urr ence of 'order line' per product ordered, there may 

therefore be many occ urrences of 'order line' relat in g to 

a single occurrence of 'order header'.

Each entity type is given a unique entity number, and 

recorded in the DB4GL object dictio na ry along w i t h  the 

attrib ute s that constitute it. Decis ions must be made 

concer nin g field type and size, but these can be a m e nd ed at 

a later s t a g e .

5.2.2. INPUT DESIGN.

All data input to the system is be made via screen pr og rams.

Each logical input process repr ese nts one or more screen

prog ram (s). The screens m a i nt ain entity types derived  from
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the logical data store(s) to which the logical 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 is two, so at least one 

screen is 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 in 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 availa ble at 

the same time. Screen design should combine only those 

attribute details n o r ma ll y avail able together.

Each screen format is given a unique screen number, recorded 

in the object dictionary, and shown as a symbol on the 

phy si cal data flow diagram. The subschema r eq ui rements  of 

the screen are calculated, and if no suitable sub schema 

exists, they are record ed in the object dictionary.

5.2.3. OUTPU T DESIGN.

There are two possible output formats, enquiry screens and 

reports. The first design task is therefore to est ab lish 

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 nec e s s a r y  not only to es ta blish 

what data is required, and the source entity types, but also 

the order and format in w h ich it is to be pres en ted. Each 

report is given a unique report number, and the 

specifications are entered into the object dic tiona ry .  

Subschema requirement s must also be calculated, and if no 

suitable subschema exists, they are recorded in the object 

d ic t i o n a r y .

5.2.4. DATA M A N I P U L A T I O N  PROC ESS DESIGN.

The specifi cations of data m a n i p u l a t i o n  proce ss es are not 

stored in the object dictionary, and are less easy to define
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than for the other DB4GL object types. Spec if ication s are 

formal ise d to a limited extent by showing w h ich entity

types are access ed for input and output, and sub schema 

req uir emen ts  wh ic h are entered into the object d i c t ionary if 

no suitable subschema exists.

The actual process pro ced ures can be specified in the

tr ad itio na l narr at ive form, or by using structured

techniques such as those des cribed by Gane and Sarson

[G a n O 1].

5.2.5. SYSTEM W A LKT HR OUGH.

The physi ca l data flow mode l provides a clear picture of the 

complete system. This picture is used in the system

w a l k t h r o u g h . The objective of the w a l k t h r o u g h  is to

illustrate;

i) That all system output is possible, ie all output data 

is deriv able (by specified process es) from data entered 

into the system.

ii) That all system input is necessary, ie for each value 

input, there is a path to a corres ponding  output v a lu e (or 

values).

iii) That the system is complete, ie that all fun ctions

have the n e c e s s a r y  source and target des tina ti ons.

Any errors detected should be amended in both the p h y si ca l  

data flow model, and the object dic tio na ry before p r o c ee di ng
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to the next stage.

5.3. P R O TO TYPE GENE R A T I O N  AND DEVELOP MENT.

The pu rpose of the prototype  system in this system 

dev elopment m e t h o d o l o g y  is fourfold;

i) To prov ide the pr o g r a m  basis for the 'live' system or, 

at least, the basis of the system specification.

ii) As a systems analysis tool to extract system details 

mi ss ed  by the initial analysis stage and less q u a n titat iv e 

details such as user opinion.

iii) To test and prove the system design as a w o r t h w h i l e  

solution to the problem.

iv) As a 'public relations' tool to enc ou ra ge user 

pa rti c i p a t i o n  in design, and acc ept an ce of the eventu al 

system.

Pro to ty pe gen era tion is the cyclic applic at ion of three 

processes, which are repeated in sequence to refine and 

develop the prototype. This e vo lu tionar y a p p ro ac h is 

complete when a satisf actory pr ototype  has been dev el op ed. 

The proc ess es are des cribed in 5.3.1. to 5.3.3. below.

5.3.1. P R O T OT YPE GEN ERATION.

Proto typ e genera tion is acheived by applying a suite of 

gen er at ion programs (contained in the DB4GL system menu), to 

specific ati ons held in the object dictio nary. This
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ap pl ic ati on produces source COBOL programs wh ich  can be 

compiled to form the pr ot otype system.

The first system pr ototyp e should be gen er ated im med iately 

from the sp ecificatio ns entered into the object di ct ionary 

during the design phase. Data m a n i p u l a t i o n  objects should 

only be included as simple appro xi mations  in order to build 

up a data base for output objects, for example, reports, 

that use derived data. This data base could a l t e r n a t i v e l y  be 

derived by gen er at ing te mporary screen objects.

In some cases, a prot ot ype dev eloped in this way will be 

sufficient to satisfy the pr ototype requirement s. In more 

complex systems however, some manua l additions are required, 

for example data m a n i p u l a t i o n  objects and process partn ers . 

These can be added to the proto ty pe as it passes thr oug h its 

evolutiona ry  development cycles.

5.3.2. P R O T OT YPE ANALY SIS.

Once a protot ype 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 pr ototype should then be taken into the user 

environment, and dem onst rated  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 previo us analysis phases, may
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become apparent.

5.3.3. PRO TO TYPE AMEN DMENT.

The results of the prototype analysis phase ie user 

responses, are analysed, and a list of amendments produced. 

These amendments are made in both the physical data flow 

diagram, and the object dictionary. If the initial 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 is complete.

5.4. SYSTEM S P E C I FICA TI ON AND DOC UMENTA TI ON.

During the analysis, design and prototyping phases, a 

comprehensive system specification is built up. This

c omp r i s e s 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

73



pr ototype gen er ation phases.

iv) A wo rk in g model  (the prototype) demons tarting the 

'live' system from the users point of view.

If the pr ot otype is to be used as the 'live' system, then 

the specific at io n bec omes the system docum ent ation.

5.5. SYSTEM  IMP LEMEN TA TION.

The prototy pe  is a single user system, based on a mi cr o 

computer. If the 'live system' is to be installed in such an 

environment, then the prototype  can be adop ted after 

test ing .

Since much of the prototy pe  is ge ner ate d using standa rd 

DB4GL objects, whi ch have been well tested, p r o g r a m  testing 

should concen trate on the no n- s t a n d a r d  parts, such as the 

data m a n i p u l a t i o n  objects. Thorough system testing should be 

carried out to check the interfaces betw een the system 

objects .

If the live system is to be installed in a more com plex 

environment, for example on a mai n f r a m e  or mini  computer, or 

on a computer network, then the protot yp e will need 

enhancing to include such facilities as file sharing and 

s e c u r i t y .

Even in complex m a i n frame  environ ments the p r o t o t y p e  ma y 

still be used as the pr ogram  basis, as DB4GL ge n e r a t e s  COBOL 

programs w h ic h 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 implem entation of file sharing and system security 

facilities in the DB4GL p ro totypi ng  system.

ii) The introduction of new micro to mai n f r a m e  p r o g r a m  

develo pme nt aids such as 'VS COBOL WOR KBE NC H' rec ently 

announced by Micro Focus [BlaOl], This pa ck ag e gives 

object code c o m p a ti bi lity between IBM m a i n fr ames and the 

IBM Per so na l Computer during the development of COBOL 

progra ms whi ch comply with the ANSI 74 or IBM 85 

standards .

5.6. SYSTEM  MAI NTEN ANCE.

System m a i n t e n a n c e  is an ever increasing and e x p e nsive  

burd en on data proc essing. It has been estimated that 50% of 

the total costs incurred during the system life cycle are 

spent on the m a i n te na nce phase [GlaOl].

Systems developed using DB4GL are easier to m a i n t a i n  than 

tr ad i t i o n a l l y  dev eloped systems for five reasons;

i) Systems developed using DB4GL are highly m o d u l a r  and so 

most amendments can be localised to the relevant sy stem  

modu les  .

ii) The data base m e c h a n i s m  offers a very high level of
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data independence, so amendments to the data base need 

only affect those objects w h ic h use the changed data 

it e m s .

iii) The user can quickly test m a i n t e n a n c e  ame ndments by 

updating and testing the pro tot yp e before interrup ting the 

live system.

iv) If the live system has been derived dire ctly from the 

prototype, then the ap propr iate module s can be r e ­

generated with  little manual intervention.

v) System amendment s are recorded in the object d i c t i o n a r y  

in order to re- ge ne rate the live . system and/or system 

prototype. Do c u m e n t a t i o n  can be upd ated a u t o m a t i c a l l y  from 

the object dictionary.

5.7. O BS ER VATIONS  ON D B 4 G L .

An analysis of the DB4GL software development system brings  

forth the following obser vations.

i) The DB4GL system provides an integrated str ate gy for 

software development through the phases of systems 

analysis, design, impleme ntation and m ai nt enance .

ii) The DB4GL ge ne ration  tools allow the rapid d e v e lopm en t 

and su bstantiati on of system designs, produc in g pr o t o t y p e  

data base, screen and report designs quickly, w h i c h  can be 

used to involve the users in the system design proces s.
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iii) The use of prototy pes allows a tangible 

d e m o n s tr ation  of the propos ed  system to the user before 

the impl ementatio n phase begins. Many proble ms can be 

located and sorted out immediately without expensive r e ­

pro gr am ming .

iv) By using the system pr ototype as a basis, the 'live' 

system can be de veloped faster than more t r a d it io nal 

pr ogramm ing methods alone.

v) M a i n t e n a n c e  is eased by the m o d ul ar system design, and 

the high level of data independe nce pro vi ded by the data 

base mec han ism. Attribu te s can be added, amended, and 

deleted from entity types, and only those programs  that 

use those attribute types need be amended or r e - g e nerat ed .

vi) DB4GL is self documenting, the specific at ion of each 

system object is held in the 'object dictionary', and can 

be retrieved, formated and prin ted using the pr ogr am s 

pro vided. System speci fications  and d o c u m e n t a t i o n  can 

easily be produced  and mai nt ained.

vii) It was rec og ni sed that the p r o gr am g e n e ration  tools 

could not fulfill all the require me nts of a comp lex  syste m 

de vel opment strategy. Therefore  flexibi li ty was inc re ased 

by the int roduction of 'process pa rtners' w h ich a l low 

users to include enhancem ents in the gene ra ted p r o grams. 

The COBOL source code can be edited to incorpo rate fu rther 

amendment s .
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viii) Programs which are beyond the scope of the 
generation tools are still included in the development 
strategy. They are clearly defined in the design process, 
and interface with the generated data base system. Such 
programs must be written in COBOL.



CHAPTER 6.

6 . ANA LY SIS OF THE EST I M A T I N G  AND COST CONTROL FU NCTIONS .

There are a large number of packaged  computer esti mating  

systems available, some, such as the estimating system from 

Mandata, allow the integration of a cost control module.  

Most of these packages have been designe d for the genera l 

contractor, and it would appear that very few have been 

designed spe cif ical ly  for speculative house build ers .

Es tim ating systems designed for general contr actor s are not 

usua lly  appl icabl e to speculative house builders for two 

reasons ;

i) Estimati ng systems for gen eral contr actors are usu al ly 

based on the standard method  of m e a s ur ement (SMM), as that 

is the format of most bills of quantities p r e s e n t e d  to 

them. Sp ecu lative house builders produce their own bills 

of quantities (for internal use only), and so use a format 

most akin to their p a r t icular  needs.

ii) The purpose of the estimate for the general co nt r a c t o r  

is to allow man ag ers to pro duce a co mpetitiv e tender for a 

p a r t ic ul ar contract [insOl].

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

part i c u l a r ;

a) To estimate the cost of developing a new site, which, 

when compared to the est imated site revenue, indicates 

the site potential.

b) To estimate the cost of building a new house type, 

whi ch can be compar ed with the estimated selling price 

and other similar designs to show wh et her the design is 

c o s t e f f e c t i v e .

c) To produce periodic site budgets, w h i c h  form the 

basis for cash flow forecasts to ma i n t a i n  the pl an ne d  

level of site con struction.

d) To prov ide information to enable acc ur at e cost 

control during the site con struction.

6.1. ME THO D OF ANALYSI S.

The estimating and cost control packa ge was d e v elop ed  from 

analysis carried out at a local m e d i u m  size s p e c u l a t i v e  

house building company. This company already used compute rs  

for acco unting and cost analysis, and, at the time of 

analysis, a be spo ke estimating pa ckage was being w r i t t e n  

using tradi tional software de ve lopment methods.

The involvement of this company was entirely altr u i s t i c .  

Whilst exc ep tionall y 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 

p r o s p ecti ve  user department.

In order to spread the analysis phase over a wider timescale 

and reduce the c o nc entrat io n of user involvement, the system 

develo pme nt was divided into two phases;

i) In the first phase emphasis was placed on the 

estimating function, an estimating system was designed and 

a pr ototyp e developed, using an early ve rs io n of DB4GL 

[E w i O l ] .

ii) The first phase estimating system and supporting 

d o cume nt ation formed the basis for the second analysis 

phase wh ich inv estigated the cost control function and 

it's rel ation sh ip to the est imating function.

During the initial analysis phases, four fact gatherin g 

metho ds were used;

i) A literature search into estimating and cost control in 

the buildi ng  industry. The search provide d b a c k g r o u n d  

information only and was not specific to speculat iv e house 

b u i l d e r s .

ii) Interviews with the per so nn el from the s pecula ti ve 

house buil der proved the most useful source of 

information. These interviews were formal ly arranged, and 

conducted using prepare d lists of questions and subject 

headings. These structured interviews were 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 information concerning 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 B1 [2]) and supporting 

documentation produced. A report of this system was written
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[EwiOl], and sent to the builder who confirmed its 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 B 3 ) .

6.2. THE E S T I MATING  FUNCTION.

Speculative house builders have a limited number of standard 

house designs. There is a bill of quantities for each of 

these house designs which is maintained as the design is 

updated .

The structure of the house type bill of quantities forms a 

hierarchy of 'operations' and 'items';

i) An 'item' is a unit of resource which has a value, 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) S e 11ing .

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 in terms of 

items and lower level operations.

The highest operation level relates to the construction of 

a particular house type. This operation can be broken down 

into 'secondary operations' which represent the major 

tasks involved 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 is a combination 

of it e m s .

House Type 

(quant i t y )

Se condary Operatio n

(quant ity)

Pr im ar y Ope ration

Foundat ions

Sheffield

13.5

Br ickwork 
(1st floor)

13 .5

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

(quant i t y ) 

Item
Unit price

0.2 0.2
JCB Operator

£10.00 Hr £5.00 Hr

Fig 6.1. The Bill of Quantities Hi erarchy

The bill of quantity structure can be easily described using 

an example (see Fig 6.1.); The construction of an imaginary 

house type, the "Sheffield", can be divided into a number of 

secondary operations, one of which, relates to the
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cons tru ct ion of the house foundations. Note that the bill of 

quantities for each house type includes a 'standard' 

foundation, estimates of plot va riations from this standard 

are included as gene ral  site costs (see below).

The house foun dation secondary operation  can be div ided into 

a number of pr im ar y operations which includes the exca vatio n 

of the fou ndation trench, and concret ing the foundati ons.

The pr ima ry  opera tion to excavate a trench cor res po nds to 

one cubic metre of earth removed, howe ver the house 

fo und ation requires the excavat ion of 13.5 cubic metres. The 

secondary opera tion therefore associates a qua nt ity of 13.5 

with the p r i ma ry  opera tion to excavate trench.

The pr imary operation  requires the resources, or 'items' of 

a JCB excavator, and its operator. These are priced at 

£10.00 and £5.00 per hour res pectively, but to excavat e 1 

cubic met re of earth only takes 12 minutes, or one fifth of 

an hour. The primar y ope ration therefore a s s o cia te s the 

quantity of 0.2 with each of these items.

To price the bill, the hier a r c h i c a l  tree st ructure is 

traversed, The valu e of each operation is calc ulate d as the 

sum of the product of its constituent lower level op er ations 

and items m u l t ipli ed  by their asso ciate d quantities.

In the example, the exc avation pr imar y opera tion is pr ic e d  

at £3.00 ((£10.00 x 0.2)+(£5 .00 x 0.20)), and the e x c a v a t i o n  

of the foundation trench costs £40.50 (£3.00 * 13.5). This
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is added to the cost of the other pr im ary operations forming 

the fou ndations sec ondary oper ation to give the total 

foundations cost.

