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THESIS SUMMARY

The aim of this research was to improve the quantitative
support to project planning and control principally through the
use of more accurate forecasting for which new techniques were
developed.

This study arose from the observation that in most cases
construction project forecasts were based on a methodology
(c1980) which relied on the DHSS cumulative cubic cost model
and network based risk analysis (PERT). The former of these, in

particular, imposes severe limitations which this study
overcomes.

Three areas of study were identified, namely growth curve
forecasting, risk analysis and the interface of these
quantitative techniques with project management. These fields
have been used as a basis for the research programme.

In order to give a sound basis for the research,

industrial support was sought. This resulted in ©both the
acquisition of cost profiles for a large number of projects and
the opportunity to validate practical implementation.

The outcome of this research project was deéemed successful

both in theory and practice. The new forecasting theory was
shown to give major reductions in projection errors. The
integration of the new predictive and risk analysis
technologies with management principles, allowed the

development of a viable software management aid which fills an
acknowledged gap in current technology.
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CHAPTER 1

INTRODUCTION

The introduction describes the background setting, which
stimulated the author to embark on research into upgrading the
quality oflinformation feedback for management decision-makers.
This led to the establishment of the key issues and
consequently the plan of research which forms the structure and

thrust of the thesis.



1:0 Overview

The well being of a large organisation 1is strongly
dependent on the success of management planning and control.
The overall aim of +this research was +to enhance these
facilities, particularly with respect to projects and corporate
strategies.

The major research effort was aimed at the integration of
the quantitative aspects of project management. The use of the
developed techniques was seen to apply to projects in the wide
sense of the term. For instance, construction industry projects

apply to estate development as well as building.

In manufacturing, one may be concerned with a marketing
project, which in turn interfaces with production and/or
research and development. All these may in varying degrees be
planned and controlled, indicating a broad spectrum of

potential applications.
The currently used project and corporate management

techniques fall into two major areas namely network analysis

and spreadsheet ’'what if?' routines; and to a much lesser
degree risk analysis and least of all forecasting. It was
observed by Tan (1987) +that currently 1little or no

integration existed between these methodologies in computer
applications. Furthermore, it was found that no attention was
paid to the relationship of risk analysis with forecasting. For
instance the construction industry has been making occasional
use of risk methods since 1970, Yates (1986), but only
currently 1is this subject receiving any prominence. O0Of equal

importance 1is the largely ignored area of systematic wuse of



historical project information as a direct support to future
planning.

The major source of information for this research was
derived from construction industry project cost breakdown data.
Analysis showed a notable limitation in the quality of current
forecasting methods and their practical use Berny, (1984).

Limitations to risk analysis methods, in particular
PERT/RISK, have been frequently discussed e.g. Miller (1962).
This point was well summed up in Battersby (1970), nevertheless
this outdated technique still prevails in the few current
software packages aimed at analysing risks of both +time and
cost overruns in projects.

" The overall purpose of this research was, 1in the first
instance, to improve the key technologies; namely forecasting
and risk analysis. Having procured improved tools for planning
and control, it was considered prudent +to complete this
research bylestablishing an integrated methodology to use these

techniques and successfully implement them in industry.

1.1 Origins of the general area of research

This research originated as a result of the author’s
involvement in a refurbishment project for York County
Hospital, Berny et al (1978). The author was charged with the
responsibility of producing a portfolio for the purpose of
acquiring large funds to alter the use of this listed building
from a Hospital to a Hotel and Conference centre.

It was observed, from discussions with quantity surveyors,



that the construction industry in general depended on a job
contingency worth about 10% of the value of +the work. This
contingency was necessary to compensate for possitle variations
in cost and time and calculated in this ad hoc manner, rather
than by any more scientifically accurate method. This rule of
thumb was not historically based but enguiries indicated cthat
it was thought to apply to most new building projects.

The DHSS (Department of Health and Social Services) cubic
forecasting method, Hudson (1978), of calculating the potential
cost Dbreakdown was used as part of the York project, but was
found to be inappropriate for this refurbishment project. The
DHSS model required estimates to be made of parameters which
related to the type of cost breakdown the construction experts,
Shepherds of Portakabin fame, anticipated. This requirement was
particularly -exacerbated due, fo the fact that it had to
reflect the problems relating to work on buildings dating £from
1740 to 1910. Furthermore, due to the fact that the DHSS model
is a cubic equation &he derived parameters generated
projections which passed the curve maximum and hence were
non-feasible. The combination of both the age of the building
and properties of the cubic, caused the author to abandon this
model for the York project.

An attempt to use PERT/RISK in a relevant way, Miller
(1962), failed due to the lack of detailed planning
information. The only methodology which made a positive
contribution was discounted cashflow, which was used to assess
the break-even point in time between cost and income.

Discounted cashflow, is accepted as a useful but limited

appraisal technique, particularly in the case of large scale



investment. This wunsatisfactory financial prognosis led the

author to an in depth inspection of the DHSS cubic forecasting

model.

The author generalised and tested this new cubic model

against cost breakdown data, Berny and Howes (1983) but the

resulting investigation of a wide range of construction

industry data showed the inadequacy of polynomial models, Berny

(1984) and classical ‘growth curve models such as the logistic.

It was concluded that there was a need for research into

better means of forecasting, in particular for construction

industry data. Further this project showed the necessity to

obtain a simple means of assessing risk.

Reconsideration of the York County Hospital project, Berny
et al (1978), showed the need to integrate planning and control

methodologies with the support of better forecasting and risk

assessment techniques.

Finally there was seen to be a considerable need to

improve the promotion of the use of better planning and

control techniques. The attitude of clients was seen as the

main source of the dearth of application of better techniques.

It was commonly found that in the case of large-scale projects,

which generally have political strings attached, that overruns

in cost and time terms were not blamed on project management.

Extra costs remained hidden and were paid for by the

unsuspecting taxpayer.

While such attitudes prevail, the extra effort required to

organise work efficiently was seen by many in the profession as

unnecessary and it appeared that more lip-service rather than

action was being paid to the need to consider risk assessment.



This attitude was also reflectaed in the area of forecasting.
Sparks and McHugh (1984) whose work suryeyed the use of
forecasting showed that 73% of ’extensive’ influence stammed
from executive assessments. This author believes that the
forecasting syndrome cited above also parallels the situation

appertaining to risk analysis.

1.2 Key issues

This research is Dbased on the hypothesis that to

successfully promote better planning and control aids for

project management, two separate aspects had to be considered;
namely :- fundamental issues and key pragmatic problems.
1.20 " Fundamental issues

The fundamental issues were in the first instance to
improve medium-term forecasting and secondly to find a risk

distribution which could be fully implemented by ’'naive users’.

1.20a Forecasting

The forecasting methodology required specific attention be
paid to growth curves, as the nature of a project was that in
general it involves the life cycle of birth, maturity and

death. This means that any representative model has to bte



monotonically increasing. The current approach for this type of
prediction uses stochastic methods. However, as such procedures
were dependent on deterministic models, it was argued that
improvement in deterministic growth curve models was the firs<
necessary step to enhance the quality of prediction.

The ability to progressively interpret from practical data
considerations the nature of a model, further emphasized the
need for deterministic, rather than the currently preferred

stochastic, approach to medium—-term forecasting.

1.20b " Risk analysis

The most fundamental 1issue here was the shortfall in
" practical risk analysis methodologies. The major observation
made by this author was that PERT/RISK, which is based on the
beta distribution and requires four estimates from a |user.
These are pessimistic, optimistic, most 1likely (mode) and
expected (mean) or standard deviation times or costs of an
activity or project, Farnum and Stanton (1987).

It is quite impractical to expect the user to estimate
four out of the five pieces of information cited above. The
current method of using the beta distribution in PERT and other
time-risk analysis procedures require the user to state only

three quantities namely :- pessimistic, most likely and

f2

optimistic activity durations. As four parameters were require
to satisfy the beta distribution the standard deviation was set
at the value of 1 /g from a range of 0 to 1/, on a normali:zed

scale of activity duration from 0 to 1. An approximate =2gquation



-

was used to estimate the mean duration, thus further 1imiting
the accuracy of +the estimated expected value, Other
consequences of these simplifications were discussed in detail
by Battersby (1970) who highlights the limitations and their
affect on the success of this technigque. The same drawbacks
apply to cost risk analysis.

These relatively complex demands on wusers probably
influenced the lack of widespread implementation by industry of

this family of techniques.

To sum up, the fundamental issues were to find :-

@iX)) An improved deterministic growth curve model,
with the facility that practical interpretaticn

was implementable.

(2) A new risk distribution which did not overtax
the user and had no hidden assumptions such that
probability ’guesstimates’ were fully translated

into risk distribution parameters.

1.21 Pragmatic issues

This aspect of the research is more qualitative in nature,

hence it was not possible to measure success in a clear and

quantitative manner. Nevertheless, acceptance of the technigues

la.

by industry, their continued interest and feedback wers he

main means of assessing the value of this part of the rasearch.



The pragmatic aspects of forecasting have been reviewed by
Fildes (1978).

The discussion about the problems emerging from the York
Hospital project, Berny et al (1978), hnelped clarify areas of
study, namely +the importance of plan and control ftechnigues
and, secondly a means to successfully implement such methods.
It was found necessary to improve planning accuracy, feedback
from monitoring, translation of control decisions to achieve
more effective and economic project completion.

The implementation requirements for successful completion
of major projects primarily hinge on good communicaticns
between the user and the information which may be accessed,
generated and highlighted by appropriate téchniques. Practical
feedback by "sympathetic" members of industry, their fieid
trials and assessment of the success or practical advantages
gained from this work was seen as a means of evaluating the

solutions generated from considering the pragmatic issues.

The key pragmatic problems addressed in this work were :-

(1) More accurate and flexible planning.
{2) More valuable feedback from monitoring
information.



(3)

(4)

Greater flexibility in assessing the potential

outcome of control decisions.

Improvement to the communication interface

between management and the feedback of

accessible quantitative information.
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CHAPTER 2

RESEARCH OBJECTIVES AND PLAN

The research structure required the Kkey issues in
chapter 1 to be set in a satisfactory framework of study, which
reflected the management aim and was balanced by adeguate
theoretical progress. Th; need to stress limitations on the
research was ap?arent from the outset as the potential
literature base was known to be very extensive (European Space
Agency Data Retrieval). This chapter analyses and sets out the

research plan.

11



2.0 Plan basis

The key issues described in 1.2 required to be set into a
systematic framework. The plan used to conduct the research
required that the major goals were placed in an order that led
logically from one phase to another. The nature of the subject
was highly open ended. For this reason it required that
limitations be set, both in the depth and breadth of the
different areas of work, in such a manner that they would not
detract from the value of the research project as a whole. In
order to create an implementable final product of the results
from this thesis, it was perceived as essential to create a
balance of effort between the key theoretical and pragmatic
issues; this entailed taking careful account of the research
limitations. Due cognizance was paid to the need to ensure that
each section of the research has the stature of a wviable
contribution to knowledge in its own right.

The research strategy was influenced by the project
management needs of the construction industry, which was the

major source of practical information.

2:1 Priorities

The need to establish a better forecasting methodology was
seen as the critical factor in this research. Bromillow (1973)
showed that improved project management within the construction
field required that most attention be paid to planning project

cost-breakdowns. Pilcher (1981) further showed the need to

12



study S-curves, hence curve fitting procedures nad =o De 12
consideration. These fall into the growth curve forecasting
field, hence these were selected as the top priority arsa of
study.

Growth curve studies have been primarily in areas such as
sales projection for a product or growth of cells Stone (13780).
These studies consider a homogeneous ’'item’ or ’'activity’. In
contrast a construction project consists of many activities
generating a heteregenous entity. Evidence from collected data
showed that construction activity characteristics are that of a
homogeneous entity.

Due to the monotonic nature of a growth curve the
cumulation of many growth activities also generate a monotonic
‘growth’ pattern. For this reason a heteregenous system which
is constituted from homogeneous growth entities will have
growth properties but will be distinguished by showing m@much

more noise (small variations) and hence more difficult to

ot

®

describe in model termsl It is for this reason <that

f
(&Y

modelling requirements for projects are much more stringent
hence highlighted the need to rethink the underlying concepts
for generating deterministic models.

The natural continuation from growth curve forecasting wzs
to explore the practical uses of new models. The importance oI
devising a means of parameter generation from project «ceostT
information was previously stressed and explored by Zeray
(1984).

The next priority was the exploraticn of the ==2ans bty
which project management could utilize 1interpretadle curve

fitting and forecasting data. It was decicded that ths plan,

1.3



monitoring and control elsments should be considered 1in <this
context.

A further aspect of <curve fitting was the need *o
establish the statistical reliability of the chosen model and
determine the associated confidence limits. This informaticn
was seen as the entry point to risk amalysis studies.

Risk assessment led to the study of the next quantitative
key 1issue, namely to establish a means of resolving the
aforementioned problems (see 1.20b) associated with PERT/RISK,
Battersby (1970). Work in this area, and its interface with
project management, was seen as critical to the enhancement of
progress in the area of project planning and control.

The amalgam, in a suite of computer programmes, of the
techniques generated above was viewed as the Kkey to an

integrated approach to project management planning and control.

2.2 Priority list and limitation of research framework
PRIORITY LIST

(1) Find a better growth curve forecasting model which has
properties interpretable by management.

(2) Utilize the model for planning, monitoring and control
aspects of project management.

(3) Consider uses of the statistical reliability aspect of
the model vis—a=vis risk assessment.

(4) Find a new risk distribution which overcomes the
PERT/RISK drawbacks and employ it 1in a pragmatic

manner.

14



(5) Devise the means by which the devices agowve can ce is2C

in an integrated manner by management.

.

LIMITATIONS

It was clearly not possibie <to explore all possio.2
ramifications which would emerge from new growth curve mode.s
or probability distributions for risk. For this reason it wz2s

seen as important to find a general basis for formulating taess

(1]

functions and select one model by appropriate testing.
Limitations in the management interface anéd integrafticn

section were less ecasy to define. In order to produce =2

practical tool, a consensus of the feedback from indisiry wzs
used to establish the practicability of the technoloczy-

Limitations 1in this work were of a qualitative mnat.ure. A

plausible approach was exemplified by Eilon (19579) #ho stressed

that planning and control should be highly adaptable - 1i.e

’what 1£f7’ In nature.

Summarv of limitations :-

1) Theoretical :- Detailed explorzaztiom of omly omn=
model for forecastimg and ome Ior
risk amaly¥sis.

(2) Pragmatic :- The interaction with industrv was
controlled bv field trizls, whach

in turn seft the loma'ts of

“industrial approval ', measar=4

by the purchase of the resaltimg

scftware.



