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ABSTRACT

PLANNING SYSTEMS FOR SMALL FIRMS
MARK SALTER BSC

A study was carried out into the planning practices of four
small building firms through interviews and questionnaires.
The techniques of systems analysis were used to model the
information flows through the firms. These revealed the
firms to suffer from problems of integration between
planning and other functions. The breakdown of the work for
one function often did not suit the purposes of others.
Project data often had to be regenerated. The firms did not
evaluate their performance systematically in a way that
would be of benefit to future contracts.

A specification for a new system was developed to eliminate
these deficiencies and to take advantage of the power of
the microcomputer. The system derived data from the
estimate. A work breakdown structure allowed the
integration of planning, targeting, progress reporting,
reporting of hours, and valuations. The database of
estimate operations was maintained through an analysis of
timesheets. Information for the scheduling of materials and
subcontractors could be derived from the resulting
programme.

The small firms problem of 1ntegrat1ng the demands imposed
by a fluctuating workload on a relatively inflexible labour
supply was considered. The use of decision rules to resolve
conflicts through the levelling of a multiproject schedule
was investigated. A large number of rules were developed
using a spreadsheet operating in conjunction with a
planning package. These were tested on a number of
prototype workloads and assessed by various criteria. After
further development a consistently good rule was found.

This rule, and that encoded within the planning software,
were applied to the levelllng of the workload of one of the
collaborating firms at various stages of progress over a
three month period. The new rule continued to perform well.

The feasibility of der1v1ng planning data direct from the
estimate, and of using timesheet data both to update
programmes and to evaluate performance was demonstrated.

The firms methods of materials procurement and handling
were investigated. It was found that their collection of
materials from suppliers was poorly organised.
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GLOSSARY OF TERMS

activity attribute - a variable upon which a rule can diff-
erentiate between activities.

combined duration - (SEE total duration).
contract completion date - date at end of contract periocd.
contract duration - scheduled duration.

contract float - difference between contract period and
contract duration

contract overrun - scheduled overrun of contract completion

date.

contract period - duration of contract specified in contract
documents.

free float - period of delay sustainable by an activity

before a succeeding activity is also delayed.

field - criterion of assessment of outcome of levelling

procedure.
levelling - elimination of all instances of overscheduling
of a resource beyond a predefined level of avail-
bility.

levelling module - a distinct phase in the determination of
an activity's priority.

priority - the rating which determines an activity's
precedence over other activities in the
competition for scarce resources.
'superproject expert' a proprietary planning package.
'supercalc4' - a proprietary spreadsheet package.
total/combined duration - the sum of the contract durations
of all the projects in a multi-
project schedule.

total float - delay sustainable by an activity before the
critical path is extended.

vii



1 INTRODUCTION

l.1 THE BUILDING PROCESS

As an industrial process, building is unique.

Most production systems involve the convergence of
resources at a central 1location, where the bulk of
fabrication then takes place. This makes possible the
development of fixed facilities and a working environment
conducive to the efficient and predictable manufacture of a
product capable of being delivered to its final point of

use.

This is not so for the building industry, whose product
range is markedly less portable. For each contract a new,
temporary workplace must be set up, frequently within the
fabric of the product itself, to which must be brought the
necessary men, materials and equipment. Almost every order
is different, and typically is for a single unit or small
batch. This 1limits the application of mass production
techniques, which depend on a long production run for a
return on a large capital outlay. Thus, except on the
larger, more repetitive contracts, the builder cannot
appreciably benefit from the efficiencies of the production
line. Nonetheless, the client's expectation is increasingly
‘that of the procurement of resources of the right type and
quantity, each at the earliest possible opportunity. The
expectation is also of a period of tendering and planning

far shorter than that allowed for the design process.

The traditional isolation of the design and production



responsibilities, another characteristic of the industry,
neither promotes the consideration of production issues at
the design stage, nor affords the production team the
opportunity to make an early appréisal of its task before
work is under way. The builder cannot raise or lower
production by decree, but is subject to his current
contractual obligations, and ‘the fortunes of an

unpredictable tendering system.

In these conditions, production planning is an exacting
business, and therefore one of critical importance to

management.

l.2 THE 'SMALL' BUILDING FIRM

The low capitilization of the industry, the contracting out
of work in small packages, and the mobility of the
workplace - encourage the birth and survival of small
building firms serving 1limited geographical areas.
Consequently, in 1987, 97% of building firms were small by
Bolton's definition (less than 25 employees), employed 49%
of the workforce, and were responsible for 41% of the
industry's output (BOLTON,J:71,DOE:88). Over the past
fifteen years the shift in demand from new work to
refurbishment and fepair and maintenance, and the decline
in the value of individual contracts put out to tender, has
seen these proportions steadily increasing. Only in the

past two years has this trend shown any signs of changing.

The expansion of the labour-only component of the



industry's workforce in recent years has rendered the
classification of building firms solely by their number of
employees 1increasingly meaningless. The systems and
procedures of an organisation need to be determined by the
nature of the goods and services provided by that
organisation. Hence this study relates to any building firm
whose workload is typically composed of:

(a) alterations and extensions;

(b) repairs and maintenance;

(c) new work other than large speculative housing

developments;

under contracts that are:
(d) of low individual value in relation to total
turnover;
(e) typically less than six months duration:
(f) inclusive of both labour and materials;
(g) .frequently documented by a set of drawings
and a specification (GARDINER,C.:82);
and which are to be executed by a workforce relatively

inflexible in size (NORRIS,K.:84,HILLEBRANDT,P.M.:71).

This classification includes the larger contractor forced
by economic circumstances to enter the small contract
market, but excludes the self-employed individual and the
labour-only subcontractor (LABOUR RESEARCH:86). These
latter two groups are quite distinct from the traditional

small builder in terms of both organisation and function.



1.3 A SMALL BUILDER'S PLANNING INFORMATION SYSTEM

A plan is a communicable store of information about
decisioﬁs that have been taken and predictions that have
been made. As a flow of information the plan has origins
and destinations and must therefore be considered a part of
an overall planning information system. To varying degrees
such a system interfaces with similar systems serving other
management functions such as estimating and buying, etc.
The advent of the microcomputer holds out the promise of
improving both the quality of planning data and the
integration of management functions. The requirements of a
computer based planning system are dictated by the nature
of the work to be planned together‘With the structure of
the organisation that has evolved to undertake such work.
It is in this context that the needs of the small firm are

investigated in chapters 4,5 and 6.

l.4 THE MULTIPROJECT SCHEDULE

Planning may be described as the pursuit of certain
externally prescribed objectives - quantity, quality,
duration - under the constraints of cost and available
manpower. This is attempted by the manipulation of a number
of variables such as construction method, work sequence,
and the assignment of labour. Above all else what
distinguishes the planning problem of the small firm is the
relative inflexibility of its workforce seét against the
rapidly changing demands placed on it by a workload
composed of numerous short contracts. Thefefore the

assignment of labour amongst its contracts is a matter of



crucial importance to the small firm. The development and
application of multiproject scheduling as an aid to
resolving conflicting demands for a shared labour resource,

is explored in chapters 7 to 10.



2 METHODOLOGY

The majority of the data collection and analysis related to
the development of the planning system. This in turn
created the context for the investigation into decision

rules.

2.1 BACKGROUND READING

A review of relevant literature was carried out with the

aims of;

(1) overcoming any bias that might otherwise have
entered into the research from restricting the field study

to only four firms;

(ii) taking advantage of the findings of previous
research, whilst ensuring that old ground was not re-

covered;

(iii) familiarising the researcher with the range of
planning practices employed in both this and other sectors

of industry:;

(iv) acquainting the researcher with research methods

and the basics of computing.

In addition to a search of printed bibliographies and
listings of current publications, access was gained to a
number of computer-stored national and internatiomnal
databases. These were interrogated on the basis of certain
keywords, providing listings of titles of which the most

promising were selected for ordering. These titles included



books, articles, theses, and conference proceedings. The
major periodicals continued to be scanned for further

articles of interest throughout the period of the research.

2.2 CASE STUDIES OF SMALL FIRMS

The objective of the case studies was to acquire a thorough
understanding of the working practices of small firms upon
which to base the development of a planning system. To this
end the co-operation of four small building firms was
secured at the outset of the research. The information

required from them fell into three categories;

INFORMATION METHOD OF COLLECTION
1. Precise, factual details SELF-ADMINISTERED
of the organisation QUESTIONNAIRES + TABLES
2. Operational procedures DOCUMENTATION +
INTERVIEWS
3. Management attitudes to INTERVIEWS

operational procedures

The methods of data collection were dictated by the need to
minimise the inconvenience to management. Their involvement
in the research was entirely voluntary, and the outcome of
the research could only be of limited immediate benefit to
them. Thus, information of type 1 which was factual and
needed 1looking-up, was best sought through self-
administered questionnaires and tables that could be
completed at a time convenient to the respondent
(PARKIN,A.:80). The data to be gathered of types 2 and 3,
was less well defined. In soliciting this information, the

direction that each enquiry was likely to take would be



determined to some extent by the answers given to preceding
questions. Furthermore each answer could be lengthy and
therefore time consuming for the'respondent to record in
his own handwriting. Interviews, recorded on cassette and
transcribed later, were the appropriate means of gathering

such information.

2.2.1 Self-administered Questionnaires And Tables [Figs.
1,2 & 3]

As there would be no opportunity for discussion at the time
these were filled out, it was imperative that the
questionnaires be simple and unambiguous (GORDEN,R.L.:75).
Wherever possible a 'closed question' format was used.
This restricted the possible answer to a tick-in-a-box,
thus minimising the effort of the respondent, whilst
simplifying the analysis of the results (SUDMAN,S. &

BRADBURN,N.M.:82).

Care was exercised in making the questions as friendly as
possible, byAphrasing them in plain language, by spacing
them well apart on the paper, and by avoiding ego-
threatening lines of enquiry (GORDEN,R.L.:75, SUDMAN,S. &
BRADBURN,N.M.:82). The table format used to elicit data
concerning the composition of each firm's workload, was
somewhat uninviting but unavoidable given the nature of the

data being sought.

2.2.2 Interviews [Fig. 4]

Although both category 2 and category 3 type information
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related to the firm's operational procedures, and both

were best extracted in the context of an interview, the
more precise method of enquiry demanded by systems analysis
clashed with the more discursive interrogation appropriate
to the reporting of attitudes and opinions. However to have
contrived to maintain two separate but parallel lines of
questioning throughout the one' interview would have
resulted in a disjointed, repetitive session, too much of
which would have been taken up by the presentation of
questions rather than the reporting of the answers. The

maximisation of reply time not only represented an optimal
use of limited interview time, but also allowed the
interviewee to be more expansive, increasing the interest
for him and allowing unexpected.but important facts and

viewpoints to emerge (GORDEN,R.L.:75).

Thus a schedule of introductory, open-ended questions was
assembled, peppered by a number of more precisely
formulated enquiries intended to ensure that nothing of
vital importance was missed. To offset the risk of
digression from the intended subject, short prompt lists
were inserted after each question to which the
interviewee's attention could be drawn if it was felt

necessary.

Shortly before the date agreed for the interview, the
questionnaires, tables, and interview guide were sent to a
senior manager in the firm, with a cover note explaining

how each was to be tackled. This offered the respondent a

14



chance to prepare for the interview, and to collate any
possible queries about the rest of the survey for airing at

the time of the interview.

Once the interview had been transcribed, the preliminary
stages of systems analysis were performed, during which
discrepancies and omissions in the data inevitably
éppeared. Such points were cleared with thevrespondent in a
second, shorter, follow up interview, recorded and

transcribed in the same manner as the first.

2.2.3 Documentation

Samples of the documents that supported the flow of data
through the organisation, and whose existence became
apparent after the first interview, were 1listed and
requested at the second interview. An appreciation of the
contents of these documents was an integral part of the

systems analysis.

2.3 ANALYSIS OF DATA

It was correctly anticipated that the planning function in
a small firm would be so enmeshed with other organisational
functions that any attempt to examine it in isolation would
prove meahingless. This expectation was reflected both in
the scope of enquiry at the data collection stage, and in
the extent of the analysis deemed necessary to place

planning properly in its context.

It was also felt that no single method of presentation

could satisfy the requirememnt for both a vivid

15



communicable description of a firm's procedures, and an
exact specification from which the detail of a new system
could be derived. Hence the system was examined and

presented in two different ways.

2.3.1 structured Systems Analysis

Structured systems analysis is a tgchnique for plotting the
movement and transformation of information within an
organisation. This it does in terms of data flows,
operations on data (processes), and stores of data (files).
Its application provided an exhaustive description of each
firm's operations, and therefore the source for a detailed

specification of a new, improved systen.

A top down functional decomposition of each firm's
operations was carried out, resulting in a hierarchy of
data flow diagrams (DFD's), and an accompanying set of
process descriptions. Once all the analyses were completed,
the logical model of a new system was developed and
refined, according to the principles of systems analysis,
to incorporate all the recommendations arrived at during

analysis.

2.3.2 Narrative Description

A written dgscription of how the management of each firm
executed their organisations' functions offered a more
intelligible view of the problem than did the results of
systems analysis. Based on both, a statement of the
requirements of any proposed system was drawn up as a

framework for the development of the new system.

16



2.4 SOFTWARE REVIEW

A review of commercially available planning packages was
carried out with the twin objectives of assessing the
likely performance of each as the central core of a
planning 'system', and to choose one suitable for testing

resource allocation strategies.

From reviews in trade journals, a shortlist of those
seemingly able to meet the most basic criteria of
performance and price was drawn up. On the basis of
publicity material and sample disks subsequently received
from the suppliers, and on the evidence of demonstrations
at exhibitions and seminars, a package was chosen with

which to implement and appraise decision rules.

2.5 THE TESTING OF DECISION RULES

These were éncoded as 'macros' - short, simple programs,
using a general purpose package in conjunction with the
planning package purchased. Initially the rules were tested
against artificial data generated using the computer.
Assessments were made on the basis of a number of different
criteria. Once all but the most successful rules had been
eliminated, a simulation was conducted using project data
supplied by one of the firms. The procedures used to
implement and test the rules is described fully in chapter

7.

2.6 MATERIALS TRANSéORTATION AND HANDLING

A self-administered table covering basic aspects of

17



materials procurement for a range of typical materials was
completed by each of the firms' respondents [Fig. 57.
Follow up interviews permitted the discussion of the
planning and control of materials delivery, and of the

firms' materials handling problems [Fig. 6].
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3 BACKGROUND TO THE DEVELOPMENT OF A NEW SYSTEM

3.1 REVIEW OF EXISTING PLANNING PRACTICES

3.1.1 Programming Techniques |

Although a number of planning techniques have been well-
publicised for a number of years, their adoption by small
construction firms has been limited. One study revealed
that although 85% of owner-managers of small firms claimed
that they planned work one month ahead, and 55% were
reported to be using 'formal planning techniques', only 13%
used barcharts to programme the work (NORRIS,K.:84). A
survey covering the whole industry revealed an overwhelming
preference (85% of respondents) for using bar charts to
programme less complex jobs, rather than network-originated
bar charts (9%), networks alone (4%), and line of balance
(2%) (ESHETE,S.+LANGFORD,D:87). This brings into question
just what 'formal' planning techniques other than bar
charts were being used by the respondents to Norris's
survey. According to one survey of small firms, planning,
when it does occur is usually carried out at the estimating
stage and does not involve the universal application of any

one technique to all contracts (BARTON,P:86).

Generally, the three major functions of estimating,
planning and control are rarely systematically integrated.
This is because each has evolved independently, and efforts
to standardise have met with little success

(WESTGATE, S.E. :86) .
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3.1.2 Control

Without formal planning, formal control of ongoing
contracts is difficult to exercise (BARTON,P.:86), and is
often forfeited in favour of a. historical review of
performance. The method of performance assessment
predominant amongst smaller firms is the reconciliation of
actual with estimated costs for thé contract as a whole. In
Norris's survey just over half the firms questioned claimed -
to make a cost/value comparison for each contract, every
month, and the same proportion reported that an analysis of
past . costs was subsequently wused for estimating

(NORRIS, K. :84).

Of a sample of those who do not operate any feedback
system, two thirds reported that they would like to but did
not know how, the remaining third complaining that such a
systém would either be too costly or too time consuming to
set up and administrate (BRAID,S.:84). It appears that an
evaluation of company productivity is most often superseded
by an evaluation of company profitability as a measure of

the efficiency of its operations.

3.1.3 Planning Softwaré

At the beginning of 1987, one in ten of all builders were
quoted as being in possession of a computer
(BUILDING:9/1/87). The proportion of firms operating a
planning package can be expected to be far less than this.
Most computers are originally purchased for the purposes of

payroll calculation, accounting, business administration,
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and on occasion, estimating (ELITE,P.:87). However
improvements in the capabilities of microcomputers have led
to improvements in the performance and ease of use of the
software, while costs have remained the same or have
fallen. Thus planning packages which were previously viewed
as the exclusive province of the larger company with the
resources to install and operate them, appear in their
latest versions increasingly practical to the small

builder.

Most such packages do not appear to have been developed
specifically for the construction market, and none are
intended primarily for the small building firm. Typically
they are based on either arrow or precedence networks, can
handle a maximum number of activities in the range 200 -
2500, and are able to generate reports in the form of
networks, bar charts, histograms and cash flow predictions,
etc. The more expensive programs allow the user to design
his own reports should he so desire. Resources (and their
associated costs) may be entered and the computer will
total them, highlighting overloading when it occurs. The
more powerful systems can level resources automatically.
Practically, virtually all the packages require that the
planner first draws out a network on paper because of the
difficulty of representing the overall picture on a small
screen. Many of the cheaper packages do not make provision

for lead and lag times on the links between activities.
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3.2 PROBLEMS ASSOCIATED WITH CURRENT PLANNING METHODS
Planning Is Dissociated From Estimating And Other
Functionms.

After the frequent absence of any formal planning
(NORRIS:84), the most serious fault is the failure to
integrate planning with other management duties.
Estimating, planning, buying, costing, bonus calculation,
and the production of valuations all begin with a division
of the work into parts. Commonly, for each function the
breakdown of work is organised according only to the needs
of that particular function. Hence the results of one
function are often not immediately comparable with those of
another, and further processing is required
(JACKSON,C.J.:83). There is thus much duplication of
effort, and a barrier to using the outcome of one
management activity to improve or monitor the performance
of another (WESTGATE,S.E.:86). Such undesirable data
'firebreaks' have come into existence because each function
has evolved its own procedures in isolation to the others.
They continue to exist because of the popular view that the
configuration of contract data demanded by each is so

unique as to make standardisation impractical.

As a document often of interest to other parties in the
construction industry, and dne that is chronologically the
first to describe the works for the contractor, the
estimate has been the natural focus of efforts to bring
about a greater degree of data co-ordination (NCC:79,

ORMEROD,R.N.:83, PASQUIRE,C.+TYLER,A.:87). However none of
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the coding systems thus developed have come into general
usage on a significant scale, compared, for example, to the
Standard Method of Measurement (MELIA,C:86, NINOS,G.E.:83).
The similarity between estimating, planning, and the
operation of incentive schemes, in that an estimation of
labour content is integral to each, makes their failure to
share a common databank particularily acute. Impeding such
a development is the absence of a format for describing
estimate items in terms of the self-contained operations
that to the planner, bonus-setter, and the operatives
themselves, represent the most natural division of the work

(PASQUIRE,C.+TYLER,A.:87, JACKSON,C.J.:83, NINOS,G.E.:83).

Contracts Are Planned In Isolation.

The conventional approach to construction planning systems
has been unsatisfactory for the small firm in that it has
tended to ignore the resource dependencies that exist
between contracts. Resource constraints are introduced as
limits set against individual contracts rather than the
entire workload. This fails to reflect the working
environment of small firms, which are faced with the more
difficult task of meeting the rapidly changing labour
demands of short contracts from a common workforce
(BARTON,P.:86). Multi-project scheduling, when it is
available is provided as an ‘'extra' rather than as the
central component of a planning system. In its absence, the
practice of holding weekly meetings to co-ordinate the

movement of labour between sites is a common and effective
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means of ensuring continuity of work in the short term
(NFBTE:78). However, the long term implications of the
decisidns;taken are rarely evaluated. Without an accurate
projection of the aggregate demand for each of the trades,
it is not possible to make an informed assessment of the
likelihood of meeting prescribed completion dates, either
for ongoing contracts, or for those currently out to

tender, with current manpower levels.

Estimating And Planning Are Not Based On A Systematic
Assessment Of Site Productivity.

If the labour contents of operations are rarely derived
from standard outputs, there is little incentive to make
the effort to evaluate the outputs achieved on site, as the
results could not be of benefit to future contracts
(NORRIS,K.:84, DUFF,A.R.:80). Thus a firm's estimating is
not derived from an analysis of its own performance
(BRAID,S.:84). A review of labour performance in terms of
cost, either monthly or on completion of a contract, is an
inadequate substitute because it fails to distinguish
between the components of cost, such as site productivity,
bonus payments, overtime rates and down time
(SHEREEF,H.A.:81). The work packages costed typically
encompass many operations, and do not therefore relate to
individual estimate items, creating the potential for
instances of poor performance or inaccurate estimate rates
to remain concealed. Furthermore the discovery that a
contract is in profit may deflect management from any

further investigation that might otherwise reveal areas of
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inefficiency which if corrected, would enhance contract

profitability.

Failure To Present The 'Right' Information At The 'Right!’
Time.

There has been a failure to adhere to the principle of
management by exception, with the result that.managers have
in the past been flooded with information of which only a
small pfoportion has been of interest to them. A management
information system should screen project data so that
attention is directed to the most major items, and to the
most serious deviations from plan (HORNER,R.M.W.:82,

SHEREEF,H.A.:81, HUMPHREYS,G.:77, NINOS,G.E.:83).

The speed of data processing should also help the user to
follow another important dictum neglected by current
practice; the requirement that management information be
current rather than historical (HOLLINGWORTH,J.:85). In
order that a deviation from plan be corrected at the
earliest opportunity, the collection, proéessing, analysis
and presentation of contract information must take place
rapidly and at frequent intervals. This is an application
of the 'feedforward' system of control, and is to be
preferred to the concept of feedback which underlies the
conventional approach to production control. The latter can
only demonstrate where a contract has been, whereas the
former can more profitably indicate where it is heading
(KOONTZ,N. & O'DONNELL,C:86, JACKSON,M.J.:86). The speed

and frequency of the reporting of short contracts,
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comprising short activities, is particularily important for

effective control.

Preparation And Entry Of Data Is Time-consuming.

Part of the reason that early proposals for co-ordinated
information systems experienced rejection by the industry
was the burden of additional paperwork placed on those
operating them (BISHOP,D.+ALSOP,K.:69, WESTGATE,S.E.:86).
With the advent of electronic data processing this obstacle
has been reduced but not eliminated. One of the features of
the early CPA programs that met criticism was the extent of
data preparation necessary before the machine was even
switched on (LESTER,A.:82). This is a problem that has been
tackled with only moderate success by the 1latest
commercially available packages, which still rely on the
user first drawing out the network, a programming technique
little used by small builders, and considered inappropriate
for the plotting of uncomplicated contracts by those

familiar with its possibilities (ESHETE,S.+LANGFORD,D.:87).

Data entry procedures have been criticised for being time-
consuming, unstimulating, and often obtuse in their logic,
with awkward correction routines (CICC:87,
JACKSON,M.J.:86). However with the refinement and wider
adoption of menu systems, this aspect of computer usage has

recently been experiencing improvement.