If the JCB belongs to the 'plant and haulage' item type, and 

opera tor  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 pro duce a site estimate, a bill of quantities is drawn

up. This bill is a com bi natio n of two bill types;

i) Standard house type bills of quantities. Each plot is 

re present ed wi thin  the site estimate by the bill of 

quantities whic h corresponds to the house type to be 

c ons tructed  on that plot.

ii) A general site bill of quantities which desc ribes the 

site construct io n and site overheads required to allow the 

house co nst ructi on to proceed. This includes roads, 

sewers, site security site supervision, and some special 

plot costs such as the extra cost of non standar d 

f oundat ion s .

A site bill of quantities is pr oduced for these costs in the 

same way as for a house type, ie using a h i e r a r c h y  of 

secondary and pri ma ry operations, and items. Site costs are 

a ppo rtioned  to plots using an app ortion me nt factor, such as 

plot frontage.
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To allow the int egration of the estimating and cost control 

functions, it is ne c e s s a r y  that estimated and actual costs 

can be compared over the same format. This is ach iev ed by 

including the same three digit code structures used for cost 

recording wi th in  ope ration descriptions. When an estimate is 

produced, it is structure d using these cost codes rather 

than the bill of quantities codes

Three types of estimate are required, as describ ed in 6.2.1 

to 6.2.3 b e l o w .

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 p r o duce d to 

show the cost of building that p a r t icular  house type.

The estimate is summarised as a table with item cost along 

one axis type and ope ration cost code along the other. 

Totals and subtotals are also included.

6.2.2. NEW SITE APPRAIS AL.

Before the purchase  of a new site, a new site app r a i s a l  is 

pro duced. The purpose of this analysis is to help the land 

purc ha si ng department, and u lt im ately the co mp any 

management, decide w h et he r or not to attempt the pu rchase, 

and the m a x i m u m  price that they should be pre pa re d to pay.

To prepare a site appraisal the est imator is given a plan of 

the pro po sed site, wh ich 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 quantities, 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 quantities is priced, and the 

general site costs are apportioned to each plot according to 

plot frontage. The resulting estimate is 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 value of the land.

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 budget 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 di fferences  between site budgets and 

appra i s a I s ;

i) Site app raisals are produ ced before a site is

purchased, budgets are only pro du ced after pu rchase.

ii) Site budgets do not include any income data, ie 

estimated house sale value, as included in site 

appra i s a I s .

iii) Site appraisal s include the whole site, whereas, 

unless the site is small, only the po rt ion to be

co nst ructed during the bu dg eted period or phase is 

included in the site budget.

6.3. COST CONTROL FUNCT ION .

Cost control systems have two important purposes;

i) To pin point unu sua ll y high costs, and d i r ec ti ng 

m a n a gemen t effort towards solving the asso ciated  pr o b l e m s .

Similarly practices leading to low costs can also be

ident if i e d .

ii) To compare cost control reports with  c o r r e s p o n d i n g  

estimates. Estimate inaccuracies are h i g h - l i g h t e d  and the 

estimating data upda ted so that future estimates wil l be 

more accurate .

To implement a cost control system, it is n e c e s s a r y  to
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record all constructi on  costs as they are incurred, and 

allocate those costs to the elements of c o n s tru ct ion for 

wh ic h they are required. This is achieved using a simple 

code str ucture .

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 catago ry (the same 

code as recorde d in the ope rations wi thin the bill of 

quantities). General site costs, that is those costs not 

directly a ttribu ta ble to a p a r t icula r plot, are rec or de d 

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

General site costs are appo rt ioned  to each plot, in the site 

cost analys is .

The cost information is extracted from three sources;

i) Operatives works heets, w h ich show the time spent on 

each cost coded section.

ii) Invoices from m a t eri al  suppliers, su b-c on tractor s,  

plant suppliers etc. This infor matio n 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 w h ich cost code and 

provisi on al cost information is added on site. The cost 

coded notes are passe d to the cost control, or a c c o unting  

department, and matc he d with cor respon di ng invoices, see
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(ii) above. If the ma tching invoices are not found, then 

the p r o v isi on al 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 cons truct io n of a 

house into a nu mber of operations, and each operat ion is 

broken down into a number  of equal parts. Each part is 

r ep re sented  by a box. The surveyors assess the p r o p ort io n 

of each opera tion comp let e , and tick the corresp on ding 

number of boxes. For example, if there are eight boxes 

representin g the exc avating of the house fou ndation trench, 

and the surveyor considers this opera tion half complete, 

then he will tick four boxes.

The tick sheets can be used to indicate operati ons  wh ich are 

likely to exceed their budget before they are complete, 

allowing early mana gement response. With respect to the 

previous example, if the tick sheet shows the fou nd ation  

trench to be half complete, yet the comparison be tw een cost 

analysis and estimate shows that three quarters of the 

bud ge ted cost has already been spent, then the c o m b i n a t i o n  

of this information pin points a problem.

6.4. THE LO GIC AL  DATA FLOW MODEL.

The information extracted during the two analysis phases was 

used to develop a logical data flow model which re pr esents  

the estimating and cost control functions w i t h i n  a
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spe cul ative house bui ld ing company (see appendix B1 [3]).

The individual symbols that comprise the model are exp lained 

in more detail on the supporting documentation , see app en di x 

B3 .
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CHAPTER 7.

7. DE SIGN OF THE E S T I MATING  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 X X X n n , 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 is 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 is a sequence number to identify the 

operation within its class.

iv) Item codes were also structured X X X n n n , where XXX 

represents the first three characters of the item name for 

example CAR for CARpenter, and nnn is a sequence number to 

identify the individual item within its item group.

7.1 P R O T OTY PE  DESIGN.

The initial prototype design for Spec-Builder was developed 

following the 5 stage design methodology described in 

chapter 5 a b o v e .

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] [DeMOl] 

[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 app en dix C2 [3-4]. There was

only one occ urren ce  of the entity 1 per house type, but

there was an oc currence of entity 2 for each m a jo r 

operation required to build each house type.

The n o r m al ised entity types were num be re d and recorded  in 

the object dic tionary. An analysis of these entity types, 

gene ra ted from the data d ic ti onary is included in 

appendix C2 .

ii) The arrangem ent 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 generat ed  screens; simple 

screens which update a single entity type, and comp lex  

screens wh ic h can update two entity types w h ich  have a 

'parent-child' relatio ns hip (see chapter 4 above). The 

no r m a l i s a t i o n  of the logical data base split man y of the 

logical data stores into more than one entity type. The 

logical input process es w h ich update those data stores may 

require spliting into more than one input screen.

Screen design was carried out to following the g u i d e l i n e s 

de scribed in chapter 5 above. The four logical input 

proce sse s pr odu ced seven screens. These screen 

desc rip tions were entered into the object d i c t i o n a r y  from 

wh ich  the screen d oc umenta ti on included in a p p e n d i x  C4 was 

ge ner ated .
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The subschema requirem ents for each screen were also 

noted, and recorded in the object dict io nary as add itions 

to an existing subschema, or as a new subschema.

iii) The four output proce sses contained in the logical 

data flow mode l 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. Implem en tation was simplif ied 

by combining the two output proce sses to form a single 

report object. The logical dist ict ion b e t ween  site 

appraisal and site budget remained (see 6.2.3 above).

The format and content of each report was recor ded in the 

object dictionary.

The subschema requirement s for each report were  also 

noted, and recorded in the object di ctionary as addito ns  

to an existing subschema, or as a new subschema.

iv) In the initial prototype, the data m a n i p u l a t i o n  

processes were ommitted. Tem p o r a r y  screens were de s i g n e d  

and recorded in the object dictionary, which  enabl ed the 

output from the data m a n i p u l a t i o n  process to be simul at ed 

for system testing purposes. These tempo rar y screens were 

gra du ally  replaced by data m a n i p u l a t i o n  pro gr ams during 

the pr ototype development phase.
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v) As the prototyp e passed through the design stages, a 

ph ysi ca l data flow model was built up (see ap pendix 

Cl). Using this mo de l it was possib le to follow the path 

of data thro ugh the system. I n c o n s i s t a n c i e s , for example 

output values that could not be derived from the data 

input, were identified and removed.

7.2. PR O T O T Y P E  DEV ELOP MENT.

The initial pr oto type design was recorded in the object 

dic ti on ary as it was developed. Once complete, the p r o t ot yp e 

was generated.

The objective of the initial protot yp e was to demo n s t r a t e 

and test the input and output proc edures to ensure that they 

were in a suitable format, and expressed, or requested, the 

right data attributes.

In order to test the gen er ated processes, example data was 

entered into the prototyp e screens, and into t e m pora ry  

screens to put data into the source entity types of the 

prototy pe  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 m a n i p u l a t i o n  process es. The first pro cess dev el oped was 

to calculate house type estimates. The resulting p r o g r a m

accepted a house code from a screen, and traversed  the 

corresponding bill of quantities tree to ca lcula te the
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estimate. This process was tested using source data input 

through the house type and operation input screens and by 

printing the results using the house type estimate report.

The data transition process in the logical data flow model 

to calculate site estimates, was divided into three seperate 

s t a g e s  ;

i) To calculate the estimate of general site costs from 

the general site cost bill of quantities.

ii) To copy plot estimates from the corresponding house 

type esimate generated by data manipulation process 1.

iii) To apportion the general site costs to each plot,

according to plot frontage.

Each stage was implemented as a separate data manipulation 

processes. There were four reasons for the process division.

i) To simplify the programs required to calculate a site 

e s t ima t e .

ii) To give the user greater flexibility during the

calculation of site estimates. The calculation of site

estimates from a large bill of quantities can be time

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

select partial re-calculation, and so save time.

iii) An intermediate 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, ie an estimate that shows details of

ge neral site costs.
v'
The new entity type was entered into the object 

dictionary, and an entity hand ler  generated.

iv) Micro Focus level II COBOL progra ms can use a m a x i m u m  

of six index sequential files simu lta neously. To combine 

the site estimate as a single p r o gr am  would require more 

than this. Even with the division it was n e c e s s a r y  to 

combine the ope ration header and item entity types to 

reduce the numbe r of files required to ca lculat e the 

estimate of general site costs.

The u n a p p o r t i o n e d  site estimate report was implemented, and 

used to analyse the results of the two estimate cal c u l a t i o n  

proc ess es when  applied to test data. Test output from the 

ap portion ment process was output using the site budget 

report .

The logical data transition process to calculate site costs 

was divided into two stages, or processes, the c a l c u l a t i o n  

of ■ site costs, and the app orti onmen t of genera l site costs 

by plot. This division also required a intermed ia te entity

type, wh ic h contained details of general site costs. A
< \ #report w h ic h selected and compared the actual and e s t im at ed 

direct site costs could be easily introduced. The 

ap portion ment process was copied from the equivalent  site 

estjimate program.

:i;
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Test results of the site cost calcul ation process were 

listed via the cost v estimate report process.

When the data m a n i p u l a t i o n  processes had been implemented in 

the prototype, whi ch then formed a complete system, the 

prot ot yp e design was appraised, and amendments wh ich  were 

necessary, or desir able noted.

Ideally the prototype  should have been d em on strated  to the 

coll ab orat in g bu ilding company at this stage, ho wever this 

was not possible  due to the logistic problems of moving  the 

compute r system, and time shortages. The system design was 

however dem on strate d to the accountant during the final 

interview, albeit in a di ag ramatic form.

From the results of the protot yp e appraisal, two ame nd ments 

were made to the p r o t ot yp e system.

i) The inclusion of ope ration estimates. The es timato r is 

frequently faced with  'rush jobs', in wh ic h estimates have 

to be prod uced very quickly. Breaking down the bill of 

quantity into a hi erarchy of operations and items is a 

time consuming process.

The facility introduced allows the estimator to use his 

experience to price operations rather than br e a k i n g  them 

down to item level. This can save time at the ex pe nse of 

accuracy .

ii) Site cost variations. The coll ab orating  b u i l d i n g

100



companies area of operation covers an area from Yor k s h i r e  

to N o r t h a m ptonsh ir e. There can be consider ab le v a r i an ces  

in costs at the different sites throughout this area. 

These vari an ces can be incorporated into the site estimate 

using factors introduced into the site d es criptio n entity 

type. There is a factor for each item cost type, and when 

a site estimate is calculated, all item costs are 

mul t i p l i e d  by the co rrespondi ng factors. It is the re fore 

poss ibl e to increase (or decrease) all labour charges on a 

particu la r site, by say 10%, by entering the releva nt 

factor in the site des cription.

Allo wa nces for inflation can be incorporated in site 

estimates in the same way.

On completion of these amendments the prototype  would, in 

normal cir cumstances, be ready for imp lementation.

7.3. SYSTEM DE VE L O P M E N T  DURATION.

The initial analysis phase of the system de velopment pr oc ess  

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 was carried out c o n c u rr en tly with deve l o p m e n t  

work on the DB4GL system. An estimate drawn from the 

research diary indicates that around two weeks was spent on 

each analysis phase.

The development of the Spec-Bui ld er prot otype 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 gen er ation and testing of data base, screen and 

report pr ogr ams - Three d a y s .

iii) The develo pment  of data m a n i p u l a t i o n  pro cesses, ie 

the estimate cal cu lation  and app ort ionme nt pro gr ams - Two 

weeks .

iv) Proto ty pe testing and develo pme nt to form a system 

which wou ld be suitable for implement ation in a 'live" 

environment - One week and three days.

This time estimate does not include time spent on literature 

searches, att ending lectures, or product d e mons tr ations that 

were part of the inves ti ga tion process.

It is not pos sible to make a direct comparison be twe en  the 

development time taken using DB4GL and tra di tional system 

development pro cedures, wit hout de ve lopin g 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 is 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 is entered in the position 

indicated ;

ENTER OPTION, OR 'X' TO EXIT < >

This causes the corresponding program to be executed. When 

the program execution is completed, control returns to the 

menu program, and the menu is redisplayed.

The menu at the top of the hierarchy is the main system 

menu, which is displayed when the system is started (see 

app end ix C3 [18]).
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This menu divides the pack age into three sections; data 

base m a i n t e n a n c e  screens, system processes, and data base 

reports. There is a menu option for each of these sections 

which lead to sub-menus forming the second level of the 

menu hierarchy.

8.1. DATA BASE M AI NTENANC E.

When the data base m a i n t e n a n c e  option is selected in the 

system menu, a sub-menu is displayed. The sub-menu contains 

an option for each screen p r og ram in the system, see 

appendix C3 [21] .

8.1.1. HOUSE DET AIL M AI NT ENANCE .

The house detail m a i n t e n a n c e  screen is a complex screen 

which is used to ma i n t a i n  the two house detail entity types, 

(see app en di x C4 [22-23]).

The parent entity details describe the ge neral house 

details, the child entity details describe the op er ations 

carried out to build the house type.

8.1.2. OP E R A T I O N  DETAIL  MAI NTENAN CE .

Operation details are m a i n t a i n e d  by a complex screen. The 

parent entity details describe the operation, and the child 

entity section contains the details of the sub -o p e r a t i o n s  

and items wh ich make up that operation, see appendi x 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 ca lc ulation proces ses to determine  wh e t h e r  the 

value of the operation  is to be calcula ted from it's s u b ­

operations and items, or the value entered in the 'EST IMATE D 

VALUE' field is to be used. When (and if) the opera tion cost 

is calculated, the process stores the value in the entity 

type. This value is displayed in the 'ESTIMA TED  VALUE' 

field.

The 'WASTAGE%' value is a perc en tage value entered to allow 

for estimated wa stage of each sub -oper ation or item during 

the operation con struction. For example if an o p e ratio n 

requires 10 cubic metres of concrete, and the est im ator 

expects a 5% wastage, then he enters a 5 in the w a s t a g e  

field. When the estimate is calculated, the cost of the s u b ­

operation or item is increased by 5%, thus the estimate is 

calcula ted  for 10.5 cubic metres.

8.1.3. ITEM DETA IL MAINT EN AN CE.

Item details are mai nt ained through a simple screen, see 

appen dix  C4 [24-25]. The field 'COST TYPE' must be one of

the f o l l o w i n g ;

i) 'LAB' - Labour item

ii) 'MAT' - Materia l item

iii) 'SUB' - Sub -co nt racted item
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iv) 'PLA' - Plant or haulage item

v) 'ONC' - Oncosts

vi) 'SEL' - Selling

vii) 'SUP' - Supervi sion

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 val ue is 

tested by the house estimate ca lcula tion process, and if 

positive, the item is ommitted  from the estimate.