CHAPTER 3

FORECASTING

This chapter 1is central to the major theoretical key

forecasting. The historical background, its consequences

issue:

in the Iighf of pragmatic needs and the resulting development

of new concepts for building deterministic growth curve models_
the new

are fully described. Some models which result from
principles are derived and one selected for further analysis.
The bulk of this chapter and further developments have

been refereed and accepted for publication

"New concepts in deterministic growth curve forecasting

Journal of Applied Statistics: anticipated publication

date March 1989.
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3.0 Introduction

The majori£y of current studies of growth curves consider
stochastic methods applied to deterministic models and are most
frequently tested against marketing problems. Construction
Industry project management applications have been found to
require more robust deterministic growth curves. It is for this,
reason that this chapter is primarily concerned with improving
non-stochastic models.

Tests on fifty construction project cumulative cost curves
have shown that 16% were of an exponential nature and a large
number showed that +the non-cumulative costs have biwodal
profiles. It was found that currently used deterministic models
e.g.:- Stone (1980) and those using stochastic applications
e.g. autocorrelation based on Mar-Molinero (19806) gave pPoor
curve fits for these project cost profiles. It was further
contended that the better the deterministic model the earlier
one can start reasonable forecasting. It is fully accepted that
stochastic methods enhance prediction, but a good determimistic
basis was seen as equally important.

Based on the above background, it was found that further

progress in analysing these cumulative cost curves required mew

concepts for building deterministic models.

The key properties of new models to be comnsidered were :—

a) To include descriptions for nen 'S’ shaped curves which

also pay attention to the early history of the process

being described.

17



b) The need for models to pass through the origin.
c) Uphold cases which have no apparent saturation level.

d) The non-cumulative profile of the model should also

follow the non-cumulative smoothed trend of the data.

Decay 1is the inverse of growth and hence should be
considered as part of this study. However, due to lack of data
and extent of the current work, decay models have been
excluded.

A by-product of the database of the large spectrum of
curves, required that alternative statistical measures had to
be devélopgd which permit comparison between widely differing
sets of data. The results of this work summed wup 1in Berny_
(1987c) have shown that multi-component models, describing
growth as the sum of several functions, consistently reduce by
some 50% testable forecast errors as well as giving better
curve fits. The comparison with the current work has been made
on the basis of like for like i.e. using the equivalent number

of parameters to those used in the best quoted results from

other studies. -..

18



3.00 Area of study

The major pias of this research has been to advance the
use of growth-curves by project management. In this guise the
applicable use of ’S-curves’ by the Construction Industry has
served as the major guide to the potential wuse of growth
curves. This industry’s cooperation is appreciated as a source
;E cost data relating to some 200 projects of which 50 have
been analysed in depth, in addition to 12 problems from other
industries. A concern for the need to forecast, control and
plan budgets for construction projects with a higher degree of
precision, has been highlighted by Pilcher (1973), Trimble
(1974) and many others.

This 1issue 1is by no means confined to the construction
industry, hence it was perceived that a wuseful practical
outcome of this study would be to enable managers to simplify
the means of creating budgets, thence to update them and aid
the control of projects. An alternative use 1is that these
facilities also create a means of checking the reasonableness
of a budget constructed in the traditional way by considering

individual activities.

3.01 Project grbwth properties

A budget can be interpreted as a prediction of project
costs with respect to time, based on knowledge from past
experience. Conversely it can be regarded as an extrapolation

of past experience to a point in the future. The end point

19



could be defined as the value at an infinite point in time, or
more practically it can be identified as a known end-time and
cost through which the growth curve must pass.

Growgh can display many different profiles according to
the phenomenon under study. These differences are particularly
well demonstrated in non-cumulative or period value profiles.
Some growth curves have regular features, whilst others can
embody pronounced irregularities. 1In order to advance growth
curve modelling the study of data which displays the irregular
features of growth was necessary. The analysis of project
expenditure data collected from the construction industry,
appears to be ideal for this purpose.

From the projects which were considered, their project
data were collected in the form of activity cost. These data
were derived by a logical analysis of the project using
networking or by bar chart methods. The expenditure associated
with each activity was subsequently allocated to its time span
on a period basis. The summation of all the activity
expenditure occurring in each period produced a non-cumulative
cost profile for the total project duration. Hence, it proved
possible to identify the activities having the greatest
influence on expenditure, both in value.and timing. In all
instances it was observed that cumulative activity expenditure
profiles follow a variety of growth patterns. The above
analysis showed that a project cost profile could be generated
by cumulating the superimposed simulated cost breakdown of
activities using growth curve models. This procedure was deemed
to give a more precise total cost plan of a project than one

which current methods generate, as they rely on using only a

20



straight line model.

Another means of investigation adopted was to study actual
overall costs from different projects of a similar type
in order to establish any similarities in their expenditure
patterns. Whilst some consistency was observed there proved to
be no refined pattern of generality. This finding conforms with
the wunique. characteristics associated with most construction
projects, cqupled with the wide variety of types. Whilst this
has the obvious disadvahtage of being responsible fo; the wide
degree of variability, it offers the advantage of supplying a

wide variety of growth curve profiles for study.

3.02 Selection of case studies

A recent study by Meade (1984) surveyed earlier work in
marketing. Meade selected four classical case studies, dating .
back to 1967, for detailed analysis. It was decided that the

same four should be used in this research.

These are :-—

a) U.K. consumption of PVC, Hutchesson (1967)

b) U.K. consumption of titanium diaqxide,

Harrison and Pearce (1972)
c) Tractors in Spain, Mar-Molinero (1980)

d) Adoption of colour TV’s in U.K., Bagot (1978)

21



In addition to the above four, two projects were used as
further case studies. These latter were selected from the
Construction Industry. The choice of construction projects was
based on specially selected growth curve types, in order to
demonstrate both the degree of variability which exists and
the ability of the models developed to fit less well known
types of curve profile.

It was anticipated +that +this approach would provide
a direct comparison of performance with 'the state of art’
relating to growth curve modelling. The wide variety of
projects considered led the author to believe that a new
approach should be attempted to produce a model which has the
dual ©properties of flexibility and practical interpretation,
whilst embodying sufficient accuracy to render the model useful
in real life circumstances. A key factor in the development of
this part of the research programme was the realisation " that.
the consideration of cumulative growth curves did not provide
adequate sensitivity for analysis. It was +therefore decided
that an extensive study should be made of non-cumulative curve
profiles, which subsequently provided an ideal means for
examining the effects of smoothing and curve fitting the data
when testing models. However, it was established that the

cumulative curve provided the best means of assessing the pre-

dictive properties.

In view of the importance and hence frequent
reference to non-cumulative values/costs these will be
referred to as periodic values/costs and cumulative

values/costs as values/costs (to date).
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3.1 Survey of growth curve modelling

This section deals with both the practical uses of growth

curve models and the range of model types investigated.

3:10 Polynomial and error function models
The study of growth curves commenced from an evaluation
of the DHSS cubic model for costing hospital construction

Hudson (1978). Berny and Howes (1983) generalised and
simplified the cubic model for cumulative project <costs and
developed a means of practical interpretation by evaluating its
parameters from data related to the point of inflection 1i.e.
the peak activity period (in terms of expenditure per unit
time) and its cost to date.

A major limitation of the DHSS model was that when
projects exhibited an_early. rapid expenditure towards the
peak activity point, then the maximum value of the fitted cubic
curve (which represents the cumulative costs,) was reached
in many instances prior to the end of the project. This meant
the period costs after the maximum were negative rendering
the solution impractical. Other forms of polynomial
equations, in particular the quartic, were investigq?gd Berny
(1984) but these were also found to be of 1little practical
value.

A major step forward in the resolution of this problem was
made as a result of discussions with A. J. White, who suggested

the wuse of either the logistic or the differential of the
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error function (to be abbreviated as the DEF), a form of which
is referred to in computer software literature as the
Rayleigh - Norden model; Putnam and Fitzsimmons (1979). Neither
of these models have the aforementioned "maximum" problem of
the cubic. Investigation by this author of these two suggested
models gave preference to the DEF model, as a basis for
modelling construction project costs to date, Because it gives
a zero value at commencement (time=0), which is never the case
with the family of modified exponential curves of which the
logistic 1is one. Furthermore the relationship with the peak
activity point in time was mathematically more straightforward
to use.

Further support for_the DEF model comes from Norden (1960)
who compared the cubic logistic with a DEF model and stated
that the former was found "to «closely approximate a
considerable’ number of projects,.; but it was found +to be
inadequate for extrapolation". Norden continues further stating.
that "the latter (DEF) was found to describe more realistically
engineering re;earch and development project phases".

The issues generated by comparing the potential use of the
cubic with the DEF models was addressed by Berny (1984) who
agreed with Norden (1960) that in spite of the DEF model’s
predictive attributes, used alone it was, in some cases, unable
to adequately describe project costs. For this reason a model
was formulated combining the best features of the cubic and DEF
models as a cubic exponential spline. The combined (cubic
exponential spline) model outlined by Berny and Howes (1983)
proved to be easier to wuse from the point of view of

interpretation, following principles indicated earlier.

24



However, even this combined model was found to be
unsatisfactory for some construction projects; furthermore it
was found difficult +to give the model a sound statistical
basis. Berny {1984) outlined a series of new models which

appear to overcome the cited shortfalls of the DEF, cubic and

logistic type models.

3.11 Classical growth curve models

The major area of work in this field has concentrated on
variants of the logistic and Gompertz equations related to the
generalized modified exponential and its variants. These types
of models are explored and surveyed in detail by Stone (1980),
who also considers other types of models excluding those in

section 3.10.

Current "vogue" 1inclines to the stochastic methodologies
e.g. Oliver (1987). Howevef all these techniques rely in
varying degrees on deterministic models. The observation made

by Berny (1984) and implied by Tucker (1986) is that, 1in order
to make a further advance in this field, there is seen to be a
need to reconsider the basis of generating deterministic models
prior to utilising stochastic methods. In addition models of

the type cited in 3.10 have apparently been overlooked.
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3.12 Literature survey

Prior to further developments and full evaluation of
possible new models, a wide literature survey was conducted by
Lthe author, including a search of abstracts using the European

Space Agency Information Retrieval Service (1985).
The following observations were made :-

1) The great majority " of fundamental research was
concerned with variants of the family of modified

exponential models.

2) The source data of recent research emanated primarily

from the areas of marketing/economics and biology.

In the author’s opinion, the above observations indicate
that previous areas of reseafch have been limited in their
scope when many other areas of "application exist. A simple
example, which demonstrated the spectrum of the potential
impact on relevant problems in the scientific world, was the
study of nuclear isotope decay. The decay process may be
treated as the inverse of growth e.g. growth models could aid
in determining the half life measurement of an isotope and its
intermediate daughter products.

The conclusion drawn from the literature search was felt
to confirm the need for a fresh look at the underlying concepts

of growth curve modelling.
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J.2 Growth curve concepts

In this section the basic definition of a growth curve
will be discussed and reformulated. The term 'S-curve’ has been
specifically avoided as growth may be represented by curves

showing no 'S-shape’ and hence the generality of definition

would be lost.

3.20 Earlier definitions relating to growth curves

Resulting from the 1investigation of past and current
literature, it was concluded that no <clear and unambiguous
definition of a growth curve was readily available. Two

examples of definitions are given below.

3..21 Dictionary definition

The McGraw-hill dictionary of Scientific and Technical
terms refers to a microbiological and nuclear definition :-

"A curve showing how some quantity associated with ‘’an

induced nuclear reaction’ increases with time."
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3.22 Technical definition

Rektorys (1969) in the book 'Survey of applicable

mathematics’ gives the following definition in the section on

growth curves.

Using the notation of Rektorys :-

"A solution x=F(t) of the differential equation

dx/dt=f(x), (where t=time and x represents the growth curve)

is called the ’law of growth’' assigned to any phenomenon

observed to satisfy the equation."

Rektorys then makes three assumptions :-

a) the: necessary parameters involved in f(x) are +to be
established for +the phenomenon on the Dbasis of
statistical data.

b) the growth of the quantity x in +time takes place
without external intervention

c) the initial condition t=0 , x=x¢ holds

Rektorys's definition can be used to describe a major

traditional group of models.
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By way of example two models are derived :-

The logistic may be derived as follows :-
given :-

dx/dt

cx(l-x/a)
then x = a/(1 + b exp(-ct)) s v eyl
where a,b,c >0 and b is derived from the constant of

integration

The differential form of the error function (DEF) is
derived as follows :-

given :-

dx/dt 2gt (K-x)
then x = K(1 - exp(-gt2)) ...eq.2

where K,g >0

Both the above definitions omit the finer details of
growth curves which have been observed. For example some
projects, after smoothing +to remove ’random variations’,
exhibit a bimodal period cost profile. The significance of
omitting bimodality is that the quality of forecasts
deteriorates.

Multimodality generated by cyclical effects was considered
and has been shown Berny (1985) that. it may be modelled.
However, as only data which exhibits bimodality could be found

the cyclical cases were excluded from the bulk of the thesis.
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3.23 Definition of a growth process and its curve

In the absence of a known general definition of growth it
was perceived necessary to establish some clear terms of

reference to enhance the understanding of this research.

Growth curve.

It is this Author’s contention that in general a growth
curve describes how some quantity, associated with a growth
process, increases with time.

This normally implies that the measured quantity is given
in cumulative form e.g. total production or project

expenditure to date.

A growth process 1is further defined as
depicting the 1life «cycle of a phenomenon
described by either a normal growth pattern or a
combination of normal growth and other secondary
growth processes, in such a way as to always

exhibit a growth curve.

Normal growth 1is assumed to consist_of a
birth, maturity, death cycle which excludes
other processes of growth and has the property

of always increasing with time.
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Secondary growth processes are described as
combinations of other processes which may or may
not have the properties of normal growth. Thus
the secondary processes consist of a series of
internal and or external elements which combine

to influence the overall pattern of normal

growth.

These concepts expand on the current basic model
formulation, which only uses the normal growth definition as

originated by Gompertz in the early 1800’'s and summarised by

Rektorys (1969), see 3,22. The main thrust of current
theoretical work 1is ©primarily concerned with stochastic
techniques and mnot in the methodology of ©tuilding the

underlying deterministic models.

3.24 Mathematical formulation of a growth curve

The above definitions lead to the following mathematical

formulation :-

F*t = measured value at time t

¥*¢

model estimate of value at time t

If Y*t is described by a function Y*(t) then :-

Y*¢

: Al & o
must be such that for t >= 0,during a 1life-cycle,

at time t’ greater than t the value of Y*(t’) must

be greater than Y*(t).
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Assumptions attached to the definition of Y*(t) :-

3.24a Parameters of the model

The necessary parameters involved in Y*(t) have been

established based on data describing the growth.phenomenon.

3.24b Initial conditions of the growth process

The start of a growth process will be assumed to begin at
time=0, thus the growth curve will always start at the
origin. As the precise start of some growth processes is

unknown, it is proposed that in such circumstances the initial

value 1is .set equal to the first measured value F*o. This
convention does not prevent one from using a model to
backtrack and find the time when F*g=0, should this be

required.