Quality Of Charts Has Been Poor.

The quality of graphical output has also been disappointing
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to those used to reading high definition bar charts and
networks produced with the benefit of a draughtsman's
skills. This has been due to the limitations of the
printers, which until recently were the only means of
obtaining 'hard' copies from a computer at a realistic
price. Recent improvements in speed, quality, and price,
have made high definition printers' and now colour plotters
practical accessories to the small organisation with a
microcomputer, a development which some of the most recent

systems have exploited.

Computer Generated Programmes Inhibit Discussion.

Finally, when planning was first computerised, a number of
unwelcome side-effects appeared, that led some critics to
reassess the requirements of a planning system
(LESTER,A.:82). It was found that a computer generated
programme containing errors could be passed out to team
members with a reduced chance of being queried than its
manually produced equivalent. Less discussion of
construction method would take place, and when it did, it
was hémpered by the often undeserved authority vested in
the programme. The result was the concealment of bad
planning, a reduction in communication between personnel,
reduced familiarity with the project, and a programme that
was an impediment to the individual's ability to identify
with team and job. A programme is more than a document for

the communication of dates.
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3.3 OBJECTIVES FOR A NEW PLANNING SYSTEM

AIM : To establish a comprehensive planning system suitable
for use by small firms which would integrate with the Data
Bank, Estimating, Targetting and Labour Control System

developed in the course of earlier research.

The system would cover:-

(i) Programming for multi-Projects;
(ii) Scheduling of labour and other resources;

(iii) Production control on the basis of

productivity measurement.

The system would:-
(i) Take account of the varied work pattern of many
small firms with projects ranging in duration from
one day to six months or more, but predominantly of

between six to sixteen weeks duration;

(ii) Substantially integrate the production process,

in planning terms, from estimating to production;

(1ii) Allow for the production of Interim Valuations
and Final Accounts from project files originally

created at the estimating stage:;

(iv) Be designed specifically for small firms and
embrace the problems which are unique to small
firms, eg. arranging for continuity of work and

integration between contracts;
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(v) Incorporate efficient procedures for data entry

and amendment;

(vi) Fully exploit the capacity of the hardware to
present contract reports and charts graphically, and

to a very high standard.

The above would contribute further to the efficiency and
overall performance of small firms by:-

(1) Integrating the whole of the production process;

(ii) Encouraging programming of projects would not
otherwise be programmed due to ever changing
circumstancesAnd the problem of integrating a number

of projects into one schedule;

(iii) Enabling immediate adjustments to be made to

the programme when changes occur;

(iv) Identifying significant and unexpected
deviations from the plan and bringing these to the

attention of management;

(v) Providing a direct 1link between production and
finance from the estimating to the final account

stage.

32



4 ANALYSIS OF THE FIRMS' CURRENT SYSTEMS

4.1 THE TECHNIQUE OF STRUCTURED SYSTEMS ANALYSIS
To determine the requirements of a new system , it was
necessary to methodically analyse the current systems. The

method adopted was that of structured systems analysis.

Systems analysis is the description of an information
system in terms of PROCESSES, DATA FLOWS between the
processes, and DATA STORES. The conjunction of these three
components is depicted graphically on a 'Data Flow Diagram'
(DFD) . Their definitions, and the conventions.used to
represent them, appear in Fig. 7. The 'data' represented is
itself not physical, but can take the form of a document, a

computer file, or even a human memory.

The level of detail of an individual DFD is related to the
proportion of the overall system it represents. A top down
analysis starts with the global view of the system, and
passes through a succession of increasingly detailed
diagrams covering progressively smaller divisions of the
system. This is achieved by exploding each process in a
diagram into a complete lower level diagram. The procedure
is repeated until the lowest level processes are found to
be 'functionally primitive', that is, their further
decomposition would not add to their understanding. A brief
mini-specification of each primitive process ;s then

produced (GANE,C.+SARSON,T.:79).
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PRODUCE PROCESS Transformation of inputs
PROGRAMME into outputs.

7

ORDER DATA FLOW . Inputs, Outputs.

/

CONTRACT DATA STORE Data at rest.
FILE
PRODUCE SOURCE or Process external to DFD
VALUATION DESTINATION but described elsewhere.
ARCHI- EXTERNAL Source or destination of
TECT ENTITY information outside dom-

ain of change.

Figure 7. FLOW DIAGRAM CONVENTIONS
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4.2 APPLICATION TO THE SYSTEMS UNDER STUDY

Each firm's analysis was based upon a partially structured
interview, questionnaires and tables returned by the firms,
complemented by samples of each firms documentation. A
second interview was conducted to verify the accuracy of

the developing model.

All the firms' systems were initially decomposed into the
three functions of Estimating, Production Management, and
Financial Management, as depicted in the schematic context
diagram in Figure 8. Financial Management, which mainly
covered the maintenance of accounts and wages calculation,
was excluded from the 'domain of change' as being too far
removed from planning. Estimating was decomposed to the
next level. The analysis of Production Management was taken
one level further. A simple convention for the numbering of
processes was followed. Figure 9 illustrates the resulting

hierarchy of processes.

Prefaced by a brief description of the firm's organisation
and history, the resulting diagrams and mini-specifications

for each firm appear in Appendices 1 to 4.

It was beyond the resources of this project to carry out
full analyses of the contents of data structures and of the
logic of primitive processes for the systems of four
different organisations. Instead a narrative summary of the

firms' key operational characteristics was prepared.
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MANAGE
Domain
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Change Outside
Domain Of
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Figure 8. SCHEMATIC CONTEXT DIAGRAM
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4.3 SUMMARY OF COLLABORATING FIRMS INFORMATION SYSTEMS

4.3.1 PRODUCING TENDERS

INFORMATION AVAILABLE UPON WHICH TO TENDER

[- never % rarely 3% sometimes 3%%% usually 3%%%% always]

FIRM
A B C D
% OF TENDERS DOCUMENTED BY ?

DRAWINGS AIONE .....cc0eucaes ceeceen 5 10 20 5
DRAWINGS + SPEC. (NO Q'TIES) ....... 50 75 40 55
DRAWINGS + SPEC. + Q'TIES, OR BOQ .. 25 10 20 40
VERBAL DESCRIPTION ........e00.. eee. 10 5 20 0
(STANDARD PRICE LIST) ..... crececeas . 10 0 0 0

_—_————— S e s S22l =l

START ¢.ciiiiieeeennnnnns Ceeeeeennan %% %% %% %%
FINISH ..... ceeerreeas cesenen ceeeeen %% %% % %%
SITE VISIT MADE ? .......... tesseeeens %%5% %% %% %%%%

Tender Documents
For all the firms it was common for there not to be fixed

quantities against which to price.

Contract conditions were normally only specified for the
contracts covered by a specification of a bill of
quantities. They were often specific to the client. All éf
the firms seemed to have established a mutually beneficial
relétionship with particular clients or types of clients,
such as housing associations, the NCB, Sheffield

Forgemasters, and certain breweries.

Contract Dates
Two of the firms (A,B) reported that start and finish dates

were often specified by public authorities, but rarely by
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others. In the case of about half its tenders, firm C
asked for the projected start date if it was not already‘
provided, but a finish date was rarely considered at the
tender stage. Firm D, whose work was dominated by the
breweries, was sometimes given start and finish dates but
stated that on winning a contrac; they could be asked to
start the next day, or as much as two months ahead.
Generally, when contract periods were specified by the

client, they were often considered to be unreasonable.

Site Visit
The sites were almost always visited by all the firms to
consider access and to gain a better appreciation of the

job, but formal site reports were seldom made out.

BUILD-UP OF THE ESTIMATE

)

[- never % rarely %% sometimes $%%% usually %%%% always]

A B c D
TAKE-OFF FORMAT ?

OPERATIONS ...... e e eeeeeeeeea.  23% %% - %
Sm ® & & 0 5 0 0 0 0 0 e e 0 0 0o ® ® & & & & 9 O o 0 0 @ 0 0o - - %%%% -
FOLLOWING THE SPECIFICATION ........ R - %33
SCHEDULE OF RATES .vveveneencnnenee 3 % - -

BUILD-UP OF ESTIMATE ?

LAB, MATS, PLANT PRICED SEPARATELY . $%% $%%% - %%
UNIT RATE BUILT UP FOR EACH ITEM ... % g %$33%% 3%
STANDARD UNIT RATES vevveveeennenaes = % - $

ORIGIN OF PRICING INFORMATION °?

FIRM'S OWN LIBRARY OF OUTPUTS ......

o\
o\

PREVIOUS ESTIMATES ..... ceeccesenns .. % % - %
FIRM'S OR CLIENT'S SCHEDULE OF RATES % % - -
PUBLISHED OUTPUTS, RATES ......... .o % - - -
ESTIMATOR'S OWN RATES ....coececesas - - - %
EXPERIENCE tviveecceccceccnsocosnnase 33%% 3333 %333 %%%%
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MARGIN (FOR OVERHEADS + PROFIT) ?

% OF CONTRACT SUM ..... ceectesenasns
% OF LABOUR COST ....veievennns ceeeee
WEEKLY SUM ..... ceeeens Ceeenean oo
ALLOWED FOR IN LABOUR OR UNIT RATES -

| o
|
o\ o\

o\ o\e
I o0 oe
o
o
| oe
oe
o0 | o0 oe

[
oe |
o\°
o\°

PRE-TENDER QUOTES - SCHEDULE INFOQ. ?

SUBCONTRACTOR'S START + FINiSH DATES

DISCUSSED $%%% %%% -  %3%
SUPPLIER DELIVERY CHECKED .......... %% 3% % %

Method Of Measurement

Two of the firms (B,D) could have as many as four members
of management engaged in measuring work and building up
rates at any one time, each using his own 'method'. The
other two firms each had two eétimators who conformed to
one system in each case. Firm A measured work in an
operational format, ie, describing estimate items as they
were to be carried out. The system of work measurement used
by firm C conformed loosely to the Standard Method Of

Measurement.

Firm B's estimators either measured quantities against
specification items, or wrote out their own items "as how
one builds", even when a bill with quantities had been
provided. Firm D measured quantities against items from
specifications which were particular to each of its brewery
clients. When occasionally these two firms did write out
their own descriptions, they did so in an operational

format.

Two of the firms reported that they would modify a past
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estimate, but only if there was very 1little difference

between the two contracts.

Build-Up Of Rates

Firm A priced labour, materials, and plant separately. The
number of manhours for each operation was calculated from
the firm's own schedule of outputs, and this was multiplied
by a labour rate to arrive at a labour cost, to which
materials and plant costs were added. Unit rates could be
calculated from the resultant figures if specifically

requested by the client.

Firm B operated in a similar way to firm A, except that
there wasvno schedule of output rates to refer to, each
estimator relying on his own intuition and experience. It
was reported that this did introduce a noticeable
variability into the pricing of labour. Efforts were being
made to develop a system of unit rates, but little progress

had been made.

Firm C claimed to build up all-in unit rates from labour,
materials, and plant costs for every item, for every
tender. Again the labour content was at the discretion of
the estimator. Some spot items had lump sums set against

them.

One of firm D's estimators applied all-in rates direct to
quantities, whereas his colleagues estimated in a similar

way to firm B, again without any schedule of outputs.

All of the firms priced major items of plant separately,
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usually in the preliminaries section. Firm D was the only
firm to separately estimate for smaller items of plant such

as hand tools, breakers, etc..

Margin For Overheads And Profit

Firm A calculated a weekly sum based on the present and
planned workload for each division of the company, and an
assessment of the 1likely overheads assignable to the
contract. Although firm B's labour rates already included
an amount for overheads and profit, a further margin would
often be added, depending on the current volume of work,
market conditions, etc.. Firm D sometimes included a margin
in the rates and sometimes did not, depending on the.

estimator.

Quotations

During estimating, subcontractors being asked to quote by
firms A, B, and D were normally informed of the most likely
dates for the start, and sometimes the completion, of the
main contract. Firm D also tried to give an approximate
date for the start of the subcontractor's section of the

work.

The potential for the late arrival of subcontractors or
materials was not regarded aé being a serious problem at
the tender stage for a job they would probably not win.
Generally a supplier would only be asked about delivery

where there was a likelihood of a problem.

Apart from past invoices and price lists, no records were
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maintained of a subcontractor's performance or a supplier's
delivery history. Estimators were reported to be aware of
'bad' suppliers and subcontractors, and of current typical

delivery periods for common materials.

INFORMATION RETURNED TO CLIENT WITH TENDER
[~ never % rarely %% sometimes %%% usually %%%% always]

A B C D
TENDER SUBMISSION ?

CONTRACT SUM AIONE ...eeveceene oo 3BT BT BB %%%
ITEMISED BREAKDOWN OR DESCRIPTION... % % % %
ESTIMATE OF CONTRACT DURATION ...... % %% %%% %%

If not already specified by the client, an estimate of the
contract duration was usually supplied by the firms at his

request.

Similarly ", a description of the works was only provided
when requested by the client, or when the works were not
already described in the tender documents as in the case of
'Design And Build', or when the required work had been

verbally described to the contractor.

Firm D stated that they were increasingly being asked for a
priced specification with the tender, but that along with
rival competitors they were taking steps to discourage such

expectations.
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4.3.2 MANAGING PRODUCTION

PROGRAMMING THE WORK

%%%% always]

usually

o

o

%% sometimes

% rarely

(- never

MASTER PROGRAMME PREPARED ?
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o
o\°
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oe
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SHORT TERM PROGRAMME PRODUCED ? ......

o\
|
oe
oe

The Decision To Programme

After the obligation to comply with any contract
requirements, the principle consideration as to whether or
not to programme the contract was its size. The main
reasons for not programming repair and maintenance work was
the effort involved in producing and maintaining programmes
which were continuously going out of date, and the need to
carry out this type of work regardless of programme
consideratiéns. Firm C did produce job sheets which were
arranged in the order in which they were to be carried out

by the contract manager responsible.

Type Of Programme

Firms B,C, and D invariably produced barcharts. Firm A had
used the 'line of balance' technique once (for a repetitive
refurbishment contract) , and had used CPM twice, in each
case subsequently converting the network to a barchart for

the purposes of control.

Firms B and C had considered the use of alternative
techniques in the past, but had never made use of themn.
Firms A and B were conversant with CPM butAonly thought it
useful where it was essential for a job to be completed in
a short space of time. Firm A also thought it appropriate
when a large number of variations could be expected. Firm B
did nof consider the penalties for overrun severe enough to
justify the perceived additional effort of producing a

network. Both of these firms regarded a network as a method
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of determining critical dates and activities and not as a

means of communicating a schedule to others.

Firm D's interviewee thought that his clients would not be
able to fully comprehend anything other than a barchart. He
did however perceive the potential of other techniques for
wgrk more repetitive in nature than that normally

undertaken by his firm.

Firm C gave poor management training and lack of
familiarity with both CPM and line of balance as the

reasons for its exclusive use of barcharts.

Information Used For Programming

Method statements were only ever produced during
estimating. Firm A only prepared a method statement when
considering alternative and complex methods of
construction, and thus only for a very small proportion of
the contracts tendered for. Firm B often produced a
statement in the course of estimating and used it in the

production of programmes for the more complex contracts.

Firm A, the only firm to maintain a databank of output
rates, was the only one to systematically derive the
programme from the estimate data. Incentive targets in
terms of manhours were calculated as the sum of individual
estimate items. A gang size was assigned to determine
duration. The result was either entered directly into the
programme, or combined with other targets to form more

substantial activities.
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Both firms B and C made an effort to extract output rates
from the estimate in order to establish the manhours.
Having thus arrived at an approximate labour content, a

duration could be assessed assuming some nominal gang size.

Firm B often related programme activities to subsections in
the estimate document. Firm B occasionally used price

books.

Neither of firms B and C were systematic in their
determination of durations. This left much, particularily

in the case of firm C, to the discretion of the programmer.

Firm D grouped estimate items under activity descriptions,
but only looked at the quantities to get some idea of the

work involved before making an estimate of the duration.

Hence all four firms were to some extent amalgamating
estimate items to produce programmable tasks, but differed
greatly in how methodically and precisely they converted

quantities into durations.

The programmer's experience was considered to be of great

importance by all the firms.

The Programmer

In firms A and B it was usually the estimator who would
prepare the programme on winning the contract. Programming
was the responsibility of the contracts manager in firm C,

and of the quantity surveyor in firm D.
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The Detail Of The Programme

Without network analysis, the firms did not attempt to
locate and highlight the critical path on the programme,
but all those interviewed claimed that they were aware of

which tasks were critical.

All the firms were prepared to prodgramme to a greater level
of detail than normal, both in terms of activity size and

time unit, when a contract was regarded as 'tight'.

Short-term Programming

Firm A rarely did any short-term programming. Firm B
considered that as its workload was composed of such short
contracts there were no benefits to be gained from
programming a period of their work 1less than the full

duration.

Firm C would use short-term programming when a contract had
fallen behind, or when it was not clear from the main
programme how a difficult phase of the work would proceed.
The programme would be detailed to the half-day, and would
be based entirely on the contract manager's understanding

of the work. Only the foreman on site would receive a copy.

Firm D often produced an exploded version of the last few
weeks of the main programme, as the finishing activities
began. A shorter unit of time would be used and the main
programme's activities would be broken down into smaller

operations.
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REPORTING PROGRESS

o,

[- never % rarely 3% sometimes %%% usually %3%%% always]

A B c D

FREQUENCY OF PROGRESS REPORTS ?
WEEKLY ¢.ceeeeenns. tececeeneenn ceeee  3%% - %% -
MONTHLY ® & @ & 0 0 0 0 0 0 0 0 0 e o0 e & @ & & 0 & & o o o o @ - %%% %%% -
IRREGULARILY ...iieieiieennnnns ceeens % %% 3% -

A FEW WEEKS BEFORE COMPLETION ......

o
o

Although formal written progress reports were not common,
contract managers were reported to be aware of the position
of the contract relative to the programme, particularily in
advance of progress meetings. Actually altering the
programme ﬁo reflect progress was generally only carried
out when such progress was far behind (or occasionally
ahead) of programme. Information about progress was

extracted from site visits, timesheets and valuations.

THE SCHEDULING OF LABOUR

[- never % rarely %% sometimes $%% usually %%%% always]

SCHEDULING OF ILABOUR ?

EVALUATION OF CONTRACT LABOUR DEMAND %%%%
EVALUATION OF COMPANY LABOUR DEMAND. %%%% -

!
| oe
|

Only firm A, and occasionally in the past, firm C, made a
record of the scheduled labour demand, trade by trade, for

each contract. This appeared beneath the programme.

Initial programming by firm A included a resource summary.
A multiproject schedule was then prepared on which appeared
all the activities to be carried out by the firm's

workforce, from all the contracts. If necessary the
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individual programmes were amended where the multiproject
schedule indicated conflicting labour demands. This was
done as often as once a week when the individual programmes

kept changing, or whenever a new contract was won.

Firms C and D claimed to be aware in advance of any
impending manpower shortages |, Without ever having to
evaluate demand for labour precisely. These firms were both
larger in terms of turnover and staffing levels than the
other two. Consequently their workloads were divided
between several contract managers on the basis 6f work
type. This introduced the need for a system for integrating
and resolving the conflicting demands for common resources,
of which labour was generally held to be the most
important. Firm C attempted to solve the problem by
allowing the contract managers in effect to maintain their
own workforces, permitting only limited movement of labour
between them. This afforded each manager a measure of

independence with regard to the scheduling of labour.

However, central to the planning function for both firm C
and D, was the weekly progress meeting, where each manager
informed the others of the progress of his contracts.
Agreement was reached amongst them as to thé deployment of
individual men over the following week, and an assessment
of the approximate future 1labour requirements would be

made.

For firm B decisions regarding the number of men to assign

to an activity, the integration of the demands of different
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contracts, and ultimately the direction of individual
operatives, were all considered on a day to day basis,
shortly before an activity was due to start. The principle
expressed here was that of keeping all the men occupied,
although it was also reported that as a result, contracts

were often not completed on time.

For firm A, although some of its targets were effectively
marked out for particular gangs, as they were prepared at
the outset of a contract, the final assignment of men was

only made a week in advance.

Actions Taken In The Event Of A Labour Shortfall
On becoming aware that the firm's commitments to all its
contracts (as expressed in their programmes) could not be
met at the firm's current labour levels, the first reaction
of all the firms was to accept activity delay. At one time
firm A would actually revise it's programmes through its
system of multiproject scheduling but this had proved to be

too time consuming.

Firm C appeared to be the most ready to call in and lay off.
labour-only subcontractors to match the ebb and flow of
demand. A large proportion of the workforces of firms A and
D were also self employed, but they expressed a reluctance
to expand and contract this element as a means of absorbing

short-term fluctuations in demand.

Firm B never employed labour only subcontractors on

principle. As a result, when the workload increased it was
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accepted that jobs would take longer. Whenever this was
considered unsatisfactory, they would ask the men to work

on Saturdays.

None of the other firms mentioned additional overtime as a

strategy for coping with additional work.

Actions Taken In The Event Of A Shortfall Of Work

When the level of work scheduled for a particular trade
fell below that necessary to ensure full employment, none
of the firms had 'hospital jobs' to which they could

reassign their men.

Firms B and D had regular clients whom they could «call
upon for additional work if faced with a serious shortage
of work. All agreed that in the short term their men would
carry out work not normally associated with their trade

when no other work was available to them.

The following reasons were offered by firms B,C, and D for

not scheduling labour in a more systematic way;

(1) contracts were too numerous and too short to make

it feasible;

(ii) it would be too time consuming to produce and
maintain a schedule that would be sophisticated enough

to be of any use;

(iii) in the absence of a bonus scheme the productivity

of the men is both unknown and too variable, making
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schedules unreliable;

(iv) the facility to find and dismiss additional labour
at short notice, and the ability to extend and contract
project durations obviate the need to smooth out
fluctuations in labour requirements by the preparation

of a schedule.

THE PROCUREMENT OF MATERIALS
[- never % rarely %% sometimes %%% usually $%%%% always]

[Y YES N NOJ
A B c D

MATERIALS SCHEDULING ?
ONLY FOR LARGER CONTRACTS +...evn... N N N/A Y
ONLY FOR MAJOR ORDERS ......cc0000.. N N N/A Y
ONLY MATERIALS ON LONG DELIVERY .... Y Y N/A Y

COMMUNICATION OF REQUIRED DELIVERY DATE ?

ON ORDER :c¢cceececacnn ceeceenons ceee. 3ITZ %% %% %%
BY TELEPHONE (CALL-OFF) +¢ieeeecccas %% %% %% %%%

Materials Schedules

Firm C never produced a written schedule of materials.
Firms A and B produced schedules showing details only of
those materials which had long delivery periods. Firm D
only produced schedules for its larger contracts, but
included in them the details of a broader range of
materials. Delivery dates appearing on the schedule were
either taken from the programme or from the order if it had

been already sent out.

Placing Orders

Shortly after winning a contract all the firms sent out a
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first batch of orders for those materials on long
deliveries or identified as being immediately required.
Only firm C then continued to place the remaining orders
well in advance of their need on site, the other firms
electing to leave the orders for the non-specialised and
minor items until the contract manager was planning their

fixing on site.

Communication Of Required Delivery Dates

Firm A included dates for delivery on all of its orders and
rarely saw the need to call them off nearer the time. Firm
B indicated ‘'target' dates on their orders, but
subsequently called off the materials shortly before they
were needed on site. Firms C and D noted delivery dates on
orders for some specialist materials but normally stated on

the order that they were to be called off by the site.