8.1.4. SITE H E A D E R  M AI NTENAN CE .

Site heading details are entered using a simple screen see 

appendix C4 [28-29]. The site address and telephone n u mb er 

are for d o c u m en ta tion purposes only. Site w e i g h t i n g s  allow 

local cost anomalies to be incorp orated in the estimate 

without adjusting the operation data base. If for example 

the cost of labour on a pa rt icular site was 10% hi gh er than 

usual, the by entering the value 1.100 against 'LABOUR', all 

labour item costs are increase by 10% when the site cost is 

estimated (the value 1.000 repr esent s no w e i g hting ).

8.1.5. SITE O P E R ATIO N M A INTENA NC E. *

The site operation  details are m a i n t a i n e d  throug h a c o m p l e x  

screen. The parent entity is the site header entity type, 

but only the site code is entered in this part. The site 

name is di splayed if the corres po nding site he ader de ta ils
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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 

[3 2-33 ] .

8.1.6. PLOT MAINTENANCE.

The plot maintenance screen is similar to the site operation 

maintenance screen (above) in format, see appendix C4 [30— 

31]. It is a complex screen but the only field entered in 

the parent entity section of the screen is 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 its estimated sale value.

8.1.7. COST DETAIL MAINTENANCE.

The cost detail maintenance screen was designed to reflect 

the format of invoices and goods received notes which are 

the source documents, see appendix C4 [34-35]. The 'SOURCE 

REF' field is the identification 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 values 'P' or 

'I' 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.
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Cost items are recorded in 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 is also assigned. A brief

description of the item is recorded, and the item cost

catagory, ie MATerial LABour etc. Finally the gross value of

the item is 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 is 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 is built up from the sequential

application of four estimate processes.

i) The calculation of house type estimates.
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ii) The calcu lat ion of general site costs.

iii) The c alcul at ion of plot estimates, using the house 

type es t imat es .

iv) The apport io nment of gene ral  site costs to each plot.

Site cost analyses are produced through the appl i c a t i o n  of 

two p r o c e s s e s .

i) The calculation of total site costs.

ii) The a p por ti onment of general site costs to each plot.

All of the data m a n i p u l a t i o n  processes consist of the same 

three execution stages.

i) A simple screen is displayed, and the user r e q ue sted to 

enter the code re pr ese nting the object (site or house 

type) to be calcul ated or estimated. If an invalid code is 

entered, then an error me ss ag e is displayed, and the user 

invited to re-enter the code. When a val id code is 

entered, the object name is displayed, and the pr oc ess 

continued. If a null code is entered, then the pr oc es s is 

stopped, and control returns to the menu.

When a data m a n i p u l a t i o n  process is completed, the screen 

data fields are cleared, and the user is p r o m p t e d  for 

another code. To exit the process, a null field is 

ent e r e d .

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

gene rat ed by a previou s ap pl icatio n of the process to that
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code is deleted.

iii) The data m a n i p u l a t i o n  process updates the target 

entity type using infor mation drawn from source entity 

t y p e s .

The data m a n i p u l a t i o n  processes  are de scribed in detail

b e l o w .

8.2.1. HOUSE TYPE ESTIMATE.

The house type estimate process is used to create, or 

update, information held in the house type estima te entity 

type.

The estimate is calculated by traversing the bill of 

qua ntities hierarchy, mu lt i p l y i n g  opera tion and item

quantities by item values and estimated op era tio n values. 

Wast age  factors, are also applied.

8.2.2. SITE ES TIM ATE DIRECT COST.

The direct cost site estimate process calculat es  the 

estimated cost of the general site costs, that is those

costs not directly attribu ta ble to a plot.

Direct site costs are estimated in the same way as house 

types, the bill of quantities is traversed, m u l t i p l y i n g  item 

and operation quantities by item values and e s t i mate d 

operation values. Wast age factors are also applied. The 

resulting values are then m u l t i p l i e d  by the relevant site 

va riati on  factors, and stored in the u n a p p o r t i o n e d  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 previo us processes, ie accept valid site code, delete 

existing estimate details, calculate new estimate.

To calcula te plot estimates, the house type estimate, as 

gen er ated  by the house type estimate process, is used. Site 

v a r ia ti on  factors are applied to the plot estimates as they 

are calculated. The results are stored in the u n a p p o r t i o n e d  

site estimate entity type.

8.2.4. SITE ESTIM AT E A P P O R TI ONMENT.

To complete the site estimate, the analysis should be 

expressed in .terms of cost per plot. This allows direct 

co mparison  betwee n site income, from house sales, and site 

costs. Therefore  a share of general site costs for example 

roads and sewers, must be a pport io ned to each plot. To 

achieve a fair distribution, plot frontage is used to 

cal culate an apporti on ment factor.

The ap portionme nt process totals the plot frontages for the 

site, and calculates the apporti on ment factor for each plot 

as; IND IV IDUAL PLOT FR O N T A G E  / TOTAL PLOT FR O N T A G E .  The 

resulting factors are recorde d in the plot detail entity 

t yp e .

Each general site cost item is 'shared' betw een the plots,
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under the collective cost code 'APPORTIONED', as the product 
of apportionment factor and total general site cost.

8.2.5. SITE COST CALCULATION.

The site cost calcul ation process calculates the total 

actual and p r o v i sio na l costs entered into the system, 

through the screen des cribed in 8.1.7. above, for a given 

site. The resulting data is stored in the u n a p p o r t i o n e d  

site cost entity type.

8.2.6. SITE COST APPORTIO NM ENT.

The site cost app ortio nment process functions in the same 

way as the estimate appor tionment process (see 8.2.4. 

above), except that it also apportions pr ov i s i o n a l  cost 

informat i o n .

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 

ge ner at ed from the data base.

8.3.1. HOUSE TYPE ESTIMATE.

The house type estimate report p r og ra m produces a ta bular 

analysis of the estimated costs, see ap pe nd ix C5 [38]. The 

report program prompts the user for a house code, w h i c h  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 [39-41]. 

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 is an analysis of estimated site costs, 

broken down by plot (see appendix C5 [42-43]). 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 is a list of all cost items entered 

into the cost control system. It is 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 desc ri ption of the cost item (see appendix 

C5 [46]).

The purpose of the cost analysis report is to aid the 

detection of abnormal costs. Such costs are h i g h l i g h t e d  in 

the cost v estimate comparison report, 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 data from the cost source and cost item 

detail entity types.

8.3.5. COST V EST IM ATE COMPARISON.

The site cost v estimate com paris on report is an an alysi s of 

actual and prov is ional site costs and includes site estimate 

details for com parison (see appendix  C5 [44-45]). The 

report p r o gram  prompts the user for a site code, and then 

selects, sorts and prints the co rr esponding details from the 

ap po rtio ne d site cost entity type. The source data must have 

been p r e v iously  created by the site cost c a l c u l a t i o n  and 

ap por tion me nt pro cesses (see 8.2.5, and 8.2.6 above).
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CH AP TER 9.

9. CONCLUSIONS .

Many building companies, alt hough  keen to exploit co mputer 

technology, have dif ficu lt y in obtai ning suitable software. 

There are two ways in w h ic h companies without internal data 

pr ocessing  exper tise can acquire suitable software;

i) The purchase of 'packaged' software. Such software is 

designed to be used wi th in  a large number of 

orga nisations, thus exploiting economies of scale. 

However, the specialist req uire ments of individual  

companies are not catered for.

ii) The commis sion of besp oke software. This softwa re is 

t r adit io nally expensive, and can be unreliable . There is 

no gua ra nt ee that the resul ting software will fully 

satisfy the users' requirements.

The researc h hypothesis stated that through the use of 

advanced software development concepts and tools, re li ab le 

bespoke software can be wr i t t e n  for bui ld ing co mpa nies 

quickly and cheaply.

When the project was started, there were no m i c r o - c o m p u t e r  

based software dev elopment systems ava il able wi t h  su ff ici ent
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fl exi bility to test the hy pothe sis. It was therefore 

n e c e s s a r y  to specify, design, and implement such a system. 

This strategy offered an oppo rtunity  to develop and test 

novel approac hes  to data base structures.

The resulting system was named DB4GL (Data Base 4th 

G en era tio n Language). The DB4GL system combined current 

systems analysis and design techniques with p r o gram 

ge ne rati on  tools, a powe rf ul data base m e c h a n i s m  and a self 

do cumenta tion facility. This comb in ation formed a structured 

ap pro ach to software developme nt throughout the system life 

cycle, from the initial phase of systems analysis to system 

maintenan ce . T h e r ea ft er DB4GL was used to develop an 

integrated estimating and cost control system, w h ich would 

be suitable for small to m e d i u m  sized sp eculati ve house 

building companies. The resulting applicatio ns system was 

called 'Spec-Builder'.

At the start of the research project there were alre ady a 

large numbe r est imating packag es av ailable [ConOl], H o w e v e r  

many companies with specialist requirement s still could not 

find suitable packages, this included the co l l a b o r a t i n g  

company who had alre ady  commissio ne d a bespoke estimat in g 

system that was devel oped during the course of this pr oject .

The estimating and cost control system was the refore seen as 

a difficult appl ic ation area wher e the wide v a r i e t y  of 

approaches adopted by individual housing companies m ad e it 

virtually impossible for software package suppliers to
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satisfy individual company require ments.

9.1. THE DB4GL SOFTWA RE DEVE L O P M E N T  SYSTEM.

The DB4GL system was an ambitious attempt to produce a 

com prehe ns ive software development  strategy, encompassi ng  

the whole appl ic ation system life cycle, that is; systems 

analysis, design, prototypin g, imp lement at ion and 

ma int enanc e .

The core of the DB4GL system is an object d i c t io na ry into 

wh ic h system design specificat ions are entered, and from 

which system proto types, and ev entually 'live' systems are 

generated. Hence the DB4GL de velop ment m e t h o d o l o g y  forms a 

gu ideline for the analyst, or a n a l y s t - p r o g r a m m e r  to follow. 

At specified points certain documents, such as data flow 

diagrams, must be produced, and certain tasks, such as 

entering inf ormation into the object dictionary, must be 

carried out .

Prototyp in g tools must allow rapid p r ogr am  develo pment, and 

provide the flexibil ity to amend prototy pe s easily. Using 

DB4GL experie nce  confirms that screen, report and data base 

progra ms can be gene rated very quickly from object 

di ct iona ry  descriptions. The m o d u l a r  pr ototype  constr uction , 

and high degree of data inde pendenc e pro vi ded by the data 

base m e c h a n i s m  means that the prot otypes are easily a m ende d 

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 is supported by the process partner concept.

The prototyping approach allows users 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 logical errors in the system through the 

misunderstanding of user requirements.

The data base mechanism is the foundation of the whole 

prototype generation system. It is a novel implementation of 

sound academic principles contained in the ANSI-X3-SPARC 

[ANS01] and entity relationship [CheOl] models. This 

combination gives a simple data base structure, with the 

performance characteristics of a network data base, and yet 

retains the flexibility and high level 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 level 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 prototyp e before interrup ting the 

'live' system. As DB4GL can be used to ge nerat e system 

specifications and d o cumenta ti on from the object dictionary, 

these can be updated auto ma tical ly.

9.2. THE SP EC - B U I L D E R  E S T I M A T I N G  AND COST CONTROL SYSTEM.

Spec-Bu il der is an integrated estimat ing and cost control 

system that would be suitable for a small to m e d i u m  sized 

speculative house builder. The pack age enables;

i) The estimator to build up a hier a r c h i c a l  bill of 

quantities for each house type.

ii) The co mpila tion of site estimates by com bining house 

type bills of quantities, wit h similar bills of qu antities 

for general site costs.

iii) The prod uctio n 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, w h e th er  actual or 

provisional, into the system interactively.

v) The direct comparisons be tw ee n estimated and actual 

costs .

vi) The identification of the sources of dev iant 

co nst ruction  costs.

Sp ec- Builder  gives the est imator con sider ab le f l e x i b i l i t y
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when buildi ng  up estimates, in particular;

i) Esti mated costs for high level bill of quan tities 

operations can be inserted if the es tim ator has 

insufficient time to break the bill of qua ntities down to 

elemental items.

ii) Site estimates can be adju sted easily to allow for 

local v ar iations  in the cost of items such as labour and 

materia ls  .

iii) Wa stag e can be included as a per ce nt age factor at all 

levels in the bill of quantities hierarchy.

Spec -Bu il der is a complex applica ti ons system. In terms of 

functional specification, it exceeded the bespo ke software  

writt en for the collabora ting company, p a r t i c u l a r l y  with  

regard to the integration of the est imating and cost control 

functions. However, S p e c - Buil de r does not include the m u l t i ­

user cap abil ities  and security consi derat io ns that w o u l d  be 

required of such a system in a m e d i u m  sized company. The 

packa ge therefore  remains a p r o t ot yp e system, h o w e v e r  as a 

single user system, S p ec-Bu il der could be of use to small 

speculative house builders whe re estimat ing and cost control 

are carried out by the same person.

9.3. RE SEAR CH  CONC LUSIONS AND R E C O M M EN DATIONS .

In terms of functional capability, S pe c-Buil de r is a c o m plex 

applicatio ns package. Moreover, the software was d e v e l o p e d  

in just over five weeks, a very  short period, w h i c h  w o uld
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confirm the v a l id ity of the hypothe sis that current software 

shortages wi thi n the buildi ng industry could be 

si gn ifi can tly reduced through the use of advanc ed software 

development concepts and tools.

The major limitation of Spec-Builder, that it is not 

suitable for a m u l t i - u s e r  environment, is a r e f l ection on 

the lack of development time av ailable  for DB4GL rather than 

weakness of the hypothesis.  Future ver sio ns of DB4GL could 

include such facilities.

The otherwise sati sf actory  development  of S p e c - Bu il der also 

illustrates that the DB4GL software developm ent system 

achieves its objective  of provi ding an integrated strategy 

for the software life cycle. As such DB4GL could form the 

foundation of a power fu l software develo pment  system 

althou gh further resear ch and development wo uld  be 

necessary.

Such was the con fid ence gained in this app roach that it is 

recommended that future research pro gr am mes should focus on 

the following areas.

i) The current development m e t h o d o l o g y  forms a support 

environment in w h ic h various systems analysis and design 

methodol ogies, such as those pr opo se d by Gane and Sarson 

[GanOl], can be pra ctised. A useful res earch area w o uld be 

the id entification and f ormalis at ion of a systems 

analysis and design m e t h o d o l o g y  whi ch  w o uld most
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eff icien tl y utilise the support environment.

ii) The development of software tools to allow the 

au tomatic gen erati on  of more sophi sticated pr ototy pes. 

This could include the formula tion of a very high level 

language by w h ic h process partners and data m a n i p u l a t i o n  

pr ocedures  can be described.

iii) Enhancements to include multi-user capabilities and 
system security.

iv) The introduction of advanced 'expert' interfaces to 

both the DB4GL developm ent system and g e n e rate d 

pro totypes. These interfaces could include "query by 

example" data base enquiry facilities, and "expert" screen 

and report design aids.
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APPENDIX A.