Based on the above it is convenient to define :-

Yi Y(t) such that

Y*¢

Y*(t) = Ye + F*o = Y(t) + F%o
with Y(t) having the growth property defined for Y*(t)

and F*g >= 0

Note' :—
For comparative studies account is taken of the fact that

the traditional models start with time unity i.e. t =1
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3.24c Growth curve components

Following the definition that a growth process consists of
a normal growth component and may also have a secondary
process, it is necessary to define each of these components by

separate general functions as below.

Y = Y(E) = N(t) + S5(t);
where N(t) is the normal growth component

and S(t) describes the secondary processes.

It should be noted that this formulation does permit these
two functions to have common parameters. Nevertheless, as a

secondary ‘process is not seen to be an essential part of all

growth processes, only that the normal growth component is
required to always increase with time during the 1life-cycle.
However, 1t 1is necessary that the secondary process must be

such that the growth nature of the total process is maintained

see figure 3.1. This results .in the following :-

at time t’>t both
Y(t’)>Y(t) and

N(t’)>N(t) during the life-cycle

The graph in figure 3.1 and 3.2 (see end of 3.,42a) shows
modified data from a ’'shop’ project. It consists of three
components : acceleration / deceleration (circle), a growth
curve labelled DEF (box) and initial slope curve (diamond);

these are shown in cumulative form in the upper curve (dot).
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3.24d Period value properties

The term "period" 1is used in the open-ended sense that it
is a time wunit whose value is specified by the wuser, but
intervals do not have to be equally spaced if information is
missing. The period values may be represented by the rate of
change of Y(t) providing this 1is a continuous function.
Following the properties set down in (c) above the rates of
change of both Y(t) and N(t) must always be non-negative. The
rate of change of the secondary process- may be mnegative
providing, that during the life cycle, the total growth model
function Y(t) has a positive (i.e. non-negative) rate of

change.

This is shown below :-
dY/dt >= 0 and likewise
dN/dt ->= 0 for all t >= 0,

during the life cycle

3.24e A specifiable point on the growth curve

In growth phenomena ithis possible to specify some point
through which the growth curve may pass, apart from the point
given by the initial conditions (see 3.31). If this point is
spécified to occur at a time t=D then one may associate with
it a value Y*p. For most forecasting problems it has been found
that it is best to select this time point, such that its value

is close to or equal to the last known measured value of the
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growth data.

If it is desired to identify the cycle end it is suggested
that, providing the growth curve has a finite upper bound
(saturation level), the growth can be defined as ceasing when
99% of the saturation level is reached or some other value
close to 100% specified by the forecaster on practical grounds.
The only excéption to this is when the end of the cycle can be
estimated as a time and value, e.g. the contractual end of a
project. In such a case, e.g. when considering budgets, it
"has Dbeen found useful to set this specified point, through
which the model curve will pass, to have the value and time of
the perceived cycle.end.

In the +traditional models no point +through which the
growth curve passes is specified. Although a marginal loss of
accuracy was observed in some curve fitting by the imposition
of specifying such a point, this was considerably outweighed by

the many advantages gained.

Thus one may define :-—
A specified point occurs at time t=D and has a value Y*p

or Y[}:Y*D == F‘o

The definition of a growth process and its curve (see3.23)
and its matﬁematical expression given in this section leads to
several observations which can be made. The following notes
consider the manner in which these concepts remove potential
restrictions which may be found to exist in traditional models

such as the family of modified exponential.
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a)

b)

c)

d)

Observations on the general model

The above definitions do not require as a prerequisite :-

that the growth should necessarily end in an asymptotic

manner.

a specification of points of inflection, thus the
growth curve does not necessarily have to be S-shaped.
Analysis of 50 projects has demonstrated that the 'S°
curve 1is not always valid, in this instance it was

valid in five out of six cases.

that the nature of the secondary process, if it exists,

has properties similar to normal growth.

the measured value of the phenomenon say v should be
the éame as F e.g. F=1ln(v) may be advantageous if

growth is very rapid.

Comparison with Rektorys’s definition

The above definition deviates from that of Rektorys in two

major respects -

i)

It is not seen as a prerequisite for formulating models

of the components of the growth process N(t) and S(t)

that these should. be derivable only from a
differential equation as opposed to being empirically
deduced.
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ii) the assumption that growth occurs without external
intervention has been omitted. For example, if one
considers delays 1in project site work, these are
frequently accounted for by external influences e.g.
the weather, which thus constitutes part of the growth
pattern. In the study of the tractor economy of Spain
Mar-Molinero (1980) showgd the ~politico-economic

influence on the production level of Spanish tractors.

3.3 New growth curve models

The models which can be derived from the definition of a
growth curve developed in this study cover a large number of
possibilities. In order to retain a viable basis for curve
fitting, it was decided to only consider functions with
normally four but not more than five parameters. The objective
was to find models exhibiting relatively straightforward
mathematical properties which also incorporated a means of
interpretation. As a result of studying many alternative
models, it was found that the DEF gave the most promising basis
for model building. From this standpoint one of its important

merits was that it only has two parameters.
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3.30 Model structure

When considering the formulation of a model, the detailed
implications resulting from the definitions given above need to
be explored more fully. This section considers in depth the
consequences of the proposal that the growth curve passes
through a defined point and questions the need to specify one
pbint of inflection. It also suggests a means of reducing the

effects of discontinuities.

3,31 Specified point of a growth curve

and its consequences
If a growth curve must pass through a point at time t=D,
this has the result that all models of the form Y= Y(t) = kg(t)

may be simplified as follows :-—

if Y

Yp at t = D then

xl
Il

Yp/g(D)

Under these conditions k is no longer a parameter of the
model, but a function of the specified value Yp at time D and
the remaining parameters of the ﬁppction g(t). This implies
that all models which can be reformulated as above, lose one
paraﬁeter.

The above reformulation has been tested on the logistic
curve. It was found, 1in common with the DEF, that the sum of

squared errors (SSE) resulting from curve fitting, using the
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calculated value of k, was compatible with the SSE values
obtained when the value of k was estimated by conventional
least square methods.

The parameter k is the scaling constant of the model or
saturation level for 'S’ curves. It is conventionally evaluated
by an algorithmic search process (minimising the SSE) used to
derive growth curve parameters.

The new types of models may be formulated with several
linear constants linking the components of the growth function.
For +this reason an alternative means of deriving these
constants was considered.

Inspection of the method of least squares showed that a
general simplification to algorithmic procedures could be
formalised for the purpose of evaluating linear constants.

The remainder of this sub-section considers both the
evaluation of linear constants and the special case of the

saturation level and its properties.

3.31a Statistical derivation of linear constants

Consider an expression of the form :-

Y*¢ ajfi(t) + afa(t) + ... + F*o

Z(F*t ol 40

then if all parameters in the functions fij(t) are held

if SSE

constant the minimum of SSE is given by :-

dSSE/da; = -2 Zj Frefi(t) + 2 Z;fi(t)Y"t =0
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Thus a set of simultaneous equations is formed, which can
be solved by the wusual matrix methods to evaluate all the
linear constants in the above generalised expression of Y*;.
Hence the construction of algorithms is simplified, the main

task being to find nonlinear parameters.

The qglution is simplest for the case of Y(t) kg(t)

giving a solution for k as shown below.

Z_:{th(tJ}/ Z{g(t)ﬁ}
F*¢

- FRO!

k

where Fy =
F*t being the quantity associated with the measured value

of the growth curve at time t.
This procedure was found to consistently give marginally
better results including comparisons with those published by

Meade (1984).

3.31b Consequences of deriving the saturation level

As can be seen, the above developments not only produce a
simplification in terms of standard proceﬂures for parameter
estimation such as that of Marquardt used by Madison Academic
Computing Centre at the University of Wisconsin (MACC 1984),

-

but more importantly show that :-

a) The majority of traditional models can be reduced by

one parameter.
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b)

d)

e)

Algorithmic fitting procedures can be simplified.

The saturation level (Y* at time infinity) becomes a
function of all the remaining parameters i.e. only of
those in g(t). For this reason comparison with known
research, which considers in its analysis of results

the saturation level, 1is rendered less meaningful in

“this context.

The procedure for calculating the variance-covariance

or information matrix has to be altered, described 1in

appendix 1.
Due to the altered nature of the saturation 1level, an
alternative procedure had to be formulated for

é&aluating the potential outcome of forecasts. This was
resolved by estimating the standard error (SE) of
predicted results. An approximate estimate was
calculated based on Gregg et al (1964) and Williams
(1959) (see appendix 1) and SE values calculated 10%,
30% and 50% into the future i.e. after +the last
measured value.

This procedure had a further consequence as the SE
values depend on the variance-covariance matrix -.and

the SSE, hence they are an embodiment of +the latter

. data and thus permit one to more simply evaluate

this statistical information.
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£) The final consequence of this parameter loss was that

the value of k is not rigidly determined. As has been

stated earlier Yp and D may be set by the forecaster

at a point which is seen to be most appropriate for the

problem in hand,_ thus one is left with an element of
control over the value of this constant.

The facility to set a point through which the curve

may pass, 1s advantageous in projects which wusually

have contractual requirements. This feature enables the

forecaster to give estimates of costs, which bear a
realistic relationship with- the project cost and
duration.

3.32 Points of inflection

The majority of research on S-shaped curves pays attention
to a single point of inflection, because this 1is a wunique
property of +traditional models and gives them the 'S’ form.
Experience has shown that this emphasis needed to be
reassessed since some of the construction industry projects
have shown the need to consider bimodal patterns of periodic
growth. Bimodality requires that three points of
inflection need to be considered, that is two peaks and é dip
between them. In these circumstances there is no way of
knowing which peak is the most significant, 1if indeed it |is
valid to ask such a question.

For the above reasons, models were formulated with and

without specifying conditions for a dominant peak. All the
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models in this category showed merit, when undergoing initial

curve fitting tests.

i T Discontinuities

It is not uncommon to find discontinuities in growth curve
data. If these are known to exist then it seems appropriate to
artificially suppress these features of the data. For instance
in the Construction Industry, projects frequently show
discontinuities due to holidays when the period costs are very
small or zero and occasionally due to extra high period costs
when expensive plant is being installed.

The artificial suppression of discontinuities was based
on the -fact that these events were already known and hence
could be‘excluded from model considerations. The periods when
these discontinuities occurred were suppressed from analysis
and reinstated in the final growth curve. Furthermore, it seems
appropriate that this methodology should also be adopted when

using data to find parameters for the purpose of forecasting.

3.34 General form of the new model

The final part of this section considers the most general
form of the proposed model. Experience has showﬁ that at léast
two significant secondary elements exist. Discussions with
industry support the view that many construction projects start

with high period costs which slow down and subsequently speed
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up. These circumstances may be the cause of bimodality.. A
less common case of bimodafity occurs when a project appears to
be conducted in two major phases. This effect is observed some
time after the project starts and is seen as a deceleration 1in

period costs followed by acceleration.

3.34a Normal growth component

While +the two parameter form of the logistic or other
traditional models could have been used for N(t), the four
parameter limit imposed (ref 3.3) would have restricted the

nature of the functions which could be selected for the

secondary process. For this reason the DEF, which can be
treated as a one parameter growth model, was used. This then
released three parameters for models of the secondary
processes.

The form of N(t) used was :-
N(t) = H(1-exp(=Gt2)) veo€Q.3

such that H,G >0, N(O) =0 and at infinity N( oa ) = H

Its differential is ‘-
dN/dt = 2GHt exp(-Gt2) ...eq.3a
thus dN/dt >= 0 for t>=0 and hence obeys the stipulated

conditions in the definitions.
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In the next section a form of modified exponential will be
examined. As this function has the defined properties of growth
it could validly replace the DEF as a normal growth component
of the growth curve. The general form of the model being
described does allow for this feature. However all tests to
date but one (2%) show that the DEF describes the normal growth
component. It 1is furthermore generally superior to, for
instance, the logistic. The DEF’s peak properties are more
variable over a wider span of peak times when the DEF rather

than the logistic is combined with secondary processes.

3.34Db Secondary Process

In order to adequately account for +the difficulties
associated with project cost profiles e.g. high initial cost
outlay, it has been found necessary to introduce three
secondary elements, see figure 3.1. Tests comparing traditional
models with +those based on these concepts have shown an
improvement in all the case studies, in some cases this

improvement is quite significant.

() Initial slope process

In the introduction to this section it was noted that most
construction projects start with a high capital outlay. It was
further observed that these initial costs appeared to fall off

exponentially. The later periods of the projects were
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generally found to show a period cost profile typified
by the normal growth component.

It has been suggested by- professionals within the
construction industry that these early high period costs are
due to the expenses associated with installing the site setup.
Within the area of marketing Lewis (1982) points out that many
traditional models cannot accouﬁt for high product sales that
occur when the item is launched with a well timed advertising
campaign.

This process also has the effect of giving the growth
curve a high initial slope, it is represented by the function,
based on the modified exponential, show? below.

Si(t) = J(l-exp(—-Mt)) ...eq.4

such that J,M >=0

When J or M are zero this term is lost i.e. +the growth

process has no initial slope thus growth starts very slowly.
At infinity S; (ow)=J, S1(0)=0 and its initial slope=JM as
dS; (t)/dt = IM exp(-Mt)
As dSy/dt > 0 for t>0 it has the required properties of growth.
However, as stated earlier, based on experience this
function behaves generally as a secondary element.

An important result of wusing this term 1is that it

increases the saturation levels, it may be shown that Y=J+H for
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t>>0. This property answers, to some degree, the criticism made
about traditional models, namely that they are frequently

criticised for under-estimating reality e.g. Meade (1984).

(ii) Accelerator/decelerator processes

Apart from the aforementioned need to describe the effects
of bimodality, there is also a need to control the rate of
climb +to the peak activity point in the unimodal case. This
latter effect overcomes a weaker aspect of the DEF.

The period value profile of the DEF was used to describe
this process as this particular curve (see equation 3a) would
only give a viable increase of growth over a limited time span
during which this curve shows acceleration. Deceleration may
then be described by the negative form of this curve (-dN/dt)
as this 1is the reflection in the X-axis of the acceleration
component. The combination of these elements +then describes

this secondary process as shown below.

Sa(t) = Rt exp(-Pt2)-St exp(-Qt2) i EqE D

such that R,P,S,Q >=0

This funclion has many properties and the ones which have
been found most useful will be discussed in section (3.4). It
can also be removed from the model, since for instance when R=S
and P=Q the function vanishes. A minor drawback is that this

function and its differential can have negative values.
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3.835 Further éimplifications

The present methodology shows it 1is advantageous to
specify a period and 1its corresponding value through which the
curve passes. This can lead to a simplification in that, if
this point is set to have a value of unity and that the time
expended to this point is also unity, all data may then be
expressed as a proportion of the time and value at the ‘"unity
point" (t=D and Yp). A further consequence of this
simplification is that the SE (Standard Error) of curve fitting
can be standardised to a percentage form resulting in a measure
which is best described as the Sfandard Percentage Error (SPE).
The SPE has the added advantage that results of fitting growth
curves can be more easily bompared, regardless of the field of
study to which they relate.