Call-offs were made as far in advance of the site's need as

the contract manager deemed necessary.

None of the firms considered the late organisation of the
delivery/collection of materials as having a significant
effect on progress, although firms B,C, and D did
acknowledge it as‘a problem. Generally it was regarded as
no more than an inconvenience. For two of the firms the
failure of architects to allow for delivery periods when
stating contract periods or the late introduction of

changes to the specification were greater problems.
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SCHEDULING OF OTHER RESOURCES
No separate schedules for subcontractors or drawings were

prepared by any of the firms.

Decisions regarding major items of plant, such as craneage,
would be made at the tender stage and communicated to the
contract manager at a meeting once the contract was won.
Otherwise plant requirement were not considered more than a
" week in advance. Owning little plant themselves, full
advahtage was being taken by firms A, B, and D of the
availability of hired plant (during a period of slack
demand) to substantially reduce the need for forward

planning.

Firm C, which did possess a number of items of plant,
maintained a record of the location of each item to keep
the contract managers informed. However no advance

scheduling was carried out.

Firm C also reported that it was occasionally obliged to
furnish the architect with a 1list of information
requirements (with dates). No other firm reported ever

preparing such a schedule.

INCENTIVES

[~ never % rarely %% sometimes %%% usually $%%% always]

INCENTIVE SCHEMES ?

% OF WORK COVERED BY A SCHEME ...... 75 0 15 0

TARGET MANHOURS, BASED ON ESTIMATE . %%% N/A %%%% N/A
PRICES ...... ceceececnenoenonn ceeeccena % -
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The targets of manhours set by firm A were the direct
result of the amalgamation of estimate items themselves
derived from a database of outputs. The targets included
for the collection of materials, travelling time, and

clearing up.

For firm C bonus work was carried out under a system of
target manhours for those directly employed by the firm,
and pricework for the labour-only subcontractors. Targets,
set at the discretion of the individual contract managers,
were generally based on estimate rates for each item, but

were amended as considered necessary.

All of the firms could see benefits in an incentive scheme.
Firm B's respondent thought that with a bonus scheme,
productivity would improve, the men would make more money,
they would be more inclined to stay with the firm, and the
firm would be able to schedule contracts with mofe
conviction. For firm C it was reported that when previously
a scheme had been in operation, the men had been more
interested, more ready to innovate, and had made sure that
materials were requisitioned. Firm D had once set prices

for the fitting of windows, and it had 'worked very well'.

PRODUCING INTERIM VALUATIONS
[- never % rarely 3% sometimes %%% usually $%%3%% always]

A B c D

.
e M. e s e s e

ESTIMATE OF OVERALL VALUE ......c...
BASED ON % COMPLETION OF SECTIONS
SITE MEASUREMENT OF WORK ...eveveens

o\ o0
| o° o
o\°
o\% o\° oP
o\
o0 o
| o0 oe
o\ oP
o o o\°
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For all the firms, valuations varied from a simple rough
estimate of the value of the work completed to date to the
actual measurement of bill items. Most commonly, a site
visit would be used to make a broad assessment of the
completion of sections of the work upon which to base the
valuation. Occasionally some items would be measured, but
complete measured valuations were normally only carried out
at the insistence of the client as the firms viewed them as
unnecessary time consuming operations. Only firm A derived
the value of estimate items completed direct from a report

of the progress of programmed activities.

The interim valuations were regarded by all as a means of
‘ . .maosure.
generating cash flow, and not as a precisepof the value of

work completed.

All the firms tried to see that variations were handled as
they occurred, but often found that many were left to be
included in the final account. All interim valuations were
prepared on a monthly basis, and hence for all the firms

many contracts were too short to warrant interim payments.

FEEDBACK

[+)

[- never =% rarely %% sometimes %%% usually %%%% always]

COST/VALUE RECONCILTIATION ?

AT TIME OF VALUATION ..cceveeecocess
AT END OF CONTRACT ..cevevecnnnnseens

|
o\ o\
o0 o°

o\ o\°
o0 o
o0 oP

o o°
o0 o\

o
o0
o\°
o\
o0
o\°
o |
o\°
o\
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DETAII, OF RECONCILIATION ?

TOTAL CONTRACT COST/VAIUE ...vceeee.
LAB, MATS, & PLANT SEPARATELY ......
FURTHER BREAKDOWN ...civeeececnnnenn

o\ o\
o0 o0

I o0 o°
o\ o\°
o\

o\

I oe

o°

o®

o

[
o\°
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Monitoring Productivity

Only firm A systematically compared the actual hours taken
against the estimated hours. Through the operation of its
incentive scheme significant differences between the actual
and standard outputs were revealed and if appropriate the

latter were amended.

Costing

Although both firm C and D collected costs under resource
headings of labour, materials, subcontractors, etc.,
neither firm was able to extract the corresponding values
from the valuation. Hence no breakdown of profit or loss by
resource category was possible. For firm C the costing
generally came too late to be of use in controlling costs
on an ongoing contract. However firm D's contract managers
would investigate further, and would supervise individual
contracts more closely if the costing indicated a loss-

making situation.

Firm B used a system of cost sheets whereby the hours
expended and the materials used were extracted from
timesheets and requisition books and noted against
descriptions of sections of the work also taken from the
men's timesheets. These were subsequently costed using

labour rates and invoices, and a cost/value comparison at
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the end of the job gave an indication of overall
profitability. The descriptions of the work supplied by the
men rarely related to the estimate items in any way, so
that it was not often possible to make a check on the

accuracy of estimate rates.

For firms B,C, and D there was no tangible system for

relating the results of costing back to estimating.

Like firm B, firm A only made an evaluation of overall

profitability on completion of the contract.
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5 REVIEW OF THE FIRMS' CURRENT SYSTEMS

5.1 GENERAL SYSTEM CHARACTERISTICS
The analysis revealed the firms to possess certain
distinctive characteristics when viewed as information

systems: -

1. The differences between the information systems serving
each of the firms may be attributed to differences in
management structure, in the attitudes of key individuals,
and in the type of work carried out. They were not
sufficient to prevent the development of one system capable

of meeting the planning needs of all of the firms.

2. The processing a contract underwent was conditional on
the nature of the contract, most importantly its size. The
processes described on the data flow diagrams were
therefore not uniformly applied in all circumstances. The
logic governing the application of many processes was not

well defined.

3. With regard to an individual contract, many of the
firms' functions were executed intermittently over a long
timescale. There were also interludes between consecutive
functions during which no processing of data took place.
There were thus frequent pauses in the flow of information
during the life of a contract during which there was a need

to store data.

4. Elements of data were common to many different

functions, although often configured differently by each.
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5. There was a general failure to store the results of one
function in a format accessible to others. Thus information
often had to be regenerated. Efforts were being made to
derive the data for one function from the results of
another but standardised systems and procedures for doing

so were rarely in place to support ‘such developments.

6. In the absence of a systematic scheme of data storage
and retrieval, the memory, knowledge and experience of the
individual were of great importance in the generation and
handling of short term routine information (eg., short term
planning). This was particularily the case where
consecutive functions were executed by the same individual,
as was a common occurrence within these small
organisations. Such inputs cannot be well represented on
data flow diagrams which are oriented towards the

representation of non-human information flow and storage.

7. Meetings and conversations played a major part in
disseminating information throughout the organisations.
Formal documentation was correspondingly less significant.
The motivation and assessment of individuals was a very

important secondary function of verbal communication.

5.2 DEFICIENCIES IN THE FIRMS' INFORMATION SYSTEMS
Estimate Was Not In A Format Accessible To Production
Functions.

For three of the firms the work descriptions used by the

estimators were not suitable for planning, targetting and
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control. Estimate items were commonly defined in terms of
material quantities rather than as the operations by which
the other functions were better served. By effectively
impeding their access to the estimate déta in this way, the
performance of the subsequent functions was seriously
impaired as they were being deprived of the most accurate

measurement of the work available.

Estimate Items Were Not Well Standardised.

Two of the firms did not use standard work descriptions for
estimating, and a third firm only loosely followed the
Standard Method Of Measurement. This prohibited the use of
a standard library of estimate rates, and thus prevented
the analysis of the performance on one contract from

directly benefitting the estimating for another.

Inadequate Effort To Use Estimate Information For Planning.
Three of the firms did not systematically derive the labour
content of activities from the estimate, thereby ignoring a
valuable potential source of programming information.
Instead there was a heavy reliance on the planner's

experience.

Labour Schedules Were Not Produced.

It was rare for a record to be made on the programme of the
number of men assumed in the calculation of each activity's
duration. Hence no one other than the programmer could be
aware of planned gang sizes from an ‘inspection of the

programme.
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Integration Of Contracts' Labour Demands Was Poor.

Inadequate consideration was taken of the firm's total
labour requirements when scheduling a néw contract, and
when alterations occurred to programmes. At the tender
stage, without a multiproject schedule it was not possible
to predict when new work could bg undertaken. Without a
'master' schedule to contain them, many smaller projects
were not programmed at all. Priority .was given to resolving
labour problems arising in the next one or two weeks
without sufficiently evaluaﬁing the long term prospects.
There was an implied risk that the late discovery of
problems would limit the options available to management.
It was assumed that it would always be possible to délay
the completion of a contract, or recfuit labour-only
subcontractors at short notice. In a period of booming

demand the latter might not be a practical alternative.

Programmes Were Not Updated.

Once produced, the programme was rarely updated for
progress and variations because of the effort of redrawing
involved. The inevitable divergence of actual from planned
eroded the programme's usefulness as a control document.
This encouraged managers to refer instead to a 'mental!’
plan of the work, which, although more flexible, was prone
to error and was by definition not immediately accessible

to other interested parties.

Reporting Of Progress Was Not Co-ordinated.

The production of interim wvaluations, costing, the
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calculation of bonus, the updating of programmes, and the
holding of in-house and monthly contract progress meetings
all rely to some extent on a report of progress. None of
the firms were operating a central system of reporting
progress to support all of these functions. Instead
independent assessments were being-made for each, in
differing formats, and rarely to a high level of detail or
accuracy. Often there was no formal documentation. This
constituted both a duplication of effort, and a failure to

provide accurate project information.

Failure To Evaluate Productivity.

For three of the firms there was no effort to make a
comparison of actual and estimated output. They were
therefore without an assessment of productivity or of the

accuracy of the estimate rates used.

Costing Information Was Inadequate For Control Purposes.

The cost reconciliations carried out by the firms did not
constitute a means of control. The information provided was
not sufficiently specific to indicate the sources of a
contract's profit or loss. Also the delay associated with
the collection of costs and the production of valuations
prevented reconciliations being used to monitor the
performance of any but the 1longest contracts. The
collection of all costs did not imply recognition of the
relative importance of labour-related factors in the

variance of total cost.
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Operative's Hours Not Recorded Against Meaningful Work

Descriptions In The Absence Of Incentives.

Without comprehensive incentive schemes there was little
motivation for the operatives of three of the firms to
accurately report the hours they expend against specific
work sections on their timesheetsi This is a prerequisite
for the evaluation of productivity for organisations for
whom work study techniques are not practical. Operatives
were not aware of the output expected of them and have less
incentive to bring production problems to the attention of

management.

5.3 REQUIREMENTS OF THE NEW SYSTEM

There were a number of central objectives for the new
system: -

1. The estimate would describe the work in terms of
operations corresponding to the production processes the

work would involve.

2. Where possible an estimate operation, its output and
resource costs, would be derived from a database of

standard operations.

3. All information regarding labour content required by the
functions of planning, targeting and control of the work,
would originate from the estimate. There would be a precise
relationship between the estimate's operations and the
division of work for the other functions. This would be

expressed in a work breakdown structure [SEE 6.4.2 'A Work
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Breakdown Structure'].

4. A programme based on a precedence network, but displayed

as a bar chart.

5. The main focus of control would be on labour

productivity, rather than costs.

6. The comparison of actual and estimated manhours would be
a routine function for the firm [SEE 6.4.5 'A Control

Report'].

7. The weekly return of timesheets would provide detailed
progress information, and a report of the breakdown of the
individual's hours. The single entry of this information
would be the main source for the calculation of wages, the
reporting of progress, updating of the programme,
production of valuations, and the review of performance

[SEE 6.4.4 'The Reporting Of Hours And Progress'].

8. The capacity for a comprehensive incentive scheme, but

no obliQation to operate one.

9. The assignment of labour to activities on a trade basis,

but also as individuals [SEE 6.4.3 'Labour Assignments'].

10. Scheduling of labour through a multiproject schedule,

to include all contracts regardless of size.

11. Pricing of variations, and their incorporation into the

programme.
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6 THE DEVELOPMENT OF A NEW SYSTEM

6.1 PRODUCING A SPECIFICATION

As there were four logical models of four current systems,
and in view of the radical nature of the changes to be
introduced, it was not possible to simply refine thé
analysis of an existing system to produce a new model.
Hence a complete top down design was carried out using the
same techniques as those used to conduct the top down
analysis of the firms. The same conventions as those
described in chapter 4 were used in the preparation of the
new system's data flow diagrams. The functions of materials
purchasing, and costing, were excluded as not being an

integral part of a planning system.

A data dictionary was compiled, defining the data
structures of which the data flows were composed. In doing
so a formal notation was adopted. This is illustrated by

the fictitious entry shown in Figure 10.

The DFDs for the new system appear in Figures 11 to 19,
interspersed with the relevant process descriptions. The

supporting data dictionary appears in Appendix 5.
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name of data structure
underlined and in bold

REPORT OF HOURS:

data structure defined else-
where underlined and in bold

OPERATIVE

NAME
DETAILS
WEEK BEGINNING DATE
* WORK ITEM HOURS:_*

OPERATIVE

: colon indicates

= _(CONTRACT REFERENCE)

/////:/ACTIVITY CODE
() round - TARGET CODE
- [OPERATIVE'S DESCRIPTION or TARGET DESCRIPTION]

*

data
structure decomposition
to follow (ie, no entry
of its own elsewhere)

/

[] square brackets
enclose alternative
data options

* asterisks enclose an element
or structure that is repeated
within parent structure

brackets
denote - % DAILY HOURS REPORT:
enclosed
data 1is - DAY OF WEEK
optional - HOURS
indentation indicates
following data is
decomposition of above
structure

D 0D s S . - > G . — — — — ————  ————— — — — - —— S =" — —— ——— - —— — D = —— — —— —— — =

Figure 10. EXAMPLE OF DATA STRUCTURE DEFINITION

68




*TIT =anbtg
'WYHDVIO  1X3IINOD

44V1S

JJodad
ssaJbosd

ajepdn
+ ssasboyy
JJoday

JnogeT
ajnpayas

wesboad

wie)d

3wubiss

_noge

:J

SajuerMmojje

sjuawubisse
| St anoge

suorjenyep
WisaLul awwesbosd Japua)
anpoid sspapoJd
abse

83npoud

s)(2}5p

sjabagy 2jewiisa

————

SIOVM snuoq umopyea.q

awwedsbouy suoljeJado
Elvalanala) + sJnoy as|aay pJepuels -~ S| TSWHIOP
. + 3yeas) Japus} Japu3

suojjelIeA

ajiy
sanoyuew suonetie :o:a..mn_ol\mww_[m.p._mnmm
m:num&mao gnide PAREHELS
ju

suopelIRA
pioday

FRa

puejs
”wm:m no
pasiAad B

3dueuwopsad
MBIADY

J3pJo

vonelies——o___ | yjuy

69



ajewisa
payurad

uibsew

juawmep
Jpuay.

Japua)
ajaydwor

JBpu3

SjuswMmop

1500
ajeuwiys

wn

——
-_— -

s
/  SpealyJsao0

-~

ajajmje)

-~

‘2T 2anbtg

“430N3L

NOI

I
\
\ _ailth > 9.t N\ ) <
N\ sajonb ! sJejnoyged
mco.armw_%;o N S3j0n ! .wwﬁwe+ Toeoniay ! pille
. Sﬁ ™~ pelzies. H okt =
TR — -
el
sajel/s}so) b
b oletado saljtpuenh
NOI N ITTET uoyjesadp
..w:mmxm fa——— m_mn_._cm.__mw mu.m.am“hwwcﬂz 3INSRIY
OYNVW
J wogbosds R UOJ398 3p
. - ‘ uoyesado

-LN00Yd |5
JOVNVH|

sjsoy -+
sajey ubissy

3Jnaoyd

sawey
3)ijajep
sjewlys3
dn Jes
A -
aweu
AP /~Samiaop
| ‘Japua
\
-1 \
~
~

suojjesado
ueys.

.

l

AN

/Hawy

suo
pJ

¢

hbo

puels

70



6.2 PROCESS DESCRIPTIONS FOR THE NEW SYSTEM

1 PRODUCE TENDER

1.1 SET UP ESTIMATE

DESCRIPTION: Enter contract name, commencement date,
completion date (or contract period), retention, client,
etc., 1if known. Enter contract reference and initialise
datafiles specific to contract.

INPUTS: tender documents

OUTPUTS: contract particulars, datafile names

1.2.IDENTIFY/CREATE OPERATION

DESCRIPTION: Select appropriate operation to describe work
from standard database. If no suitable operation found,
create new description.

INPUTS: tender documents, datafile name, standard
operations

OUTPUTS: operation description, operation origin, standard

rates, standard output, operation trade

1.3 MEASURE OPERATION QUANTITIES

DESCRIPTION: Measure or derive quantities described by
operation from tender documents.

INPUTS: operation description, tender documents

OUTPUTS: operation quantity, materials for quotes

1.4 ADJUST/ASSIGN RATES AND COSTS

DESCRIPTION: Review and amend standard rates and costs for
materials, plant and subcontractors, on basis of quotes and
experience.

INPUTS: standard rates, operation costs/rates (quoted)
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OUTPUTS: rates and costs

1.5 ADJUST/ASSIGN OUTPUTS

DESCRIPTION: Review and amend standard output as considered
appropriate.

INPUTS: standard outputs

OUTPUTS: operation outputs

1.6 OBTAIN AND SELECT QUOTES

DESCRIPTION: Identify materials, plant and subcontractors
requiring gquotes. Send details to suppliers and
subcontractors. Receive and select quotes.

INPUTS: materials for quotes, quotes

OUTPUTS: tender documents, selected quotes, operation

costs/rates

1.7 CALCULATE COSTS

DESCRIPTION: Apply all rates and costs to quantities.
Subtotal costs by resource.

INPUTS: operation quantities, operation trades, operation
outputs, rates and costs, labour rates

OUTPUTS: cost information

1.8 REVIEW, AMEND AND RECALCULATE

DESCRIPTION: Review resource subtotals. Call up details of
individual operations, examine and amend as appropriate.

When estimate acceptable, file rogue operations to standard
database. Total operation costs.

INPUTS: cost information, operation description, operation origin

OUTPUTS: estimate at cost, estimate details, rogue operations
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1.9 COMPLETE TENDER

DESCRIPTION: Review company overheads costs, workload
forecast, and contract period. Enter margin as percentage.
Calculate total estimate value. Prepare formal tender
submission. Print breakdown of estimate (by operation) if
required.

INPUTS: estimate at cost, workload forecast, contract
particulars, overheads

OUTPUTS: tender document, printed estimate, margin
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2 MANAGE PRODUCTION

2.1 CREATE AND REVISE PROGRAMME

2.1.1 CALCULATE OPERATION MANHOURS

DESCRIPTION: Calculate operation manhours from estimate
output and quantity. Calculate variation operation manhours
in same manner [SEE '2.4 RECORD VARIATIONS'].

INPUTS: estimate operation, variation

OUTPUTS: operation manhours

2.1.2 CREATE ACTIVITY DESCRIPTIONS
DESCRIPTION: Enter a description of programme activity.
INPUTS: NONE

OUTPUTS: activity description

2.1.3 PRODUCE WORK BREAKDOWN

DESCRIPTION: Assign each operation to an activity from
listing. Subdivide activity into targets, create target
descriptions, and assign operations. If target division not
yet decided, accept temporary activity-wide default.
Indicate whether activity may be interrupted during
multiproject scheduling by reassignment of labour to higher
priority activity. Derive target manhours from operations.
Derive activity manhours from targets. Amend target hours
if result unacceptable. Specify activity duration where
manhours inappropriate. Recalculate manhours on entry of
variations.

INPUTS: activity descriptions, operation descriptions,
operation manhours, variation work breakdown

OUTPUTS: work breakdown, target description, planned target
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manhours, activity details, interrupt indicator

2.1.4 ENTER LABOUR DETAILS

DESCRIPTION: Enter name and trade of operativé. Enter basic
rate of pay for each trade. Enter hours available for work
for each trade, for each day of week. Enter details of
holidays. Create and assign new cglendar to individual if
different from trade. Enter standard daily hours for
calendar, or accept average of daily hours entered as
default. Calculate number of members of each trade.

INPUTS: labour details

OUTPUTS: basic rate of pay, available personnel, available

labour, labour calendars, standard day

2.1.5 ASSIGN LABOUR TO ACTIVITIES

DESCRIPTION: Assign trade and number of operatives to each
activity (no individual assignment to be greater than the
total number of that trade's members). Assign operatives by
name if known. Calculate activity durations in days based
on appropriate calendar's standard day.

INPUTS: activity details, available labour, available
personnel, standard day

OUTPUTS: programme activity details, labour assignment

2.1.6 INTERRELATE ACTIVITIES AND COMPUTE

DESCRIPTION: Amend contract dates if changed from tender
stage. Link activities through screen bar chart using
cursor control. Calculate developing network, allowing for
calendar holidays and daily working hours in the evaluation
of activity start and finish dates.

’
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INPUTS: programme activity details, labour assignment,
contract programme information, labour calendars

OUTPUTS: programme, earliest start dates, activity

relationships
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2.2 SCHEDULE LABOUR
2.2.1 INTEGRATE CONTRACTS

DESCRIPTION: Merge individual programmes into 'multiproject

schedule'.
INPUTS: programmes, labour assignments, activity
relationships
OUTPUTS: integrated programmes, integrated labour

assignments, integrated activity relationships

2.2.2 CALCULATE TOTAL LABOUR DEMAND

DESCRIPTION: Calculate total demand for each trade in terms
of manhours per day. On request, calculate demand for
individual operatives. Present information in histogram
format. Show available labour limit.

INPUTS: integrated programmes, intégrated labour
assignments, available labour, available personnel

- OUTPUTS: labour demand

2.2.3 ASSIGN PERSONNEL

DESCRIPTION: On request, list targets belonging to specific
activity. Assign individual operatives and gangs to
activities and update histogram to show. Calculate
remaining activity manhours from progress reports for
constituent targets. Amend interrupt indicators.

INPUTS: integrated programmes, activity description and
interrupt, integrated 1labour assignment, labour demand,
available labour, available personnel, target desription,
target manhours, target progress

OUTPUTS: integrated labour assignments, remaining activity
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work content

2.2.4 LEVEL LABOUR

DESCRIPTION: Eliminate overscheduling of trades and
individuals by delaying or interrupting activities
according to decision rule and status of interrupt
indicator. (Return to processes 2.2.2, 2.2.3 to reassign
personnel if not satisfied with result).

INPUTS: remaining activity work content, integrated labour
assignments, integrated activity relationships, available
labour, available personnel, labour calendars

OUTPUTS: integrated programme, integrated earliest start

dates

2.2.5 SEPARATE CONTRACTS

DESCRIPTION: Extract 1levelled individual programmes and
print bar charts for distribution.