DB4GL SPECIFICATIONS

Al. DB4GL SYSTEM BREAKDOWN (DIAGRAM)
A 2 . DB4GL OBJECT DICTIONARY ANALYSIS
A3. DB4GL SCREEN FORMATS
A 4 . SCREEN OBJECT FLOW DIAGRAMS
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DB4GL OBJECT DICTIONARY ANALYSIS

ENTITY SPECIFICATION 
ENTITY NO : 1 
ENTITY NAME : ENT-DSC
DESCRIPTION : DATA DICTIONARY ENTITY HEADER

MIN MAX INT DEC
SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED PACKED
ENTITY NO 9 0 2 2 0 N N
ENTITY NAME X 1 12 0 0
DATA DISK X 1 1 0  0
DESCRIPTION X 1 40 0 0



ENTITY SPECIFICATION
ENTITY NO : 2 
ENTITY NAME : ATTRIBUTE
DESCRIPTION : DATA DICTIONARY ATTRIBUTE

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

1 ENTITY NO 9 0 2 2 0 N N
2 ATTRIBUTE NO 9 0 2 2 0 N N
6 SHORT NAME X 1 12 0 0
7 TYPE X 1 1 0 0
8 MIN LENGTH 9 0 2 2 0 N N
9 MAX LENGTH 9 0 2 2 0 N N

10 INT PLACES 9 0 1 1 0 N N
11 DEC PLACES 9 0 1 1 0 N N
12 SIGNED X 1 1 0 0
13 PACKED X 1 1 0 0
14 START CHAR X 0 0 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 VALUE 9 0 20 9 9 Y N
20 MAX VALUE 9 0 20 9 9 Y N
21 VALUE 1 X 0 4 0 0
22 VALUE 2 X 0 4 0 0
23 VALUE 3 X 0 4 0 0
24 VALUE 4 X 0 4 0 0
25 VALUE 5 X 0 4 0 0
26 VALUE 6 X 0 4 0 0
27 VALUE 7 X 0 4 0 0
28 VALUE 8 X 0 4 0 0
29 VALUE 9 X o 4 0 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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ENTITY SPECIFICATION
ENTITY NO : 5 
ENTITY NAME : SCREENHD
DESCRIPTION : DATA DICTIONARY SCREEN HEADER

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

1 SCREEN NO 9 0 2 2 0 N N
6 SCREEN NAME X 12 0 0
7 SCREEN DESC- X 1 40 0 0
8 SCREEN TITLE X 1 30 0 0
9 SCREEN TYPE X 1 1 0 0

10 SCREEN DISK X 1 1 0 0
11 SCHEMA NO 9 0 2 2 0 N N
12 PARENT ENT 9 0 2 2 0 N N
13 CHILD ENT 9 0 2 2 0 N N
14 LINK ENT 1 9 0 2 2 0 N N
15 LINK ENT 2 9 0 2 2 0 N N
16 LINK ENT 3 9 0 2 2 0 N N
17 LINK ENT 4 9 0 2 2 0 N N
18 NO OF PAGES 9 0 2 2 0 N N
19 SCROLL START 9 0 2 2 0 N N
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ENTITY SPECIFICATION
ENTITY NO : 6
ENTITY NAME s SCREENFD
DESCRIPTION : DATA DICTIONARY SCREEN FIELD

ATTRIBUTE
NUMBER SHORT NAME

MIN MAX INT DEC
TYPE LENGTH LENGTH PLACES PLACES SIGNED

1 SCREEN NO 9
2 LINE NUMBER 9
3 COLUMN 9
6 ENTITY NO 9
7 ATTRIBUTE MO 9
8 INPUT OUTPUT X
9 OPT MAND X

10 PRE PROCESS 9
11 POST PROCESS 9

PACKED
N
N

A 2-6
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ENTITY SPECIFICATION

ATTRIBUTE
NUMBER

ENTITY NO : 7
ENTITY NAME : SCREENTX
DESCRIPTION : DATA DICTIONARY SCREEN TEXT

MIN MAX INT DEC
SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED PACKED
SCREEN NO 
LINE NUMBER 
COLUMN 
TEXT VALUE 
TEXT LENGTH

2
3
3

40
2
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ENTITY SPECIFICATION 
ENTITY NO : 10 
ENTITY NAME : SCHEMAHD
DESCRIPTION : DATA DICTIONARY SCHEMA HEADER

ATTRIBUTE MIN MAX INT DEC
NUMBER SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED

1 SCHEMA NO 9 0 2 2 0 N
e SCHEMA NAME X 1 12 0 0
7 SCHEMA DESC X 1 40 0 0
8 SCHEMA DISK X 1 1 0 0
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ENTITY SPECIFICATION

ATTRIBUTE
NUMBER

1

ENTITY NO : 11 
ENTITY NAME : SCHEMAET
DESCRIPTION : DATA DICTIONARY SCHEMA ENTITIES

MIN MAX INT DEC
SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED PACKED
SCHEMA NO 9 0 2 2 0 N
ENTITY NO 9 0 2 2 0 N
ENTITY DISK X 1 1 0  0
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ENTITY SPECIFICATION

ATTRIBUTE
NUMBER

ENTITY NO : 12 
ENTITY NAME : SCHEMALK
DESCRIPTION : DATA DICTIONARY SCHEMA LINKAGES

MIN MAX INT DEC 
SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED PACKED
SCHEMA NO 9 0 2 2 O N N
SOURCE ENT 9 0 2 2 0 N N
TARGET ENT 9 0 2 2 0 N N
TARGET ATTR 9 0 2 2 0 N N
SOURCE ATTR 9 0 2 2 0 N N
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ENTITY SPECIFICATION
ENTITY NO : 15 
ENTITY NAME : REPORTHD
DESCRIPTION : DATA DICTIONARY REPORT HEADER

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

1 REPORT NO 9 0 2 2 0 N N
6 REPORT NAME X 1 12 0 0
7 REPORT DESC X 1 40 0 0
8 SCHEMA NO 9 0 2 2 0 N N
9 SOURCE ENT 9 0 2 2 0 N N

10 LINK ENT 1 9 0 2 2 0 N N
11 LINK ENT 2 9 0 2 2 0 N N
12 LINK ENT 3 9 0 2 2 0 N N
13 LINK ENT 4 9 0 2 2 0 N N
14 BREAK ENT 9 0 2 2 0 N N
15 BREAK ATTR 9 0 2 2 0 N N
16 DATA START 9 0 2 2 0 N N
17 FOOT START 9 0 2 2 Cl N N
18 FORM NIDTH X 2 3 0 0
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ENTITY SPECIFICATION

ATTRIBUTE
NUMBER

ENTITY NO : 16 
ENTITY NAME : REPORTSE
DESCRIPTION : DATA DICTIONARY REPORT SELECTION

MIN MAX INT DEC
SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED PACh
REPORT NO 9 0 2 2 0 N N
SELECT NO 9 0 2 2 0 N N
ENTITY NO 9 0 2 2 0 N N
ATTR NO 9 0 2 2 0 N N
SELECT COND X 1 4 0 0
SELECT DESC X 1 20 0 0
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ENTITY SPECIFICATION 
ENTITY NO : 17 
ENTITY NAME : REPORTSO
DESCRIPTION : DATA DICTIONARY REPORT SORT

ATTRIBUTE MIN MAX INT DEC
NUMBER SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED

1 REPORT NO 9 0 2 2 0 N
2 SORT NO 9 Ci 2 2 0 N
6 ENTITY NO 9 0 2 2 0 N
7 ATTR NO 9 0 2 2 0 N
8 ASCND DESND X 1 •1 0 0
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ENTITY SPECIFICATION 
ENTITY NO : 18 
ENTITY NAME : REF'ORTFD
DESCRIPTION : DATA DICTIONARY REPORT FORMAT

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

REPORT NO 3 0 2 2 0 N N
cl REPORT AREA X 1 1 0 0
3 LINE NO 9 0 2 2 0 N N
4 COLUMN ' 9 0 2 2 0 N N
6 FIELD TYPE X 1 1 0 07 TEXT VALUE X 1 40 0 0
8 ENTITY NO 9 0 2 2 0 N N
9 ATTR NO 9 0 2 0 N N
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APPENDIX A3

DB4GL SCREEN FORMATS

MENU : 
OPTION : MAIN SYSTEM MENU

SYSTEM MENU ACTION

OPTION CODE
DATA BASE MAINTENANCE..........  DAT
SCREEN MAINTENANCE.............. SCR
REPORT MAINTENANCE.............. REP

ENTER OPTION, OR ’X' TO EXIT <

SELECT
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MENU : MAIN SYSTEM MENU

OPTION : DATA BASE MAINTENANCE

ENTITY & SCHEMA MAINTENANCE ACTION

OPTION CODE
ENTITY MAINTENANCE............  ENT
ATTRIBUTE MAINTENANCE.........  ATT
ENTITY GENERATION.............. EGN
SCHEMA ENTITY MAINTENANCE  SEN
SCHEMA ATTRIBUTE LINKAGES  SLK
SCHEMA GENERATION.............. SGN
ENTITY SPECIFICATION REPORT... REP

ENTER OPTION, OR TO EXIT <

SELECT
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MENU : DATA BASE MAINTENANCE

OPTION : ENTITY-MAINTENANCE

AREA : SCREEN ENTITY MAINTENANCE ACTION : ENQUIRE

ENTITY NO : 1 NAME : ENTITY DISK : B
DESCRIPTION : DB4GL ENTITY OBJECT DESCRIPTION

ATTR
NO SHORT NAME TYPE

MIN
LENGTH

MAX
LENGTH

INT
PLACE

DEC
PLACE SIGN PACK

IN
PROC

OUT
PROC A/V

1 . ENTITY NO 9 0 2 r> 0 N 0 0 A
6 ' SHORT NAME X 1 12 0 0 N 0 0 A
7 DESCRIPTION X 0 40 0 0 N 0 0 A
Q DISK X 1 1 0 0 N 0 0 A

ENTER OPTION : < >
OPTIONS : SCROLL (U)P, SCROLL (D)OWN, (E)DIT, OR E(X)IT
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MENU,: DATa .BASE MAINTENANCE'

OPTION : SCHEMA ENTITY MAINTENANCE

AREA : SCREEN SCHEMA ENTITIES ACTION

SCHEMA NO : 1 SCHEMA NAME : HASSALL DISK : A
DESCRIPTION : HASSALL SYSTEM SCHEMA
ENTITY NO ENTITY NAME DISK

1 ENTITY01 A9 ENTITY02 A
3 ENTITY03 A
4 ENTITY04 A
5 ENTITY05 A
6 ENTITY06 A
7 ENTITY07 A
10 ENTITY10 A
11 ENTITY11 A
12 ENTITY12 A
20 ENTITY20 A

ENTER OPTION : < >
OPTIONS : SCROLL (LDP, SCROLL (D)OWN, (E)DIT, OR E(X)IT

ENQUIRE
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MENU : DATA BASE MAINTENANCE

OPTION : SCHEMA ATTRIBUTE LINKAGES

AREA : SCREEN SCHEMA LINKAGE ACTION : ENQUIRE

SCHEMA NO : 1 SCHEMA NAME : HASSALL
SOURCE TARGET

ENTITY ATTRIBUTE ENTITY ATTRIBUTE
1 ENTITYOl 1 HOUSE CODE 2 ENTITY02 1 HOUSE CODE
1 ENTITYOl 1 HOUSE CODE 11 ENTITY11 1 HOUSE CODE

ENTITY02 1 HOUSE CODE 1 ENTITYOl 1 HOUSE CODE
ry ENTITY02 OP LEVEL 6 ENTITY06 1 OP-ITEM TYPE
f̂y ENTITY02 3 OP CODE 6 ENTITY06 r? OF'-ITEM CODE
3 ENTITY03 i SITE CODE 4 ENTITY04 i SITE CODE
3 ENTITY03 i SITE CODE 5 ENTITY05 i SITE CODE
3 ENTITY03 i SITE CODE 10 ENTITY10 i SITE CODE
4 ENTITY04 6 HOUSE CODE 1 ENTITYOl i HOUSE CODE
4 ENTITY04 1 SITE CODE 3 ENTITY03 i SITE CODE
5 ENTITY05 1 SITE CODE 3 ENTITY03 i SITE CODE
5 ENTITY05 2 OP LEVEL 6 ENTITYOL i OP-ITEM TYPE
5 ENTITY05 3 OP CODE 6 ENTITY06 2 OF'-ITEM CODE

ENTER OPTION : < >
OPTIONS : SCROLL (U)P, SCROLL (D)OWN, (E)DIT, OR E(X)IT
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MENU : MAIN SYSTEM MENU

OPTION : SCREEN MAINTENANCE

SCREEN MAINTENANCE ACTION

OPTION CODE
SCREEN HEADER MAINTENANCE  HDR
SCREEN FIELD MAINTENANCE...... FLD
SCREEN TEXT MAINTENANCE....... TXT
SCREEN GENERATION.............  GEN
SCREEN FORMAT PRINT...........  PR I

ENTER OPTION, OR JX-’ TO EXIT

SELECT
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MENU : SCREEN MAINTENANCE

OPTION : SCREEN FIELD MAINTENANCE

AREA : SCREEN SCREEN FIELD MAINTENANCE ACTION : ENQUIRE

SCREEN NO s 1 SCREEN NAME : HSE-MNT
INE COLUMN ENTITY ATTRIBUTE I/O 0/M PROCESS1 PR0CESS2

o 19 1 ENTITYOl 1 HOUSE CODE I 0 0 0
3 36 1 ENTITYOl 6 HOUSE NAME I M 0 0
3 66 1 ENTITYOl 10 ABBREVIATION I M 0 0
5 20 1 ENTITYOl 7 HOUSE CLASS I M 0 0
5 40 1 ENTITYOl 8 DESCRIPTIONI I M 0 0
6 40 1 ENTITYOl 9 DESCRIPTI0N2 I 0 0 0
8 19 1 ENTITYOl 11 FLOOR AREA I M 0 0
8 46 1 ENTITYOl 12 PLOT FRONT I M 0 0
8 64 1 ENTITYOl 13 GARAGE CODE I 0 0 0
8 78 1 ENTITYOl 14 HEATING CODE I 0 0 0

99 8 2 ENTITY02 2 OP LEVEL I 0 o 0
99 15 2 ENTITY02 3 OP CODE I M 0 0
99 24 6 ENTITY06 7 DESCRIPTION! 0 0 0 0

ENTER OPTION : < >
OPTIONS : SCROLL (U)P, SCROLL (D)OWN, (E)DIT, OR E(X)IT



MENU : SCREEN MAINTENANCE

OPTION : SCREEN HEADER MAINTENANCE

AREA SCREEN ACTION OPTION

SCREEN NUMBER 1
NAME HSE
DESCRIPTION HAS
TITLE HOU
TYPE C
DISK A

SCHEMA NUMBER 1
PARENT ENTITY NO 1
CHILD ENTITY NO 2
LINK 1 ENTITY NO 6
LINK 2 ENTITY NO 0
LINK 3 ENTITY NO
LINK 4 ENTITY NO
NUMBER OF PAGES 6
SCROLL START LINE 13

-L HOUSE DETAIL MAINTENANCE 
DETAIL MAINTENANCE

HASSALL
ENTITYOl
ENTITY02
ENTITY06

ENTER OPTION : < >
OPTIONS : (A)MEND, (D)ELETE, OR E(X)IT
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MENU : SCREEN MAINTENANCE

OPTION : SCREEN TEXT MAINTENANCE

AREA s SCREEN SCREEN TEXT FIELD MAINTENANCE ACTION : ENQUIRE

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

3 6 HOUSE CODE :
3 29 NAME :
3 51 ABBREVIATION :
5 6 HOUSE CLASS :
5 26 DESCRIPTION :
8 6 FLOOR AREA :
8 30 PLOT FRONTAGE :
8 55 GARAGE : HEATING :

10 6 OPERATION BUILD UP DETAILS
11 6 LEVEL CODE DESCRIPTION
11 59 QUANTITY WASTAGE

ENTER OPTION : < >
OPTIONS : SCROLL (U)P, SCROLL (D)OWN, (E)DIT, OR E(X)IT



MENU : MAIN SYSTEM MENU
OPTION : REPORT MAINTENANCE

REPORT MAINTENANCE ACTION

OPTION CODE
REPORT HEADER MAINTENANCE  HDR
REPORT FIELD MAINTENANCE...... FLD
REPORT SORT MAINTENANCE....... SOR
REPORT SELECTION MAINTENANCE.. SEL 
REPORT GENERATION.............. GEN

ENTER OPTION, OR 'X' TO EXIT

SELECT
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MENU : REPORT MAINTENANCE
OPTION : REPORT HEADER MAINTENANCE

AREA : SCREEN REPORT HEADER INFORMATION ACTION : ENQUIRE

REPORT NUMBER 
REPORT NAME 
DESCRIPTION 
SCHEMA NUMBER 
SOURCE ENTITY 
LINK ENTITY 1 
LINK ENTITY 2 
LINK ENTITY 3 
LINK ENTITY 4 
BREAK ENTITY 
BREAK ATTRIBUTE 
DATA START LINE 
FOOTING START LINE 
FORM WIDTH 80/120 
PAGE NUMBERS Y/N

EST1-PLT
SITE ESTIMATE BY PLOT, DIRECT HOUSE COST
1 HASSALL

10 ENTITY10
1 ENTITYOl
4 ENTITY04
o ENTITY03
0 ENTITYOl
10 ENTITY102
9

55
120
N

ENTER OPTION : < >
OPTIONS : (A)MEND, (D)ELETE, OR E(X)IT
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MENU : REPORT'MAINTENANCE

OPTION : REPORT FIELD MAINTENANCE

AREA : SCREEN REPORT FIELD DETAILS ACTION

REPORT NUMBER : 1
AREA (1/2/3) : 1
LINE NUMBER : 1
COLUMN NUMBER : 30
TYPE (1/D) : T
ENTITY NO s 0
ATTRIBUTE NO : 0
TEXT VALUE : REPORT TITLE

ENTER OPTION : < >
OPTIONS : (A)MEND, (D)ELETE, OR E(X)IT
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MENU : REPORT MAINTENANCE

OPTION : REPORT SORT MAINTENANCE

AREA : SCREEN REPORT SORT DETAILS ACTION

REPORT NUMBER : 1
SEQUENCE NUMBER : 1
ENTITY NUMBER : 10 ENTITY10
ATTRIBUTE NUMBER : 2 PLOT NO
ASCEND/DESCEND : A

ENTER OPTION : < >
OPTIONS : (A)MEND, (D)ELETE, OR E(X)IT

ENQUIRE
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MENU : REPORT MAINTENANCE 
OPTION : REPORT SELECTION MAINTENANCE

AREA : SCREEN REPORT ENTITY SELECTION ACTION

REPORT NUMBER 
SEQUENCE NUMBER 
ENTITY NUMBER 
ATTRIBUTE NUMBER 
PARAMETER DESCRIPTION 
SELECT CONDITION

1
1

10 ENTITY10 
1 SITE CODE 

SITE NUMBER

ENTER OPTION : < >
OPTIONS : (A)MEND, (D)ELETE, OR E(X)IT

ENQUIRE
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SIMPLE SCREEN OBJECT FLOW DIAGRAM
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APPENDIX

ESTIMATING AND COST CONTROL ANALYSIS RESULTS

Bl. LOGICAL DATA FLOW MODELS (DIAGRAMS) 
B2. MANUAL REPORT FORMATS
83. LOGICAL SYSTEM OBJECT ANALYSIS
B4 . ESTIMATING SYSTEM ACKNOWLEDGMENT
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LOGICAL SYSTEM OBJECT ANALYSIS

j
j

—  D B 
LOGICAL DATA

4 G L —
STORE ANALYSIS

I
j

!PROJECT ! Sfec- h\\u>eQ. !