This proposal leads to the need to give some further

definitions :-
The last measured value is :-—-

F*q at time +t=d or F4q=F*q-F*¢, -

thus there are normally n=d+1 observations.

It was found necessary- to define Fq separately from the
unity point value at t=D as the latter is alterable and would
thus vary the SPE values. Usually, in practice, D=d and Fq=Y4
with the exceptions of the use of D as the project duration

when D>d and when testing forecasting ability when D<d.
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The proportionate measured value of the growth curve (f),

with the starting value excluded is :-

f = fr = (F*t - F*o)/Yp

and occurs at proportionate time x=t/D

The proportionate predicted value y; is :-

y =yt = (Y*¢~F*0)/Yp = Yt /YD

Thus the SPE is given by 100 times SE divided by the value

of the last data point :-

SPE = 100 SE/Fq4
or
SPE = 100 Yp sqr{ Zij (f-y)2/n }/Fq

100 sqr{:i:(F‘hY*)z/n }/Fa .5 8qs6

Similarly the mean error (ME) may be replaced by the Mean

Percentage Error (MPE) :-

MPE = 100 ME/Fq
or
. ]
MPE = 100 Yp{ ji; (f-y) /n}/Fa ...eq.6a
3.36 General formulation of the model

The general form of the proposed model is derived by
combining the normal growth component with the secondary
process. This may then be simplified into the proportionate

form.
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The simplest formulation combining equations 3 to 5 is :-

Y*t = F*o + H(l-exp(-Gt2)) + J(l-exp(-Mt)) +
t (Rexp(-Pt2) - Sexp( -Qt2))

or omitting the initial condition :-

Y¢ = H(l-exp(-Gt2)) + J(l-exp(-Mt)) +
t (Rexp(-Pt2) - Sexp(-Qt2)) v B T,

In the above equation the functional representations are

in sequential order as follows (see figure 3.1) :-
H(l-exp(-Gt2)) is the DEF normal growth component
J(l-exp(-Mt) is a modified exponential type function which
represents the initial slope, but may occasionally behave
as the normal growth component in exchange for the

function above.

tRexp(~-Pt2) 1is the accelerator element and the last

function is its complement the deceleration element.
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Based on the proportionate definitions one obtains from

equation 7 :-

y = Y/Yp = h(l-exp(-gx2)) + j(l-exp(-mx)) +

x(rexp(-px2) - sexp(-qx2)) -n:/@KF . 8
where :- |
h =H/Yp, j=J/¥p, r = RD/Yp and s = SD/Yp

and as x = t/D

then g = GD2, m = MD, p = PD2 and q = QD2

It is this formulation (equation 8) which has been
explored in this study.

In equations 7 and 8 all parameters are non-negative,
with the exception that :-
if G or g = 0 then M or m>0 i.e. the modified exponential 1is
the normal- growth component
if Morm=0 then G or g>»0 1i.e.the DEF is the normal
growth component

A mathematical drawback of these types of models is that
some parameter combinations give nonfeasible curves which
do not exhibit growth. But these types of models retain a high
degree of variability when compared with the cubic and the
non—-feasibility only occurs when parameters p and g are used.
For this reason all solutions using the accelerator/decelerator
process have to be checked for feasibility during the growth
lifespan, this has been found adequately catered for by

simulating 300% into the future.
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3.4 Derivation of viable models

The proportionate formulation (equation 8) will be used as
the basis, for the remainder of this thesis for the proposed
models. Four models will be presented below, and are presented

in two pairs.

3.40 Model types

a) Dominant peak specified

Each one of the first pair of models has one dominant peak

specified (see earlier explanation 3.32).

b) Peak unspecified

The next two models have unspecified peaks permitting
critical freedom which allows such models to adapt more
naturally to a phenomenon. Under these circumstances either the
normal or a secondary process may be dominant, leading to more

favourable results.

In order to fully utilise the unity point, which allows
one parameter to be removed from the models, the proportionate
formulation (equation 8) will be restated.

Equation 8 was given as below :-

y = h(l-exp(-gx2)) + j(l-exp(-mx)) +
x(r exp(-px2)-s exp(-qx2))
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This model may be restated in the form 'y = kg(x)'’

equivalent to Y = kg(t) (see 3.31)

y = k{h(l-exp(-gx2)) + j(l-exp(-mx)) +
x(r exp(-px2)-s exp(-qx2))} ...€q.9

Thus at the unity point where y=1 when x=1 the constant k is

given by :-
k = 1/{h(1- exp(-g)) + j(l-exp(-m)) +
r exp(-p) - s exp(-q)} ...eq.10
3.41 Models with a specified peak

These models require the dominant peak to be specified,
which adds one parameter to the model. This is compensated for
by one of the 1linear constants being replaced by an expression
which is a function of the remaining parameters. This
expression is deduced by solving, at the point of inflection,
the equation derived by setting the second differential to

Zero.

3.41a Three parameter model

A three parameter model may be formulated as a function of
m and g and a dominant peak. This model has only been

rudimentarily tested with particularly sensitive data which

54



gave promising curve fit results. As it caters for the most
commonly found secondary process, the initial slope element, it
may prove worthy of further exploration.

In order to remove one parameter, +the nature of +the
initial slope process was considered further. It could be
argued that +the initial slope element, which controls high
initial cost outlays, depends not only on (m) the increase it
gives to the costs generated by the normal growth process, (see
3.34b) but that the rate of decline of this element is
controlled by this same quantity i.e j=m. Thus the 1initial
slope (dy/dt)t=o0 1is proportional to m2.

A further four parameters are lost by setting r=s=0, which
causes the accelerator/decelerator element to be suppressed.
Finally the linear constant h is replaced as a function of m,g

and the point of in time when the dominant peak (tpx) occurs.
Thus equation 9 may be stated as below :-
y = k{m(l-exp(-mx)) + h(l-exp(-gx2))} s v s 8wl

If the dominant peak is at tpx or xpk = tpk/D then solving

at x = xpx -
d2y/dx2 = k{-m3exp(-mx) + 2hg(1-2gx2)exp(-gx2)} = 0
gives h = m3exp(-mxpk+8Xpk2)/(28(1-2gXpx2))

such that m,g > 0 and Xpx >= 0
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Note :- m and g in this model cannot be zero but xpx could

have the unlikely value of zero and thus h = 0.

The above expression for h and the earlier one for Kk
(equation 10) renders y = f(m,g,xpk) 1.e,equation 11 has only
three parameters.

As can be seen, the above expressions are rather complex.
This situation becomes more severe when considering the four
parameter model. For this reason the following simplification
has been found useful.

If the parameters are replaced by upper case letters and x
replaced by X =x/xpx then, the point of inflection occurs at
X=1. Equation 9 and its parameters, shown in 3.4, are

transformed as follows :-

y = K{H(1-exp(-GX2)) + J(l-exp(=-MX)) +
X(R exp(-PX2) - S exp(-QX2))} ...eq.12
where m = M/Xpk, & = G/Xpk2, P = P/Xpk2, q = Q/Xpk2
and y = 1 at x = 1 or X = 1/xpk, for the case t=D

The format’ of H,R and S have been left unspecified as
these parameters are separately definable.

The parameter J may also be left unspeéified, but if j=m
then J=M/xpx for the above model and R=S=0, then H is

re—evaluated.
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Thus the three parameter equation 12 is transformed to :-

K{M(1-exp(-MX))/xpk + H(1-exp(-GX2))}

y t—
...eq.13
Wit_.h X = X/ka = t/tpk
giving H = M3exp(G-M)/(2Gxpk2(1-2G))
and K = 1/{M(1-exp(-M/xpk))/Xpk *+
H(1-exp(-G/xpx2))}
3.41Db Four parameter model

This formulation was devised in order to test the validity

of wusing a dominant peak. Evidence appears to 1indicate that

superior results are achieved by not seeking to find a dominant

peak, however this question is by no means fully explored

hence its inclusion in this report.

This model

is

generated by the following simplifications:-

X = x/xpx = t/tpk, J =M, P =G+Q, R = S

such that R is evaluated by solving d2y/dx2 = 0

when X = 1 or x = Xpk

The simplest form of the resulting expression is :—

¥

K{M(1-exp(-MX))/xpk +
(1-exp(-GX2)) (1-RXexp(-QX2))} ...eq.l4

57



and at the unity point (X=1/Xpk) ‘-

K = 1/{M(1-exp(-M/Xpk))/Xpx +
(1-exp(-G/xpx2)) (1-Rexp(-Q/Xpx2) /xpx )}

with

R = {M3exp(Q+G-M)/2xpk-G(1-2G)exp(Q)} /
{(Q+G) (2Q+26-3)-Q(2Q-3)exp( G)}

such that M,Q >= 0 and G,xpx > 0

A special case arises, when G=.5 then y is independent of
the accelerator/decelerator process.

The fact that the M and/or Q may be zero allows the model
to have two to four parameters, thus one may generate the DEF
if M=Q=0. The fact that there are +three possible solutions
requires the need to create a selection process. This
requirement 1is taken into account in the algorithmic search

procedure.

3.42 Models without peak dominance specified
The formulation 1is simpler when peak dominance is
unspecified and thus more easy to interpret, since " the

earlier form of proportionate model (equation 9) may be wused.

The simplification of the initial slope constant holds 1i.e.

j=m. As the normal growth pattern is the DEF it was seen as
reasonable +to set h=1. The premises upon which r and s are
simplified will be left to later. The différence between the
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two forms of +these four parameter models 1is that the
accelerator and decelerator processes are treated independently
in the first model and dependently in the second.

The potential drawback of the retaining the independence
of +these processes is that they affect the initial slope thus
clouding the ﬁrinciple of the j=m simplification see 3.41. For

this reason the last model allows a clear distinction to be

made between the two secondary components. In the absence of
hard evidence to clearly distinguishes between the three '"four
parameter" models, for the planned evaluation of the

practicality of the concepts given, the last model was chosen
on the theoretical premises outlined.

Various other simplifications of r and s have been
considered, a quite effective substitution was to set +them
both equal to unity. Closer inspection of the properties of the
accelergtor/decelerator elements, discussed below, led to the

formulation of the last two models.

AcceleratGr and decelerator elements

In order to establish a simplification of the linear
constants r and s of the accelerator and decelerator elements,
it is helpful to assume that the initial slope is zero (m=0).
Under these conditions a direct comparison may be made between
the relative values generated during a life cycle by the normal
growth (DEF) component and the remaining secondary process.

The greatest impact that the secondary process can have on

the DEF component is at the points when its elements have
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extreme relative values, the DEF having a maximum of k. The
accelerator maximum occurs at xp=1/sqr(2p) with a value of
krxpexp(-.5) approximately equal to .6krxp, thus the ratio of
this maximum to that of the DEF is approximately .6rxp:1.

Experience has shown that good results are obtained by
setting :-

r = 1/2xp sqr(p/2) (as p=1/2xp2)

hence rxp 1/2 giving a ratio of .3:1.

This means that the maximum of the DEF curve exceeds this
element by up to 70% and this result is independent of the
value of xp. Clearly this condition may contradict the growth
curve definition, however it must be seen in contrast with the
decelerator element. This element has a minimum at
xq=1/sqr(2q) and if one accedes to the analysis used for the

accelerator then :-
s = sqr(q/2) = 1/2xq and the ratio = -.3:1.
Thus if the extrema of the elements of this secondary
process are close together the overall deviation may be quite

small. Furthermore as all parameter sets are checked for

feasibility the implied contradiction is only academic.
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3.42a Independence of accelerator and decelerator elements

This model required the following substitutions for linear
constants -
h =1, j = m for the DEF

and initial slope components (modified exponential)

r = 1/2xp = sqr(p/2) where xp = 1/sqr(2p)
which 1is the time when the accelerator element 1is at

its maximum

s = 1/2xq = sqr(q/2) where xq = 1/sqr(2q)
which is the time when the decelerator element reaches

its minimum

In addition to the above it has been found advantageous to
derive the time (xg) when the DEF point of inflection occurs.
This may be shown to be at xg =1/sqr(2g).

The above then gives the following two forms of this

model :-

y = k{l-exp(-gx2) + m(l-exp(-mx)) +
x((p/2)-5exp(-px2)-(q/2)-5exp(-qx2) )}
...eqg.15
and k = 1/{l-exp(-g) + m(l-exp(-m)) +

(p/2)-5exp(-p)-(q/2)-5exp(-q)}

the second form replaces the values of g,p,q by :-

g = 1/2xg2, p = 1/2xp2 and q = 1/2xq2
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or 1if m=0 then g>0, the latter being the much more common
Case.

The second form of this equation has the ﬁerit that the
properties of +this model can be directly related to the
aforementioned extrema and the DEF vpoint of inflection. Thus
when studying changes to parameter values these can be more
readily interpreted.

However there is interaction between the component parts,
hence a bimodal period curve does not always visually accord
with parameter changes, but the growth components may be
studied separately as indicated in figure 3.2. see 3.24c (page
33) for annotation.

The special feature of this model, as defined by
equation 15 1is that each element is separately controlled by
its own.parameter. This has the drawback that the premises
upon whiéh the linear constant of the initial slope were based
are invalidated see 3.4la. The value of the slope at x=0 was
assumed to ©be proportional to m, however in this case this
value at x=0 is given by :-

dy/dx = k(m2 + sqr(p/2)-sqr(qg/2))

Thus the initial slope is a function of both secondary
elements and may create difficulties for interpretation in
particular, because it can theoretically be negative. The
final model may be marginally outweighed in curve fitting terms
in some instances, but no adequate evidence is available to
suggest that complete element independence describes growth
with a sufficient improvement in accuracy to outweigh the use

of the next model.
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3.42b Accelerator dependence on decelerator

This model differs from the previous one in that the
linear constant of the accelerator 1is identical to the
decelerator constant i.e. r=s=sqr(q/2). This makes the
accelerator element dependent on the decelerator.

The effect of this modification is to make the accelerator
maximum proportional to the ratio of xp/xq. If extrema are
considered and that of acceleration (governed by xp) occurs
before deceleration this ratio is less than one. The result
will be that bimodality is less pronounced. Since the major
cause of nonfeasibilty 1is the deceleration element, the
likelihood that it will occur during the lifecycle will
diminish as xq increases, hence a wider range of solutions
should exist. It can be further argued that these procesées are

likely to work in tandem lending more credibility to this model

option.
Thus :-
y = k{l-exp(—-gx2) + m(l-exp(-mx)) +
x(q/2)-5(exp(-px2) - exp(-qgx2))}
.»eq.16
and k = 1/{1—exp(;g) + m(l-exp(-m)) +

(q/2)-5(exp(-p) - exp(-q))}

Such that p,q,g,>=0 with the proviso that if g=0 then

or if m=0 then g>0 which is the DEF case.