INPUTS: integrated labour assignments, integrated earliest
start dates, integrated programme

OUTPUTS: labour assignments, earliest start dates, printed

programme
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2.3 REPORT PROGRESS AND UPDATE

2.3.1 PRODUCE PREVIOUS PROGRESS ﬁEPORT

DESCRIPTION: Enter current date. Produce progress report
listing targets under activity headings, and indicating
last reported progress as a percentage. Include targets
whose activities could have started according to their
earliest start dates. Report date of last progress report.
Print report on request.

INPUTS: contract name, activity description, target
description, target progress, earliest start dates,
progress report date

OUTPUTS: target progress report

2.3.2 DETERMINE CURRENT TARGET COMPLETION

DESCRIPTION: Review report and enter assessment of current
target progress.

INPUTS: target progress report

OUTPUTS: target progress, progress report date

2.3.3 CALCULATE ACTIVITY PROGRESS

DESCRIPTION: Calculate progress of activities from progress
of constituent targets. Estimate progress of non-target
activities (eg., subcontractors). Calculate remaining
activity manhours. Produce activity progress report with
breakdown into targets if required.

INPUTS:Atarget progress, progress report date, planned
target manhours, target descriptions, activity descriptions
OUTPUTS: remaining activity work content, activity progress

report
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2.3.4 RECALCULATE PROGRAMME

DESCRIPTION: Recalculate the programme to account for
progress before reeﬁtry to multiproject schedule.

INPUTS: labour assignments, remaining activity work
content, labour calendars, activity relationships

OUTPUTS: programme, earliest start 'dates

- — — — S — - S T - = S ————— ——— — — - —— — ———— — ——— —— — — — — — — — ———— ——— — ———— ——
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2.4 RECORD VARIATIONS

2.4.1 RELATE VARIATION TO EXISTING OPERATION

DESCRIPTION: Review breakdown of activity to which the
variation relates. If variation represents extension of
scheduled operation then identify operation and assign
variation the same work breakdown code.

INPUTS: notice of variation, work breakdown, activity
description, target description, operation description

OUTPUTS: variation affiliation, variation work breakdown

2.4.2 IDENTIFY/CREATE NEW OPERATION

DESCRIPTION: If variation does not relate to a scheduled
operation, identify appropriate standard operation from
file, or create new operation.

INPUTS: notice of variation, standard operation

OUTPUTS: operation and description

2.4.3 ENTER/AMEND ESTIMATE DETAILS

DESCRIPTION: [ 'MEASURE OPERATION QUANTITIES',
'ADJUST/ASSIGN RATES AND COSTS', 'ADJUST/ASSIGN OUTPUTS',
'CALCULATE COSTS' (- SEE 'PRODUCE TENDER') ]

INPUTS: estimate details, variation éffiliation, operation
and description

OUTPUTS: rogue operation, variation (operation), operation
description, estimate details, estimate (review) details,

operation details
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2.5 REPORT HOURS

2.5.1 PRODUCE TARGET SHEETS

DESCRIPTION: If a pricework target, convert target manhours
to a price or rate. If target is of payback type, decide
and apply target factor to planned target manhours and
decide payback rate. Produce extended description of target
if considered necessary. Produce report listing target's
constituent operations and indicating basis of payment of
bonus, including price, rate or target manhours. Record
issue of target. |

INPUTS: contract name, work breakdown, target descriptions,
planned target manhours, operation details, basic rate of
pay

OUTPUTS: target sheets, payment details, issued target

references

2.5.2 PRODUCE BESPOKE TIMESHEETS

DESCRIPTION: If target has been issued, or target is
reported to be in progress, or earliest start date of
target's activity is within a specified period from current
date, then enter target description onto timesheets to be
distributed to members of trade assigned to execute target.
INPUTS: issued target references, target progress, early
start dates, labour assignments, target descriptions

OUTPUTS: timesheets (blank)

2.5.3 RECORD HOURS ( - operatives)
DESCRIPTION: Enter hours against target descriptions for

each day of the week. Note estimate of percentage
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completion of target at end of week. Note hours worked on
any other activities, targets or unscheduled work.
INPUTS: target sheets, timesheets (blank)

OUTPUTS: timesheets (completed)

2.5.4 CHECK HOURS (- management)

DESCRIPTION: Verify hours recorded and adjust if necessary.
Add estimate of target completion; if not included or if
inaccurate.

INPUTS: timesheets (completed)

OUTPUTS: timesheets (checked)

2.5.5 TOTAL OPERATIVES DAILY HOURS
DESCRIPTION: Total hours to be paid by hourly rate.
INPUTS: timesheets

OUTPUTS: daily hours

2.5.6 REVISE LABOUR ASSIGNMENTS

DESCRIPTION: As hours are entered revise record of labour
‘assignments where activity has been progressed by different
operatives from those originally assigned.

INPUTS: timesheéts, labour assignments

OUTPUTS: labour assignments

2.5.7 CALCULATE ACTUAL TARGET MANHOURS

DESCRIPTION: Once hours are entered (against target
references) total manhours from timesheets of all those who
worked on the target. Enter target progress.

INPUTS: timesheets

OUTPUTS: actual target manhours, target progress
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2.5.8 CALCULATE BONUS PAYMENT

DESCRIPTION: If bonus of payback type, and if target
completed, multiply manhours saved by payback rate by basic
rate of pay to evaluate bonus payment. Divide between
members of gang who worked on target.

If bonus of pricework type, multiply percentage by price,
or quantity by rate to derive’ bonus. Subtract previous
bonus payment if appropriate.

INPUTS: planned target manhours, actual target manhours,
payment details, target progress, basic rate of pay, labour
assignments

OUTPUTS: bonus payment
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2.6 PRODUCE INTERIM VALUATION

2.6.1 EXTRACT PROGRESSED OPERATIONS

DESCRIPTION: Identify all operations reported to be in
progress at the last valuation. Identify all those
operations whose targets have been reported to be in
progress.

INPUTS: previous valuation operation completion, target
progress, work breakdown

OUTPUTS: new operation completions

2.6.2 ADJUST OPERATION PROGRESS

DESCRIPTION: Transfer and apply latest target completions
to estimate values of comstituent operations. Accept or
adjust new operation completions and values. Enter details
of progress of any operation not otherwise reported.
INPUTS: new operation completions, activity description,
target description, estimate details, margin

OUTPUTS: revised operation completions

2.6.3 PRODUéE VALUATION BREAKDOWN

DESCRIPTION: Dictate detail of valuation presentation. On
request, calculate and list activity completions and value
of work done from constituent operation details. On
request, also present details of operation completions and
values beneath activity heading.

INPUTS: work breakdown, activity description, target
description, estimate details, margin, previous valuation
operation completions, revised operation completions

OUTPUTS: valuation breakdown
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2.6.4 CALCULATE TOTAL VALUE

DESCRIPTION: Total all operation values to derive value of
work completed to date.

INPUTS: previous valuation operation completions, revised
operation completions, estimate details, margin

OUTPUTS: value of work completed

2.6.5 ALLOW FOR ADJUSTMENTS

DESCRIPTION: Adjust total for unfixed materials value,
previous payments, retention, VAT, etc. Enter date of
valuation and certificate number. Produce interim claim
document and issue with accompanying breakdown.

INPUTS: value of work completed, unfixed materials wvalue,
previous payment, contract details

OUTPUTS: interim claim
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2.7 REVIEW PERFORMANCE

2.7.1 PRODUCE CONTROL REPORT

DESCRIPTION: Calculate and present four assessments of
target manhours, based on (1) standard operation outputs,
(2) estimate operation outputs, (3) planned target
manhours, (4) actual manhours reported. List operations for
each target, including both standérd and estimate outputs
and manhours.

INPUTS: contract name, estimate (review) details, work
breakdown, activity description, target description,
planned target manhours, actual target manhours, target
progress, labour assignments, standard outputs

OUTPUTS: control report

2.7.2 REVIEW REPORT AND ALTER STANDARDS

DESCRIPTION: Analyse report and agree any changes to
standard rates with key management personnel. Revise
standard outputs accordingly.

INPUTS: control report, previous control reports, checked
timesheets

OUTPUTS: reviewed control report, revised outputs
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6.3 NORMALISATION

The system was described as if it was continuous. Therefore
no files appear on the diagrams unless integral to the
observer's understanding of the system. In reality all the
data passing between processes within the system boundary
had to be stored or derived from stored data. The most
efficient structure of the database that would serve the
system was established after an analysis of the data
structures that the processes operated on. This process is
called normalisation, and involves the evolving data
structures paésing through three stages of simplification.
A fully normalised data structure has to satisfy three

conditions:

1. NO REPEATING GROUPS:- Each data element occurs only once

in each record.

2. ALL NONKEY ELEMENTS ARE FULLY DEPENDENT ON THE KEY:~- In
the situation where a key is concatenated from two or more
elements, the nonkey elements in the record must depend on

the complete key, and not just on part of it.

3. NO FUNCTIONAL DEPENDENCIES BETWEEN NONKEY ELEMENTS:-
There must be complete independence between the nonkey

elements, such that one element does not determine another.

(For a full description of normalisation, see

GANE, C.+SARSON,T.:79.)

The result of normalisation was a ten-file database

structure;
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STANDARD OPERATIONS FILE:

TRADE {Key)
NUMBER {Key)

STANDARD DESCRIPTION

UNIT

STANDARD OUTPUT

(STANDARD MATERIALS RATE)
(STANDARD PLANT RATE)
(STANDARD SUBCONTRACTOR COST)

ESTIMATE DETAILS FILE:

ESTIMATE REFERENCE CODE {Key}
TARGET CODE

ACTIVITY CODE

TRADE

NUMBER

DESCRIPTION

QUANTITY

OUTPUT

LABOUR RATE

[MATERIALS RATE or MATERIALS SUM]
[PLANT RATE or PLANT SUM]
[SUBCONTRACTOR RATE or SUBCONTRACTOR SUM]
COMPLETION

TARGET DETAILS:

ACTIVITY CODE {Key)
TARGET CODE {Key)

TARGET DESCRIPTION
EXTENDED TARGET DESCRIPTION
TYPE

FACTOR

PAYBACK RATE

PLANNED TARGET MANHOURS
(PRICE)

ISSUE STATUS

ACTUAL TARGET MANHOURS
PROGRESS
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ACTIVITY DETAILS:

ACTIVITY CODE ({Key}

ACTIVITY DESCRIPTION

INTERRUPT INDICATOR

START - scheduled/actual.

FINISH - scheduled/actual.

(INTERRUPT START)

(INTERRUPT FINISH)

EARLIEST START

[REMAINING DURATION or REMAINING WORK CONTENT]

ASSIGNMENT DETAILS:

ACTIVITY CODE {Key}

TRADE {Key)

[NAME or DEFAULT] {Key} - default indicates no. of men

ASSIGNMENT TYPE - output contributes to completion of
activity manhours OR assignment is
for activity duration.

ACTIVITY RELATIONSHIPS:

ACTIVITY CODE {Key} extension of key to include
ACTIVITY CODE {Key} - 1link type allows more than one
LINK TYPE {Key} link between two activities.

[LEAD or LAG]

LABOUR DETAIILS:

NAME {Key} - operative or gang, may be abbreviated
TRADE

(CALENDAR NAME)

BASIC RATE

STANDARD CALENDAR WEEK:

[CALENDAR NAME or TRADE] {Key} - created for every trade
STANDARD HOURS PER DAY - mean of daily hrs if not spec.
MONDAY HOURS AVAILABLE

TUESDAY HOURS AVAILABLE

WED'DAY HOURS AVAILABLE

THURSDAY HOURS AVAILABLE

FRIDAY HOURS AVAILABLE

SAT'DAY HOURS AVAILABLE

SUNDAY HOURS AVAILABLE
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CALENDAR HOLIDAYS:

[CALENDAR NAME or TRADE] {Key}
NON-WORKING DATE {Key}
CONTRACT DETAILS:
CONTRACT REFERENCE ({Key}
CONTRACT NAME
MARGIN
RETENTION
(VAT)
(CONTRACT COMMENCEMENT)
[CONTRACT COMPLETION DATE or CONTRACT PERIOD]
LATEST PROGRESS DATE
LATEST VALUATION DATE
LATEST CERTIFICATE NUMBER
LATEST PAYMENT VALUE
6.4 FEATURES OF THE NEW SYSTEM
A thorough definition of process logic, menu systems and
report and screen formats was not attempted. In their
absence a number of key features are described to

complement a partial system specification.

6.4.1 Integration With An Existing Estimating System

The database structure that supported an estimating system
developed on an earlier project was found to be an
acceptable starting point for the new system
(WESTGATE,S.E.86). Thus the 'STANDARD OPERATIONS' and
'ESTIMATE DETAILS' files represent an expansion of this
earlier work, and data generated by the estimating system
would be in a format directly compatible with the

production requirements of the new system.

6.4.2 A Work Breakdown Structure
A simple three-tier breakdown structure was considered

adequate for expressing the decomposition of a small firm's
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contracts.

ACTIVITY
v
TARGET

\4
OPERATION

ACTIVITY: An assignment of labour to a series of targets.
Linked in a network to other activities. May be interrupted
(between targets) whilst the operatives are assigned to
another activity of higher priority. May also be specified

as a fixed duration.

TARGET: A division of the work suitable for setting as an
incentive target. To be carried out by the operatives
assigned to the activity of which it forms a part. It

cannot be scheduled to be interrupted.
OPERATION: An estimate item, forming a part of a target.

The assembly of targets from operations is an obvious
organisation of the work. The further amalgamation of
targets into activities is intended to eliminaﬁe
unnecessary complexity in the schedule. In repetitive
construction, the same or similar target may be set for
each each block, house or room, to be carried out by the
same gang. As it would be tedious to individually schedule

such items, they are to be collectivised.

At the outset of the contract when the division of the work
into targets is not decided, this intermediary level can be

ignored and the labour content of activities may be derived
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directly from their constituent operations. It may
occasionally be the case that an activity is composed of a

single operation.

The derivation of a work item's content from its origins
may always be overridden by the user. Although the default
is for the estimate operation to use a standard output, and
for the target manhours to be calculated from the estimate,
the option is always available to specify a different value

from that generated.

A system of concatenated contract, activity, target and
operation codes is used to express the work breakdown

structure in a way that uniquely identifies each work item.

6.4.3 Labour Assignments

Labour may initially be assigned as anonymous units of a
trade, e.g. 1 No. bricklayer. It may further be assigned in
terms of specific individuals, e.g. 'J. Bloggs', or
specific gangs e.g. 'Tom/Dick/Harry'. If the assignment is
of this specific nature, the levelling procedure associated
with the multiproject schedule will recognise both the
individual and his trade as resources, and will schedule
the assignment to suit the availability of both. The same
applies to gangs if the assignment is so specified. This
allows the recognition of‘discrete abilities within broad
categories of labour. It also permits a more detailed

scheduling of labour for the immediate future without

having recourse to a separate short term programme. The
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limited size of the small firm's workforce should make the
scheduling of individual operatives a practical

possibility.

To permit greater flexibility in the 1levelling of a
schedule, activities may be interrupted between targets to
allow the temporary transfer of operatives to another

assignment perceived to be of greater priority.

6.4.4 The Reporting Of Hours And Progress

The success of the system depends on the quality of the
production information returned from site. It was
particularily vital that the descriptions on the timesheets
relate precisely to those in the estimate and the

programme.

Where an incentive scheme is in operation, target sheets
detailing the operations to be carried out are prepared and
issued as the date of the target's commencement approaches.
A record is made of the issue of each target. Early in the
week a customised blank timesheet is produced for each
trade listing all those targets which have been issued, or
are reported to be iﬁ progress, or are capable of being
started during the week as indicated by their earliest
start dates. The latter criterion allows for the
possibility of activities starting earlier than scheduled.
Copies of the sheets are distributed to each member of a

trade.

Against the target descriptions listed on the sheet, the
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operatives note the hours spent for each day of the week.
Any targets not worked on are left blank. Space would be
provided for details of unspecified work to be noted. At
the end of the week a rough figure for the proportion of a
target completed is added. These figures are then checked
and amended as necessary by the foreman and/or contract

manager before entry by clerical staff into the computer.

The co-operation of the workforce would be better secured
if the targets were part of an incentive scheme. However
the effort required of them is little more than that
demanded by existing practice amongst some of the firms

investigated.

Although desirable, the reporting of hours against
operations was considered to be too time-consuming and

inaccurate in view of their expected large number and small

typical size.

A further enhancement of the system might be to personalise
the timesheet. By recording the issue of a target against
the individual, only these targets, and those not yet
issued but to which an operative has been personally
assigned, would appear on his timesheet. This would reduce
the volume of irrelevant information presented on the
timesheets, but at the cost of the obligation to specify
individual assignments. There would be the further
complexity of conveying, and if misplaced, replacing
timesheets unique to an individual. The enhancement has

not therefore been included, but might be considered as an
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option in any finalised systenm.

6.4.5 A Control Report

Control reports would be compiled at regular intervals, or
as dictated by management. For each contract the targets
completed in the preceding period are listed together with
their constituent operations. Against these appear six

measures of prodﬁétivity:

1. STANDARD OUTPUT:- The operation output stored in the

database.'

2. ESTIMATED OUTPUT:- The operation output actually used in

the estimate.

3. ESTIMATED HOURS:- The estimated manhours, derived from
the estimated outputs and quantities, for each operation

and for the whole target.

4. STANDARD MANHOURS:- As for 'estimated hours', except

based on standard output rates.

5. PLANNED MANHOURS:- The target manhours used as the basis

of the programme and the incentive scheme.

6. ACTUAL MANHOURS:- The actual manhours expended on a

target (from timesheets).

It is anticipated that such reports would be reviewed as an
item at meetings at which both chief estimator and contract
manager would be in attendance. Any agreed changes to

standard outputs would be noted on a copy of the report for
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amendment of the database by clerical staff.

6.4.6 Leads And Lags

Most leads and lags between linked activities express a
physical dependency between them. A distinct proportion of
the work, such as that delineated by one room, must be
completed by one trade before another can start to overlay
it with its own contribution. This is a lead. A proportion
of a second activity cannot be undertaken until after the

completion of the first. This is a lag.

The representation of a lead or lag as a fixed duration is
inadequate in a context where the time taken to complete
the volume of work it is supposed téirepresent can vary
with the number of'operatives assigned to that activity. In
the case of a schedule which is continually being updated,
it is inevitable that labour assignments will be changed
with circumstances. Therefore the system has been provided
with the facility to express leads and lags in terms of a
percentage of overall duration, from which a time period is

calculated during each recalculation of the schedule.
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7 RESOURCE LEVELLING BY DECISION RULES

7.1 INTRODUCTION

The results of the few studies in decision rules which have
relevance to construction, suggest that float, or some
variant of float, is the most reliable indicator of. an
activity's precedence for resources (NUTTALL,J.F.:65,
ALLAM,S.I.G.:88). The result has .been. a predominance of
1evelling,fa¢ilities amongst planning software, which
operate by a simple examination of float, usually total
float. The few more sophisticated algorithms that have
found an entry into the market are rarely published for
commercial reasons. Only limited consideration has been
given to the effect of the number of assigned resource
units on the outcome of a decision, and of any objective of
levelling other than the minimisation of total delay

(GOMEZ-CHADWICK,P. & WOOTTON,A.H.:78, KURTULUS,I.:85).

Resource levelling bj activity delay is one of a number of
options available to the planner to solve labour
overscheduling problems. Although its choice does not
preclude the trial of other measures, it does imply a
suspension, 1if only temporary, of other potential
solutions, and therefore the acceptance of certain
programming constraints. These are summarised by the
following statements;
1. There are no further units of labour to be assigned

to the workforce.

2. The trade assigned to execute a given activity
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cannot be changed.
3. Resource productivity is fixed.
4. The length of each trade's workday is fixed.

5. The likelihood of an extension of the critical path

is acceptable.

These are the operating conditions in which 1levelling by
activity delay takes place. They illustrate that it will
usually only be one of a series of stages of refinement
through which a plan progresses in the course of its

development.

7.2 THE LEVELLING DILEMMA

The fundamental problem that must be addressed by any
levelling system is the selection of the correct activity
or activities to delay in the alleviation of an area of
overscheduling. The 'correctness' of the choice of activity
is to be judged by the impact of its new position in the
schedule on other activities. The direct conséquences
(those immediately suffered by 1logically succeeding
activities) could be loss of float, or, if the delay were
to exceed float, extension of the critical path itself.
Indirectly, the delays could create new overscheduling
problems  further down the programme amongst activities
which previously had not been competing for the same

resource at the same time.

As the number of activities and the periods of
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overscheduling increase, the number of possible outcomes
multiplies dramatically, so that at a relatively low level
of project complexity it becomes unfeasible to attempt to
evaluate all possible permutations, even with the aid of a
computer. If competing activities cannot then be assessed
as candidates for delay on the basis of the actual results
of their delay, then some other} more easily computed
attribute of an activity, must be used as the
discriminating criteria. The evaluation and comparison of
such attributes in the course of levelling can be said to
be the action of a decision rule, and it is the nature of
the attribute that distinguishes one rule from another. The
attribute may be simple, such as 'float', or may be derived
by some algorithm from a composite of increasingly
discriminatory simple attributes such as a 'criticality +
start date + duration' rule. The best decision rule will
be the one whose activity attribute is the most reliable
indicator of the benefit or otherwise of selecting a
particular activity to delay, in terms of overall effect on
the schedule. Méasuring this benefit becomes complicated
when levelling takes place in the context of the

multiproject schedule.

7.3 LEVELLING A MULTIPROJECT SCHEDULE

Submitting several logically unrelated projects for
integration through the process of levelling increases the
complexity of the problem to be solved, but requires no

changes to be made in the basic method of levelling. Each
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contract may be simply regarded as an independent
subproject of one unifying master project. However an
adjustment does have to be made to the criteria by which
the performance of a levelling rule is to be judged. When
only one project is to undergo levelling, all those aspects
of a contract which could conceivably be affected bybthe
process, for better or worse, (overheads, damages,
continuity of work, etc.), are directly linked to the
resulting duration. They therefore need not be separately
accounted for, as any improvement or deterioration in their
values would simply be reflecting a loss or gain in
duration. In the case of multiple projects, it is the
cross—-project totals that are significant, and these will
not move in a simple relationship with the combined total
of the durations, because of inevitable differences between
the projects in the rates at which these measures increase
or decrease with each project's duration. Thus it is
possible with rescheduling, that by the lengthening of one
project's duration and the shortening of another's,
although total duration may show a slight overall increase,
an improvement may be achieved in some other measure of

performance as a result.

For this reason there was no single criterion upon which
the success or otherwise of the application of a rule could
be assessed, a fact the diversity of rules tested was to
reflect. Instead five indicators, each an estimate of some
aspect of performance, were monitored to provide a record

of the outcome of each trial. These are as follows;
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1. Total quation.

2. Total Float Loss.

3. Total Overrun of Contract Completion Dates.
4. Total Damages Scheduled to be Incurred.

5. Total Apportionable Overheads.

Although a correlation between all of these measures was to
be expected, there was no direct relationship between any
two of them that would invariably cause one total to move

in step with another.