! DATE ! I

!DATA STORE NO ! 1 !PAGE I I !

INAME
f-----------

----h-
|

--- +• M ouc£  "fcesc&food !--------------L
!VALUE NAME
i

M ou££

Hooet C l̂ S  
ftKiĈ/lATlOii 
P u d o £ A£ e a

tu
6a2a(j^ Cd &&

Q&XrtbL UtftnAG Gx̂
Mteo£ OMtrw*is

6 uA^TlTW

OP̂ &mô  l_£\l£L (ÎiMAE1/ 
\a1 A S t A G - C L  /»

!TYPE !CHARS 
!(9/X)!
H------1-----

I NT 
PLACES 

+ +
y

y

Y  

y

q
q
Y 
X

9
X
q

a

w
2
Z

z
z

z

DEC ! 
PLACES!

j 
!

2
2

z

I



H------------------— —
j 
j
+ ---------------- +
!PROJECT 1
+ ---------------- +
!DATE !
H-----------------1----
!DATA STORE NO ! 0
+• ir 
+■

— + 
! 
j

~ +

—  D B 4 G L —  
LOGICAL DATA STORE ANALYSIS

+ —  
IPAGE 
+■

-+•
! 1

! ^ L _ _________
!VALUE NAME ! TYPE 

( 9/X)
CHARS INT ! DEC ! 

PLACES!PLACES!

j otkfrvDri bzJeu o i tt'e u 'ty fe y I
1 cSL tT^m y a
j D^c^vPrtoA x b(t>
1 Uf>J\T Y &
i Cc&r G te q 3 !
j InQj A Qc&il9k\Oc. q & t> 2>. !
! 3u&-ofe&nc^ o£ yerAiLS. 
i G>UAMTTM Q In '3  !
i IaSÂ tAĜ : %L q 1 2. I
j o £  tT£M.

!i

y. I
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— - D B 4 G L ~  !
LOGICAL DATA STORE ANALYSIS !

!PROJECT !
_ __ _L

! DATE
_________ ____________

!
!DATA STORE NO ! <2 IPAGE ! i j

INAME
f---------- | Site i& i o nJ j

----- +
!VALUE NAME !TYPE !CHARS! INT ! DEC
! ! ( 9 /X )! !PLACES!PLACES!

j ^ iT e q

! ! ! 

! s  ! 4  !

i S r f £  I'Img y £(6 ! ! !

| ft& lkss y
! ! ! 
i ! i

! ( W  L)£tA\L5
! ! ! 
! ! !

! ?L6r Q ; s  ! d> !
I
i H ouse T v f e K

! ! ! 
^  ! ! !

! ?>{\L€. ffcvCG. S
! ! ! 
! & ! Z I

i S v r e  . C)MATtDr4'S

! ! !
! ! !
! ! ! 
1 1 1

! QuftKATiTV i t ;  s  ■:

I d k te i i tA  L ej£L (^ iW A ti//s«o fc^ V.
i i i 

1 ! ! !

• hJ fi&rPG^ *Z 9 ! 2. ! I  !
!

!

! ! ! ! !
! ! ! ! !
! ! ! ! !
! ! ! ! ! I

-- H
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+ --------
I
!
+ --------
!PROJECT
+ --------
IDATE 
+■

—  D B 4 G L —  
LOGICAL DATA STORE ANALYSIS

! DATA STORE NO ! /j_ ! PAGE !

| Srfe Ccsr! NAME
H---------------
•VALUE NAME !TYPE !CHARS
! !(9/X)!

y \d> !
!

c£  Actual Ocsr Y
1

1 i
X 2><t>'

M\fciCfe / M \ : & W e £ r 'b h ' f c X i a> ;i

lblvlo\Ĉ/i0oEi2hk6r /GJ&vl.
!
j
i

3\te Ho 3 1 3 <t>
9lot Ao 9 ; 3 $
Ccsr Coh£ 3 S 3 <t>
trm  'b esd .m cA X u  i
n m  “TwH (a& /mkullek) Y 2 !
Gos-r q 1 £> ! 

i 
! 
j 
j 
! 
j 
j 
j 
j 
! 
j 
! 
j

1

INT ! DEC ! 
PLACES!PLACES!  + +
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—  D B 4 G L —  
LOGICAL DATA STORE ANALYSIS

!
!

PROJECT !
DATE ! j

DATA STORE NO ! ^  !PAGE ! /. _ + _ _ ~ _ ___________________.________ ,__ _ ± ___ __ j

NAME _! \\o & q  ~~(Z(k
j

-------- L
VALUE NAME

HOU££*lv/fef'

Cost Cafe \
Q^r

c>Ufe 0 ^ h ( W l T  Q & T  

L&(L g u (L GoS r  
Pl AtK  4- U m i A& l G dST 

(l>hi Co<L-f£
S^L L iA G  £fi£rr~ 
SiLi/^CjL/lSlON\ Gs&r

\T£M
"T9 Res

!TYPE !CHARS! INT ! DEC ! 
!(9/X)! !PLACES!PLACES!

°l

°l

9

9

9

9

9
9

Z ci> 1
(d z i
io 2
io 2
L Z
<0 Z
(o Z
4 2.
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+ -------------
J 
J
H--------------
!PROJECT
+ --------------- +
!DATE !
DATA STORE NO ! ^ + --------------

-+j
j
-+
i

—  D B 4 G L —  
LOGICAL DATA STORE ANALYSIS

!PAGE ! £

NAME ‘S w e  C c S T  A n\*\lM S iS
VALUE NAME !TYPE !CHARS! INT ! DEC ! 

!(9/X)! !PLACES!PLACES!

lidL 9  i I S 0  1

°l ! ! *2> <b 1

iT Oobfe 9  i i si i  i d  1 ■
MArTfedlftt. (2e>1T 9  ; i (o 2. i
Slid Gotiitotr O d s t 9  !! ! Io £  1
Lftr&Cud Gcfer 9  1 1 L 1  1

dftir/MftiLA(26 Cfsc 9  ! 1 Io 1  1

O ^ C C S T G 9  1 1 to t 1
SeLUr^G C o e r 9  1 \ L I  1
S u & W l S i o i A  (x8r 9  1 \ C,

!
1  !

MA.T£&At_ ttWtGiotA<2 9  1 1 6
1

2. i
9u£, GaiOrrtftCr P&>\1si0 k(s . 9  1 1 C

i
z  ;

Lftdoad. Pfo/lSloAs 9  1 1 b £  1
d.ftt4T/ (^AdiAsfr °t 1 j £>

i
i  i

o A t o e r  ftW\S\a-is °i 1 1 L i  1
SeLLlAOr Pfio'ASiotfe, .9 1 I t 2. 1
^ufdZ'JiStori. ( L / vSi oA s. °1 1 \ lo 2 1
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J.-------------------------------------------------------------------
! —  D B 4 G L —

LOGICAL DATA STORE ANALYSIS

--------h
!
!

PROJECT ! !

!DATE !
IDATA STORE NO ! if ! PAGE

. j . - i _____
INAME ! 2 ^

!VALUE NAME
i

•TYPE !CHARS! INT 
!(9/X)! !PLACES

DEC ! 
PLACES!--------f.

S vt£ ! Q ; ^ d> !

Pl o t  tvkiMld?. ! i 2 6  i
OcBT  COi£: ! R ! 3 6  1

Gcter i 4 1 4 2. i
Q u I L C c S r 1 T ! 4 z ;
/Lft(LoiilL Ocsr ! 9 i 4 1  !
dAt^r 4- t - W u A ^  Q ^ r r ! S ! Id i  ;
C)Ki C b ^ ! 9 1 (o 1  i
S ^ L L l A d ! °l ! (o ■2. i
SuMv/iQiotA 

+----------------------------------------- -

: q  

-+------

! L 

h----;-+-------
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LOGICAL DATA TRANSITION ANALYSIS

!PROJECT
+ --------
! DATE

3 fee - hxxCbel

!DATA TRANS NO ! i 
+  +

!PAGE ! 
+ +■ t

___________
!SOURCE VALUES IDATA STORE

HoUie /\ffoA£ /tv/£ 
oPe&Hlo/i D^tAiis  

L&I&l

C c& T  G c b &

Su.6 - oP^&KlcA j}TBM

Q u P i r m T M
tOPfSTA^

C c & t /PH\C£ .
IT£m  “T ^

1
1 + Z

Z

•TARGET VALUES DATA STORE

Uoa<^ r / M e  / Wfe-

C o s t  Cot>fe

3  LX-̂> (jszy

(lA î t " 4- lr^acAcr6 C © £ T
C M  Co s t s

^ <3 Cm T 
QufLtt/tflONl CsST*
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LOGICAL DATA TRANSITION PROCESS DESCRIPTION.
PROCESS NO : 1.

TITLE : CALCULATE HOUSE TYPE ESTIMATE.

OBJECTIVE : TO CALCULATE A HOUSE TYPE ESTIMATE FROM INFORMATION
CONTAINED IN THE BILL OF QUANTITIES.

SUMMARY.

1. Break down the secondary operations specified in logical data 

store 1 into primary operations and items, using the bill of 

quantities hierarchy, contained in logical data store 2.

£ „ Mu11 i p1y secondary and pr imar y operation quantities by i tem 

prices to calculate estimated operation costs.

3. Arrange estimate results by cost code and item type in logical 

data store a.
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! LOGICAL DATA TRANSITION ANALYSIS

j
I

!PROJECT ! 1
t r
!DATE ! I
!DATA TRANS NO ! 0 !PAGE ! 1  !
'NAME 1 Q * r  T>rt(cS |
!SOURCE VALUES IDATA STORE!

i Sou (?C£ ! ^  ;
* ftiW\SdoM/H~ <s£ ftoru/k. (&*>T

i /M/oiY€ / o ^ L S H e ^ r / ^  n & n T > iAils ! '• j

j Vn\&m £g1
* PcdT NJC&MiÛ - 
! Co s t  Cobt
! \ j ^ \  "TwPg 
i CcSt
* Uou^£-Tv^ Affe&Ioh\ f^ONiTAG^) _ „ i . ___ |
!TARGET VALUES IDATA STORE!

! Plot

1 k- 1

j Cs^“T Coj>£ 
j Qcru»%- C/>sts i t^a-a.

j Pl?o\AS



LOGICAL DATA TRANSITION PROCESS DESCRIPTION.
PROCESS NO : 2.

TITLE : RE-FORMAT SITE COST DETAILS.

OBJECTIVE : TO RE-ARRANGE SITE COST INFORMATION INTO A FORM
WHICH MAY BE COMPARED DIRECTLY WITH ESTIMATING DATA.

SUMMARY.

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

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

n u m b e r a n d cost code.

2. Add re-formated data to corresponding data items in logical

data store S.

3. Apportion indirect site costs to plots according to plot

frontage.
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PROJECT

DATE
DATA TRANS NO _____ _______________'______________ ± _____________
NAME

1-----— r — ——— —
£ k c x \ d f e  <2 a t

SOURCE VALUES !DATA STORE------------------------------------------- + ------------
l b £ £

Cb ^C (&$&■

n GSTiAf/ĥ j) CertTS |T3m. -T id
Year K W uQ^JL 
Sire. oft&VTi o>̂  T}£tAi tS

L£\J£<_
Ca^rr Cg ^=
Sixg - dP£*flFio^ / ITCaA

Q u A iJTTH 
lOAj5rVV(rer *&

T^S-tA ilS 
Cost- / P£iC-e

_ JEbS^^. _ (3 -̂ 1- 1
TARGET VALUES

Z
7.

!DATA STORE 
+ -----------

S>v-rCr t^UM&eC-
Pcar

(js^-r Ccft̂ -

62^TS IT^M h /^.
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LOGICAL DATA TRANSITION PROCESS DESCRIPTION.
PROCESS NO : 3.

TITLE : CALCULATE SITE ESTIMATE. '

OBJECTIVE : TO CALCULATE A SITE ESTIMATE BY COMBINING HOUSE TYPE
ESTIMATES WITH AN ESTIMATE FOR INDIRECT SITE COSTS 
DERIVED FROM THE INDIRECT SITE COST BILL OF 
QUANTITIES.

SUMMARY.

1. . Bv eak down the secon dary operations specified in Iogi cal data

s tore 3 into primar y oper a t i o ns and it ems, using t he bill of

quantities hierarchy contained in logical data store 2.

2. Multiply secondary and primary operation quantities by i time

prices to calculate estimated operation costs.

3. Apportion indirect site costs to plots according to plot

f r o n t a g e .

4. Calculate direct plot estimates using house type estimates 

from logical data store 5.

5. Arrange estimate results by plot number, cost code and item 

type in logical data store 7.
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PROJECT
DATE

_Q>irLl

INPUT PROC NO 1 !PAGE ! i
NAME lbu<z£ 'hgc&fhoi

INPUT SOURCE
+
TARGET DATA 
STORES 1
INPUT UALUES DATA STORE! 
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1
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!PROJECT

-------------+-
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------------------+
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!INPUT PROC NO ! £. !PAGE ! 1
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-----------------++ ---------------- +_ —  JT— __ JJ-1--:— L I - ---------------------- -f

TARGET DATA
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i o(e£o?C\oA L&)&- / ad IT^M | I. |
j O i^ftV notA  /  it£*a f\W a £ j ; 

; !

! " b e s c K tP n o r iI
! | 
j |

,! U kI i t
; i 
j !

! Cofe
; | 
j ;

; U ^ aa Co s t  /  /fc ic e ! | ! ; i i{
I S u &  -  O ^ P o ic A  o £  \1^ m  ^ b e r ^ i c s

i |
; | i i1

j Q  a f t f s h r r ^ ; |

J ^CASTPrCr^ ^
j | 
; !

! cA^PnV Ovl c £  tT^AA !
!j
!
j
j
j
i

j | i ; 
! 1 
; j 
; | 
; j 
; |
! | 
! | 
i |

B3-20



+ ----------------------- ----------------------------------------------------
! —  D B 4 G L —
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IDATE
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I NAME
I INPUT SOURCE 
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TARGET DATA 
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IDATA STORE! 
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!TARGET DATA 
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MW/DB
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Mr. R. 0x1ey,Dept, of Building,Sheffield City Polytechnic,Pond Street,SHEFFIELD. SI 1WB
Dear Sir,
Computer Estimating for Speculative House Builder 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 w ar ra n t  the cost of the software and the necessary staff to ke6p the s ys t e m  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.
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Registered ulTice: 500 Charlotte Road, Sheffield S2 4ER 
Registered No. 535148 England 
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APPENDIX C.