Il
o

m< >O, P=q
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The saturation level is given at time=infinity by y=k(1l+m)

except when only p=0 when the upper bound is replaced by a

line :-
y = k(1+m+(q /2)-5x).

The second form replaces the values of g£,P,q by
g = 1/2xg2, p = 1/2xp2 and q = 1/2xq2
y = k{l-exp(-(x/xg)2/2) + m(l-exp(-mx)) +

x(exp(—(x/xp)2/2)—exp(-(x/xq)2/2))/Xq}
vameds 1T

A further aspect of interpretation is, that in both these
models éhe value of m may be changed proportionately, as it has
a linear effect on the saturation level. However only in the
present model can the initial slope be changed in proportion to
m2 , thereb& giving an indication of the starting rate of
growth. This property is utilised for setting the initial value
of m in the algorithm.

It can be seen that this model may have one to four
parameter solutions one of which has no saturation level. The
wide range of growth curve possibilities combined with its
interpretive value have led the author to select this model for
the indep{h performance tests. A Compari§on of the properties
of the model selected, for exhaustive testing, with those of

the traditional models are summarized in table 3.1.
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CHAPTER 4

NEW MODEL TESTING AND ITS USE

This chapter describes the techniques applied to the four
parameter _model, full analysis of which was described wunder
3.42b (equations 16 and 17). The same process has been applied
to the other models for comparative testing, but some minor
details differ; in particular the sétting up of the initial

search conditions.
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4.0 Algorithm

In order to facilitate rapid curve fit solutions, a
procedure has been evolved to find an efficient path through
local minima leading to an acceptable SPE (Standard Percentage
Error) minimum for each of the possible parameter combinations.
To achieve this,‘ the search for m and g parameters was made in
linear step variations of m and xg respectively. The limits on
the steps being determined from practical experience using the
data'_from Meade’'s paper and ten other projects. Prior to
constructing the algorithm, an interactive routine was set wup
in order to study the nature of possible good local solutions.
This procedure also threw light on the nature of the p and ¢
parameters, which resulted in the use of wide search limits for
xp (p) and xg (q), namely from .5/d to 1.5d.

The present version of the algorithm has been tested
against a large number of highly varied data profiles. Whilst
it is known that marginally better solutions can be found, the
algorithm‘s construction was aimed at a broad spectrum of good
results. The processing time for the four parameter solution is
relatively slow. Experience has shown that the algorithmic
analysis takes about 1.5 minutes per period on an IBM PC
operating at 4.77IMherz. However, it is worth noting that this
time 1is more than halved on 80286 based micros. Potentially
faster routines can be constructed, but tests of pilot schemes
showed that the simpler routine devised was more reliable,

effective and robust.
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a)

b)

Starting values of the search
As the result of experimentation it was found
sufficient to use three point smoothing. The starting
value for m was determined from half the smoothed value
of the first period and utilised thé property mentioned
earlier that at x=0, dy/dx=km2.
The range of search for values of g was based on the

maximum smoothed slope value and an estimate of g from

.a search minimising the SPE of +the DEF wusing 90%

discounting.

Search procedure
The search procedure adopted was to find solutions for
each of +the parameter combinations, giving up to 7
equations.

Solution (1) m or g only

Solution (2) g and m

Solution (3) g,q,m=0 or m¢>0, case with no

saturation level

Solution (4) g,q,p with m=0 or m<>0

The wvalue of m was set equal to zero in situations
where only marginal improvements were found to occur

with the small,. but non-zero values of m.

The four parameter search starts with the DEF value of
g and searches for a good m solution using wide 1limits
on p and qg. This is repeated for a range of 30% about

Xg for the starting value of g, wusing the value of m
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found previously. If the solution for g appears to be
closer to the maximum slope estimate of the g wvalue,
then a repeat search is advocated using the maximum
slope value of g, and finally, the half way value
between these estimates of ’'g’ is taken. The use of the
two extra starting values for g is a form of the

algorithm used only in rare cases.

4.1 Solution criteria

The above search procedure generates seven solutions for
which two distinct methods of selecting the best parameter
combination have been devised. The first of .these assumes
prediction will be based on the best curve fit, a method which
-is fairly -widely viewed as inadequate for sound forecasting
e.g. Meade (1984). The second is based on a ’'fit/forecast’
procedure. Whilst the latter 1is undoubtedl& a more rigorous
method, it is a more lengthy procedure, hence its use has been

‘given the status of a special option in the commercial package

VISIER.

4.10 Overview of selection procedures

A refined form of selection procedure for comparing
different models was +to inspect the information matrix or
variance-covariance matrix. This was seen as impractical in

commercial usage as judgement of the credibility of a solution
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using this matrix is a highly skilled technique. For this
reason estimates of the confidence limits were used to replace
the above requirement, as they are directly dependent on the
information matrix and more readily understood. The confidence
limit estimates allowed a fully automated selection procedure
to be created in the commercial software.

These 1limits are directly dependent on the parameter
standard errors and are used as the basis for adjudging whether
a given model is statistically reliable. In order to simplify-
future discussion of these quantities three further

abbreviations are defined.

Three abbreviations :-

SE of y -

This is the standard error of a single predicted value of
y at some future time t after the last measured value
(F*a), see appendix 1 for the basis of the SE of y

approximation.

SE -

This is the curve fit standard error = sqr(SSE/n)=SPE*Fq,

where normally n= d and Fg=last measured value see 3.1.

SFS =

SFS 1is the abbreviation for a statistically feasible
solution. This is a solution with parameters whose values
exceed their standard errors as deduced from the

information matrix see appendix 1.
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A selection procedure for determining the best of +the
seven possible models had to be established. Two procedures
were found to be practical, namely a weighting and a
fit/forecast method. The 1latter is a standard procedure,
described for instance by Meade (1984), and is fraditionally
combined Q{%h evaluation of the information matrix. The
weighting method 1is more appropriate to models of the kind
developed in this thesis as any one general model 1is the
"parent" of the subset of models which it generates. An
additional factor was considered, namely the saturation _level

which 1is viewed as an 1important <criterion when comparing

traditional models eg: Oliver (1980).

4.11 ~ Weighting method
Where curve fitting only was considered, a simple
weighting scheme was wused for deciding which parameter

combination gives the best solution. The information matrix was
calculated for each parameter combination. The selected
solution has the largest number of feasible parameters and the
lowest SPE, with a weighting adjustment related to the number

of degrees of freedom.
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4.12 Trial fit/forecast method

The more reliable test procedure was to take a trial curve
fit using the first 50% to 70% of the known data, after
suppressing any obvious discontinuities. Using the above
parameters the trial forecast SPE of the remainder of the data
was found for each parameter combination. In addition, other
statistical measures may be used as support criteria, in
particular +the mean error and mean absolute percentage error

(MAPE) .

4,13 Solution selection procedure

When selecting solutions froﬁ the trial curve fits, the
statistical feasibility of each curve fit 1is not initially
considered, only the trial forecast SPE’s are compared. For
instance due to the fact that the four parameter case requires
generally more than 15 periods for SFSs, non-feasible trial
fit/forecast results should not be ignored because they are
likely to exclude valid forecasts using all the data.

This premise was based on the assumption that as the
number of parameters ipcreased then both the wuncertainty in
parameter estimates and the 1level of variation _in the
prediction increased. The latter implies that a fit/forecast
is more likely to give unacceptable confidence limits with a
small data subset and a high number of parameters.

This increases the possibility of rejecting a parameter

combination only based on the trial fit/forecast data. The fact
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that a subset of data did not give a S8SFS did not seem
sufficient evidence to reject a solution, because the
prediction would only be made from the full data set. Hence it
was seen as justifiable to accept forecasts from parameter
combinations which gave SFS using tﬁe full data set, regardless
of the statistical soundness of the fit/forecast.

The solution with the lowest forecasting SPE was then used
for parameter estimation relative to the eventual forecast.
Should the curve fit using the selected solution still ©be
nonfeasible, then the next best solution was used, supported by

the intuitive aspect of forecasting.

4.14 Evaluation of traditional solution criteria
This section considers stochastic solution criteria. These

have Dbeen embodied in the analysis of the test results of the

traditional and new multi-compeonent models.

4.14a Saturation levels

A common guide to the value of a forecast 1is the
saturation level and its SE (value at infinity). In the context
of this work these measures can no longer be judged to give
the same level of guidance.

For instance, the solution using p=0 has no saturation
level, hence only the SE of y can be considered in this case.

Secondly the SE of the asymptotes of the remaining new model
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solutions are a function of all the parameters. Therefore this
does not create a sound basis of comparison with the results
given by the traditional models which depend on the estimate of

k alone.

4.14b Autocorrelation_

Mar-Molinero (1980) raised +the question of improving
forecasts by considering autocorrelation. Based on the
conducted tests, the need for autocorrelation was seen as
potentially useful in a minority of cases. Experience has shown
that in the majority of problems the potential improvement in
results was at best marginal, whilst in some the results
appeared to deteriorate.

Autocorrelation was found useful as an additional guide in
the search for the best parameter combination in difficult
cases. For this reason the present algorithm inqludes
facilities +to test autocorrelation solutions (see equation 22
appendix 2.13) and to evaluate the Durbin-Watson statistic
together with an estimation of the autocorrelation coefficients

(first order).

4.14c Variance-covariance or information matrix

As .the information matrix and SSE both contribute to the
SE of y no advantage was seen to be gained by including such

statistical information in this report. This information is



readily available as it is a prerequisite to the estimation the
SE of y.

In addition it has been found useful to evaluate the SE of
the period values of the growth curve, the evaluation technique

is shown in appendix 1.

4.2 Case studies

As was 1indicated in the section describing the area of
study, two groups of data were analysed. An in depth evaluation
of the case studies quoted by Meade (1984) and two Construction
Industry projects. These latter were wused to 1illustrate
bimodality and suppression of discontinuities in growth curves.
Furthermore the use of the model to forecast given
pre-knowledge of a project cost and duration was demonstrated.

In the case of the Meade data, only those traditional
models which have given the best solutions were used for the
purpose of comparison. These were the logistic, Gompertz and

cumulative lognormal.
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4,20 Summary of models used.

In order to create a fully consistent comparative basis

the relevant models and their notation are defined.

Summary of symbols :-

Y*t = predicted cumulative value to time t
F*t = measured cumulative value to time t

and Yy = Y*y -F*o = predicted value - measured value
at t =0

x = t/D and ytr = Yt /Yp

sbecified value at t=D

where Yp

n = sample size
such that if the .data is measured in equal intervals and
starts from t=1 then n=d, where d = the last period of +the

trial fit or total sample duration.

Traditional models :-

In order to distinguish between the presented model and
the traditional models the parameter symbols for the latter
will be a,b,c and e.

Extended logistic (Oliver 1981) :-

Y*t = a/(1+b exp(-ct)) + e ...eq.18
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Gompertz :-

Y*t = a exp(-b(exp(-ct))) ...eq.19

Cumulative lognormal :-

Y*t = a/(2°7 c2).5 exp(-((Ln(z)-b)/c)2/2)/z dz

> ... €q. 20
An interactive routine was used for fitting the
above models. The method utilised the procedure described in

section 3.31 for the determination of the constant a in
equations 18 to 20. In line with methodology generally used
when evaluating parameters for the above models +the first
period 1is set at t=1. This has the effect that F*y is set at
zero.

The new model developed from the research embodied in this
work which was to be judged against those defined above, 1is
given by equation 16. This model has had a further
generalisation to that given in equation 16 where n replaces
the power 2 in the DEF function 1i.e. exp(-gx") see Berny
(1987c). However the simpler form with n=2 was found adequate
for the case studies. It is the four parameter formulation
which is independent of. .a dominant peak but has interdependent

accelerator and decelerator elements.
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a)
b)
c)
d)

Meade (1984) analysed his data using the

following equation :-—

logistic see eq.1l

Gompertz see eq.19

cumulative lognormal see eq.20

extended logistic (Meade based on Bass 1969) which

failed to improve results in all the studies was :-

Y*t = (a=byc exp(-bi-bzt))/(1+b2c exp(-bij-bat))

vev€Q.21

For the purpose of brevity the statistical measures which

are tabulated have been limited to the following list :-

the

The standard percentage error (SPE) and for comparison

purposes the SE, SE=F*4q*SPE/100.

The mean percentage error (MPE), ME=F*4q*MPE/100.

The parameter values and their standard errors.

The 50% ahead prediction and its SE of y as a

percentage of the former labelled SE* at the head of

the tables.

For the purpose of consistency only results derived from

suggested algorithm are presented, although as has been

pointed out better evaluations can be found in some instances.
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Finally, where published statistical information was
incomplete for the purpose of these case studies, the ﬁecessary
analyses of the Meade data were repeated on thé.IBM PC which
was used for this research. This exercise has led to some minor
differences Dbetween results. The information matrix data has
been fully checked out against the MACC published figures, this
was adjudged to confirm the calculating formulation given 1in

aprendix 1.

NOTE :-
All the graphical exhibits in appendices 2 and 3 commence
with period zero (t=0), hence the traditional models have a one

period lag i.e. their period one is at t=0.

4.21 Analysis of the case studies

A detailed analysis of the four supportive traditional
case studies is given in appendix 2.

These case studies were necessary to compliment the
testing procedure in order to establish that the proposed model
is sound in general forecasting terms. By this means the new
concepts which form the basis of the proposed model will also
be tested. This work also assisted in the general development
of the methodolegy. In particular these cases represented the
only information available, published to date, which permit
full statisticallvalidation of the selected model, see 3.42b.

A model which cannot be regarded as statistically feasible

is one which will permit a very wide variety of cost profiles,
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all of which appear to have the same curve fit, +this renders
any attempt to produce a viable model meaningless. It |is
precisely the lack of this information about the earlier
models, 1including that of the DHSS, that made them highly
suspect.

Thus a sound basis was established by comparing
performance wusing data which had been analysed earlier by
experts 1in the forecasting field. The same strict ;egime was
applied to two construction projects. These projects were
selected for their highly diverse properties in order to
establish an even wider spectrum of applicability +than is

currently used as a test bed by forecasting specialists.

4.21a Four classical growth curves

As stated at the outset of this thesis the first group of
case studies were marketing problems taken from Meade (1984).
Meade presents them as a comparison between adoption and

consumption processes, which he describes as follows.

Consumption process :-

nsumption Py 1 initi i s i o
"A consumptio ocess requires an initial decision t

use a product and a sequence of subsequent decisions first to

continue usage and secondly to determine the level of usage."
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Adoption process :-

"An adoption process requires a single decision by a

non—-owner to become an owner."