Underscheduling, where a trade's demand falls below the
level of its availability for a period, effectively
represents a programmed break in the continuity of work for
one or more men, and is therefore an undesirable occurrence
in any schedule. Hence a figure for a trade's unscheduled
manhours would have been relevant. However, a high quota of
unscheduled hours would inevitably appear in the first and
last few weeks of an experimental schedule, composed only
of a few staggered projects, which were disconnected from
the preceding and succeeding workloads which could
otherwise be expected to have absorbed such 'unassigned!'
labour. It was therefore impossible to fix two dates,
between which to measure unassigned hours, for which any
significance could be claimed. In the absence of such data
the total duration of the projects can be regarded as a
good indicator of the efficiency of the wutilisation of

available manpower over all the projects.
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7.4 LEVELLING USING 'SUPERPROJECT EXPERT!'

Each rule would operate by passing the results of an
analysis of project data to a project management package
which would then level the schedule accordingly. The manner
in which the chosen package, !'Superproject Expert',
levelled resource assignments therefore constituted the
final stage in the execution of any decision rule being
implemented, and as such had to be fully understood before
the rules could be formulated. No complete description of
the procedure it follows is publicly available, but by
experimentation with carefully devised primitive scheduling
problems, the relatively simple rationale that underlies

its operation was deduced.

. Starting on the first day of the first activity of the
first project, the resource utilization arising from the
earliest start dates is calculated for each resource until
one of the specified resource 1limits is found to be
exceeded. The activities contributing to the overscheduling
at this point are then examined for their 'priorities' -
previously assigned values in the range 0 - 99, and the
start dates of that or those with the lowest priorities are
delayed until the resource's demand falls below the limit,
normally on completion of ‘one or more of the competing
higher priority activities. The schedule 1is then
recalculated using the new start dates, and the process of
resource summation and activity delay repeats once more.
Thus during levelling, 'Superproject' reports to the user

that it is alternately 'levelling', then ‘calculating!
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according to whichever phase of the iteration it is going

through at a particular instant.

Once all resource conflicts have been resolved, the newly
levelled schedule is substituted for the o0ld, the
differences between the two being entered into the activity

delay fields.

It is therefore the aim of any decision rule to arrive at a
priority for each activity, based on an attribute
calculated from data relating to that activity, so that
subsequently 'Superproject''s choice of activities to delay

in an area of conflict will lead to the optimal solution.

7.5 THE RULES - A MODULAR APPROACH

Having decided on the performance criteria, the process of
defining the rules began. It was soon apparent that there
would be certain stages in the calculation of priofities
that would be common to more than one rule. Firstly,
assigning higher priorities to critical activities than
those assigned to non-critical activities was an obvious
starting point for a number of rules, the two activity
subsets thus formed being further subdivided by the
remainder of the rule (SEE '7.6 MODULE DESCRIPTIONS',
'COMMON' MODULE X). Secondly, it was hoped that by
assigning higher priorities to all those activities using a
category of resource characterised by a larger number of
critical manhours, that the levelling process would then

resolve resource conflicts that involved more critical
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activities first, and thus minimise overall delay (SEE '7.6
MODULE DESCRIPTIONS', 'COMMON' MODULE Y). This was
considered to be a desirable component of a number of rules
to be tested. Hence a modular approach was adopted, whereby
a rule was the sum effect of the execution of a sequence of
procedures, each refining the priority ranking of the
activities to be levelled. Not only did this use of
interchangeable modules lend itself to their programming
using a spreadsheet, but the subsequent development of new
rules was simplified. Figure 20 indicates the composition

of each rule tested.

The code that identifies each rule is thus composed of a
letter followed by a number. The letter (a,b,c,d,e) denotes
the combination of the two 'common' modules, that are then
followed by a 'final' module denoted by the number (1 - 9).
Both the type and sequence of the modules have a crucial
effect on the action of a rule, as is illustrated by the

following -'walk-through' of one of the rules; [PTO]
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Example;
RULE 'b4':-

FIRST....

— COMMON MODULE Y:

lb' THEN..."

COMMON MODULE X:

THEN....,
B FINAL MODULE 4:

l4l

THOSE ACTIVITIES SHARING THE RESOURCE
WHICH HAS THE GREATER NUMBER OF
CRITICAL MANHOURS ASSIGNED TO IT,

ARE ASSIGNED HIGHER PRIORITIES,

(amongst activities as yet
undifferentiated) ASSIGN HIGHER
PRIORITIES TO THE CRITICAL ACTIVITIES

THAN TO THOSE WITH FLOAT,

(amongst activities still
undifferentiated) ASSIGN A HIGHER
PRIORITY TO THE ACTIVITY WITH THE

EARLIER START DATE.
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7.6 MODULE. DESCRIPTIONS
The following are descriptions of the effect on priority of

each module, together with the rationale behind themn.

'COMMON' MODULE X: Critical Tasks First
DESCRIPTION: Critical activities to have higher priorities

than non-critical activities.

REASON: The delay of an activity on the critical path will
retard the completion date of a contract by a greater
amount than the same delay of an activity with float.
Therefore in the competition between two or more activities
sharing the same overscheduled resource, the critical
activity should possess the higher priority.

'COMMON' MODULE Y: Most Critical Resource First
DESCRIPTION: Those activities sharing a resource which has
the greater number of critical manhours assigned to it,
should enjoy higher priorities.

REASON: When two or more resource types happen to be
overscheduled at the same time, and the rescheduling of one
resource's assignments could influence the rescheduling of
another, that resource whose assignments are more critical
should be levelled first. Those resources whose activities
én average have more float and can therefore more readily
absorb any delay enforced on them by the levelling of the
logically related assignments of other resources, receive
lower priorities. This was an attempt to concentrate the

attention of the levelling program on resolving resource
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conflicts in such a sequence that the logical successors to
activities directly delayed by levelling would be more

likely to possess float with which to absorb delay.

MODULE: 1 - Least Total Float First

DESCRIPTION: The activity with the lesser total float
receives the higher priority.

REASON: Simply, the greater the float an activity
possesses, the more it could afford to be delayed by the
action of levelling without influencing the critical path.
MODULE: 2 - Least Free Float First

DESCRIPTION: The activity with the lesser free float
receives the higher priority.

REASON: Tasks that have greater free float may be delayed
for 1longer without reducing the total float of any
succeeding activities at all, which therefore leaves the
successors in a better position when it comes to levelling
the resources assigned to them.

MODULE: 3 - Greatest Total Manhours First

DESCRIPTION: The activity with the greater number of
manhours is assigned the higher priority.

REASON: During the levelling process an activity is delayed
until a 'gap' is found in the origihal labour demand
profile that is big enough to absorb the activity, without

the resource limit being exceeded. In any irregular demand
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profile, the small additional demand associated with an
activity of few manhours duration is more 1likely to be
accommodated earlier than a 'larger' activity for which a
free space in the demand profile would be harder to find.
Hence it is probable that an activity of 1less manhours
would have to be delayed less, with the result that the
critical path is put less at risk. Furthermore, in the more
common situation where resource overscheduling is only
marginal, the delay of a major activity could easily over-
compensate and leave a severe ﬁnderscheduling problem in
its wake, signifying a loss of work continuity.

MODULE: 4 - Earliest Start First

DESCRIPTION: That activity which, according to the original
schedule, has the earlier start date, is assigned the
higher priority.

REASON: Of the activities which contribute to a period of
overscheduling, those which start towards fhe end of this
period will need to be delayed less to relieve the problem
than those starting earlier. Thus to minimise delay, early-
starting activities should be allotted higher priorities.
MODULE: 5 - Least Contréct Float Fir§t

DESCRIPTION: The activity which belongs to the project
which has least buffer time between its earliest contract
finish date, ie as computed by CPA, and the contractually
binding 'official' completion date, has the higher

priority.
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REASON: If a higher priority is always given to the
activity belonging to the contract with less contract
float, then that contract is likely to suffer less delay
overall than would otherwise have been the case, and hence
the 1likelihood of an overrun of any of the contracts!’
completion dates is reduced as those more able to absorb
delay will consequently tend to be-.delayed the most.
MODULE: 6 - Greatest Damages First
DESCRIPTION: The activity which belongs to the contract
which has the greatest weekly damages figure set against it
has the higher priority.
REASON: This rﬁle works on the assumption that there exists
a significant differential between contracts' damages
rates. By assigning priorities in this way, any overrun of
the 'official' completion dates, resulting either from
levelling or from unforeseen circumstances during
construction, is more 1likely to occur on contracts with
less punitive penalty clauses, thereby reducing the overall
figure for damages.
MODULE: 7 - Greater [Manhqggfzdivided-by-Float] First
DESCRIPTION: Assign the higher\priority to the activity for
;\\t

he manhours by the total

which the result of dividin ;
AN

float (+1) is greater.
REASON: This was a simple attempt to combine the advantages
of modules 1 and 3, and the arguments for each apply to the

resulting module.
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REASON: If a higher priority is always given to the
activity belonging to the contract with less contract
float, then that contract is likely to suffer less delay
overall than would otherwise have been the case, and hence
the 1likelihood of an overrun of any of the contracts'
completion dates is reduced as those more able to absorb
delay will consequently tend to be delayed the most.
MODULE: 6 - Greatest Damages First

DESCRIPTION: The activity which belongs to the contract
which has the greatest weekly damages figure set against it
has the higher priority.

REASON: This rule works on the assumption that there exists
a significant differential between contracts' damages
rates. By assigning priorities in this way, any'overrun of
the 'official' completion dates, resulting either from
levelling or from unforeseen circumstances during
construction, 1is more 1likely to occur on contracts with
less punitive penalty clauses, thereby reducing the overall
figure for damages.

MODULE: 7 - Greater [Manhours-divided-by-Float] First
DESCRIPTION: Assign the higher priority to the activity for
which the result of dividing the manhours by the total
float (+1) is greater.

REASON: This was a simple attempt to combine the advantages
of modules 1 and 3, and the arguments for each apply to the

resulting module.
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MODULE: 8 - Greatest Overheads First

DESCRIPTION: The activity belonging to the contract for
which the sum of the direct and the apportionable indirect
overheads is the greater, receives the higher priority.
REASON: If priorities are assigned in this way, levelling
delay should be reduced on those jobs with comparatively
high overhead rates, tending to minimise the overall delay
on these jobs. Consequently the firm's total site overheads
are kept to a minimum, and in theory the fixed general
overheads could be apportioned over a greater volume of
work. Again this approach relies on a significant
differential between contract overheads.

MODULE: 9 - Least Duration First

DESCRIPTION: The activity with the shorter duration has the
higher priority.

REASON: The earliest date at which an activity being
delayed by levelling can be scheduled to start can only be
when the resource demand from the other activities reduces,
ie when one or more of the competing activities is
scheduled to finish. Hence the sooner other activities
finish, the.less need be the start delay of the task or
activities being rescheduled. The shorter activity is
assigned the higher priority, because it is more 1likely to
finish earliest, and therefore cause 1less delay to the

lower priority activity(s) being rescheduled.
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MODULE: f - Superproject's Own Float-First Levelling
Facility

DESCRIPTION: Assign higher priority to the actiVity with
less total float. As part of the software this self-
contained rule could not be combined with other modules.
REASON: The software's own optional in-built rule wés the
same as module 1 with the important difference that this
rule made its analysis during levelling, rather than
before. The floats it compared at a particular point during
levelling had been recalculated to take account of the
levelling that had already taken place. This placed it at a

considerable advantage over the other rules.

7.7 IMPLEMENTATION AND TESTING OF THE RULES °

7.7.1 'Superproject Expert' and 'Supercalc4'

'Superproject Expert' (SPJ) was used in conjunction with
'Supercalc4' (SC4), a spreadsheet package, to implement the
rules on an IBM compatible PC. Each package had its own
uncomplicated language in which routines or 'macros' were
programmed to effect the considerable data processing
involved, with the minimum keyboard input. A few simple
menu screens were incorporated within the macros to speed
the development of individual rules and projects. For the
trials of large numbers of rules on several workloads, the

system was amended to operate in a more automated fashion.

Within SPJ, the projects to be levelled were combined into

a single 'holding' project, each activity remaining at its
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earliest start time as calculated by SPJ according to
érecedence. Those fields in the holding project containing
the data upon which the decisions would operate were then
exported in SC4 format. Once SC4 was booted, and the
project data was loaded, one or all of the decision rules
could then be run as spreadsheet routines producing
listings of activity priorities that were then grouped and
saved in project/rule-specific files. SPJ was then re-
entered and each priority file was imported back into the
appropriate individual project. Using the linked project
facility by which a common resource base can be specified
for any number of projects, whilst the independence of
their networks is maintained, all the projects were
simultaneously levelled as one workload. Each project's new
schedule could then be saved in its entirety, or the
contents of the necessary data fields could be exported to
SC4 where the performance criteria described earlier could
be computed and saved by macros as a compéct record of the
application of a given rule on a given workload. For
reasons of limited storage space, and for the speed and
convenience of access to the results, the latter method of

recording them was adopted for the large number of test

runs undertaken.

7.7.2 Test Data
The projects and resource limits that were to act as test
data had to satisfy the following conditions;

(1) The data had to reflect the range and complexity
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of real-life scheduling problems;

(ii) The data should not contain any peculiar
characteristics that would consistently favour any

one rule or rules;

(iii) The task of manually tracing the action of a
rule through a multiproject schedule should not be

excessively laborious.

Actual project data provided by the participating firms:
would have been 1likely to have failed in respect of at
least one, and possibly all three of these conditions, so
instead it was decided to artificially create 'token'

projects with which to experiment.

With respect to the size and number of such projects to
make up a test workload, the requirements for both
complexity and simplicity, stemming from conditions (i) and
(iii) respectively, were of course in opposition. A
suitable compromise was reached, whereby each WORKLOAD
comprised THREE PROJECTS with TWELVE ACTIVITIES in each, to

which one of FOUR RESOURCES was assigned.

A list of twelve activities, of 1likely manhours and
manpower assignments, was gleaned from a study of

programmes provided by the participating firms [Fig. 21].
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Task ID Number of Operatives Total Hours

1 2 80
2 4 320
3 1 16
4 2 240
5 1 48
6 2 192
7 3 144
8 1 64
9 3 336
10 1 96
11 2 96
12 4 128

Figure 21. ACTIVITY LISTING FOR RULE TRIALS

At the same time four common network types were identified
and used as a basis for the creation of projects (initially
void of labour content and resource assignment) that would
present different challenges to a rule by the differences
in the way in which activities were related within them

[Fig. 22].

To generate the number of sufficiently diverse projects
needed to make up the workloads, the three components, (i)
labour content (manhours, no. of men), (ii) resource tYpe,
and (iii) network position, were randomly combined using a
spreadsheet to produce unique project programmes. The
resource limits were set on inspection of the first
workload's resource build-up, and remained fixed for the
durafion of the experiment. Minor and major overscheduling
probléms were simulated by expanding and contracting the
lags between the projects' start dates for each workload.

Daily overhead rates, weekly damages rates, and contract
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completion dates were specified as realistically as
possible on a project by project basis. In this way, the
multiproject schedules for an initial six workloads (W1 -
W6) were generated as source data for the testing of the

decision rules. [SEE Figure 23].
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8 RESULTS OF THE FIRST TRIAL

8.1 ANALYSIS AND PRESENTATION

The significance of each rule's set of results lay in its
superiority/inferiority to that of every other rule. A
comparative analysis of numerical results was achieved by
the application of simple statistical techniques. Two

complementary strategies were pursued.

8.1.1 Ranking
Figure 24 shows the impact of a rule on a typical workload,
according to each criterion, for each project. The bottom

line shows the workload totals.

PROJECTS DURATION OVERRUN FLOAT LOSS DAMAGES OVERHEADS

proj4b 40 days 0 days -82 0 3,600
proj5b 45 days 7 days -39 4,200 1,800
projé6b 49 days 15 days -125 4,500 980
TOTALS: 134 days 22 days -246 8,700 6,380

Figure 24. A TYPICAL RESULT: RULE 'N1l', WORKLOAD 'Wé'
The totals for all the results appear in Table 1.

(Hereafter all analysis excluded the 'Float Loss' results,
as their significance as a performance indicator was found
to be considerably less than that of the other criteria

[SEE '8.3 GENERAL FINDINGS']

Each total was then ranked to indicate a rule's performance
relative to that of every other rule, for each workload.

Thus for a given workload the best rule has a ranking of 1,
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the worst (there being 46 rules) is assigned a ranking of

46.

The bar charts in Figure 25 show the average ranking
achieved by each rule for each criterion. An overall
ranking for each rule is iilustrated in Figure 26. As the
average of the criterion rankings,' this measure of overall
success necessarily assumes an equal weighting for all the
criteria. The results were further grouped on the basis of
the five possible combinations of common modules (prefixes
a - e) to provide an indication.of the success or failure

of each combination [Fig. 27].
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RULE

al
az
a3
a4
abs
a6
a7
as
ao
bl
b2
b3
b4
b5
b6
b7
b8
b9
cl
c2
c3
c4
c5
c6
c7
c8
c9
dl
d2
d3
d4
ds
de
a7
ds
ds
el
e2
e3
el
e5
e6
e7
e8
e9

Table 1(a). RESULTS FOR WORKLOAD 'Wl'

DURATION

148 days
133 days
209 days
189 days
148 days
133 days
205 days
171 days
133 days
148 days
133 days
209 days
189 days

148 days

133 days
205 days
218 days
159 days
148 days
133 days
209 days
189 days
148 days
133 days
205 days
171 days
133 days
133 days
148 days
175 days
132 days
148 days
148 days
209 days
223 days
133 days
148 days
133 days
192 days
140 days
148 days
133 days
205 days
170 days
133 days
167 days

OVERRUN

1 days
0 days
56 days
37 days
1 days
0 days
50 days
25 days
0 days
1 days
0 days
56 days
37 days
1 days
0 days
50 days
67 days
22 days
1 days
0 days
56 days
37 days
1 days
0 days
50 days
25 days
0 days
0 days
1 days
14 days
0 days
1 days
1 days
56 days
99 days
0 days
1 days
0 days
33 days
0 days
1 days
0 days
50 days
38 days
0 days
14 days

FLOAT LOSS

-171 days
-54 days
-759 days
-688 days
-171 days
-54 days
-705 days
-365 days
-54 days
-171 days
-54 days
-759 days
-588 days
-171 days
-54 days
-705 days
-876 days
-260 days
-171 days
-54 days
~-759 days
-588 days
-171 days
-54 days
-705 days
-365 days
-54 days
-54 days
-171 days
-418 days
-15 days
-171 days
-171 days
-759 days
-776 days
-54 days
-171 days
-54 days
-543 days
-54 days
-171 days
-54 days
-705 days
-302 days
-54 days
-376 days
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DAMAGES OVERHEADS

800 7,570
0 7,320
4,400 11,680
2,400 10,040
800 7,570
0 7,320
6,000 11,000
6,800 8,930
0 7,320
800 7,570
0 7,320
4,400 11,680
2,400 10,040
800 7,570
0 7,320
6,000 11,000
6,800 12,220
0 9,140
800 7,570
0 7,320
4,400 11,680
2,400 10,040
800 7,570
0 7,320
6,000 11,000
6,800 8,930
0 7,320

0 7,320
800 7,570
4,400 9,300
0 7,090
800 7,570
800 7,570
4,400 11,680
21,200 12,050
0 7,320
800 7,570
0 7,320
6,000 10,130
0 7,370
800 7,570
0 7,320
6,000 11,000
8,400 9,200
0 7,320

0 9,140

(1ST TRIAL)



RULE

al
a2
a3
a4
- ab
a6
a7
as
a9
bl
b2
b3
b4
b5
b6
b7
b8
b9
cl
c2
c3
c4
c5
c6
c7
c8
c9
dl
d2
d3
d4
ds
dé
d7
ds
do
el
e2
e3
ed
eb
e6
e7
e8
e9

Table 1(b). RESULTS FOR WORKLOAD 'W2'

DURATION

184
188
209
224
155
155
204
196
184
184
188
209
224
155
155
204
197
189
184
188
209
224
155
155
204
196
184
171
188
208
175
155
178
209
2438
208
184
188
235
175
155
155
204
184
178
167

days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days

OVERRUN

26 days
30 days
56 days
77 days
5 days

5 days

51 days
39 days
26 days
26 days
30 days
56 days
77 days
5 days

5 days

51 days
40 days
42 days
26 days
30 days
56 days
77 days
5 days

5 days

51 days
39 days
26 days
20 days
30 days
67 days
42 days
5 days

13 days
56 days
111 days
55 days
26 days
30 days
98 days
42 days
5 days

5 days

51 days
56 days
13 days
14 days

FLOAT

=477
=526
-626
~752
=182
=182
=560
=519
=467
=477
-526
-626
=752
=182
=182
=560
-614
~-527
=477
-526
-626
-752
-182
-182
=560
=519
-467
=315
=531
-442
=203
~-182
-393
-626
=990
~709
=477
-526
=775
=303
-182
=182
=560
=240
-404
=251
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Loss

days
days
days
days
days
days
days
days
days
days

-days

days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days

DAMAGES OVERHEADS
3,200 9,690
1,600 10,370
7,600 11,600
9,200 11,830

0 8,820

0 8,820
9,200 10,890
3,600 10,990
3,200 9,690
3,200 9,690
1,600 10,370
7,600 11,600
9,200 11,830

0 8,820

0 8,820
9,200 10,890
4,000 10,910
6,000 10,750
3,200 9,690
1,600 10,370
7,600 11,600
9,200 11,830

0 8,820

0 8,820
9,200 10,890
3,600 10,990
3,200 9,690
4,400 9,120
1,600 10,370

14,400 11,510
8,400 9,050
0 8,820
3,200 9,710
7,600 11,600

18,400 13,970
8,000 11,660
3,200 9,690
1,600 10,370

19,600 12,560
8,400 9,050

0 8,820
0 8,820
9,200 10,890

11,600 9,440
3,200 9,710
3,200 8,850

(1ST TRIAL)



RULE DURATION OVERRUN FLOAT LOSS DAMAGES OVERHEADS

al 120 days 11 days -154 days 3,000 5,450
a2 120 days 11 days -160 days 3,000 5,450
a3 120 days 11 days -167 days 3,000 5,450
a4 117 days 3 days -144 days 1,500 5,450
as 120 days 11 days =175 days 3,000 5,450
a6 120 days 11 days =175 days 3,000 5,450
a7 120 days 11 days -163 days 3,000 5,450
as 120 days 11 days =175 days 3,000 5,450
as 120 days 11 days =160 days 3,000 5,450
bl 120 days 11 days =154 days 3,000 5,450
b2 120 days 11 days =160 ‘days 3,000 5,450
b3 120 days 11 days =167 days 3,000 5,450
b4 117 days 3 days -144 days 1,500 5,450
b5 120 days 11 days =175 days 3,000 5,450
b6 120 days 11 days -175 days 3,000 5,450
b7 120 days 11 days =163 days 3,000 5,450
b8 120 days 11 days =175 days 3,000 5,450
b9 120 days 11 days -160 days 3,000 5,450
cl 120 days 11 days =154 days 3,000 5,450
c2 120 days 11 days =160 days 3,000 5,450
c3 120 days 11 days -167 days 3,000 5,450
c4 117 days 3 days -144 days 1,500 5,450
c5 120 days 11 days =175 days 3,000 5,450
c6 120 days 11 days =175 days 3,000 5,450
c7 120 days 11 days =163 days 3,000 5,450
c8 120 days 11 days =175 days 3,000 5,450
c9 120 days 11 days =160 days 3,000 5,450
dl1 120 days 11 days =154 days 3,000 5,450
d2 120 days 11 days -133 days 3,000 5,450
das 112 days 8 days -75 days 4,200 5,490
d4 112 days 8 days -75 days 4,200 5,490
ds 160 days 67 days -506 days 18,000 6,250
dée . 135 days 32 days =273 days 9,000 5,750
a7 120 days 11 days -163 days 3,000 5,450
ds 160 days 67 days -506 days 18,000 6,250
do 160 days 67 days -506 days 18,000 6,250
el 120 days 11 days =154 days 3,000 5,450
e2 120 days 11 days -133 days 3,000 5,450
e3 112 days 8 days -75 days 4,200 5,490
ed 112 days 8 days -75 days 4,200 5,490
e5 160 days 67 days -506 days 18,000 6,250
eé6 135 days 32 days =273 days 9,000 5,750
e7 120 days 11 days -163 days 3,000 5,450
e8 160 days 67 days =506 days 18,000 6,250
e9 160 days 67 days =506 days 18,000 6,250