SP E C - B U I L D E R  DESCRIPTION

Cl. PH Y S I C A L  DATA FLOW M O D E L

C2. S P E C - B U I L D E R  OBJECT DIC T I O N A R Y  A N A L Y S I S

C3. S P E C - B U I L D E R  M E N U S

C 4 . S P E C - B U I L D E R  SCREEN FORMATS

C5. S P E C - B U I L D E R  REPORT FORMATS
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cnrp-Rim nFR flB.lECT DICTIONARY ANALYSIS

E N T I T Y  S P E C I F I C A T I O N  

E N T I T Y  NO : 1
E N T I T Y  NAME s E N T I T Y O l

D E S C R I P T I O N  : H O U S E  D E S C R I P T I O N

A T T R I B U T E M I N MAX I  N T D E C
N UMB E R S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S P L A C E S S I G N E D P A C K

1 H O U S E  C O D E X 5 0 0
6 H O U S E  NAME X 1 1 2 0 0
7 H O U S E  C L A S S X 1 0 0
S D E S C R I P T I O N I X 1 30 0 09 D E S C R I P T I O N S Y .1 30 0 0

1 0 A B B R E V I A T I O N X 1 n 0 0
11 F L O O R  A R E A 9 0 7 4 *:> N Y
1 2 P L O T  F R O N T 9 0 7 4 N Y13 G A R A G E  C O D E X 1 0 0
14 H E A T I N G  C O D E X 1 0 0
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ENTITY SPECIFICATION

E N T I T Y  NO : 2
E N T I T Y  NAME : E N T I T Y 02
D E S C R I P T I O N  : H O U S E  O P E R A T I O N  AND I T E M  B U I L D  U P

A T T R I B U T E M I N MAX I  NT D E C
N UMBE R S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S P L A C E S S I G N E D P A C K

1 H O U S E  C O D E X 1 5 0 0
r? O P  L E V E L X 1 1 0 0

O P  C O D E x 1 6 0 0
6 Q U A N T I T Y 9 0 1 0 6 N Y
7 W A S T A G E 9 0 5 2 N Y
8 C O S T  C O D E 9 0 0 N N
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ENTITY SPECIFICATION

E N T I T Y  NO : 3
E N T I T Y  NAME : E N T I T Y 03
D E S C R I P T I O N  : S I T E  D E S C R I P T I O N

A T T R I B U T E M I N MAX I  N T D E C
N UMBE R S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S P L A C E S S I G N E D P A C K

1 S I T E  C O D E 9 0 0 N N
6 S I T E  NAME X 1 3 0 0 0
7 A D D R E S S  1 X 1 o  (_) 0 0
8 A D D R E S S  2 X 1 3  0 0 0
9 A D D R E S S  3 x 1 30 0 0

1 0 A D D R E S S  4 X 1 30 0 0
1 1 P O S T  C O D E X 1 9 0 0
1 2 T E L  NO X 1 1 2 0 o
13 L A B O U R  R A T E 9 0 5 1 t ; N Y
14 M A T E R I A L  R T E 9 0 5 1 o> N Y
15 S U B  C ON R A T E 9 0 5 1 3 N Y
16 P L A N T  R A T E 9 0 5 1 t ; N Y
17 ON C O S T  R A T E 9 0 5 1 t ; N Y
18 S E L L I N G  R A T E 9 0 5 1 N Y
19 S U P E R V I S  R T E 9 0 5 1 •-> N Y
20 E S T I M A T E  R T E 9 0 5 1 N Y
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ENTITY SPECIFICATION

E N T I T Y  NO : 4
E N T I T Y  NAME : E N T I T Y 04 
D E S C R I P T I O N  s S I T E  P L O T  D E T A I L S

A T T R I B U T E M I N MAX I NT D E C
N U MB E R S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S P L A C E S S I G N E D PACK

1 S I T E  C O D E 9 0 O 3 0 N N
P L O T  NO 9 0 o> 0 N N

6 H O U S E  C O D E X 1 5 0 0
7 S A L E  V A L U E 9 0 9 6 N Y
8 C OM M EN CE  D T E X 6 8 0 0
9 A P P  F A C T O R 9 0 1 1 1 9 N Y
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ENTITY SPECIFICATION

A T T R I B U T E
N U M BE R

1

6
7

E N T I T Y  NO : 5
E N T I T Y  NAME : E N T I T Y 05
D E S C R I P T I O N  : S I T E  O P E R A T I O N  D E T A I L S

M I N MAX I  N T D E C
S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S P L A C E S S I G N E D P A C K
S I T E  C O D E 9 0 3 0 N N
O P  L E V E L X • 1 1 0 0
O P  C O D E X 1 6 0 0
Q U A N T I T Y 9 0 10 6 N Y
W A S T A G E 9 0 5 N Y
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ENTITY SPECIFICATION

ENTITY NO : 6

ENTITY NAME s ENTITY06

DESCRIPTION : OPERATION AND ITEM DETAILS

ATTRIBUTE MIN MAX I NT DEC
NUMBER SHORT NAME TYPE LENGTH LENGTH PLACES PLACES SIGNED PACK

1 OP-ITEM TYPE x 1 1 0 0
r-y OP-ITEM CODE X 1 6 0 - 0
6 NAME x 1 £3 0 0
7 DESCRIPTION! X 1 30 : 0 0
8 DESCRIPTI0N2 X 0 30 0 0
9 UNIT X 1 8 0 0
10 COST CODE 9 0 0 N N
11 ESTIMATED X 1 1 0 0
12 VALUE 9 0 10 ; 6 o N Y
13 ITEM TYPE X 3 0 0
15 CONV FACTOR 9 0 9 4 4 N Y
16 DATE UPDATED X 6 8 0 0
17 APPORTIONED X 1 1 0 0
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ENTITY SPECIFICATION

E N T I T Y  NO : 7
E N T I T Y  NAME : E N T I T Y 07
D E S C R I P T I O N  s O P E R A T I O N  B U I L D  U P

A T T R I B U T E M I N MAX I NT D E C
NU M BE R S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S . P L A C E S S I G N E D P A C K E D

1 O P  L E V E L X 1 1 0 0O O P  C O D E X 1 6 0 0
7; S U B  O P  L E V E L X 1 1 0 0
4 S U B  O P  C O D E X 1 6 0 0
6 Q U A N T I T Y 9 0 1 0 6 7; N Y
7 W A S T A G E 9 0 U 2 N Y
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E N T I T Y  S P E C I F I C A T I O N  

E N T I T Y  NO : 8

E N T I T Y  NAME  s E N T I T Y D S

D E S C R I P T I O N  : I N V O I C E  & P R O V I S I O N A L  C O S T  H E A D E R  D E T A I L

A T T R I B U T E M I N MAX I  N T D E C
N UMBE R S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S P L A C E S S I G N E D P A C K

1 S O U R C E  R E F X 1 1 0 0 N N
6 F R O V  OR I N V X 1 1 0 0
7 S U P P L I E R X 1 30 6> . jl N Y
8 D A T E X 0 8 0 0
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ENTITY SPECIFICATION

E N T I T Y  NO s 9 
E N T I T Y  NAME s E N T I T Y O ?

D E S C R I P T I O N  : I N V O I C E  & P R O V I S I O N  C O S T  I T E M  D E T A I L

A T T R I B U T E M I N MAX I  N T D E C
N U MB E R S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S P L A C E S S I G N E D P A C K

1 S O U R C E  R E F x 1 1 0 3 0 N N
I T E M  NO 9 0 3 0 N N

6 S I T E  NO 9 0 TJ o N N
7 P L O T  NO 9 0 3 0 N N
8 C O S T  C O D E 9 6 ■ji 0 N N
9 D E S C R I P T I O N Y 1 2 0 0 0

1 0 C O S T  C A T X 7% "T 0 0
1 1 V A L U E 9 0 1 0 6 2 Y Y
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E N T I T Y  S P E C I F I C A T I O N  

E N T I T Y  NO : 10 
E N T I T Y  NAME : E N T I T Y 10 
D E S C R I P T I O N  : S I T E  E S T I M A T E

R I  B U T E M I N MAX I  NT D E C
IMBER S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S P L A C E S S I G N E D PA C K

1 S I T E  C O D E 9 0 7; 3 0 N N
P L O T  NO 9 0 o •j* 0 N N

y t C O S T  C O D E 9 0 7 3 0 N N
6 M A T E R I A L 9 0 9 6 o N Y
7 S U B  C O N T R A C T 9 0 9 h N Y
8 L A B O U R 9 0 9 6 N Y
9 P L A N T - H A U L 9 0 9 6 2 N Y

1 0 ON C O S T S 9 0 9 6 N Y
1 1 S E L L I N G 9 0 9 6 2 N Y
1 2 S U P E R V I S I O N 9 0 9 6 N Y
13 E S T I M A T E 9 0 9 6 2 N Y
14 T O T A L 9 0 1 0 7 71 N N
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ENTITY SPECIFICATION

E N T I T Y  NO s 11 
E N T I T Y  NAME : E N T I T Y 11 
D E S C R I P T I O N  : H O U S E  E S T I M A T E

A T T R I B U T E M I N MAX I  NT D E C
NU MB E R S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S P L A C E S S I G N E D P A C K

1 H O U S E  C O D E X 1 5 0 0
r? C O S T  C O D E 9 0 0 N N
6 M A T E R I A L 9 0 9 6 N N
7 S U B  C O N T R A C T 9 0 9 6 n N N

8 L A B O U R 9 0 9 6 N N

9 P L A N T  H AUL 9 0 9 6 N N

1 0 ON C O S T S 9 0 9 6 N N

11 S E L L I N G 9 0 9 6 N N

1 2 S U P E R V I S I O N 9 0 9 6 N N
13 E S T I M A T E 9 0 9 6 , N N
14 T O T A L 9 0 9 6 r? N N
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ENTITY SPECIFICATION

E N T I T Y  NO s 12
E N T I T Y  NAME : E N T I T Y 12
D E S C R I P T I O N  : S I T E  E S T I M A T E  BY P L O T

A T T R I B U T E M I N MAX I N T D E C
NUMBE R S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S P L A C E S S I G N E D P A C K

1 S I T E  C O D E Q 0 s!l» 0 N N
Z P L O T  NO 9 0 .ji 0 N N

C O S T  C O D E 9 0 0 N N
6 M A T E R I A L 9 0 9 6> 2 N Y
7 S U B  C O N T R A C T 9 0 9 6 N Y
8 L A B O U R 9 0 9 6 2 N Y
9 P L A N T - H A I J L 9 0 9 6 9 N Y

1 0 ON C O S T S 9 0 9 6 N Y
1 1 S E L L I N G 9 0 9 6 n N Y
1 2 S U P E R V I S I O N 9 0 9 6 2 N Y
13 E S T I M A T E 9 o 9 6 2 N Y
14 T O T A L 9 0 1 0 7 2 N Y
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ENTITY SPECIFICATION

E N T I T Y  NO : 14 
E N T I T Y  NAME : E N T I T Y 14
D E S C R I P T I O N  : C O S T  D E T A I L S  BY S I T E  ( N O T  A P P O R T I O N E D )

A T T R I B U T E M I N MAX I  NT D E C
N U MB E R S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S P L A C E S S I G N E D P A C K E D

1 S I T E  NO 9 0 sill 71 0 N N
P L O T  NO 9 0 71 7j 0 N N

71 C O S T  C O D E 9 0 T 71 0 N N
6 MAT C O S T 9 0 10 6 Y Y
7 S U B  C O S T 9 0 10 6 *“> Y Y
8 L A B  C O S T 9 0 10 6 Y Y
9 P L A  C O S T 9 0 10 6 Y Y

1 0 ONC C O S T 9 0 1 0 6 r| Y Y
1 1 S E L  C O S T 9 0 1 0 6 O Y Y
1 2 S U P  C O S T 9 0 1 0 6 Y Y
13 MAT P R O V 9 0 1 0 6 Y Y
14 S U B  P R O V 9 0 1 0 6 Y Y
15 L A B  P R O V 9 0 1 0 6 Y Y
16 P L A  P R O V 9 0 1 0 6 '■-i Y Y
17 ONC P R O V 9 0 1 0 6 Y Y
18 S E L  P R O V 9 0 1 0 6 Y Y
19 S U P  P R O V 9 cD 1 0 6 r? Y Y
2 0 T O T A L 9 0 1 1 7 r? Y N
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ENTITY SPECIFICATION

ENTITY NO : 15

E N T I T Y  NAME : E N T I T Y 15
D E S C R I P T I O N  : C O S T  D E T A I L S  BY S I T E  & P L O T  ( A P P O R T I O N E D

' R I  B U T E M I N MAX I NT D E C

JMBER S H O R T  NAME T Y P E L E N G T H L E N G T H P L A C E S P L A C E S S I G N E D P A C K

1 S I T E  NO 9 0 7; o 0 N N

P L O T  NO 9 0 T, 0 N N

C O S T  C O D E 9 0 0 N N

6 MAT C O S T 9 0 1 0 6 2 Y Y

7 S U B  C O S T 9 0 1 0 6 2 Y Y

8 L A B  C O S T 9 0 1 0 6 Y Y

9 P L A  C O S T 9 0 1 0 6 Y Y

1 0 ON C C O S T 9 0 1 0 6 Y Y

1 1 S E L  C O S T 9 0 1 0 6 Y Y

1 2 S U P  C O S T 9 0 1 0 6 Y Y

13 MAT P R O V 9 0 1 0 6 »*» Y Y

14 S U B  P R O V 9 0 1 0 6 Y Y

15 L A B  P R O V 9 0 1 0 6 Y Y

16 P L A  P R O V 9 0 1 0 6 '- j Y Y

17 O N C  P R O V 9 0 1 0 6 <2 Y Y

18 S E L  P R O V 9 0 1 0 6 Y Y

19 S U P  P R O V 9 0 1 0 6 Y Y

2 0 T O T A L 9 0 1 1 7 Y Y
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ENTITY SPECIFICATION

ENTITY NO : 20

E N T I T Y  NAME : E N T I T Y 20
D E S C R I P T I O N  : C O S T  C A T A G O R Y  A N A L Y S I S

A T T R I B U T E  M I N  MAX I N T  D E C
NU M B E R  S H O R T  NAME T Y P E  L E N G T H  L E N G T H  P L A C E S  P L A C E S  S I G N E D  P A C K E D  

1 C O S T  C O D E  9 0 3 3 0 N N
6  C O S T  NAME X 1 12 0 0
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S PEC-BUILDER MENUS

COST CONTROL & ESTIMATING SYSTEM ACTION

OPTION CODE

DATA BASE MAINTENANCE..........  DAT
SYSTEM P R O CESSES..................  PRO
DATA BASE R E P O R T S ................. REP

ENTER OPTION, OR r X p TO EXIT

SELECT
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COST CONTROL ■& ESTIMATE REPORTS ACTION s SELECT

O P T I O N C O D E

H O U S E  E S T I M A T E  A N A L Y S I S ...................... H S E
S I T E  E S T I M A T E  : -  D I R E C T  C O S T . . D I R
S I T E  E S T I M A T E  s -  B U D G E T ...................... BLJD
C O S T  A N A L Y S I S  BY S I T E .................. C S T
C O S T  V E S T I M A T E  C O M P A R I S O N _____ COM

E N T E R  O P T I O N ,  OR T O  E X I T
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SYSTEM PROCESS & CALCULATION ACTION : SELECT

O P T I O N C O D E

H O U S E  T Y P E  E S T I M A T E ................................ H S E
S I T E  E S T I M A T E  D I R E C T  C O S T . D I R
S I T E  E S T I M A T E  x -  P L O T  C O S T . . . P L O
S I T E  E S T I M A T E  A P P O R T I O N M E N T . . E A P
S I T E  C O S T  C A L C U L A T I O N ......................... G S T
S I T E  C O S T  A P P O R T I O N M E N T .................. C A P

E N T E R  O P T I O N ,  OR ’ X '  T O E X I T
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DATA BASE MAINTENANCE ACTION : SELECT

O P T I O N  C O D E

H O U S E  D E T A I L  M A I N T E N A N C E ....................... H S E
O P E R A T I O N  D E T A I L  M A I N T E N A N C E . .  O P E
I T E M  D E T A I L ........M A I N T E N A N C E .................. I I 'M
S I T E  H E A D E R  M A I N T E N A N C E .................. S H D
S I T E  O P E R A T I O N  M A I N T E N A N C E   S O P
P L O T  D E T A I L  M A I N T E N A N C E .................. P L.0
C O S T  D E T A I L  M A I N T E N A N C E .................. C S T
C O S T  C A T A G O R Y  M A I N T E N A N C E   C A T