Meade enlarges on the above, stating that in the case of
the consumption process it "can fall theoretically to zero" and
that this is not the case for adoption. Based on the definition
of a growth curve, which describes how some quantity
associated with a growth phenomenon incfeases with +time, the
consumption process represents the rate of change of the use of
this quantity. This leads one to assume that the cumulative
value of usage or total consumptioﬁ to date would be the
correct descriptor of the consumption process growth curve.

The above conclusion allows the original definitions to
stand, but the analysis requires that the data given in the two

adoption case studies may be treated as growth curve

measurements. The data presented in the "consumption process
cases being, annual production levels, must therefore be
cumulated to gain the best result. It is understandable how

such anomaly has arisen. The S-shape of consumption ©process
data 1i.e. the graph of annual produétion against years leads
one to assume this is a growth curve. It is suspected that this
type of fallacy may well exist in other areas of study.
Significantly the "re—analysis" of Meade's definitions
proved to be wvalid for his case studies and thus rejects
Meade’'s proposal that a consumption process is not a growth

process.
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4.21b Construction industry studies

Two projects were selected to demonstrate +the wuse of
growth curves 1in project management within the Construction
Industry. The first project (A40 roadworks), which had a
duration of 31 months, clearly demonstrates bimodality and thus
was thought +to be a good example of the wuse of the four
parameter solution. The second project (Factory construction)
was completed in 18 months and was more typical of medium sized
construction jobs.

The analysis follows the same pattern as the previous case
studies. In order to achieve this, the time span was split
into three portions, the first two being a fit/forecast. The
first +two portions were then combined and wused for a curve
fit, from which the last portion of data was forecast to give
an indication of the model’s full forecasting behaviour.

A further analysis was made using the end cost and project
duration for the wunity point. This procedure carries one
penalty, which 1is +that a discrepancy arises between the
forecast value at the point from which the prediction was made
and the actual value at this time. For the sake of consistency
the +two are matched by a simple discounting calculation which
has the effect of increasing the SPE value, but in practice the
deterioration in SPE was found to be small.

The breakdown of the time divisions for fit/forecasting
had to be made judiciously. Sufficient data must be available
in order that smoothed pattern can be projected. Any known
discontinuities should be removed, which in the case of bimodal

data the algorithmic procedure incorporated an analysis to give
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a warning of new work phases, thus assisting in this value
judgement. It was found that the new model was not likely to
detect a peak until about 30% from it.

As the cumulative curvg profile rises the curve fit
procedure has to distinguish between an exponential climb or an
'S’ curve climb. Given that the observations do not include a
peak, 1t 1is nevertheless possible to detect one. This 1is
achieved by analysing the slow down in the rate of climb which
indicates if +there is a peak. It has been found 1in practice
that the exponential form of the model 1is predominantly
selected, by the curve fit procedure, wunless the observations
indicate a peak to occur about 50% ahead in time.

In the case of the observations which include a peak the
analysis 1in the last paragraph does not apply. However this
property is an important feature of the new model as it
explains one aspect of the improved forecasting facility. A
further feature of this analysis is to detect a peak after a
dip.

The case studies for the construction projects are given

in appendix 3.

4.21c Summary of results

The full analysis of the case studies showed conclusively
that the new models are significantly better than any current
models. The curve fit results showed an average drop of 25% but
more 1importantly the fit/forecasts showed a 60% improvement.

These results are summarised in table 4.1
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4.3 Application to project management

This section considers interpretation of project
management information by the algorithm. The algorithmic
testing procedure is described and generaf properties resulting

from exhaustive testing are evaluated.

4.30 Interpretation

One of the practical uses of the author’s new model, in
the form given in 3.42b equation 17, 1is that the effect of
changes in parameters can be fairly simply related to the shape
of the growth curve. The constants refer to either the starting
rate of the project or the points when project activity peaks
or drops to a minimum.

An algorithm was constructed to evaluate the parameters of
a given model providing knowledge exists of the unity point. and
that cumulative values during first 10% and half way through a
project are known. For the case of a project which slows down
during its cycle the ’'bimodal’ solution of the model is
required. The information needed to form such a curve is time
and value to date at the two peaks and dip.

The parameters generated by this algorithm allow a curve
to be simulated reasonably representing an interpretation of
the practical information relating to a project. In this manner
this procedure may be used to allow project budgets to be
developed from a minimum of information.

It is envisaged that by using a graphical interactive mode
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the effects of parameter changes can be more easily studied.
For instance the normal growth process is likely to relate to
the major activities in the project. A linear change in the
position of the normal growth peak (xg) implies a change 1in
strategy. Thus if the peak activity time is moved and the cost
profile alters in a favourable manner, +this indicates the
validity of such a decision.”

The graphical interactive mode allows such a strategy to
be tested and it may thus also indicate the opposite i.e. a
change in peak position, which has little visual effect on the
period cost profile, implies that it is unlikely to be a useful
decision. A similar procedure may be used with the other
parameters, however the parameter m changes are exaggerated as
the starting rate is proportional to m2 while xp, and xq change
linearly.

Foreknowledge of events affecting a growth curve can, not
only be wutilised through the discontinuity methodology, but
also by the judicious use of the secondary process. In these
ways the interpretive aspects of growth curves may have a wider
application, as they permit an element of quantitative support

for the intuitive side of prediction.

4.31 General results

A large number of projects were collected, however, only
80 out of 200 of the sets of data collected under SERC, see
Berny & Howes (1985), could be analysed with varying levels of

detail. The majority had too short a time span to be of any
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real analytic value. For this reason it was also found that

the remaining projects were dispersed too widely on a
construction category basis. Due to the fact that there were
~only an average of 10 projects per category, this did not

permit any statistically viable analysis to be made of the
parameters. This limited the planned exercise to establish a
means of indicating typical parameters by category.

For the above reason it was deemed unsuitable to attempt
to establish a historical precedent for parameter values by
class of project. This aspect is not ruled out, but merely set
aside as a potential source of further research. However it is
suspected that such a historical basis can have a limited
value. It was anticipated that only the two parameter form of
the model (solution 2) was likely to generate widely applicable

useful results. The following analysis supports this view.

As an example of an historical parameter data base,
tests were conducted using results from factory projects. This
category had more case studies which could be analysed, than

were generally found among the collected information.

The historical data base consisted of interpretive
parameters (see equation 17), and SPE values. The size of the
percentage variation of the standard deviation from the

parameter values was regarded as a means of judging the
validity of including projects in one category.
Tests were conducted on eight projects in +this factory

group and the following results obtained.
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Mean of parameter g, represented by xg in percentage form,

-

occurred at -

Xxg = 29.4% with a standard deviation 6.1%

Mean of m, the control of the initial growth curve slope

m = 1.31 with a standard deviation of .67

The variation of xp and xq was not assessable as only 35
projects gave viable four parameter solutions.

The above results show that the dispersion is too large to
warrant any firm conclusions although it is interesting to note
that the most reliable value was the peak activity timé given
by xg. It shows that the peak occurs one third of the way
through the project. The result falls in line with earlier
findings by Berny and Howes (1983) which showed that the DHSS

constants indicated a similar result.

Further analyses were made of the remaining 40 projects.
This may be subdivided as follows :-—-
a) Algorithm testing.
b) Confidence limits.
c) General curve fitting.

d) Testing of the unity point philosophy.
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4.32 Algorithm testing

In order to create viable software it was necessary to
adjust the boundaries of the search procedures after the
principle mechanism was relatively well established.

Eleven construction  projects with highly diverse
properties, plus five other projects were used to adjust the
algorithm in order that all gave reasonable results. This was
checked against an interactive system which allowed an in depth
search for ’'ideal’ results.

It was found that the results of curve fitting with this
data gave a range of SPE=.5% to SPE= 4%, the latter value being

the highest SPE which should be regarded as giving adequate

results.

4.33 Confidence limits

The same projects also permitted the confidence 1limit
procedure to be tested and evaluated. Comparison with the
traditional models established that the confidence limit
results appeared to be more realistic.

The implication of the above is that one should be able to
give a band-width within which .. future costs should lie.
However, if one forecasts too early this information has little
value for the completed project because the confidence limits
diverge too rapidly indicating the model cannot be relied upon.

The two wunity points , mentioned in the detailed case

studies (see figure A 3.4), were used and showed a valid
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example of the use of alternative projections. The projection
which passes through a future project end point has to have its
confidence limits compared with the second projection. If +the
second curve, using the last measured value as a unity point,

is not 1lagging or leading by a large amount the confidence

limits are likely to overlap. 1If this is the case one can take

this as a realistic basis of regarding the projection through a ...

future project end as viable.

In contrast with this situation, a large lag or lead may
be an indication of reality. If this is the case then once
again the confidence 1limits should be wused as reasonable
estimates of the likely spread within which the future costs
will be found.

The above descriptive uses of confidence 1limits are a

direct result of the four classical case studies.

Summary of confidence limit uses.

Confidence 1limits give a reasonable indication of the

range of future costs providing the following criteria hold.

(i) If the project cost and duration are reliable then
using this information for the unity point gives a
cost breakdown which 1is valid between the present

confidence limits (e.g. 95%).

(ii) If the cost breakdown given by setting the unity point

to occur at the last measured value has confidence
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limits overlapping with those given by (i) above then

the lag or lead may be treated as viable.

Should this overlap not arise then either the information
available is 1insufficient, as in the advanced factory case
study, or +the project is truly behaving in an unexpected

manner.

4.34 General curve fitting

This section of the work was very extensive, 1its main
purpose was to establish the extent to which the model can be
relied upon. This was clearly established and it suggested that
the. upper limit of 4% for the SPE may be used as an indicator
of reasonable simulation properties. This in turn permitted
the testing of model interpretation. By selecting four points
in the curve, parameters were generated which in turn gave
curves for comparison with the original data. By this process
it was found that it was more realistic to compare with
smoothed data and generate parameters from such data. This
approach was regarded as fairly reliable. The importance of
the smoothed data is, however, critical - due to the fact that
the model only produces a "best trend". It cannot simulate day
to day vagaries. This generated a very important counterpart
of this device by using the interactive graphics module,
forecasting value judgements can be made, supplementing the

"dry" statistical results of reliability.

92



Summary

A viable upper limit in gooé forecasting was established
to have an SPE of 4%.

A means of generéting cost profile trend projections using
unity points was devised which relies on initial judgement of
smoothed data or-+-alternatively management estimates as
described earlier.

A graphical routine was also devised which allows

"reliability analysis" to be conducted.

4.35 Testing of the unity point

This section can only be regarded as a strong indicator of
results. Only 15 projects were analysed in this manner and

further analysis is seen as appropriate to refine results.

The general conclusions that were established are

summarised below :-

(1) The weighting scheme developed earlier (see 4.11) to
select a given solution from the individual curve fit
results has proved to give an adequate means of
establishing a good model solution, in particular when

the unity point was set at the project end.
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(2) The case where the difference in trial forecast errors
was marginal, when comparing the two projections
generated by the two unity points, +the extrapolation
from the last measured value is probably realistic of

the actual ongoing project.

(3) If the drop in SPE of +the +trial forecast, when
comparing two projections as above (2), was significant
e.g. 90% to 6%, then in such an instance the poor curve

extrapolation was the result of either :-

selecting a point from which to forecast was too early

in the project or,
an inappropriate point of time selected by chance.

In such a case, unless other factors indicate . its-
reliability, +the curve generated by use of +the  unity

point at the last measured value should be abandoned.

In general trials it was found that forecast errors up to
about 10% may be treated as reliable. This indication has to
be qualified by the percentage of time allowed for trial
forecasts, typically over eight periods or more. However: -
further analysis of such a criterion could enhance this aspect

of analysis.
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4.4 Further studies

Further studies in the following areas could be

appropriate :-

(1) The unity point tests for ’'what if?’' projections (see
7.31) were only conducted at the half way point in the
data 1i.e. 100% ahead forecasts were made. Further

exploration of the limitations would be advantageous.

(2) Further analysis of appropriate data, by category,
should be undertaken to establish a historical data

base for the two parameter model.

(3) Confidence 1limit profiles have not been fully studied

only 10%, 30% and 50% ahead forecasts confidence limits

have been documented.

Summary of Practical Work with Project Data

The marketing and project data was used to support the
production of reliable software, in order to establish the
general reliability of the new model and show its improved
performance in principle over all currently used models.

The statistical soundness of solutions and confidence
limit methodology was established.

The unity point at the project end was explored adequately

to test its validity and established a realistic method of
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projecting at least 100% ahead in time, see figure A 3.4 in
appendix 3.
Interpretive devices were tested and established as viable

tools of the "what if?" class.

4.5 Summary of model development

It was judged that in order to gain improvements 1in
quantitative project management, a necessary first step was to
discover and validate a better and more reliable model, capable
of generating a much greater variety of known cost profiles.
This prime aim was achieved.

This section of the research set out to give a sound basis
for a model +to represent the cost profile of Construction
projects. It was found necessary to ensure that a mechanism
was available to validate the statistical viability of models.
This was achieved by introducing standard routines for

determining the information matrix estimation procedures for

non-linear equations. The previous models, such as the
combined model, see Berny & Howes (1983), were difficult to
check for statistical feasibility. ‘When an equation is

generated from a curve fit and is to be used for extrapolative
purposes, it is essential that its statistical feasibility 1is
upheld. If the latter is not the case, too many alternative
extrapolations of equal validity could be generated as to make
the results worthless.

Some uses of this model have been explored and

established. However, limitations of time and appropriate data
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have not permitted its full potential to be adequately
evaluated. In view of the versatility of the model, the new
concepts from which it was developed and its allied properties
it 1is considered a crucial step forward and justifies further

exploration.
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CHAPTER 5

RISK ANALYSIS

The second fundamental issue notéd at the outset of this
research (see 1.2la) was the need to find a probability
distribution to measure the valuation of project duration which
can have all its parameters generated from wuser information,
which is not always the case e.g. 1in the beta distribution see
Farnum and Stanton (1987).