£ 120 days 11 days -167 days 3,000 5,450

Table 1(c). RESULTS FOR WORKLOAD 'W3' (1ST TRIAL)
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RULE DURATION OVERRUN FLOAT LOSS DAMAGES OVERHEADS

al 152 days 59 days -448 days 20,100 6,570
a2 167 days 80 days -535 days 26,100 6,870
a3 124 days 19 days =143 days 6,600 5,630
ad 134 days 22 days -246 days 8,700 6,380
a5 147 days 52 days =318 days 15,600 6,070
a6 147 days 52 days -318 days 15,600 6,070
a7 132 days 31 days =231 days 9,600 5,770
as 167 days 80 days -535 days 26,100 6,870
a9 167 days 80 days ~535 days 26,100 6,870
bl 152 days 59 days =-448 days 20,100 6,570
b2 167 days 80 days =535 days 26,100 6,870
b3 124 days 19 days =-143 days 6,600 - 5,630
b4 134 days 22 days -246 days 8,700 6,380
b5 147 days <52 days =318 days 15,600 6,070
b6 147 days 52 days . -318 days 15,600 6,070
b7 132 days 31 days =231 days 9,600 5,770
b8 167 days 80 days -535 days 26,100 6,870
b9 167 days 80 days =535 days 26,100 6,870
cl 152 days 59 days -448 days 20,100 6,570
c2 167 days 80 days =535 days 26,100 6,870
c3 124 days 19 days =143 days 6,600 5,630
c4 134 days 22 days =246 days 8,700 6,380
c5 147 days 52 days =318 days 15,600 6,070
c6 147 days 52 days -318 days 15,600 6,070
c7 132 days 31 days =231 days 9,600 5,770
c8 167 days 80 days =535 days 26,100 6,870
c9 167 days 80 days =535 days 26,100 6,870
di 152 days 59 days =448 days 20,100 6,570
d2 167 days 80 days -442 days ' 26,100 6,870
d3s 163 days 65 days =554 days 21,700 7,640
d4 131 days 29 days -182 days 9,200 6,950
ds 137 days 41 days =157 days 9,800 6,280
de 137 days 41 days =157 days 9,800 6,280
d7 132 days 31 days =231 days 9,600 5,770
ds 173 days 88 days =493 days 27,600 . 6,990
do 153 days 51 days =415 days 13,500 6,520
el 152 days 59 days -448 days 20,100 6,570
e2 167 days 80 days -442 days 26,100 6,870
e3 163 days 65 days =554 days 21,700 7,640
e4 131 days 29 days -182 days 9,200 6,950
e5 137 days 41 days =157 days 9,800 6,280
e6 137 days 41 days =157 days 9,800 6,280
e’7 132 days 31 days -231 days 9,600 5,770
e8 173 days 88 days -493 days 27,600 6,990
e9 153 days 51 days =415 days 13,500 6,520

£ 129 days 27 days =215 days 8,700 5,810

Table 1(d). RESULTS FOR WORKLOAD 'W4' (1ST TRIAL)
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RULE DURATION OVERRUN FLOAT LOSS DAMAGES OVERHEADS

al 147 days 22 days -252 days 6,000 7,260
a2 140 days 18 days =190 days 5,200 6,770
a3 134 days 26 days =66 days 4,000 7,170
a4 127 days 4 days -95 days 2,100 6,480
as 140 days 18 days =190 days 5,200 6,770
a6 139 days 32 days -56 days 4,800 7,470
a7 135 days 26 days =76 days 4,000 7,190
as 140 days 18 days -190 days 5,200 6,770
as 180 days 76 days -541 days 15,700 9,440
bl 147 days 22 days =252 days 6,000 7,260
b2 140 days 18 days -190.days 5,200 6,770
b3 134 days 26 days -66 days 4,000 7,170
b4 127 days 4 days -95 days 2,100 6,480
b5 140 days 18 days =190 days 5,200 6,770
b6 139 days 32 days =56 days 4,800 7,470
b7 135 days 26 days -76 days 4,000 7,190
b8 140 days 18 days =190 days ~ 5,200 6,770
b9 180 days 76 days =541 days 15,700 9,440
cl 147 days 22 days -252 days 6,000 7,260
c2 140 days 18 days -190 days 5,200 6,770
c3 134 days 26 days =66 days 4,000 7,170
c4 127 days 4 days -95 days 2,100 6,480
c5 140 days 18 days =190 days 5,200 6,770
c6 139 days 32 days =56 days 4,800 7,470
c7 135 days 26 days -76 days 4,000 7,190
c8 140 days 18 days =190 days 5,200 6,770
c9 180 days 76 days =541 days 15,700 9,440
di 147 days 22 days =252 days 6,000 7,260
d2 162 days 55 days -365 days 13,000 8,020
ds 134 days 26 days -66 days 4,000 7,170
d4 151 days 31 days -391 days 6,600 7,830
ds 146 days 33 days -207 days 7,800 7,220
dé 155 days 25 days =245 days 4,500 7,750
a7 135 days 26 days =76 days 4,000 7,190
ds 146 days 33 days =207 days 7,800 7,220
do 192 days 96 days -677 days 18,100 10,380
el 147 days 22 days -252 days 6,000 7,260
e2 162 days 55 days =365 days 13,000 8,020
e3 134 days 26 days -66 days 4,000 7,170
e4 151 days 31 days -391 days 6,600 7,830
eb5 146 days 33 days -207 days 7,800 7,220
e6 155 days 25 days ‘- —-245 days 4,500 7,750
e7 135 days 26 days -76 days 4,000 7,190
e8 146 days 33 days -207 days 7,800 7,220
e9 192 days 96 days =677 days 18,100 10,380

£ 136 days 25 days =212 days 6,500 6,840

Table 1(e). RESULTS FOR WORKLOAD 'WS5' (1ST TRIAL)
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RULE DURATION OVERRUN FLOAT LOSS DAMAGES OVERHEADS

al 161 days 40 days -275 days 8,400 8,380
a2 160 days 31 days -306 days 7,600 8,050
a3 159 days 28 days -248 days 4,500 8,060
a4 133 days 3 days -55 days 800 6,540
as 147 days 18 days -192 days 5,200 7,090
a6 148 days 24 days =70 days 4,000 7,350
a7 158 days 37 days =224 days 6,100 8,390
as 147 days 18 days -192 days 5,200 7,090
a9 172 days 50 days -417 days 11,000 8,740
bl 161 days 40 days =275 days 8,400 8,380
b2 160 days 31 days =306 .days 7,600 8,050
b3 159 days 28 days -248 days 4,500 8,060
b4 133 days 3 days -55 days 800 6,540
b5 147 days 18 days -192 days 5,200 7,090
b6 148 days 24 days -70 days 4,000 7,350
b7 158 days 37 days =224 days 6,100 8,390
b8 147 days 18 days -192 days 5,200 7,090
b9 172 days 50 days -417 days 11,000 8,740
cl 161 days 40 days =275 days 8,400 8,380
c2 160 days 31 days =306 days 7,600 8,050
c3 159 days 28 days -248 days 4,500 8,060
c4 133 days 3 days -55 days 800 6,540
c5 147 days 18 days =192 days 5,200 7,090
cé 148 days 24 days -70 days 4,000 7,350
c7 158 days 37 days =224 days 6,100 8,390
c8 147 days 18 days =192 days 5,200 7,090
c9 172 days 50 days =-417 days 11,000 8,740
dl 161 days 40 days =275 days 8,400 8,380
dz2 158 days 31 days =329 days 7,300 7,850
d3 151 days 23 days -176 days 3,200 7,810
d4 146 days 12 days =261 days 2,400 7,270
ds 152 days 18 days -293 days 5,200 7,190
deé 147 days 12 days -253 days 2,400 7,290
a7 158 days 37 days =224 days 6,100 8,390
ds 152 days 18 days =293 days 5,200 7,190
ds 193 days 79 days -603 days 13,200 10,370
el 161 days 40 days =275 days 8,400 8,380
e2 158 days 31 days =329 days 7,300 7,850
e3 151 days 23 days -176 days 3,200 7,810
e4 146 days 12 days -261 days 2,400 7,270
e5 152 days 18 days =293 days 5,200 7,190
e6 147 days 12 days =253 days 2,400 7,290
e7 . 158 days 37 days =224 days 6,100 8,390
e8 152 days 18 days -293 days 5,200 7,190
e9 193 days 79 days =603 days 13,200 10,370

£ 150 days 23 days =277 days 4,500 7,750

Table 1(f). RESULTS FOR WORKLOAD 'Wé6' (1ST TRIAL)
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8.1.2 Dispersion and Regression

(i) Variance Analysis;

Ranking in this way provided no measure of the variability
in each rules results, and hence no measure of the
significance of the differences between rules. The original
unprocessed results (days of delay, cost of overheads,
etc.) could not be used directly to evaluate a rule's
variability, as the unlevelled workloads themselves
represent problems of differing degree. They therefore
introduce an element of variability into the results which
is distinct, but inseparable from that which it is intended
to measure. It would be incorrect, for example, to compare
the projected damages for a workload whose contracts
enjoyed contract completion dates that were easily met,
with those for a workload with more pressing completion
dates, and to then conclude that the difference between the
two represented variability in the performance of the rule
that levelled them. Like would not be compared with 1like.
In statistical terms, the population from which each rule's

sample is drawn varies from workload to workload.

To compensate for this it was necessary to transform the
data set in some way that would render the results for one
workload more comparable with those of another. A result
could not be expressed as a percentage of a minimum which
for some criteria, egq. damages,vcould take the value of
zero. Another alternative of taking the maximum as a
benchmark would have severely skewed the range of values

created, reflecting the fact that some rules occasionally
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performed extremely poorly.

Instead the mean result was chosen as the base. For each
workload the average of all the results obtained for each
criterion was calculated, and the result achieved by each
rule was then expressed as a percentage of this average.
Thus, if an individual result was less than the average for
the workload, its new rating would be less than 100. If it
was more than the average, the rating would be greater than

100.

The individual results were combined to derive each rule's
mean rating and standard deviation on each criterion

according to formulae 1 and 2;

n

e =2.,.§ (1)
s =30- % (2)
R
where X = sample mean
n = no. of results
S = sample standard deviation

As, there being only six workloads, the sample size (n) was
less than 30, and as the population standard deviation (S)
was unknown; the t-distribution was considered appropriate
to further analysis (BLAND,J.A.:85). Thus, assuming an
infinite ;bopulation, the 95% confidence 1limits for each

rule's criteria mean were evaluated by formula 3;
u=%Xx+/-tS (3)

where u = population mean
t.is taken from tables
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These results appear in Table 2.

To test for significant differences between rules, the null
hypothesis was formulated;

Ho : Ua

Ub

where Ua = mean of pop. (a)
Ub = mean of pop. (b)

Neither of the standard deviations' of the populations under
test were known, nor could be assumed to be equal. This
necessitated the adoption of formula 4 for the calculation
of 'T', and formula 5 for the calculation of the no. of
degrees of freedom (f), with which to look up 'tf!

(BETHEA,R.M.+DURAN, B.S.+BOULLION,T.L. :85).

T=3x-x (4)
N2
<
£ =(§.‘+ s} (5)
n, n,
CTET
0,/ ¥\,
n-1 n-1

A two-tailed test was performed on every pair of rules,
because either mean could be greater than the other, and
the 95% confidence level was adhered to, giving a value for
p of 0.975. Thus, in all, 46%45 = 2070 tests were carried

out for each criterion.

If T was found to be greater than the modulus of tf, the
null hypothesis was rejected and at the chosen confidence
level it can be said that there was a significant

difference between the two rule means under test. All
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instances of such significant differences are recorded in

the charts contained in Figures 28 (i) - (iv).

(ii) Correlation With Duration:

Correlations between duration and the other criteria were
bound to exist, but their strengths were unknown. If they
were found to be very close then it could be argued that
the emphasis of a rule should be entirely on minimising
duration, success on other criteria being the natural
consequence of success in this primary objective. Hence for
each criterion, every result (after processing as above)
was paired with its associated duration, and used to
compute a correlation coefficient - a measure of the
strength of a linear relationship - using equations 6 - 9

(BLAND,J.A.:85);

r = Sxy (6)
JSxXSyy

where Sxx = .znx.:‘-(_g"x‘)l (7)
T "—'n“

syy = 3y - (&) (8)
3512y

sxy = Sxy -(Fx)Ey) ()
| =

where x,y are paired results
n = no. of pairings

The closer r 1is to 1, the stronger is the

relationship. [SEE Figure 29].
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MEAN RATINGS AND DISPERSION

DURATION

RULE Mean
al 98
a2 97.7
a3 101.7
ad 97.8
a5 92.7
a6 91.3
a7 101.7
a8 100.8
ao 103.2
bl 98
b2 97.7
b3 101.7
b4 97.8
b5 92.7
b6 91.3
b7 101.7
b8 105.7
b9 106.3
cl 98
c2 97.7
c3 101.7
c4 97.8
c5 92.7
c6 91.3
c7 101.7
c8 100.8
c9 103.2
dl 95.3
d2 101.3
d3 100.5
d4 91
ds 98
de 97.3
a7 102.5
ds 117.8
do 112.8
el 98
e2 99.8
e3 104.5
ed 91.8
e5 98
e6 93.8
e’ 101.7
e8 106.8
e9 110.2
£ 93.5

SD 95% Conf Lmts
4.4 +/- 4.6
9.3 +/=- 9.8
14.5 +/- 15.2
13.5 +/- 14.2
5.5 +/=- 5.8
7.1 +/=- 7.4
12.2 +/- 12.8
6.4 +/=6.7
13.5 +/- 14.2
4.4 +/=- 4.6
9.3 +/- 9.8
14.5 +/- 15.2
13.5 +/=- 14.2
5.5 +/- 5.8
7.1 +/- 7.4
12.2 +/- 12.8
13.7 +/- 14.4
9.6 +/=- 10.1
4.4 +/=- 4.6
9.3 +/- 9.8
14.5 +/- 15.2
13.5 +/- 14.2
5.5 +/- 5.8
7.1 +/=- 7.4
12.2 +/- 12.8
6.4 +/=- 6.7
13.5 +/=- 14.2
7.7 +/- 8.1
7.7 +/- 8.1
8.6 +/=- 9.0
6.9 +/= 7.2
14.5 +/- 15.2

7 +/- 7.3
13.4 +/=- 14.1
15.3 +/- 16.1
17.3 +/- 18.2
4.4 +/- 4.6
10.2 +/=- 10.7
13.1 +/- 13.7
5.8 +/- 6.1
14.5 +/- 15.2
10.5 +/- 11.0
12.2 +/- 12.8
11.5 +/- 12.1
18.7 +/- 19.6
5.3 +/- 5.6

(min)

93.4
87.9
86.5
83.6
86.9
83.9
88.9
94.1
89
93.4
87.9
86.5
83.6
86.9
83.9
88.9
91.3
96.2
93.4
87.9
86.5
83.6
86.9
83.9
88.9
94.1
89
87.2
93.2
91.5
83.8
82.8
90
88.4
101.7
94.6
93.4
89.1
90.8
85.7
82.8
82.8
88.9
94.7
90.6
87.9

Table 2(a). MEAN RATINGS, AND DISPERSIONS

EVALUATED FOR: Duration

141

(max)

102.6
107.5
116.9
112
98.5
98.7
114.5
107.5
117.4
102.6
107.5
116.9
112
98.5
98.7
114.5
120.1
116.4
102.6
107.5
116.9
112
98.5
98.7
114.5
107.5
117.4
103.4
109.4
109.5
98.2
113.2
104.6
116.6
133.9
131
102.6
110.5
118.2
97.9
113.2
104.8
114.5
118.9
129.8
99.1



OVERRUN

RULE Mean
al 76
az2 76
a3 119.7
a4 79.8
as 49.2
a6 59.3
a7 121
as 94,2
a9 116.2
bl 76
b2 76
b3 119.7
b4 79.8
b5 49.2
b6 59.3
b7 121
b8 131.2
b9 142.3
cl 76
c2 76
c3 119.7
c4 79.8
c5 49.2
c6 59.3
c7 121
c8 94.2
c9 116.2
dl 72.5
da2 96.5
a3 97
d4 58.7
ds 104.3
dé 68.5
a7 128.5
ds 252.2
do 198.3
el 76
e2 95.7
e3 127.5
e4 58.7
e5 104.3
e6 64
e? 121
e8 174.3
e9 179.5
£ 63

SD

42.4
46.7
84.5
85.7
31.6
40
69.4
37
81
42.4
46.7
84.5
85.7
31.6
40
69.4
103.1
57.3
42.4
46.7
84.5
85.7
31.6
40
69.4
37
81
44.5
56.7
44.3
37.8
120.8
53.2
80.4
157.2
127.3
42.4
58.1
73.3
37.8
120.8
56.9
69.4
94.8
141
15.6

95% Conf ILmts
+/- 44.5
+/—- 49.0
+/~- 88.7
+/- 89.9
+/- 33.2
+/- 42.0
+/- 72.8
+/- 38.8
+/—- 85.0
+/-"44.5
+/- 49.0
+/- 88.7
+/- 89.9
+/=- 33.2
+/- 42.0
+/- 72.8

+/- 108.2
+/- 60.1
+/- 44.5
+/- 49.0
+/- 88.7
+/- 89.9
+/- 33.2
+/- 42.0
+/- 72.8
+/- 38.8
+/- 85.0
+/—- 46.7
+/- 59.5
+/- 46.5
+/- 39.7

+/- 126.7
+/- 55.8
+/- 84.4

+/- 164.9

+/- 133.6
+/—- 44.5
+/- 61.0
+/- 76.9
+/- 39.7

+/- 126.7
+/- 59.7
+/- 72.8
+/- 99.5

+/- 147.9

+/~ 16.4

(min)

31.5
27
31

-10.1
16

17.3

48.2

55.4

31.2

31.5
27
31

-10.1
16

17.3

48.2
23

82.2

31.5
27
31

=-10.1
16

17.3

48.2

55.4

31.2

25.8
37

50.5
19

-22.4

12.7

44.1

87.3

64.7

31.5

34.7

50.6
19

=22.4
4.3

48.2

74.8

31.6

46.6

Table 2(b). MEAN RATINGS, AND DISPERSIONS

EVALUATED FOR:

Overrun

142

(max)

120.5
125
208.4
169.7
82.4
101.3
193.8
133
201.2
120.5
125
208.4
169.7
82.4
101.3
193.8
239.4
202.4
120.5
125
208.4
169.7
82.4
101.3
193.8
133
201.2
119.2
156
143.5
98.4
231
124.3
212.9
417.1
331.9
120.5
156.7
204.4
98.4
231
123.7
193.8
273.8
327.4
79.4



DAMAGES

RULE Mean
al 83.3
a2 74.8
a3 91
a4 65.2
as 57.7
a6 48.2
a7 114
as 118.5
a9 115.8
bl 83.3
b2 74.8
b3 91
b4 65.2
b5 57.7
b6 48.2
b7 114
b8 119.8
b9 124.8

. cl 83.3
c2 74.8
c3 91
c4 65.2
c5 57.7
c6 48.2
c7 114
c8 118.5
c9 115.8
di 82
d2 98.7
d3 127.8
d4 72
ds 106.2
deé 71.3
d7 98.7
ds 314.7 .
ds 178.7
el 83.3
e2 93.5
e3 154.7
ed 72
e5 106.2
e6 56.2
e’7 114
e8 210
e9 163.3
£ 57

SD

38.5
53.9
48.9
54.9
33.1
35.7
67.6
72.9
82.5
38.5
53.9
48.9
54.9
33.1
35.7
67.6
72
78.8
38.5
53.9
48.9
54.9
33.1
35.7
67.6
72.9
82.5
45.8
63.3
76.8
49.7
112.7
46.7
45.4
250.6
115.7
38.5
69.6
114.6
49.7
112.7
57.9
67.6
97.9
124.1
29.6

95% Conf Imts
+/- 40.4
+/- 56.6
+/- 51.3
+/=- 57.6
+/- 34.7
+/- 37.5
+/- 70.9
+/- 76.5
+/- 86.6
+/~-:40.4
+/- 56.6
+/- 51.3
+/=- 57.6
+/- 34.7
+/- 37.5
+/- 70.9
+/- 75.5
+/- 82.7
+/- 40.4
+/- 56.6
+/- 51.3
+/- 57.6
+/- 34.7
+/- 37.5
+/- 70.9
+/- 76.5
+/- 86.6
+/- 48.1
+/- 66.4
+/- 80.6
+/- 52.1

+/- 118.2
+/- 49.0
+/~- 47.6

+/- 262.9

+/- 121.4
+/- 40.4
+/- 73.0

+/- 120.2
+/- 52.1

+/- 118.2
+/- 60.7
+/- 70.9

+/- 102.7

+/- 130.2
+/- 31.1

(min)

42.9
18.2
39.7
7.6
23
10.7
43.1
42
29.2
42.9
18.2
39.7
7.6
23
10.7
43.1
44.3
42.1
42.9
18.2
39.7
7.6
23
10.7
43.1
42
29.2
33.9
32.3
47.2
19.9
=12
22.3
51.1
51.8
57.3
42.9
20.5
34.5
19.9
=12
-4.5
43.1
107.3
33.1
25.9

Table 2(c). MEAN RATINGS, AND DISPERSIONS

EVALUATED FOR:

Damages

143

(max)

123.7
131.4
142.3
122.8
92.4
85.7
184.9
195
202.4
123.7
131.4
142.3
122.8
92.4
85.7
184.9
195.3
207.5
123.7
131.4
142.3
122.8
92.4
85.7
184.9
195
202.4
130.1
165.1
208.4
124.1
224.4
120.3
146.3
577.6
300.1
123.7
166.5
274.9
124.1
224.4
116.9
184.9
312.7
293.5
88.1



OVERHEADS

RULE Mean
al 96.8
a2 96.3
a3 104.5
a4 98.8
ab 90.3
a6 92
a7 103.2
as 98.3
a9 102.8
bl 96.8
b2 96.3
b3 104.5
b4 98.8
b5 90.3
b6 92
b7 103.2
b8 104.7
b9 108
cl 96.8
c2 96.3
c3 104.5
c4 98.8
c5 90.3
c6 92
c7 103.2
c8 98.3
c9 102.8
di 95.3
d2 99.3
d3 104.7
d4 94.8
ds 94.5
dé 96
a7 105.7
ds 113.2
do 113.3
el 96.8
e2 98.8
e3 108
e4 95.5
e5 94.5
e6 94
e7 103.2
e8 100.5
e9 110.2
£ 94.3

(I
¢ N
©

RN
W

[ 9% Y
O\ o
o

.
[e) I e I Vo LN )
~

kD\lO\\lHO\I;‘O\-bI-'I—‘\lO\
]

= O
e O
e O
w

17.6
18.6
6.1
7.9
10.6
8.6

7.9

11.4

8.3
20

95% Conf Lmts

+/= 6.4
+/- 8.1
+/- 15.5
+/= 12.9
+/- 4.4
+/- 6.4
+/=- 12.0
+/= 6.9
+/- 14.4
+/="6.4
+/- 8.1
+/- 15.5
+/=- 12.9
+/=- 4.4
+/=- 6.4
+/- 12.0
+/=- 17.5
+/- 9.4
+/=- 6.4
+/- 8.1
+/- 15.5
+/=- 12.9
+/=- 4.4
+/= 6.4
+/- 12.0
+/= 6.9
+/- 14.4
+/- 8.1
+/= 7.2
+/- 8.3
+/- 10.1
+/= 9.4
+/= 6.2
+/- 15.0
+/- 18.5
+/- 19.5
+/= 6.4
+/- 8.3
+/= 11.1
+/= 9.0
+/=- 9.4
+/- 8.3
+/=- 12.0
+/- 8.7
+/- 21.0
+/~ 6.3

(min)

90.4
88.2
89
85.9
85.9
85.6
91.2
9l1.4
88.4
90.4
88.2
-89
85.9
85.9
85.6
91.2
87.2
98.6
90.4
88.2
89
85.9
85.9
85.6
91.2
91.4
88.4
87.2
92.1
96.4
84.7
85.1
89.8
90.7 .
94.7
93.8
90.4
90.5
96.9
86.5
85.1
85.7
91.2
91.8
89.2
88

Table 2(d). MEAN RATINGS, AND DISPERSIONS
EVALUATED FOR: Overheads

144

(max)

103.2
104.4
120
111.7
94.7
98.4
115.2
105.2
117.2
103.2
104.4
120
111.7
94.7
98.4
115.2 .
122.2
117.4
103.2
104.4
120
111.7
94.7
98.4
115.2
105.2
117.2
103.4
106.5
113
104.9
103.9
102.2
120.7
131.7
132.8
103.2
107.1
119.1
104.5
103.9
102.3
115.2
109.2
131.2
100.6
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(correlation

coefficient)
r
OVERRUN : .94
DAMAGES .83
OVERHEADS .92

Figure 29. CORRELATION OF CRITERIA
WITH DURATION
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8.2 SUMMARY OF INDIVIDUAL RESULTS (FIRST TRIAL)

The rules have been grouped for review according to
whichever final module (1 - 9) they share. The 'RANK!'
column represents the overall performance rating. The first
figure in the 'SIG.' column indicates the total number of
instances where the rule has demonstrated a significant
superiority over another rule by one of the criteria at the
95% confidence level. The second figure represents the

number of instances of significant inferiority.