E N T E R  O P T I O N ,  OR X 7 T O E X I T  <
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\

SPEC-BUILDER SCREEN FORMATS

F o r m a t  p r i n t  f o r  s c r e e n  n u m b e r  1 
*  * * * * *  *  * * * * * * *  *  *  *  *  * * * * *  *  *  *  *  *  .* *  *  *  *

HOUSE D E T A IL  MAINTENANCE

HOUSE CODE : XXXXX NAME : XXXXXXXXXXXX A B B R E V IA T IO N  : XX

HOUSE CLASS : XXX D E S C R IP TIO N  : XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
X X X X X X X X X X X X XXXXX X X X X X X X X X X X X X

FLOOR AREA s 9 9 9 9 . 99  PLOT FRONTAGE : 9 9 9 9 . 9 9 GARAGE : XX HEATING  :

OPERATION B U IL D  UP■ D E T A IL S  : ~
LEVEL CODE D E S C R IP TIO N QUANT I  'I Y WASTAGE

X XXXXXX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9 9 9 9 9 9  __ 9 9 9 9 9 . 9 9
X XXXXXX XXX X XXXXXX X X X X X X X X X X X X X X X X X X X X 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 .  9 9
X X X X X X X X X X X X X XXXXXX X X X X X X X X X X X X X X X X X X 9 9 9 9 9 9 . 9 9 9 9 9 .  9 9
X XXXXXX X X X X X XXXXXX X X X XX X X X X X X X X X X X XX X 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X . X X X X X X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9 9 9 9 9 9 . 9 9 9 9 9 .  99
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 .  9 9
X XXXXXX X X X X X X X X X X X X X X X X X X X X X X X A X X X X X X 9 9 9 9 9 9 . 9 9 9 9 9 .  9 9

S c r e e n  name : HSE-MNT

S c r  e e n d e s c r i p t  j. a n : H A S S A L L : — HOUSE D E T A I L  M A 1N T E N A N C E

Schema numbe?r : 1
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Screen documentation (-field analysis) tor screen number 1
**********************************************************

H e a d e r  A r e a

F i e l d  No . K e y E n t i  t y A t t r i  b u t e I n p u t / O u t p u t M a n d a t o r y / O p t i  o n a l

1 Y E N T IT Y 0 1 HOUSE CODE I 0

2 N E N T IT Y 0 1 HOUSE NAME M
3 N E N T IT Y 0 1 A B B R E V IA T IO N I M
4 N E N T IT Y 0 1 HOUSE CLASS I M
5 N E N T IT Y 0 1 D E S C R IP T IO N I I M
6 N E N T IT Y 0 1 DESCRIPTIONS* I 0

7 N E N T IT Y 0 1 FLOOR AREA I M
8 N E N T IT Y 0 1 PLOT FRONT I M
9 N E N T IT Y 0 1 GARAGE CODE I 0

1 0 N E N T IT Y 0 1 HEATING CODE I 0

S c r o l l e d  A r e a

e l d  No. K e y E n t i t y A t t r i  b u t e I n p u t / O u t p u t M a n d a t o r y / O p t i  o n a l

1 1 Y E N T IT Y 0 2 OF* LEVEL I 0

1 2 Y E N T IT Y 0 2 OF* CODE I M
13 N E N T IT Y 0 6 D E S C R IP T IO N I 0 0

14 N E N T IT Y 0 2 QUANTITY I M
l b N E N T IT Y 0 2 WASTAGE I M

( N . B .  F i e l d  n u m b e r s  a r e  a l l o c a t e d  b y  h o r i z o n t a l l y  t r a v e r s i n g  t h e  s c r e e n  ) 

* * * * * * * * * * * * * * * *  End o f  s c r e e n  d o c u m e n t a t i o n  * * * * * * * * * * * * * * *
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Format print for screen number 2
*********************************

ITEM D E T A IL  MAINTENANCE

CODE s XXXXXX

COST TYPE : XXX

D E S C R IP TIO N  : XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

U N IT  : XXXXXXXX

P RICE : 9 9 9 9 9 9 . 9 9 9

APPORTIONED : X

CONV FACTOR : 9 9 9 9 . 9 9 9 9

S c r e e n  name : ITEM-MNT

S c r e e n  d e s c r i p t i o n  : HASSALL ITEM D E T A IL  MAINTENANCE

Schema number : 1
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Screen documentation (field analysis) for screen number 2
**********************************************************

F i e l d  No . K e y E n t i  t y A t t r i  b u t e I n p u t / O u t p u t M a n d a t o r y / O p t i  a n a l

1 Y E N T IT Y 0 6 O P - IT E N  CODE I 0
ri, N E N T IT Y 0 6 ITEM TYPE I M

N E N T IT Y 0 6 D E S C R IP T IO N I I M
4 N E N T IT Y 0 6 D E S C R IP T I0 N 2 I 0

5 N E N T IT Y 0 6 U N IT I M
6 N E N T IT Y 0 6 VALUE I 0

7 N E N T IT Y 0 6 APPORTIONED I M
8 N E N T IT Y 0 6 CONV FACTOR I M

( N.F-i. F i e l d  n u m b e r s  a r e  a l l o c a t e d  b y  h o r i z o n t a l l y  t r a v e r s i n g  t h e  s c r e e n  )

* * * * * * * * * * * * * * * *  End o f  s c r e e n  d o c u m e n t a t i o n  * * * * * * * * * * * * * * * *
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Format print for screen number 3*********************************

OPERATION MAINTENANCE

LEVEL : X CODE : XXXXXX D E S C R IP T IO N  : XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

U N IT  : XXXXXXXX COST CODE : 9 9 9  CATAGQEY : XXXXXXXXXXXX

ESTIM ATE ( Y / N )  : X ESIMATED VALUE : 9 9 9 9 9 9 . 9 9 9

.EVEL CODE D E S C R IP TIO N Q UANTITY WASTAGE'/.

X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 .  99
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9  ̂9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 .  99
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 .  9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 .  99

S c r e e n  name : OP-MNT

S c r e e n  d e s c r i p t i o n  : HASSAL..L OPERATION MAINTENANCE

Schem a n u m b e r  : 1

C4-26



Sc:reen documentation (-field analysis) -for screen number 3
***************************************** ********* ********

H e a d e r  A r e a

I d  N o . K e y E n t i  t y A t t r i b u t e I n p u t / O u t p u t M a n d a t o r y / O p t i  o n a l

1 Y E N T IT Y 0 6 D P - IT E M  TYPE I 0

Y E N T IT Y 0 6 O P - IT E M  CODE I M
7. N E N T IT Y 06 D E S C R IP T IO N I I M
4 N E N T IT Y 0 6 D E S C R IP T I0 N 2 I 0

5 N E N T IT Y 0 6 U N IT I M
6 N E N T IT Y 0 6 COST CODE I 0

7 N E N T IT Y 2 0 COST NAME 0

8 N E N T IT Y 0 6 ESTIMATED I M
9 N E N T IT Y 0 6 VALUE I 0

S c r o l 1 ed  A r e a

F i e l d  No . K e y E n t i  t y A t t r  i  b u t e I n p u t / O u t p u t M a n d a t o r y / O p t i  o n a l

1 0 Y E N T IT Y 0 7 SUB OP LEVEL I 0

1 1 Y E N T IT Y 0 7 SUB OP CODE I M
1 2 N E N T IT Y 0 6 D E S C R IP T IO N I 0 0

13 N E N T IT Y 0 7 QUANTITY I M
14 N E N T IT Y 0 7 WASTAGE I 0

( N . B .  F i e l d  n u m b e r s  a r e  a l l o c a t e d  b y  h o r i z o n t a l l y  t r a v e r s i n g  t h e  s c r e e n  )

* * * * * * * * * * * * * * * *  End o f  s c r e e n  d o c u m e n t a t i o n  * * * * * * * * * * * * * * * *



S U E  W EIGHTINGS : 

LABOUR M ATERIAL

9_999 9 ^ 9 9

S c r e e n  name :

S c r e e n  d e s c r i p t i o n  :

S chem a n u m b e r  :

Format print for screen number 4*********************************

S I T E  HEADER

S IT E  CODE : 9 9 9
NAME : XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
ADDRESS : XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

POST CODE : XXXXXXXXX 
TEL NO.  : XXXXXXXXXXXX

SUB CON PLANT ON COST S E L L IN G  SUPER VIS

9 . 9 9 9  9 . 9 9 9  9 . 9 9 9  9 . 9 9 9  9 . 9 9 9

S IT E -H D R

HASSALL S IT E  HEADER D E S C R IP TIO N

1

ESTIM ATE

9 . 9 9 9
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Screen documentation (-field analysis) -for screen number 4Hc * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

F i e l d  No . K e y E n t i  t y A t t r i  b u t e I n p u t / O u t p u t M a n d a t o r y / O p t i  o n a l

1 Y E N T IT Y 0 3 S IT E  CODE I 0

2 N E N T IT Y 0 3 S IT E  NAME I M
3 N E N T IT Y 0 3 ADDRESS 1 I M
4 N E N T IT Y 0 3 ADDRESS 2 I 0

5 E N T IT Y 0 3 ADDRESS 3 0

6 N E N T IT Y 0 3 ADDRESS 4 I 0

7 N E N T IT Y 0 3 POST CODE I 0

B N E N T IT Y 0 3 TEL NO 0

9 N E N T IT Y 0 3 LABOUR RATE I M
1 0 N E N T IT Y 0 3 M ATERIAL RTE M
1 1 E N T IT Y 0 3 SUB CON RATE I M
1 2 N E N T IT Y 0 3 PLANT RATE I M
13 N E N T IT Y 0 3 ON COST RATE I M
14 N E N T IT Y 0 3 S E L L IN G  RATE I M
15 N E N T IT Y 0 3 SUPERVIS RTE I M
16 N E N T IT Y 0 3 E STIM ATE RTE I M

( N . B .  h i  e l d  n u m b e r s  a r e  a l l o c a t e d  b y  h o r i z o n t a l l y  t r a v e r s i n g  t h e  s c r e e n  )

* * * * * * * * * * * * * * * *  End o f  s c r e e n  d o c u m e n t a t i o n  * * * * * * * * * * * * * * * *
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Format print -for screen number 5
*********************************

PLOT MAINTENANCE

S IT E CODE : 9 9 9 S IT E  NAME : XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

..OT NO HOUSE CODE D ESC RIPTIO N SALE p r :

9 9 9 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9

9 9 9 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 ,
9 9 9 XXXXX X X X X X X X X X X X X X X X X X X X X X X X X XXXXXX 9 9 9 9 9 9 ,
9 9 9 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 ,
9 9 9 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9
9 9 9 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 ,
9 9 9 XXXXX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9 9 9 9 9 9

9 9 9 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9

9 9 9 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9

9 9 9 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9

9 9 9 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9

9 9 9 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9

9 9 9 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9

S c r e e n  name : S-HOUSE

S c r e e n  d e s c r i p t i o n  : HASSALL s -  S IT E  D E S C R IP T IO N ; PLOT D E T A IL

Schema number : 1

CE

9 9
9 9
9 9
9 9
9 9
9 9
9 9
9 9
9 9
9 9
9 9
9 9
9 9
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Screen documentation (-field analysis) -for screen number 5
########################a####ft#####. #######

H e a d e r  A r e a

F i e l d  N o .  K e y  E n t i t y  A t t r i b u t e  I n p u t / O u t p u t  M a n d a t o r y / O p t i o n a l

1 Y E N T IT Y 0 3  S I T E  CODE 1 0
2 N E N T IT Y 0 3  S I T E  NAME I  M

S c r o l l e d  A r e a

K e y E n t i  t y A t t r i b u t e I n p u t / O u t p u t M a n d a t o r y / O p t i  o n a l

Y E N T IT Y 0 4 PLOT NO I 0

N E N T IT Y 0 4 HOUSE CODE I M
N E N T IT Y 0 1 D E S C R IP T IO N I 0 0

N E N T IT Y 0 4 SALE VALUE I Q

( N . B .  F i e l d  n u m b e r s  a r e  a l l o c a t e d  b y  h o r i z o n t a l l y  t r a v e r s i n g  t h e  s c r e e n  )

Hf.tHf.1f. $ * * * * * *  t *  End o f  s c r e e n  d o c u m e n t a t i o n  # # # # : # # # * # # # # * # * *
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Format print for screen number 6
*********************************

S IT E  OPERATIONS.

S IT E CODE : 9 9 9  S IT E  NAME : XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

LEVEL CODE D E S C R IP TIO N QUANTITY WASTAGE

X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 _ 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 .  99
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 .  9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9
X XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9

S c r e e n  name : S—OPER

S c r e e n  d e s c r i p t i o n  : HASSALL S IT E  OPERATION MAINTENANCE

Schema number : 1
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I
S c r e e n  d o c u m e n t a t i o n  ( f i e l d  a n a l y s i s )  f o r  s c r e e n  n u m b e r  6

H e a d e r A r e a

e l d  No . K e y E n t i  t y A t t r i  b u t e I n p u t / O u t p u t M a n d a t o r y / O p t i o n a l

1 Y E N T IT Y 0 3 S I T E  CODE I 0

2 N E N T IT Y 0 3 S IT E  NAME I M

S c r o l l e d  A r e a  

F i e l d  N o .  K e y E n t i t y A t t r i  b u t e I n p u t / O u t p u t M a n d a t o r y / O p t i  o n a l

3 Y E N T IT Y 0 5 OP LEVEL I 0

4 Y E N T IT Y 0 5 OF* CODE I M
5 N E N T IT Y 0 6 D E S C R IP T IO N I 0 0

6 N E N T IT Y 0 5 QUANTITY I M
7 N E N T IT Y 0 5 WASTAGE I M

( N . B .  F i e l d  n u m b e r s  a r e  a l l o c a t e d  b y  h o r i z o n t a l l y  t r a v e r s i n t }  t h e  s c r e e n  ) 

i t : # * * * * # * * * # * # * * #  End o f  s c r e e n  d o c u m e n t a t i o n  * # # # *
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Format print -for screen number 7
*********************************

COST MAINTENANCE

SOURCE REF : XXXXXXXXXX P R O V IS IO N  OR IN V O IC E : X

S U P P L IE R : XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

DATE : XXXXXXXX

ITEM  NO S IT E  NO PLOT NO COST CODE D E S C R IP T IO N  COST CAT VAl_

9 9 9 9 9 9 9 9 9 9 9 9 XXXXXX XXXXXXXXX X XXXX XXX - 9 9 9 9 9 9 .
9 9 9 9 9 9 9 9 9 9 9 9 X X X X X X X X X X X X X X X X X X X X XXX - 9 9 9 9 9 9 .
9 9 9 9 9 9 9 9 9 9 9 9 X X X X X X X X X X X X X X X X X X X X XXX - 9 9 9 9 9 9 .
9 9 9 9 9 9 9 9 9 9 9 9 XXXXXXXXXXXXXXXXXXXX XXX - 9 9 9 9 9 9 .
9 9 9 9 9 9 9 9 9 9 9 9 XXXXXXXXXXXXXXXXXXXX XXX - 9 9 9 9 9 9 .
9 9 9 9 9 9 9 9 9 9 9 9 XXXXXXXXXXXXXXXXXXXX XXX - 9 9 9 9 9 9 .
9 9 9 9 9 9 9 9 9 9 9 9 XXXXXXXXXXXXXXXXXXXX XXX - 9 9 9 9 9 9 .
9 9 9 9 9 9 9 9 9 9 9 9 XXXXXXXXXXXXXXXXXXXX XXX - 9 9 9 9 9 9 .
9 9 9 9 9 9 9 9 9 9 9 9 XXXXXXXXXXXXXXXXXXXX XXX - 9 9 9 9 9 9 .
9 9 9 9 9 9 9 9 9 9 9 9 XXXXXXXXXXXXXXXXXXXX XXX - 9 9 9 9 9 9 .