The practical need for risk assessment was probably most
forcefully brought to the author’'s attention by a government
body 1indicating that there was an average 30% overrun in time
and 1in cost on projects. The reasons for overruns have been
well surveyed and recent example was given by Arditi et al
(1985). As Yates (1986) points out the construction industry

has been aware of shortfalls in this area since the 1970’s.
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5.0 Risk analysis methods

Probably the garliest industrial use of risk methods was
PERT/RISK which originally referred to -estimates of the
probable time variations of an activity and assuming their
dependence, was used.to calculate the probable variations cf a
project duration. The most frequently stated project assessment
methods use the beta distribution which is frequently
supplemented by the rectangular, triangular and normal
probability distributions. For instance Cooper et al (1983) use
the above distributions but acknowledge the existence of
interdependence which 1is lacking in PERT/RISK. The need to
accoun% for +time interdependence, as exemplified by network
analysis, can be overcome by simulation a good example is shown
by Pugh and Soden (1986). Their methodology however, replaces
the beta distribution by a combined normal diséribution. This
allows a simpler wuser input without losing the essential
property of skewness. -

Other technigques fall into two main areas namely sensitivity
analysis, Perry (1986), who combines the results with decision
tree methods and simulation. The latter approach was used
primarily for construction projects. For a wider use, Neuburger
(1986), advocates decision +tree methods as a broad brush
approach. For example he uses a ’'risk-chance’ technique for
company acquisition. As a final example, Baker (1986), who was
concerned with BP oil projects, specifies the need for rapid
answers and easy to wuse computer methodology. Software,
developed by BP, is stated to allow interactive modelling as it

is supported by available data to improve the accuracy of the
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generated probability distribution.

The distribution to be described in this work and the
forecast-based methodology with which it interfaces, has the
necessary practical properties as described by Baker (1986)
above and in addition considers the periodic variations which
may be permitted to ensure that a project remains within <the
statistical limits the system sets. The author further believes
that the methodology is even easier to use than the BP 0il

technique.

5.3 User information requirements

The user requirements, and his/her ability to give wvalid
information, was seen as central to the need to reconsider the
underlying premises for generating a new probability
distribution.

The 1information input for risk functions demands one to
estimate the modal value and its extremes e.g. for activity
time the most likely, shortest and longest possible duration.
Alternative data sets may be used to generate these parameters
e.g. the variance or mean value, however considerable
difficulty arises in the actual estimation of many of these
values. Discussion with project managers has shown the

following to be more realistic.

a) The most 1likely (mode) 1is a natural part of any

estimate.
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b) The shortest time or lowest cost.
This may reasonably be estimated as it assumes good
workmanship with ideal working conditions naving
minimal 1interference. If this is not available the

lowest limit with an associated ©probability may be

used.

c) An estimate of chance to exceed the mode.
The above implies no upper limit to the variate e.g.
time. This is the most difficult to estimate but can be

more easily assimilated if a limited choice is given

namely high, medium or low probability.

The lower limit (b above) could be preset from other
information e.g. by use of confidence limit information. An
alternativg approach to the probability evaluation (¢ above)
can utilise estimates of percentage completion.

The choice of which-distribution to use in conjunction
with the above values is still a problem however. If the
current selection requirements can be covered by approximately
one function, this would add further simplification. Some of
the advantages of the new risk function proposed in this work
are that it does not depend on an upper 1limit and allows
control of the lower limit. In addition the function allows

simple parameter determination.
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5,2 New risk probability distribution

In order to establish a basis for the new function, the
Beta distribution will first be analysed. This will be shown to
allow a generalisation to be developed, which leads to

derivation of the new distribution.

520 Beta distribution

The probability density function (pdf) of the standardised
beta normalized density function, Raiffa and Shlaifer (1961)

may be stated as :-

B(x) = xp-1(1-x)9-1B(p,q)

such that 0 =< x <=1 and p,q > 0

where x is the variate and may for instance represent time

with a relative span from 0 to 1.

The beta function may be defined as :-
)
Tﬁ
B(p,q) = zP-1(1-z)a-14dz =1ﬁ1(p) (q)/1’1(p+q)
o vec€q.22

In the case of PERT network analysis, p and q are replaced
by p+1 and g+l1 thus p,g>-1

The pdf may be interpretted in the following manner:-

Let B(x) =dQ/dx where Q(x) 1is the cumulative density

function (cdf) from 0 to x.
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The definition of Q(x) allows that dQ/dx is proportional
to the time expended (x) and remaining time (1-x) 1i.e. upper
and lower limits are assumed. In general one may consider the
distribution functions currently used as based on two functions
f1(x) and f,(1-x).

Statistical arguments of decision analysis type are then
used to deduce the nature of these functions. This results in
the case of the beta function that :-

fi(x) = xp-1 and fa(1l-x) = (l-x)9-1

5.21 A generalisation

Based on the previous argument, the central 1issue when
developing a pdf is that an upper and lower limit exists for
the variate. Alternative premises are used for other well known
distributions such as the Poisson, however the basis for the

beta and similar distributions was seen as worthy of deeper

consideration.

A generalisation for the formulation for the pdf may be

given as follows :-—

dQ/dx = gf1 (x)f2(1-x)£f3(Q(x))f4(1-Q(x)) -..€q.23

Q(x) 1is the cdf from 0 to x and g is a proportionality

constant.
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Let P(x) be the probability to exceed time x,
then P(x) = 1-Q(x) and x = T - Tg

where T = actual time or cost in the financial planning
case

To = lower limit of time or cost.

then a possible simplification is :-—

dP/dx = —-gfy (x)£f4 (P(x)) 5 ek

such that x>=0 and 0=<(P<{=1

i.e. the pdf of the remaining probability (P) is
dependent on a function of the variate x e.g. time

expended and the remaining cdf value P.

The above analysis can be employed to easily generate the
beta distribution by suppressing the last two functions (f3 and
f4) in dQ/dx equation 23. This procedure could likewise be used
for a large variety of other functions, 1its advantage being

that basic principles may be more easily interpreted.
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5.22 The new function

Following the example of the beta function f;(x) = xm-1

with m>1l and £4(P(x)) = P(x), given d2P/dx2 = 0 at the mode

then it may be shown that :-

The cdf is P(x)

Py exp [(1-1/m)(1-(x/xy)m)] ...eq.25

the pdf is dP/dx

(Pr/xym) (m=1)xm-1exp[(1=1/m) (1-(x/xx)m)]

...eq.26

where m> 1, xy = Ty - To and Ty is the mode hence xy>0
and Py is fhe probability to exceed the mode.

The proposed risk function (equations 25 and 26) has the
property, not present in the beta function, that dP(x)/dx tends
to zero as x tends to infinity and at x=0.

Furthermore when x=0 then P(0) = Pyexp (1-1/m) or

m=1/(1-1n(P(0)/Pn))

such that P(0)>Py>P(0)/e>0 as m>1. It also follows that :-

H P(0) |  (141/m),

xn/ (=1 m)r/n

The mean

where H

I

and

Hz P(0)[] ' (1+2/m-P(0)(] " (1+1/m)}2]

variance

1l

Based on the Weierstrass definition of the gamma function
it can be shown that the variance is always greater than zero

for m>1.



P(0) however is the probability to exceed the lowest value
of the variate, which would normally have a value of 1.

Under these conditions m = 1/(1+lnPy) and Py > 1/e, hence
the permitted probability to exceed the mode is approximately

37% or more.

The above function has one minor disadvantage that +the
expected value and variance havg_to be found iteratively,
although they may easily be approximated using e.g. Stirling’s
equation for gamma functions. However the parameters can be

determined by simple calculation given the formulation below.
a) The mode Xy = Ty - To
b) The probability to exceed the mode Py at Ty
&) The probability to exceed the lowest estimate P(0) at To
The last (c) allows a user, who is uncertain about the

lower limit, to associate a probability with his/her estimate

of the optimistic value.

5.3 Implementation
The commonest set of distributions, wused in present day
computer packages, are the square, triangular, normal, mixed

normal and beta. The new function exhibits properties which

approximate the square, triangular and beta see figure 5.1.
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In order to test the proposed distribution, data was
sought which would show typical overruns. However while well
known organisations have analysed their projects and find a
consistent pattern of overrun both in cost and time, they are
not very keen to disclose this information. It was however
possible to acquire data on underruns. Such data is much less
common, however understandably publicly more presentable. For
these reasons it was only possible to acquire one set of data,
namely a sample of 30 cost underruns.

The model can be used for both underruns and overruns. By
setting the value of T, as a minimum, one may analyse overruns
or vice-versa for underruns. The latter form was used for the
available test data on underruns.

The results are summed up in figure 5.2. The chi-squared
test showed that the new function performed better +than the
beta distribution, however with no other case studies available
this result may be fortuitous. Nevertheless it 1is an
encouraging support of the new distribution.

It is essential that various risk functions should be
tested on historic data. For instance repeats of an activity of
identical kind could be used in this context. This would
clarify the distinction between risk functions. Furthermore it
woula give a basis from which to simulate more precise
estimates of project outcomes, whether +they be under. or
overruns of times, costs etec.

Practical use will, hopefully, be tested by implementation
of software, called VISIER, the methodology is described in the
risk assessor section of appendix 5, which incorporates these

risk concepts. One aspect of this software is the use of
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percentage completion as an alternative estimator of
parameters. This is justified on the grounds that planned time
is definable as the most likely i.e. the mode and the expected
time is estimated while work progresses giving the mean value.
The same argument naturally applies to cost risks. The minimum
time is estimated by finding that point in time when the upper
confidence 1imit of the best curve fit equals the modal
(planned) wvalue. This 1is made possible by virtue of the
excellent fitting properties of a new growth curve model Berny

(1987¢c).
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CHAPTER 6

GENERAL APPLICATIONS

WITH EMPHASIS ON SOFTWARE STRUCTURE

At the outset of this research project, +the overall aim
was to improve planning and control techniques for management.
This was shown to require fundamental research into medium to
long term forecasting and risk analysis. The utilisation of a
proposed new techniques was viewed as the stepping stone
towards the production of a practical tool for project
management. This has been developed by writing appropriate
software (see chapter 8), its span of applicability is the

concern of this chapter.
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6.0 Major areas of application

The application of the software generated as a result of

this research, falls into two major categories, namely medium
to long term forecasting alone, and secondly planning and
control. Practical growth forecasting applies +to industrial,

commercial and scientific problems. In contrast planhing and
control require detailed project management mechanisms which
should 1incorporate risk analysis as well as the facility for

growth curve projections.

6.1 Forecasting applications

Forecasting alone may be applied to demographic issues for
instance ©population and actuarial projections. An ecological
example has been brought to the attention of the author by the
Forestry Commission for the study of tree growth in problems
relating to re-afforestation. Currently, control in growth of
cells in Bio-engineering and related biological work, has been
noted by Stone (1980). Economic and market forecasting uses are
well &established, Meade (1984) and Mar-Molinero (1980). A
further area which may able to make use of the pure forecasting
aspects, is material life-cycle studies relating, for instance,
to construction industry technology.

An alternative view of the forecasting properties is its
inverse, i.e. use in the decay situation for example in Nuclear
Physics. The simplest isotope decay model is exponential decay.

A more complex form is isotope daughter product decay, Berny
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(1960). The new model concepts may have pertinence 1in

practical aspects of Nuclear Physics which involve complex
predictive problems such as in Nuclear Power Stations
technology.

6.2 Management applications.

The general use of the software package, developed around
the concepts described in the earlier sections of this thesis,
has been discussed in depth with different commercial
organisations. It has become evident as a result of those
discussions that the potential applications also overlap with
some of the pure forecasting uses.

The areas of application which have been ascertained by

the author are briefly outlined under classified headings.

6.20 Marketing

This area has been mainly associated with pure
forecasting, however extensive discussions with a marketing
manager have confirmed that not only is there a valid use of
risk assessment, but planning for production, monitoring and
control, should play a vital role in a manufacturing companies

corporate strategy, (see 8.1).
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6.21 Computing

The commercial design of software 1is a multi-phase
process, Putnam (1982). The life cycle from proposal to
implementation involves planning, systems analysis, coding,
testing and field trials. The managing of software design
differs from construction design, in that procedures for the

assessment of progress are more difficult to define.

6.22 Engineering.

Both the shipbuilding and aero-industries have shown
interest in this overall area. A helicopter production
cost-breakdown was presented to the author and proved to give a

useful insight into the needs of ’'what if?’' routines.

6.23 Evaluation of projects and corporate strategy.

The facility to create cost-breakdowns of projects,
whether at the research-and-development or construction end of
the spectrum, (see 1.2) allows +the analysis of corporate
strategies, e.g. :- for banks, Dugdale (1978). The methodology
to allow for multi-project analysis, has been incorporated in
the software. It allows the importation of prepared projects
and other financial breakdown into one global plan.

The analytic facilities which are available such

as discounted cash flow, allow income evaluation from,
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for instance: property development or acquisition, Neuberger

(1986).

In both multi-project and property management analyses the

initial evaluation may subsequently be monitored and
controlled, see chapter 7..
6.24 Architectural design.

The earliest data used in this research originates from

the architects office. In this instance the project context is
more multi-disciplinary and less site oriented, but clearly
requires the same type of management as construction

applications.

6.25 Construction.

The construction industry, which was the major source of
data and feedback, 1is activity oriented. The gained knowledge
was critical to the software developments discussed in detail

in the next section.

63 Application software structure

This section discusses the means by which, the theoretical
considerations developed in this thesis, were transformed for

effective use in a practical environment, namely the
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construction industry.

The construction projéct data analysis and subsequent
feedback has provided the additional advantage of a test bed
for evaluating the general appiicability of the system. From
the outset it was intended to build a project management
control system which would demonstrate the full potential of
the theory previously described and would also provide a basis
whereby the project as a whole, or in part, could be analysed.

Organisations concerned with project management will each
have their own particular requirements and it was, therefore,
anticipated that the methodology will only fully meet the needs
of individual firms with software tailoring facilities.
However, the basic concepts of management budgeting,
monitoring, control and predictions built into the methodology
were found to be applicable to the majority of projects.

The project management process maybe divided into three
stages, namely planning, monitoring and control, and
forecasting with risk analysis. The overlap between these
processes emphasisied the need for understanding the
inter-relationships and hence the importance of a reliable
feedback system. The principles have been well established in
industry. This is exemplified by the Property Services Agencies
(PSA) methodology (1986), who use these stages in their project
work as described in the aforementioned document. The current
work was discussed with this important construction group. PSA
have acknowledged- the relevance and importance of the new
facilities which have been developed. Their awareness of
unsolved management problems is highlighted in their

methodology document,



6.30

three

the p

6.30a

Software development

The software development‘was guided by the needs of

the

stages. This breakdown was achieved by modularisation of

ackage.

Stage 1 (planning)

A Budget Forecasting and Data Preparation module
was developed which is easy to use, as well as being
quick and reliable. The budgeting system generates a
database which 1is common to the monitoring and
control modules. Because of the volume of data and
preparation involved, it was considered essential
that the system proposals should be integrated into
one software suite interfacing the forecast and risk
programmes. The principal task of the forecasting
system was to enhance the reliability of a project
plan. The nature of the expenditure curves modelled
can be identified in terms of parameter constants, or
an interpretive measure based on percentage elapsed
project time. This enables knowledge to be
accumulated on project expenditure which can then be
used to determine other project forecasts at some

future date.
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6.30b Stage 2 (monitoring and control)

A Monitoring and Control system was developed
to give the manager a basis on which to make
decisions regarding the project. It was intended that
adverse trends 1in expenditure would be quickly
identified, thereby, giving early warning of likely
losses if corrective action was not taken.