MODULE: 1 - Least Total Float First
RULE RANK SIG. ‘ REMARKS
al 20.6 5,0 A consistent but average performance
by all criteria on all workloads.
bl 20.6 5,0 As 'al'.
cl 20.6 5,0 As 'al'.
dl 18.3 7,0 Better than 'al' on workload W1, worse
on W2, but otherwise the same.

el 20.6 5,0 As 'al'.

GENERAL REMARKS: This represents a surprisingly poor
performance by a set of rules targetted directly at
minimising duration. Its lack of success can be attributed
‘to the changes in total float that occur as a result of
each instance of rescheduling, which successively leaves
the partially levelled schedule looking less like the
original upon which the priority assignments were based.

Thus the efficacy of the rule is compromised because its

150



decisions are Eased on historical data that suffers
considerable revision before the decision is actually
implemented during levelling.
MODULE: 2 - Least Free Float First
RULE RANK SIG. REMARKS
a2 16.7 4,0 Similar, but slightly better results
than for 'al'. Appeared to perform well
6n overheads.
b2 16.7 4,0 As 'a2',
c2 16.7 4,0 As 'a2'.
d2 23.4 2,8 Moderate to poor for all workloads, no
particular criteria fields favoured.
e2 20.9 2,0 Same results as 'al' for W1 and W2,

same as 'a2' for remainder.

GENERAL REMARKS: The same vulnerability to being outdated
by rescheduling is suffered by a rule based on free float
as a rule based on total float. Total float, free float,
and the contract float are the three attributes used in the

rules most susceptible to change in the course of

levelling.

MODULE: 3 - Greatest No. Of Manhours First
RUiE RANK SIG. -REMARKS
a3 19.2 1,0 Performed very well on three workloads,
but very poorly on all others.
b3 19.2 1,0 As 'a3';

c3 19.2 1,0 As 'a3'.
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d3 25.3 1,8 Fared rather poorly on cost criteria,
generally. Good on W3 and W6, otherwise
poor.

e3 27 0,16 Very poor on W1, W2, otherwise, same as

'd3st.

GENERAL REMARKS: The variability in the results for this
module demonstrates a capacity for making very serious
errors. This may be because this is a heuristic module that
ignores all network-related information (and <cost
information) and relies entirely on the probability that
major activities will be the most difficult to accommedate
in the resource schedule, and that therefore they are best
scheduled first. This use of probability is an approach to
decision making which might have been more successful had
the workloads to which it was applied consisted of a very
much larger number of activities, over a very much longer
period of time.
MODULE: 4 - Earliest Start First
RULE RANK SIG. REMARKS
a4 14.4 3,0 Top equal on W5 and W6, very good on W3
and W4, poor on W1l and W2. Seemed to do
well on the damages criteria.
b4 14.4 3,0 As 'a4', except float increase on Wl is
100 days less.
c4 14.4 3,0 As 'ba'.

d4 16.3 15,0 Top equal on W1l, good on W2, moderately
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good on W3 and W4, poor on W5 and very
good on W6..Let down by poor performance
on cost fields.

ed 17.5 14,0 Worse on W1l and W2, but otherwise the

same as 'd4’'.

GENERAL REMARKS: The success of this module's rules may be
attributed to the fact that thé relative position of
activity start positions - the attribute upon which the
module is based - suffers only 1limited revision during
levelling. This was not the case with other schedule
related attributes, such as float, which instead altered
radically. Thus the logic which underlies these ruies will.
still largely hold true by the time the priorities are
compared in the course of 1levelling. That 'd4' and ‘e4'’
perform significantly better on the duration related fields
than do the other three, is in contrast to the generally
superior performance.of the 'a', 'b', and 'c' series
elsewhere. The implication is that activity criticality may
not neceséarily be of paramount importance when
prioritising activities.
MODULE: 5 - Least Contract Float First
RULE RANK SIG. REMARKS
as 10.1 28,0 Top on W2, very good on Wl and W3, good
on W6, fair on W5 and W4. Relatively
poor on damages despite doing well on
contract overrun. Did well on overheads.

b5 10.1 28,0 As 'as'.

153



c5 10.1 28,0 As 'as5’'.
ds 19.7 3,0 As 'a5' for Wl and W2, but otherwise
worse on three of the remaining four.

e5 19.7 3,0 As 'ds!'.

GENERAL REMARKS: SEE MODULE 6.

MODULE: 6 - Greatest Damages First

RULE RANK SIG. REMARKS
a6 11 19,0 Best result of all on du:ation, and
on damages, despite poor showing on

contract overrun. No markedly poor

performances.
b6 11 19,0 As 'aé6'.
c6 11 19,0 As ‘'aé6'.

de 20 7,0 Moderately good to poor for all
~workloads, by all criteria.Some evidence
of having sacrificed other criteria for
an improvement in damages but the
damages are still only meoderately good
compared to those of other rules.

e6 15.1 10,0 As 'a6' for W1l, W2, same as rde' fo

remainder.

GENERAL REMARKS: The rules 'a5','b5', 'c5', 'aé6', 'bé' and
'c6' are the only rules to have performed significantly
better than the average, for all the criteria. There was

little difference between their results on duration and
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those achieved on their target criteria, contract overrun
and damages.This suggests that the good all-round success
that these two sets of rules achieved was due primarily to
their initial success in minimising total delay. It was not
therefore due to their efficacy in allocating delay in such
a way as to minimise the projected damages, as had been
anticipated. A good rating on damages is the result of
ha&ing scored well on duration, not, as was thought
possible, of having selected the right contract to delay.
There was no logical 1link between the attributes (contract
float, damages) upon which these rules operate, and the
suitability of activities to being delayed when the sole
objective is that of reducihg duration. Therefore such good
results can only be put down to the chance pattern of
contract float and penalty rates assigned to each of the

projects at the time they were created.

MODULE: 7 - Greatest [Manhours-divided-by-Float] Factor
First
RULE RANK SIG. REMARKS

a7 20.9 0,3 Poor on W1, W2, and W6, moderately good
elsewhere. Little variability between
fields.

b7 20.9 0,3 As 'a7'.

c7 20.9 0,3 As 'a7'.

dz 21;7 1,3 Similar to 'a7' except for W1 and W2
which are both worse. Slightly better

on damages than the other '7's, which
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gives rise to the one significant
betterment.

e7 20.9 0,3 As 'a7'.

GENERAL REMARKS: To a lesser degree this module's set of

rules suffered from the same handicap as those

incorporating module 3. Again it dépends for its success on

the strength of the relationship presumed to exist between

(1) the magnitiude of an activity's résource demand, (2)

the profile of resource availability at a given moment

during levelling, and (3) the length of the delay before

the activity can be accomodated within the schedule. This

relationship was not found to be strong. The introduction

of float into the computation made no significant

improvement.

MODULE: 8 - Greatest Overheads First

RULE RANK SIG. REMARKS
a8 19.8 1,14 Good on W3 and W6, fair to poor
elsewhere. Evidence of superior
performance in overheads field.
b8 22 0,1 Very poor on W1l, poor on W2,
otherwise similar to 'a8'. Dispersion
much greater than 'a8's hence the lack
of significant differences.
c8 19.8 1,14 As 'a8'.
ds 37 0,62 Very poor on all contracts, by all

criteria.
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e8 32.1 0,52 Slightly better than 'd8' on W1, W2,

otherwise the same.

GENERAL REMARKS: At the creation of each workload, it was

deliberately contrived that the distributions of overhead

rates, damages rates and contract float between the

contracts were always different'from'each other. This

eliminated the risk of one or more of the rules duplicating

the action of others. This helps to explain why this

module's rules were as unsuccessful, as modules 5 and 6 had

been successful, in minimising duration - a criterion not

targeted by any.of the three. Taken together, these three

sets of results serve to illustrate the arbitrary impact

that a rule differentiating between projects rather than

the individual activities can have on a schedule. The

marginally better performance in the overheads field than

in others was inadequate compensation for the failure to

control duration.

MODULE: 9 - Least Duration First

RULE RANK SIG. REMARKS
a9 23.1 0,0 Very good on W1l and W3, fair to poor
elsewhere. Consistent across fields,
but very variable between the workloads.
b9 28.6 0,46 Worse than 'a9' on Wl and W2, otherwise
the same.
c9 23.1 0,0 As 'a9'.
do 31.9. 0,28 Poor on all contracts, all fields.

e9 28.4 0,1 Same as 'a9' for W1, moderate for W2,
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same as 'd9' for remainder. Results

very variable.

GENERAL REMARKS: The poor showing of this set of rules was
surprising. The module was directed towards minimising
duration, and was based on data (activity durations) that
was not vulnerable to being changed through levelling. The
result may be ascribed to the difficulty of finding a new
location in a resource's demand profile for a long activity
delayed in preference to a shorter one, that does not then
create a new overscheduling problem elsewhere. It was
precisely to overcome this problem that module 3 (Greatest
Manhours First) was created. However no significant
differences were detected between these two modules in the
results of any of the rules that incorporated them. Unlike
No.'s 1,2,4, and 7, this module takes no account of how
activities relate to each other, both within and between
the networks, thereby ignoring circumstances of the
activities which have a strong bearing on their

qualification for delay.

MODULE: f - Superproject's Own Float-First Levelling
Facility
‘RULE RANK SIG. REMARKS
£ 13.5 13,0 Performance ranged from fair to good.

Variable on cost fields, but otherwise

quite consistent.

GENERAL REMARKS: This proprietry rule enjoyed the advantage
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of being able to make its decisions immediately prior to
their implementation, using data that described the actual
circumstances of the overscheduling problem to be solved. A
comparison between the results for this inbuilt decision
making leveller and its priority based counterparts in the
module 1 series demonstrates the significance of this
distinction. For this rule, the fundamental problem faced
by all the priority based rules, of having to implement
their decisions on schedules altered in unpredictable ways
from the originals upon which the decisions were based,
does not apply. This rule was noticeably consistent in its
performance from workload to workload, and did well by all

criteria.

8.3 GENERAL FINDINGS (FIRST TRIAL)

None of the rules ever came close to rescheduling the
contracts without both extending the critical path of at
least two of the three projects, and incorporating
significant breaks in the work continuity of the resources
into their programmes. This does not necessarily prove that
within the constraints of levelling the optimum solutions
were never reached, but it does imply that in the real
world those constraints would have to be relaxed, and that
other ways of resolving resourcing problems that compliment
the activity-delay approach (overtime, subcontracting,
etc.), would have to be considered. Therefore none of the

schedules produced could be said to be final.
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8.3.1 The Partial Independence Of Damages.

The degree of correlation between duration and the other
criteria was found to be generally high, with the exception
of damages for which the relationship was markedly less
strong (SEE Figure 29). As projected damages and contract
overrun are clearly related, thel difference between the
correlations of each with duration must be explained.
Although when the rules managed to minimise duration they
also succeeded in minimising the period for which damages
are due, the differences in the rates at which the damages
accrue had a significant and adverse effect on the total of
projected damages for which the contractor would be liable.
Neither the rules targetted at contract overrun, nor those
targeted at damages itself were able to take much advantage
of this albeit limited independence of damages, in order to
reduce the figure projected by accepting a less than
optimum result for the duration. This was indicated by the
lack of significant differences found between any of the

rules in respect of damages [SEE Fig. 28(iii)].

8.3.2 A Consistent Increase In Total Float.

The float 1loss field, which had been expected to
demonstrate the increased criticality of the new schedule,
always returned a large negative value for the total.
Although occasionally individual projects would show a
loss, this indicated a consistent net gain in total float,
resulting from the fact that no rule ever came near to

resolving resource conflicts without extending at least two
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of the three original critical paths. The results for
float 1loss did not seem to indicate either success or
failure, so they were not included with the other criteria

when evaluating the combined performance ratings.

8.3.3 The Failure Of Common Module Y.

The worst series was the 'd' series, which prefaced the
action of the final module by assigning the highest
priorities to those activities which used a category of
rescurce whose assignments collectively had the least total
float. This discrimination by resource type represented the
effect of common module Y ([SEE '7.6 MODULE DESCRIPTIONS'].
The incorporation of this module was also the only
difference between the 'a' and 'c' series, which were very
similar to each other in their final results. Taken
together, this suggests that so long as the subset of
critical activities is assigned higher priorities than the
remaining non-critical activities, any further distinction
between activities on the basis of resource type will have
little, if any, beneficial effect. The failure of the
'most~critical-resource~first' module stems from the
revealed fact that SPJ will only dompare the priority
fields of activities in different resource categories if
the overscheduling of each resource actually starts on the
same day, a rare occurrence on any worklocad. Thus any
distinction deliberately created between the priorities of
different resource subsets of activities is likely to prove

irrelevant when it comes to levelling.
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8.3.4 Prioritisation By Activity Versus Prioritisation By
Project.

The rules may be divided according to the behaviour of
their final modules (1 - 9) into two categories; (i) those
that progress the prioritisation by discriminating on the
basis of an attribute specific in its wvalue to each
activity (1,2,3,4,7,9), and (ii) those which differentiate
on the basis of some attribute specific only to the
contract to which the activity belongs (5,6,8). This latter
group of final modules, which are targeted at the cost
criteria of damages and overheads, make no distinction
between activities in the same project, although the common
modules that precede them in all the rules but the 'e!
series will have at least partially already done so. These
rules, which complete their prioritisation on the basis of
data unrelated to the activity or its position within a
network were tested as much to gauge their negative effects
on the network related criteria, as to determine their
effectiveness with regard to their target, project-

specific, criteria.

The results for this second group revealed a strong
tendency for the contract with the highest priority to
benefit considerably as intended, but at too great a cost
to the individual programmes of the other two. Thus
although the cost field for one contract was often
successfully minimised, the extension of the contract
periods of the other two, necessary to accommodate this,

was so great that despite their slower rates of
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accumulation, the final values in their target cost fields
usually more than cancelled any savings made on the first
project when the combined total was computed. These results
provide little evidence to suggest that a rule oriented
towards prioritising projects rather than activities can
perform any better on its target criterion than other rules
can. Nor, it would appear, does it yield a better reéult on
this target than it does on any other criterion. However,
if it was the case that the differences between one
contract and another in their rates of cost accrual were
much greater than those incorporated in the artificial
workloads, this conclusion might no longer hold true. Thus
if the weekly damages, or the rate at which overheads are
incurred, are very much greater on one contract than on
another, an allocation of resources that favours this
contract but forfeits an optimum schedule in terms of total

duration, may nonetheless minimise total costs.

8.3.5 There Was No Outstanding Rule.

Considering that 30 of the 46 rules were, at the 95%
confidence level, not proved to be any worse by any measure
than any other rule, that the highest overall rank achieved
was 10.1, and that the dispersion of even the best
performing rules was still substantial, it was evident that
no consistently 'good' rule had yet been found.

Consequently there was scope for further rule development.
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8.4 EARLY CONCLUSIONS

From these initial findings, a number of conclusions were

drawn:-
1. Without being allowed the facility to examine the
evolving schedule as 1levelling proceeds, a rule is
deprived of the specific details of the problem it is
expected to solve, and must therefore rely on a
prediction of what this problem might be. This being
the case, and without the means to evaluate all
possible solutions, the optimum solution can only ever
be reached by the conjunction of a good prediction and
an element of chance. The better the prediction, the
smaller the part chance will play, although it can
never be eliminated. Under these circumstances, the
best rule must be described as that which performs

better than its rivals, more often.

2. The success of a rule is partially dependent on the
degree to which the initial rationale that underlies
its assignment of priorities survives the distortion
associated with the rescheduling that occurs during

levelling.

3. The primary objective of a rule should be the
minimisation of total workload deiay, not the
allocation of delay to the contracts that for whatever
reason are perceived to be better able to receive it.
This approach will be most 1likely to produce the

better solution, whichever criteria of success are
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being applied.

4. The usefulness of considering an attribute of the
project to which an activity belongs, eg. damages,
which is therefore not a direct function of network
position or activity magnitude, may be proportional to
the variance between projects in the rate at which it

accumulates with project duration.

5. A rule is unsatisfactory unless it specifies a

unique priority to each activity.

6. Assigning higher priorities to critical activities
than to non-critical activities will not always

produce better results.
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9 A SECOND TRIAL

9.1‘THE NEED FOR FURTHER TESTING

Further testing of the better rules would establish the
superiority of one over the others. Hence a further ten
tartificial' workloads were generated in the same manner
as before, against which to test a selection of rules that
had performed best to date. Those rules that were not
considered in the second trial were rejected if any of the

following three conditions were met;

1. The rule was significantly worse on one criterion than

one or more other rules.

2. The rule had not been better than any other rule on any

criterion.

3. The rule had duplicated the action of another simpler

rule.

For more specific reasons other rules were either retained
or rejected. 'e4' was dropped and 'd4' was retained because
valthough the difference in effect between the 'd' and 'e'v
modules had been shown to be slight, the results of 'd4!'
did suggest some small advantage over 'e4'. By reason of
its simplicity and its good showing, the '4' module
(earliest start first) was of particular interest for its
- potential as a heuristic aid to decision making in
situations where sophisticated tools of analysis are not
available. 'c4' was ﬁaintained to substantiate the

hypothesis that, as a rule which ensured that all critical
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than

activities were assigned higher prioritiespall non-critical
activities, it would do worse than a comparable one ('d4')

that did not operate under this constraint.

Finally SPJ's own rule 'f', was entered into the second
trial not only because of its good performance, but also
because as a rule purposely encoded into a sophisticated
and recently developed planning package, it had some value
as a benchmark against whiéh to judge the remainder. Thus
those finally selected to go forward to the next stage in

the process of elimination were 'c4','c5','c6','d4'and 'f'.

9.2 FURTHER RULES

The success of the rules dedicated to minimising total
duration relied on the strength of the relationship between
the value of an activity's attribute before levelling, and
the extension to the critical path that its delay would
cause during levelling. The results indicated that none of
the relationships hypothesized had materialised with
sufficient exactitude to form the basis of a dependable
rule. To have recommended any of these rules unchanged
would have been to recommend the acceptance that an
appreciable proportion of the decisions taken by them would
be incorrect, even if the sole criterion of assessment was

that of minimising overall project delay.

It appeared that no rule had been able to successfully
integrate the variables of activity duration, float, and

start date that dictate the effect on the schedule of
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delaying a particular activity. Given the single objective
of minimising total duration, an algorithm based on further

analysis of the relationship between these elements seemed

promising.

9.3 'NEWRULE'

9.3.1 An Algorithm To Produce A Negr-optimal Solution.
Assuming, for each activity found to be in competition for
a resource, that the number of resource units assigned to
it is fixed over its duration, overscheduling can only be
relieved by postponing the start of one or more of the
competing activities to the moment of completion of one or
more of the remainder. The simplest condition, where two
activities, assigned the same number of units of a
resource, are overlapping and thereby' causing an

overscheduling problem, is illustrated in Fig. 30.

The delay of activity A necessary to alleviate the excess

demand is readily evaluated;

Delay of A = Earliest Finish of B - Earliest Start of A
=> DelA = EFB - ESA (1)
And conversely for Task B;

DelB = EFA - ESB (2)

This holds true irrespective of their relative positions at

earliest start.

However it is the extension of the critical path associated
with delay that is of greatest interest, and to evaluate

this the floats of the activities must be taken into
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account;
CPExtA = DelA - FloA (3)
CPExtB = DelB - FloB (4)
Substituting (1) and (2) into (3) and (4):
CPExtA = EFB - ESA - FloA (5)
CPExtB = EFA - ESB - FloB (6)
(When the delay is less than the float the magnitude of the

result of this equation represents the remaining float)

As it is being assumed that no preference exists regarding
which contract to delay, the least extension of either
critical path is to be taken as the most favourable
outcome. Hence;

if CPExtA - CPExtB > 0, delay activity B
=> if (EFB-ESA-FloA) - (EFA-ESB-FloB) > 0, delay activity B
=> if EFB-EFA+ESB-ESA+FloB-FloA > 0, delay activity B
And conversely;

if EFB-EFA+ESB-ESA+FloB-FloA < 0, delay activity A

Where more than two activities are contributing to the
excess demand, making the comparisons necessary can be a
little more involved, depending on the level of resource
availability. Figure 31 illustrates, using three nominal
activities, the levelling sequence that would be followed
where sufficient resources are available for only one
activity to proceed at a time. Using the same three
activities, Figure 32 demonstrates how the priorities would
be decided in a situation where there were sufficient

resources for two or more activities to proceed
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9.3.2 The Effect Of Variation In Gang Sizes
For any given instance of overscheduling, where gang sizes
assigned to activities are of the same magnitude, this

algorithm will yield an optimum solution.