S c r e e n  name : COST-MNT

S c r e e n  d e s c r i p t i o n  : COST ( IN V O IC E D  & P R O V IS IO N A L)  MAITENANCE

Schem a n u m b e r  :

.UE

99
9 9
9 9
9 9
9 9
9 9
9 9
9 9
9 9
9 9
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Screen documentation (-field analysis) for screen number 7
# * # * * * *#**#***# ***'*###** * * * * * * *

H e a d e r  A r e a

F i e l d  No. K e y E n t i  t y A t t r i  b u t e I n p u t / O u t p u t M a n d a t o r y / O p t i  o n a l

1 Y ENTITYO B SOURCE REF I 0

N E N T IT Y 0 8 PROV OR IN V I M
O N ENTITYO B S U P P LIE R I M
4 N ENTITYO B DATE I M

S c r o l l e d  A r e a

e l d  N o . K e y E n t i  t y A t t r i  b u t e I  n p u t  /  O u tp u t . M a n d a t o r y / O p t i  o n a l

5 Y E N T IT Y 0 9 ITEM NO I 0

6 N E N T IT Y 0 9 S IT E  NO I M
7 N E N T IT Y 0 9 PLOT NO I M
B N E N T IT Y 0 9 COST CODE I M
9 N E N T 1TY 09 DES C R IP TIO N I M

1 0 N E N T IT Y 0 9 COST CAT M
1 1 N E N T IT Y 0 9 VALUE I M

< N . B .  F i e l d  n u m b e r s  a r e  a l l o c a t e d  b y  h o r i z o n t a l l y  t r a v e r s i n g  t h e  s c r e e n  )

* * * * * * * * * * * * * * * *  End o f  s c r e e n  d o c u m e n t a t i o n  # # # # * * * # * # * # # # # *
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F o r m a t  p r i n t  - f o r  s c r e e n  n u m b e r  2 0  

COST CATAGORY MAINTENANCE

COST CODE : 9 9 9  

CATAGORY : XXXXXXXXXXXX

S c r e e n  name : CC-MNT

S c r e e n  d e s c r i p t i o n  : COST CATAGORY MAINTENANCE

Schem a n u m b e r  : 1
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Screen documentation (field analysis) for screen number 20
**********************************************************

F i e l d  N o .  K e y  E n t i t y  A t t r i b u t e  I n p u t / O u t p u t

1 Y E N T IT Y 2 0  COST CODE I
2 N E N T IT Y 2 0  COST NAME I

( N . B .  F i e l d  n u m b e r s  a r e  a l l o c a t e d  b y  h o r i z o n t a l l y  t r a v e r *

* * * * * * * * * * * * * * * *  End  o f  s c r e e n  d o c u m e n t a t i o n

M a n d a t o r y / O p t i  o n a l

0
M

i i n g  t h e  s c r e e n  )

*: * * * * * * * * * * * * * * *
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SPEC-BUILDER REPORT FORMATS

HOUSE ESTIMATE DIRECT COSTS

HOUSE CODE : SHE01 HOUSE NAME : SHEFFIELD

COST CODE MATERIALS SUB CON LABOUR PLNT & HLB ON COSTS SELLING SUPERVISN ESTIMATE TOTAL

FOUNDATIONS 1850.00 0.00 745.00 239.00 0.00 0.00 0.00 0.00 2834.00

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 3456.50 0.00 0.00 0.00 0.00 450.30 13982.44

EXTERNAL HKS 367.20 190.40 190.70 307.30 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 13B.25

HOUSE TOTAL 9382.84 3314.95 4549.70 630.06 114.00 0.00 0.00 450.30 18441.85
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SITE ESTIMATE (DIRECT COSTS) TEST SITE

PLOT NO : 0 HOUSE CODE : HOUSE NAME :

COST CODE 11ATERIALS SUB CON LABOUR PLNT t HLG ONCOSTS SELLING SUPERVISN ESTIMATE TOTAL

SAND I THSLE 354.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 356.30

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

HATCHHAN 0.00 0.00 670.00 0.00 0.00 0.00 0.00 0.00 670.00

SEWERS 0.00 2350.00 0.00 0.00 0.00 0.00 0.00 0.00 2350.00

ROADS 0.00 5600.00 0.00 0.00 0.00 0.00 0.00 0.00 5600.00

PLOT TOTAL 356.30 7950.00 670.00 90.00 0.00 0.00 770.00 0.00 9836.
(general site costs)
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SITE ESTIMATE (DIRECT COSTS) TEST SITE

PLOT NO : 1 HOUSE CODE : SHEOl HOUSE NAME : SHEFFIELD

COST CODE 11ATERIALS SUB CON LABOUR PLNT I HL6 ONCOSTS SELLING SUPERVISN ESTIMATE TOTAL

FOUNDATIONS 1850.00 0.00 745.00 239.00 0.00 0.00 0.00 0.00 2834.00

DRAINS 190.30 0.00 157.50 83.76 0.00 0.00 0.00 0.00 431.56

SUF’ER-STRUCT 6975.34 3100.30 3456.50 0.00 0.00 0.00 0.00 450.30 13982.44

EXTERNAL NKS 367.20 190.40 190.70 307.30 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 0.00 138.25

PLOT TOTAL 9382.84 3314.95 4549.70 630.06 114.00 0.00 0.00 450.30 18441.
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SITE ESTIMATE (DIRECT COSTS) TEST SITE

PLOT NO : 2 HOUSE CODE : NAKOi HOUSE NAME : WAKEFIELD

COST CODE 1MATERIALS SUB CON LABOUR PLNT 6 HL6 ONCOSTS SELLING SUPERV1SN ESTIMATE TOTAL

FOUNDATIONS 1942.50 0.00 797.15 262.90 0.00 0.00 0.00 0.00 3002.55

DRAINS 211.23 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 HKS 422.28 220.8& 228.84 334.95 0.00 0.00 0.00 0.00 1206.93

ONCOSTS 0.00 0.00 0.00 0.00 262.20 0.00 0.00 0.00 262.20

PLOT TOTAL 14434.08 4251.25 6157.78 694.17 262.20 0.00 0.00 0.00 25799,

SITE TOTAL 24173.22 15516.20 11377.48 1414.23 376.20 0.00 770.00 450.30 54077.

C5-4I



SITE BUDGET (APPORTIONED) TEST SITE

PLOT NUHBER : 1 HOUSE CODE : SHE01 NAME : SHEFFIELD APPORTION FACTOR : 0.454545454

COST CENTRE MATERIALS SUB CON LABOUR PLNT k HLG ON COSTS SELLING SUPERVISN ESTIMATE TOTAL

FOUNDATIONS 1850.00 0.00 745.00 239.00 0.00 0.00 0.00 0.00 2834.00

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 3456.50 0.00 0.00 0.00 0.00 450.30 13982.44

EXTERNAL WKS 367.20 190.40 190.70 307.30 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 0.00 138.25

APPORTIONED 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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SITE BUDGET (APPORTIONED) TEST SITE

PLOT NUMBER : 2 HOUSE CODE : NAK01 NAME : WAKEFIELD APPORTION FACTOR : 0.545454545

COST CENTRE MATERIALS SUB CON LABOUR PLNT I HLG ON COSTS SELLIN6 SUPERVISN ESTIMATE TOTAL

FOUNDATIONS 1942.50 0.00 797.15 262.90 0.00 0.00 0.00 0.00 3002.55

DRAINS 211.23 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 HKS 422.28 220.86 22B.84 334.95 0.00 0.00 0.00 0.00 1206.93

ONCOSTS 0.00 0.00 0.00 0.00 262.20 0.00 0.00 0.00 262.20

APPORTIONED 194.34 4336.35 365.45 49.09 0.00 0.00 419.99 0.00 5365.22

PLOT TOTAL 14628.42 8587.60 6523.23 743.26 262.20 0.00 419.99 0.00 31164.70

SITE-TOTAL 24173.21 15516.18 11377.47 1414.22 376.20 0.00 769.9B 450.30 54077.56
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SITE COST ANALYSIS (APPORTIONED) :-TEST SITE

PLOT NUMBER : 1 HOUSE CODE : SHEOl APPORTION FACTOR : 0.454545454

COST CENTRE MATERIALS SUB CON LABOUR PLNT & HLG ON COSTS SELLING SUPERVISN ESTIMATE TOTAL

FOUNDATIONS COST 655.70 45.30 840.00 357.00 0.00 0.00 0.00
PROVISION 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1B98.00
ESTIMATE 1850.00 ' 0.00 745.00 239.00 0.00 0.00 0.00 0.00 2834.00

DRAINS COST 274.90 0.00 149.00 82.67 0.00 0.00 0.00
PROVISION 0.00 0.00 0.00 0.00 0.00 0.00 0.00 506.57
ESTIMATE 190.30 0.00 157.50 83.76 0.00 0.00 0.00 0.00 431.56

SUPER-STRUCT COST 6845.78 3090.00 3267.00 0.00 0.00 0.00 0.00
PROVISION 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13202.78
ESTIMATE 6975.34 3100.30 3456.50 0.00 0.00 0.00 0.00 ' 450.30 13982.44

EXTERNAL HKS COST 428.90 187.80 197.00 310.80 0.00 0.00 0.00
PROVISION 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1124.50
ESTIMATE 367.20 190.40 190.70 307.30 0.00 0.00 0.00 0.00 1055.60

ONCOSTS COST 0.00 0.00 0.00 0.00 127.50 0.00 0.00
PROVISION . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 127.50
ESTIMATE 0.00 24.25 0.00 0.00 114.00 0.00 0.00 0.00 138.25

APPORTIONED COST 145.68 3730.67 327.49 22.72 0.00 0.00 375.45
PROVISION 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4602.01
ESTIMATE 161.95 3613.63 304.54 40.90 0.00 0.00 349.99 0.00 4471.01

PLOT TOTAL COST B350.96 7053.77 47B0.49 773.19 127.50 0.00 375.45 21461.36
ESTIMATE 9544.79 6928.58 4B54.24 670.96 114.00 0.00 349.99 450.30 22912.86
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SITE COST ANALYSIS (APPORTIONED) :-TEST SITE

PLOT NUMBER : 2 HOUSE CODE : HAKOl APPORTION FACTOR : 0.545454545

COST CENTRE MATERIALS SUB CON LABOUR PLNT I HLG ON COSTS SELLING SUPERV1SN ESTIMATE

FOUNDATIONS COST 583.50 53.45 925.00 390.50 0.00 0.00 0.00
PROVISION 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ESTIMATE 1942.50 0.00 797.15 242.90 0.00 0.00 0.00 0.00

DRAINS COST 244.50 0.00 142.00 97.50 0.00 0.00 0.00
PROVISION 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ESTIMATE 211.23 0.00 189.00 94.32 0.00 0.00 0.00 0.00

SUPER-STRUCT COST 11370.20 4001.70 4837.00 0.00 0.00 0.00 0.00
PROVISION . 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ESTIMATE 11858.07 4030.39 4942.79 0.00 0.00 0.00 0.00 0.00

EXTERNAL NKS COST 450.75 223.80 225.40 312.80 0.00 0.00 0.00
PROVISION 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ESTIMATE 422.28 220.84 228.84 334.95 0.00 0.00 0.00 0.00

ONCOSTS COST 0.00. 0.00 0.00 0.00 240.00 0.00 0.00
PROVISION 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00
ESTIMATE 0.00 0.00 0.00 0.00 242.20 0.00 0.00 0.00

APPORTIONED COST 174.81 4474.80 392.99 27.27 0.00 0.00 450.54
PROVISION 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ESTIMATE 194.34 4334.35 345.45 49.09 0.00 0.00 419.99 0.00

PLOT TOTAL COST 12843.74 8755.75 4542.39 828.07 240.00 0.00 450.54
ESTIMATE 1442B.42 8567.40 4523.23 743.26 262.20 0.00 419.99 0.00

SITE TOTAL COST 21194.72 15809.52 11322.88 1601.26 367.50 0.00 825.99
ESTIMATE 24173.21 15514.IB 11377.47 1414.22 376.20 0.00 769.98 450.30

TOTAL

1952.45
3002.55

524.00
494.55

20208.90
20B31.25

1212.75
1204.93

240.00
242.20

5522.41
5345.22

29440.51
31144.70

51121.87
54077.54
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COST & PROVISIONAL COST ANALYSIS

S IT E  NO : 1 S I T E  NAME : TEST S IT E

•LOT COST SOURCE ITEM COST COST
NO CODE REFERENCE NO D E S C R IP TIO N CATAGORY PROV VALUE.
0 100 I N V 0 0 3 1 SAND AND T H IS T L E MAT I 3 2 0 . 5 0
0 101 F'LAOOl 1 JCB PLA I 5 0 .  0 0
0 101 PLA 001 JCB OPERATOR LAB I 3 S. 00
0 102 WKS2001 1 S IT E  FOREMAN SUP I 1 5 5 . 0 0
0 102 W KS2002 1 S IT E  FOREMAN SUP I 1 5 5 . 5 0
0 102 WKS2 0 0 3 1 S IT E  FOREMAN SUP I 1 5 5 . 0 0
0 102 WKS2004 1 S IT E  FOREMAN SUP I 1 5 5 . 0 0
0 102 W KS2005 1 S IT E  FOREMAN SUP 1 5 5 . 5 0
0 102 W KS2006 1 S IT E  FOREMAN BONUS SUP P 5 0 .  0 0
0 103 WKS1001 1 WATCHMAN LAB I 1 3 4 . 3 0
0 103 WKS1 0 0 2 1 WATCHMAN LAB I 1 3 4 . 5 0
0 103 WKS1 0 0 3 WATCHMAN LAB I 1 3 4 . 5 0
0 103 WKS10 04 1 WATCHMAN LAB I 1 3 9 . 5 0
0 103 WKS1 0 0 5 1 WATCHMAN LAB I 1 3 9 . 7 0
0 7 0 0 IN V 0 0 2 1 SEWER CONSTRUCTION SUB I * i 5 5 7. 5 0
0 8 0 0 • IN V 0 0 1 1 ROAD CONSTRUCTION SUB I 5 6 5 0 . 0 0
1 1 1N V 004 1 BRICKS (COMMONS) MAT I 3 5 0 . GO
1 1 IN  0004- READY MIX MAT- I 2 6 0 .00
1 IN  VOO 4 A IR  BRICKS MAT I 4 5 . 7 0
1 1 IN V 0 0 5 1 JCB & OPERATOR PLA I 3 5 7 . 0 0

IN V 0 0 4 4 BRICKS (COMMONS) MAT I 3 2 3 . 0 0
2 1 IN V 0 0 4 5 READY MIX MAT I 2 2 3 . 0 0

1 IN V 0 0 4 6 A IR  BRICKS MAT I 3 7 . 5 0
s 1 IN V 0 0 5 JCB & OPERATOR PLA I 3 9 0 . 5 0
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APPENDIX D.

DB4GL REPORT GENERATOR SPECIFICATIONS.
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REPORT GENERATION

A P P E N D I X  D

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 is 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 the data to be reported,
ii) the formating and printing of the report.



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,
iii) 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, it 
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

PAGE : 999

ORDER REPORT
CUSTOMER NO : A0001 
ORDER NO : 000001

CUSTOMER NAME : ACME LTD 
ORDER DATE : 01/01/84

STOCK ITEM

TOTAL VALUE

DATE REQD

A123 WIDGET 01/03/84
B234 W0TSIT 03/03/84

PRICE QUANTITY

1.34
2.13

1000.00
2000.00

VALUE

1340.00
4260.00

5600.00

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 is resumed 
(if it can be).

D-4



There are two 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 user 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 selected 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 selected entities 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; 'equal1, 'not equal', 
'greater than', and 'less than'.

1.2.2. SORTING

Once the required 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 both stages of this report 
production.

REPORT NUMBER KEY FIELD
REPORT NAME
REPORT DESCRIPTION
SCHEMA NUMBER
MAIN SOURCE ENTITY
LINK ENTITY 1
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LINK ENTITY 2

LINK ENTITY 3

LINK ENTITY 4

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
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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 
AREA (HEADER OR FOOTING)
LINE NUMBER 
COLUMN NUMBER 
TEXT VALUE

2.3.2. VARIABLE FIELDS (ATTRIBUTES)

REPORT NUMBER
AREA (HEADING, DATA OR FOOTING)
LINE NUMBER 
COLUMN NUMBER 
ENTITY NUMBER 
ATTRIBUTE NUMBER 
TOTAL? (IF NUMERIC IN FOOTING)

KEY FIELD 
KEY FIELD 
KEY FIELD 
KEY FIELD

KEY FIELD 
KEY FIELD 
KEY FIELD 
KEY FIELD
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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, the 
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 in 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 then 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
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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 previous occurrence of the file is 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 temporary key file output by the select 

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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