Where there is some difference in gang sizes, the optimum
solution may not be reached. This represents a situation
where the delay of one activity scheduled to be undertaken
by a large number of men may be equivalent in terms of the
resulting reduction in excess labour demand to the delay of
two or more competing activities which individually had
been assigned a lesser number of men. All else being equal
it is desirable that as few activities should be delayed as
possible. Hence a preference ought to be shown to the delay

of activities assigned large numbers of men.

The importance of this phenomenon is proportional to the
variation in gang sizes, which cannot be expected to be
very great in the case of a small builder drawing upon a
small workforce. Thus no amendment to the algorithm was
made, although its capacity for imperfect decision-making

in certain circumstances was recognised.

9.3.3 Two Versions Of A New Rule: 'N1' and 'N2'

A new rule would be subject to the same handicap as all
previous rules (except 'f') in relation to the quality of
the data upon which to base decisions (SEE '8.4 EARLY
CONCLUSIONS', No. 1). Acéepting this constraint upon

performance, a new rule incorporating the algorithm was
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devised, exploiting the fact that the transformation that
occurred during levelling was gradual, and limited in its
final extent. Labelled 'Newrule', two promising versions

were conceived, 'nl' and 'n2!

IN1!
Using the algorithm, 'nl' compared each activity in its
pre-levelling position with every other that shared the
same resource, and with which it overlapped in time. The
result of each comparison was the awarding of a 'point' to
the accumulating priority rating of whichever activity had
consequently been accorded the higher priority. Once all
such comparisons had been made, the total rating for each
activity became the priority examined by SPJ in the course

of levelling.

IN2!
'N2' differed only in that each activity was compared with
all those other activities with which it shared the same
resource, and not just those with which it ran parallel.
This was an attempt to estimate the appropriate relative
priorities of activities which were not at conflict before
levelling, but which might be brought into conflict by
chénges to the programme initiated by the 1levelling of
preceding activities. Inevitably the application - of the
algorithm to two activities distant from each other tends
to favour the earlier activity. This is acceptable, as if
they should come into conflict with each other it will be

as a result of the considerable delay of the first
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activity, which is likely to leave it with less float than

the second activity with which it now competes.

The risk inherent in moving from the 'nl' strategy to that
of 'n2' was that the relative priorities established for
activities actually known to be in a state of conflict
before levelling, and which occurred early enough in the
schedule as to be relatively unaffected by changes arising
from the resolution of earlier conflicts, might be swamped
and hence distorted by trying to take account of every

possible eventuality in a single rating.

These new rules were applied to the same six workloads that
had formed the test data for the other rules. The full
complement of selected rules ('c4', 'c5', 'c6', 'd4', 'nl‘',
'n2', 'f') were then tested on ten new workloads to provide
a total of sixteen sets of results each with which to make

the final assessment.

The results for the second trial were processed in the same

way as were those for the first. [SEE Tables 3 & 4, Figures

33 - 36].
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Totalled Results For Workload: Wl

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 189 days 73 days 2,400 10,040
ch 148 days 32 days 800 7,570
c6 133 days 17 days 0 7,320
d4 132 days 16 days 0 7,090
nl 161 days 45 days 0 8,560
n2 135 days 19 days 0 7,180

£ 167 days 51 days 0 9,140

Totalled Results For Workload: w2

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4d 224 days 108 days 9,200 11,830
c5 155 days 39 days 0 8,820
c6 155 days 39 days 0 8,820
d4 175 days 59 days 8,400 9,050
nl 165 days 49 days 2,000 8,900
n2 160 days 44 days 1,200 8,750

£ 167 days 51 days 3,200 8,850

Totalled Results For Workload: W3

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 117 days 23 days 1,500 5,450
c5 120 days 26 days 3,000 5,450
cé 120 days 26 days 3,000 5,450
d4 112 days 18 days 4,200 5,490
nl 117 days 23 days 1,500 5,450
n2 112 days 18 days 4,200 5,490

£ 120 days 26 days 3,000 5,450

Totalled Results For Workload: W4

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 134 days 40 days 8,700 6,380
c5 147 days 53 days 15,600 6,070
cé6 147 days 53 days 15,600 6,070
d4 131 days 37 days 9,200 6,950
nl 131 days 37 days 9,200 6,950
n2 131 days 37 days 9,200 6,950

£ 129 days 35 days 8,700 5,810

Tables 3(a) - (d). WORKLOAD RESULTS (2ND TRIAL)
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Totalled Results For Workload: W5

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 127 days 20 days 2,100 6,480
ch 140 days 33 days 5,200 6,770
c6 139 days 32 days 4,800 7,470
d4 151 days 44 days 6,600 7,830
nl 140 days 33 days 4,200 7,060
n2 123 days 16 days 1,600 6,360

bid 136 days 29 days 6,500 6,840

Totalled Results For Workloaq: w6

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 133 days 26 days 800 6,540
c5 147 days 40 days 5,200 7,090
c6 148 days 41 days 4,000 7,350
d4 146 days 39 days 2,400 7,270
nl 137 days 30 days 800 6,620
n2 141 days 34 days 1,600 6,900

£ 150 days 43 days 4,500 7,750

Totalled Results For Workload: W7

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 168 days 51 days 13,000 9,860
c5 167 days 50 days 13,000 9,850
cé 187 days 70 days 6,000 . 9,130
d4 142 days 25 days 1,000 8,560
nl 167 days 50 days 13,000 9,850
n2 159 days 42 days 10,300 9,000

£ 144 days 27 days 1,000 8,700

Totalled Results For Workload: W8

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 177 days 60 days 16,200 10,390
c5 185 days 68 days 19,600 11,250
c6 193 days 76 days 4,900 11,860
d4 201 days 84 days 21,400 11,280
nl 193 days 76 days 4,900 11,860
n2 176 days 59 days 12,300 9,210

£ 168 days 51 days 4,600 10,340

Tables 3(e) - (h). WORKLOAD RESULTS (2ND TRIAL)
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Totalled Results For Workload: W9

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 158 days 65 days 5,000 8,580
c5 139 days 46 days 3,000 8,020
c6 150 days 57 days 3,000 8,780
d4 132 days 39 days 0] 7,020
nl 156 days 63 days 0 8,340
n2 127 days 34 days 0 6,620

£ 136 days 43 days 0] 7,280

Totalled Results For Workload: W10

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 165 days 72 days 5,000 9,000
c5 141 days 48 days 1,000 8,220
c6 151 days 58 days 1,000 8,840
d4 139 days 46 days 0 7,440
nl 139 days 46 days 0] 7,440
n2 125 days 32 days 0 6,680

£ 162 days 69 days 0 8,840

Totalled Results For Worklocad: W11l

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 131 days 21 days 1,200 6,630
c5 131 days 21 days 1,200 6,630
c6 220 days 110 days 22,100 10,750
d4 135 days 25 days 1,200 6,820
nl 146 days 36 days 3,600 7,480
n2 123 days 13 days 0 6,100

£ 133 days 23 days 1,200 6,760

Totalled Results For Workload: W12

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 179 days 69 days 7,900 9,230
c5 158 days 48 days 3,600 8,110
c6 207 days 97 days 10,400 10,230
d4 156 days 46 days 1,900 7,870
nl 162 days 52 days 2,600 8,110
n2 157 days 47 days 1,400 7,820

£ 158 days 48 days 2,600 7,920

Tables 3(i) - (1). WORKLOAD RESULTS (2ND TRIAL)
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Totalled Results For Workload: W13

RULE DURATION OVERRUN DAMAGES OVERHEADS
c4 135 days 29 days 0 6,280
c5 141 days 35 days 0] 6,440
c6 141 days 35 days 0 6,440
d4 136 days 30 days 0 6,290
nl 136 days 30 days 0 6,290
n2 139 days 33 days 0 6,350

£ 133 days 27 days 0 6,180

Totalled Results For Workload: wWi4

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 147 days 41 days 2,700 6,570
c5 170 days 64 days 2,400 7,480
c6 167 days 61 days 2,400 7,180
d4 149 days 43 days 3,000 6,580
nl 156 days 50 days 3,600 6,710
n2 149 days 43 days 3,000 6,580

f 141 days 35 days 2,400 6,480

Totalled Results For Workload: W15

RULE DURATION OVERRUN DAMAGES OVERHEADS

c4 135 days 29 days 800 6,860
cS 135 days 29 days 800 6,860
c6 135 days 29 days 800 6,860
d4 132 days 26 days 0 6,160
nl 130 days 24 days 0 6,100
n2 132 days 26 days 0 6,160

£ 134 days 28 days 0 6,220

Totalled Results For Workload: W16

RULE DURATION OVERRUN DAMAGES OVERHEADS

.c4 154 days 48 days 4,200 7,570
c5 165 days 59 days 8,000 8,130
c6 163 days 57 days 2,700 8,150
d4 146 days 40 days 3,900 6,430
nl 149 days 43 days 4,900 6,430
n2 147 days 41 days 3,900 6,510

£ 147 days 41 days 3,900 6,510

Tables 3(m) - (p). WORKLOAD RESULTS (2ND TRIAL)
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DURATION

RULE

cd
c5
c6
d4
nl
n2

£

OVERRUN

RULE

c4
c5
c6
d4
nl
n2

DAMAGES

RULE

c4
c5
cé6
d4
nl

OVERHEADS

RULE

cé
c5
c6
d4
nl
n2

£

Tables 4(a)

Mean

103.4
99.9
107
95.7
99.4
93.4
87.7

Mean

131.8
130.3
198.2
60.1
63.5
38.1
75.5

Mean

180.3
125.2
139.1
72.3
63.5
53.8
63.5

Mean

104.1
l100.1
106.6
96.2
98.8
93.1
97.5

SD

11.3
6
14.4
5.7
3.9
5
6.2

SD

138

86.2
128

59.4
56.7
37.2
57.2

SD

155.6
61.6
119.5
68.7
48.8
48.8
52.8

95%

95% Conf Lmts

95%

95%

Conf Imts
+/- 6.0
+/- 3.2
+/= 7.7
+/- 3.0
+/- 2.1
+/=- 2.7
+/= 3.3

+/= 73.5
+/- 45.9
+/- 68.2
+/=- 31.6
+/- 30.2
+/- 19.8
+/- 30.5
Conf ILmts
+/- 82.9
+/- 32.8
+/- 63.6
+/- 36.6
+/- 26.0
+/=- 26.0
+/- 28.1
Conf Imts
+/- 5.5
+/- 3.5
+/=- 7.1
+/- 3.5
+/- 2.9
+/- 3.6
+/- 3.6

(min)

97.4
96.7
99.3
92.7
97.3
90.7
94.4

(min)

58.3
84.4
130
28.5
33.3
18.3
45

(min)

97.4
92.4
75.5
35.7
37.5
27.8
35.4

(min)

98.6
96.6
99.5
92.7
95.9
89.5
93.9

(max)

109.4
103.1
114.7
98.7
101.5
96.1
101

(max)

205.3
176.2
266.4
91.7
93.7
57.9
106

(max)

263.2
158
202.7
108.9
89.5
79.8
91.6

(max)

109.6
103.6
113.7
99.7

101.7
96.7

101.1

- (d). MEAN RATINGS AND DISPERSIONS EVALUATED
FOR EACH CRITERION (2ND TRIAL)
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(correlation

coefficient)
r
OVERRUN .80
DAMAGES .70
OVERHEADS .88

Figure 36. CORRELATION OF CRITERIA
WITH DURATION AFTER
SECOND TRIAL.
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9.5 INDIVIDUAL RESULTS SUMMARY (SECOND TRIAL)

RULE: 'c4' DESCRIPTION: Critical activities first,
then earliest start first.
OVERALL RANKING: 4.1 SIGNIFICANT DIFFERENCES: 0,10
REMARKS: A poor performance, significantly so in
comparison with 'd4' which differed only in being bound to
assign higher priorities to critical activities. Did
significantly worse than 'n2' on all criteria.
RULE: 'c5! DESCRIPTION: Critical activities first,
then contract float first.
OVERALL RANKING: 4.4 SIGNIFICANT DIFFERENCES: 0,10
REMARKS: Again worse than 'n2' on all criteria.
Furthermore, and on the target criteria, damages, worse
than all the rules except 'c4!' and 'cé6'. This result
provides very strong evidence that targetting 'secondary!
criteria such as damages and.>overheads, rather than the
primary criterion of duration, is counter-productive except
possibly ih certain extreme circumstances [SEE '9.6 GENERAL
FINDINGS (SECOND TRIAL)'].
.RULE: 'cé6'! DESCRIPTION: Critical activities first,
then greatest damages first.
OVERALL RANKING: 4.9 SIGNIFICANT DIFFERENCES: 0,14
REMARKS: Worst result of all, and worst by all measures
except damages - on which it was second worst. Again no
evidence of a superior performance on damages compared to

that achieved on other criteria. The variance found in the
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results seemed very considerable on all criteria.

RULE: 'd4! DESCRIPTION: Activities utilising most
critical resource first, then
earliest start first.

OVERALL RANKING: 3.1 SIGNIFICANT DIFFERENCES: 9,0

REMARKS: A relatively simpie rule that exceeded

expectations by matching the ranking of SPJ's own, more
sophisticated 'f' rule. Furthermore the difference between
this and 'n2' was not found to be significant at the 95%

level on any criterion.

RULE: 'nl! DESCRIPTION: 'Newrule', comparing all
activities which utilise the
same resource and which
overlap at earliest times.

OVERALL RANKING: 3.5 SIGNIFICANT DIFFERENCES: 6,3

REMARKS: A disappointing performance which by comparison

with 'n2' clearly illustrates the adverse effect of not
attempting to anticipate the actual resourcing problems
that manifest themselves in the course of levelling.

RULE: 'n2' DESCRIPTION: 'Newrule', comparing all
activities which utilise the
same resource.

OVERALL RANKING: 2.2 SIGNIFICANT DIFFERENCES: 16,0

REMARKS: The mean results for this rule were better than

all others, on all criteria. In the case of 'c4','c5' and
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'c6', this superiority was significant on every criterion.

RULE: 'f! DESCRIPTION: SPJ's own rule (least total

float first).

OVERALL RANKING: 3.1 SIGNIFICANT DIFFERENCES: 8,2

REMARKS: Significantly surpassed by 'n2' on three
criteria, there was no indication of a superior consistency
in its results that might have compensated for its poor
showing. It's apparent edge over 'n2' on damages suggested
by its‘ranking in this field, is not significant but does
illustrate the independence in the behaviour of this

criterion.

9.6 GENERAL FINDINGS (SECOND TRIAL)

The results of the second-trial bore out the conclusions

drawn from the first.

The supremacy of 'n2' over 'f', despite the latter's
inherent advantage, is conclusive with regard to the
difference between the two in the quality of their

decision-making.

The argument that the attention of a rule should primarily
be focused on duration minimisation, even when another
activity criterion is considered to be of greater
importance, is given more weight by the significant
superiority of other rules ('nl','n2','f') over 'c5' and
'c6' on their target criterion of damages. This finding

must be qualified by reference to conclusion 4, which is

187



neither confirmed or rejected by the results [SEE '8.4

EARLY CONCLUSIONS'].

The rule that success by the criterion of duration will on
average be followed by success on all other criteria held
true despite the fact that the correlations measured
between duration and other criteria fell considerably from
the 1levels computed after the first trial. This seems to
have been a consequence of testing a smaller numbAer of
rules, of a generally higher standard of performance. This
provided less pairings (112 pairings for each criterion
against 276 previously), over much smaller ranges. Against
the background of a reduced range the same degree of
digression from a linear relationship amongst a lesser

number of pairings would reduce the reported correlation.

The damages correlation also appears misleadingly low
because any reduction achieved in the duration, below that
at which the damages clause comes into effect, can elicit
no further reduction in the damages incurred, as of course,
it would already stand at 2zero. This effect is more
pronounced 1in the second trial ©because of the
proportionately greater number of occasions (24% compared
to 9% previously) on which this more efficacious group of
rules have managed to successfully level all the projects

within their completion dates.

The failure of 'c4' set against the success of 'd4!
confirms that the criticality of an activity should not

automatically qualify it for a priority higher than that
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accorded to non-critical activities. From the first trial
it was known that the effect of differentiating between
resources, the function of 'd4's primary module, was
negligible. Therefore the success of 'd4' relative to 'c4'
must be attributed to the relatively unhindered action of
module 4 enjoyed by one but not by the other, as 'c4' is
bound by its primary module to assign higher priorities to
critical activities. The success of 'd4', coupled with the
simplicity of its rationale, recommends module 4 (earliest
start first) as the rule of thumb proposed after the first

trial. [SEE '9.1 THE NEED FOR FURTHER TESTING'].

9.7 TESTING USING ACTUAL PROJECT DATA

The limitations on the number, resource content, and size
of the artificial projects that made up each workload used
in the trials, were such that . the range of levelling
problems tackled by each rule remained relatively narrow.
The diversity of contracts that constitute the workloads of
real building firms poses resourging problems, greater both
in number and complexity, than any that had been simulated
using artificial projects. Crucially, there existed a
strong possibility that the increase in the complexity of
the problem would be accompanied by a deterioration in the
performance of all the rules, with the possible exception
of 'f'. It was anticipated that as the contracts increased
in duration and number of activities, the transformation of
the schedule associated with levelling would become.

correspondingly more comprehensive, invalidating a greater
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number of the 'decisions' taken by the rules. The rate at
which this deterioration occurred would determine the point
at which 'n2' lost its supremacy over 'f', and consequently

the limits of its practical usefulness.

The trials had also been limited in scope to the initial
scheduling of a fixed set of activities. It was now
necessary to consider the place of‘multi—project scheduling
using decision ruleé in the context of the broader
requirements of a planning system, and with particular
respect to the following;
(i) the speed andAconvenience of the technique's
operation;
(ii) the progressing of the project plan;
(iii) the handling of variations to contracts;
(iv) the ease of identification of troublespots and
bottlenecks;
(v) 1its relation to complementary solutions to
resourcing ©problens (additional manpower,

overtime, re-assignment of labour, etc.).

Only by applying the rules to an actual workload taken from

the real world could such evaluations be made.

To this purpose detailed documentation relatihg to a period
of the company's operations in early 1988 was secured from
one of the participating firms. 'N2', as the clearly best
all round performer, was retained, whilst 'f' was also
retained so as to provide a standard against which to

continue the assessment of 'n2'.
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10 A TRIAL USING ACTUAL PROJECT DATA

10.1 THE WORKLOAD

The workload that was to be the subject of the simulation
was that of a participating firm operating in the Sheffield
locality, covering the period 18th Jan 1988 to 1l1th April
1988. The work comprised five major contracts, of which two
were close to completion at 18/1/88, and a number of
smaller miscellaneous Jjobs that took place over this
period. The start of the study coincided with the
commencement of one of the major contracts. Initially the
firm's workforce consisted of four labourers, four joiners,

and two bricklayers.

The Major Contracts:-

NAME: 'Mexboro'

CONTRACT SUM: 105,753.50

CONTRACT CONDITIONS: JCT, Intermediate Contract, latest rev
COMMENCEMENT: 26/10/87 ORIG. CONTRACT PERIOD: 22 weeks
DAMAGES: 430 per week

VARIATIONS RECEIVED DURING STUDY: 18

DESCRIPTION: Extensive refurbishment of 5 houses including
stripping out, complete re-roofing, renewal of all
services, new finishings and fittings, and provision of DPC
and timber treatment as required.

NAME: 'Masboro!

CONTRACT SUM: 70,184.02

CONTRACT CONDITIONS: JCT, Minor Bldg Works 1980, latest rev

COMMENCEMENT: 18/1/88 ORIG. CONTRACT PERIOD: 17 weeks
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DAMAGES: 100 per week

VARIATIONS RECEIVED DURING STUDY: 21

DESCRIPTION: Alterations to, and an extension within an
existing factory building to form upgraded office
accomodation. Also re-roofing, rendering and ancillary work
to exterior of adjacent three storey building. The work,
which was divided into three phases, was due to start at
the time of the first update.

NAME: 'Cranworth'

CONTRACT SUM: 109,754.02

CONTRACT CONDITIONS: JCT, Minor Bldg Works 1980, latest rev
COMMENCEMENT: 23/11/87 ORIG. CONTRACT PERIOD: 23 weeks
DAMAGES: 200 per week

VARIATIONS RECEIVED DURING STUDY: 17

DESCRIPTION: General upgrading of existing single storey
building consisting of offices, consulting rooms, etc.,

enclosing a central quadrangle.

The other two contracts completed during the first weeks of

the study were:-

'Ellis St' - A refurbishment contract for one house that

experienced three variations during the period of study;

'Woodsets'! - A new doctor's surgery for which there were

two variations.

New Work - The seven small Jjobs introduced during the
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period reviewed, accounted for about 16% of all work

completed.

10.2 PRODUCING THE PROGRAMMES

Contract drawings, incentive information, and the
contractor's own manually produced programmes were the
sources of information for the precedence diagrams produced
for each contract. Virtually all the activities to be
undertaken by the firm's workforce were covered by bonus
targets built up from items taken from the estimate. The
estimates were themselves derived from a database developed

on an earlier research project (WESTGATE,S.E.:86).

Wherever possible activities from the contractor's own
programme which had been amalgamations of bonus targets,
were divided into their constituent targets again, to bring
about a one-to-one correspondence between bonus targets and
activities. This had the effect of breaking the resource
linkages that are implicit in 'multitarget' activities.
These are undesirable in that they do not allow the
assignment of different gangs to the different targets that
make up the activity, thereby placing a constraint on the
scheduling of labour which fails to reflect the
contractor's actual range of optioné. The increased number
of small activities multiplied the number of possible
levelling alternatives, and therefore allowed the rules
greater flexibility in the search for the best solution. It
also aided progress reporting and the evaluation of

productivity by the direct correspondence between
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programmed activities and the items appearing on the
timesheets. The resulting programme for one of the

contracts is shown in Figure 37.

10.3 UPDATING THE SCHEDULE

The schedule was brought up to date at weekly intervals for
the first four weeks, followed by two further updates at
monthly intervals. Including the first, this represented a
total of seven updates against which to test the rules. The
progress was based on an analysis of the timesheets, and
variations were entered at the time management became aware
of them. The labour content of the variations was extracted
from the contractor's own valuation. Any extensions of time
granted were taken from the correspondence between

contractor and architect.

Between each update the schedule was 1levelled using both
'newrule', and 'f'. The status of the contracts, and the
action indicated by the rule giving the shortest overall
duration, were observed and noted before proceeding to the

next update.

As this exercise was conducted sometime after the peribd in
which the work took place, management did not have the
scheduies upon which to base their actions. Hence it waé
not possible to be conclusive about what the consequences
would have been, had they actually followed the course

indicated by them.
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10.3.1 The Charts

Update Charts

Figures 38 to 44 show the schedule and the resource
histograms of the three principle trades as they appeared
at each update. Between each update, Tables 5(a - £f) and
Tables 6(a - f) indicate the variations received, and the

major changes in priority as calculated by 'newrule’.
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Masboro St: AT 18 JAN 1988, BEFORE LEVELLING
Task Gantt

1 Day Pen;“Symbolw Fabruary 88 March Ag
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002 lab
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003 iab
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006 raise wall

006 bwk
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007 bwk
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1
O}% jor 18t fx
087 (end jnr 1st fx)
013 elec/plmbg 1stfx
014 prep for plaster
014 lab

082 (end plstr prep)
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