The system would also assess actual progress
relative to the budget proposals previously
determined, hence gains or shortfalls in performance
would be periodically brought to the manager'’s
attention. The resultant information would give
management clear indications relating to cost,
valuation, progress, profitability and past trend

patterns.

6.30c Stage 3 (forecasting and risk analysis)

A projection or forecasting system was designed
to enable estimation of future project expenditure
and duration. In addition, revised project cost and
duration was examined. Both could be analysed in

terms of confidence cost envelopes and time risk

assessment.
The software system, forms the basis for
adaption to individual commercial applications, such
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as the current incorporation with network packages,
and will additionally, it is hoped, provide scope for

future experimentation and research.

T Broad system requirements

The systems developed have been based within an IBM PC
environment and software has been developed utilising GW-Basic
and will run on MS DOS version 2.1, or higher vepsions of Disk
Operating Systems (DOS). The major commercial tailoring
facilities have been resolved by confirming that the system
could operate 1in conjuﬁction with database and spreadsheets
e.g. Framework and Lotus 123. The important practical factor
that a common database is used, required the creation -of a
special job operations module which ensures: easily used data
files and effective data transmission between the forecasting,
monitoring and other sub-systems. The common database allowed
the computer programmes to be designed on a modular basis.

A hard disk computer is the normal requirement for running
the system because of the extensive nature of the software and
its data generation. The software space is more than half
megabyte in +the uncompiled form and the maximum of 112 data
files/project could occupy a further 150 kilobytes.

As a matter of general developmeﬁt policy it was wvital
that the systems proposed were easy to use, requiring little
initial computer knowledge. The size of the system database,
made it essential that a job operations module allowed fully

automated file handling; and the straight forward editing
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procedures facilitate the amendment, updating and processing of

entered data.

6.32 The forecasting system

The object of this system was to facilitate the marriage
of the new model philosophy to a practical means of creating
project forecasts 1in a quick and efficient manner and thus
permitted an interactive solution. Two knowledge based programs
were developed, which enaﬁle the user to easily define cost
profiles 1in response to his/her own knowledge of the specific

property of an activity or project.

The essential data required by the forecasting system for
the purpose of generating budgets needed to be precisely

formulated in the following terms :-

1. Total estimate of project cost.

2 Envisaged project duration.

3. Cost ta peak expenditure and the time at which it
OCQUTS .

4, The initial project cost. (first 10% of job

duration).
5. In the case of perceived bi-modality, one has to
additionally give the time and cost-to-date at which

dip occurs replacing 3 above.
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Alternatively these values may be interpretated in the
form of percentages of elapsed time and cost.

The total data input ﬁrocesses 1 to 5 have the ©potential
to allow the user to study alternative strategies at the plan
and subsequent ongoing stages of management control.

An important aspect of the forecasting system’s design was
the potential to produce more detailed and reliable project
budgets quickly and easily. This justified the decision to
develop the knowledge based (expert system style)

conversational mode subsystems.

6.33 Development of the plan

Previous work in this field, particularly that carried out
by the DHSS, relied entirely on establishing data relating to
past project performance which then formed the yardstick for
assessing future projects. The problem with this approach.. if
used exclusively, 1is that it raises the question of how
relevant are past results in present circumstances and how
adaptable to change are the constants thereby produced. The
advantage with the proposed model and associated system was
that the user could start to use it for forecasting immediately

by adopting the following procedures.
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6.33a Project without activity breakdown.

In the absence of past experience and data available, the
user can, with the aid of an expert system style interrogative
process, select a curve shape which he feels will represent the
project. The software developed enables the curve to be
.represented in terms of parameter values. These are retrieved
from, either a stored parametér database or a usér defined
generator. This approach has the advantage that the nature of
the curve is quantified as the cost profile performance may be
evaluated by comparison with the actual data of a completed
project. Subsequently the results can be stored for future

reference when preparing budgets.

6.33b Activity based project.

The forecast could be modelled on a cost centre (activity)
basis utilising a project time scale. The cost centre period
costs could be determined by periodic allocation or by adapting
the curve selection as described in (6.33a).

This approcach is extremely fast and facilitates easy
preparation. For example, the initial project budget could be
produced rapidly and then fine tuning of the budget could be
made by the use of the programme editing facilities. These are
analogous to the spreadsheet ’what if?’ principles.

The traditional method of allocating detailed bill of
quantities costs over a contract programme is both outaated and

relatively unnecessarily slow.
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The number of cost centres wutilised can be selected
according to the requirements of +the  user. For normal
construction projects it was not envisaged that these could
exceed . thirty in number, although the system does make
provision for up to 55. Major activities may be built up from
minor ones and imported into the overall project.

With increasing familiarity the user would be able to
formulate the project cost centre expenditure in terms of
parameter values. Consequently, by utilising past experience in
the form of records kept and his/her own intuition, greater
flexibility in the selection of an appropriate curve to

forecast the expenditure is envisaged.

6.34 The philosophy of construction industry cost centres

Over the past few years, it has been a matter of accepted
principle to break a project down, into a number of financial
packages, 1in order to more readily identify costs and to exert
greater financial control. The number of cost centres selected
for a project will vary according to size, complexity, value of
work and the requirements of the Client.

An important factor in evaluating the number and size of
cost centres, relates to: the appropriate level of control
necessary compared with the cost of implementation and the
likely benefits to be accrued. The actual breakdown into cost
centres must of course be consistent with natural breaks in the
work, representing clearly identifiable boundaries which

effectively isolate one package of cost from another.
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The potential accuracy of forecasting expenditure budgets
is 1increased with the level of breakdown B.Fine (1972) and
hence the cost centre approach can be particularly useful where
little previous known data exists regarding project costs. One
way to produce a project growth curve is to cumulate straight
line cost centre expenditures with each set to a timescale.
This stance has the advantage that the reliance on derived data
is considerably reduced and the emphasis is moved to the nature
of +the project 1in hand. Hence, the observed physical
requirements are taken directly into account and have a direct
bearing on the project time span.

Another factor which tends to question the entire reliance
on a statistically derived growth curve for a project (without
cost centre analysis) 1is the host of individual <clients’
requirements which can considerably affect the total project.
For example._the construction time required and special phasing
arrangements necessary to satisfy specific project needs. It
will no doubt be fully appreciated that a hospital project, of
a certain value, to be completed in five years may have a
completely different shapedlexpenditure pattern to one to be
completed in +two and a half years, due to the less complex
facilities the shorter project is likely to possess.

By incorporating cost centres set to a +timescale, a
direct relationship can be achieved between the contract
programme and the expenditure envisaged.

Before adopting a range of cost centres it will be
necessary to prepare a contract programme which clearly and
accurately represents the construction operations. The overall

construction programme can either be scheduled as a bar chart
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or as a network programme. The construction activities shown
in the programme will need to be grouped together wunder cost
centre headings and the expenditure associated with each cost
centre must be determined from the estimated cost of the work.
The amount of work and difficulty experienced in accurately
allocating estimated costs, will largely depend on the method
by which the quantities have been prepared. A Dbill of
quantities produced in accordance with the Standard Method of
Measurement of Building Work does present some difficulties in
this respect, since not all items contained can be directly
related to +the project activities. In general, the more
operationally based bill of quantity (as generated by quantity
surveyors) enables the aforesaid relationshib to be directly
established in an easier and more accurate manner.

It is worth noting at this stage that some of +the most
advanced computer based network programming packages,
particularly those evolved in the USA (PCS- Digital Corp., PMS-
IBM), have comprehensive facilities for establishing éost
centres described by their cost and timespan as alternatives to
procedure logic. A possible development +to 1interface the
proposed forecasting and prediction sub-systems with network
(CPA) programmes has been commenced. It is anticipated that
this will increase the versatility of software in the context
of complex planning and control.

Once the cost centre data has been quantified
financially, 1its anticipated cash flow relative to time is
determined. The nature of the expenditure profiles may take
many different forms as depicted in figure 6.1 which shows

examples derived from the new model.
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It 1is @generally considered tha£ the adoption of cost
centres offers the best possible means of modelling project
expenditure. This process <can be <carried out quickly and
efficientiy in accordance with individual project requirements.
Furthermore it enables management to have additional control
facilities beyond those which rely on projection and risk

analysis feedback.

6.4 Integration of software

The previous section considered the software structure
required by management which would assist them both in basic
project planning, monitoring and control. The interface with
forecasting and risk analysis techniques was developed within
the software.

The wunderlying ﬁattern of the structure was +that these
devices are not used in isolation, but may be integrated. This
created a more dynamic device, with the inherent benefits of
more constructive feedback to the decision maker.

In tandem with the integration described, it was further
seen that the well accepted advantages of ’'what if?' techniques
could not only be incorporated, but the new technology could
further enhance them. The ’what if?’ is a major concern of the

next chapter.
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CHAPTER 7

PROJECT MANAGEMENT APPLICATIONS

Existing project control systems have been observed, as a
result of discussions at conferences, to suffer from inadequate
feedback and a shortfall of accurate enough information to give
adequate corrective measures. For this reason, management aids
have been introduced, most commonly software packages. However
a need exists, for more reliable and flexible aids which go
beyond currently available project and financial modelling
devices, outlined in a survey summary Berny (1988a). In
particular these packages do not reflect the need for reliable
forecasting and contingency planning of the overall financial

and monitoring facets of a company.
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7.0 Introduction

The basic objective of this chapter is +to describe a
viable and flexible means of work planning, monitoring and
forecasting both projects (in the widest terms) and corporate
strategies. In addition the usage of the newly proposed method
of risk analysis enhanced by the new forecasting techniques,
will be placed into +the context of assessing probable
variations in the financial and temporal outcome of work.

Many predictive aépects of project management have been
researched, however the term predictive 1is open to wide
interpretation. The specific concern in this thesis is with the
application of quantitative predictive methods related to
forecasting. This should not suggest that qualitative
prediction, for instance the impact of project organisational
structure, is excluded since such considerations usually
precede and interface critically with the quantitative aspects
of planning, see ’'Project Start Up’ (1984).

The second objective was the need to determine a viable
means of planning and monitoring. This has been addressed in
the form of a bar chart analysis. Perhaps more importantly a
'what if?' methodology has been extended to both the planning
and the monitoring phases.

The effects of changing the quantitative nature of the
project may be tested via the ‘’what 1if?’ procedures. The
results of such changes may be inspected graphically to improve

the assimilation of the extensive information planning

generates.
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The issues which had to be addressed, see Berny (1987a),

in approaching the above goals successfully were :-

a) Methods of generating budgets which are appropriate to

a practical method of project planning.

b) For the purpose of monitoring, a means by which current
activities and future activities may be simply

"re—-programmed".

c) Overall project future trends to be soundly

established.

The major factor linking all the above was the need to
find a robust model around which the facilities required of a

guantitative management aid could be built.

T:1 Planning

The current methods of quantitatively analysing a project
have generally relied on network planning. However the barchart
approach has received much favour in industry.

The view taken by the author is that network procedures
can best be used to analyse specific complex activities which
involve a strict procedure and have a complex structure. The
resulting activity time breakdown, expanded +to account for
cost—breakdqwn, would then be incorporated in a barchart. The

term ’'cost’ 1is used loosely in the sense that cost could be
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used to measure, for instance, man-hours or material
quantities, as well as monetary outlays or returns.

Information, from specific activities, may be deduced by
network analysis and the description of extra activities to Dbe
specified within the structure of a barchart. Utilising this
data, it should be possible to build a profile of the project.
This requires two major quantitative inputs. Specifically the
nature of the 'cost’ and time breakdown and secondly the
ability to alter the activity time slot and cost to give the
project a dynamic structure as reality befits the situation.

Each activity ’cost’ profile is established as a result of
the newly proposed modelling concepts. The profile 1s generated
by the model and enhanced through editing and +the flexible
structure created by the 'what if?' facility, contained in the
software developments. The importance and principle of the need
to assess alternative plans, was stressed by Woodward (1975),
who also shows the need to pay attention to the risk aspects at
the earliest stages of &uantification of plans and their
progress. The simplest means of establishing ’cost’ profiles,
is to choose from a series of 7 curves, given in figure 7.1,
these may be selected by an ’'expert - system’ style procedure,

Berny (1988b).
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Are periodic *‘costs’’ constant? Answer y or n

F G

Peak 1st quarter Peak 3rd quarter

VISIER growth (S) curve analysis J. Berny 1986,

Figure 7.1 Expert system style cumulative coét

profile selector

The above process was extended to allow user defined cost-
breakdowns. The basis being the result of extensive testing of
projects. This showed remarkable uniformity in the interpretive
results for hotels, see Table 7.1, this is a result of further
data collection subsequent to that described in 4.31. The use
of tﬁis technique for activities was justified by the

'parent-child’ analogy.
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Mean (Standard
(%) deviatlion/
Interpretive Measure mean) as %
Percentage cost 18% through project 5 45
Percentage cost to peak period 1. 417 15
Peak perlod as percentage of job
length 43 ©21
Curve fit (SPE) percentage (noise) 3.4 3g
Costs of projects £24,000 to L2,000,000 (8308% spread)

Table 7.1 Curve fit results of 30 hotel projects.

The interpretive parameters are :-

a) peak period;
b) 'cost’ to the peak period;
c) 'cost’ when 10% of the project duration has expired.

These parameters can then be translated into the model
parameters. Table 7.1 states the results of studying a specific
category (hotels) of project data, which had an 8300% spread in
costs. The analysis showed an average of + or - 27% variation
in the interpretive parameters values.  This indicates that the
projects 1in this category have broadly similar properties and
hence common planning features.

An alternative means of'planning is that previous projects
for similar work may be reused with minor alterations. This is

easily achieved in the software which has this design feature
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incorporated in the editor module. The ideal format is that an
organisation produces a group of typical project‘shells which
can be upgraded and expanded and/or contracted. New activity
cost breakdowns may be generated by the"expert system style’
cost profile selection feature described earlier.

In addition to the above, planning may be assisted by
considering alternative plans i.e. by ’what i1f?’, and assessing

potential variations and risks which may be encountered.

The ’'what 1if?’' mode permits one to move, expand, contract
and mask activities. At the corporate level, currently active
and new projects may be combined and studied in the same

'what 1if?’ manner.
The information may be subjected to the contingency/risk
analysis. This generates confidence 1imits and probability

histograms of time against ’'cost’ (see figure 7.2).

Tiaid Current work forecasts

An active project requires careful monitoring, Woodward
(1975), and thus collection and assimilation of cost and time
data is of utmost importance. The updating 1is dependent on
monitoring methods. The assimilation of this information was

.seen to be best aided by forecasting.
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Cost
1875

75%

50%

25%

690

Risk Analysis

Confidence band graph project plan/monitor (cibla-cibB7) 12-02-1986
Upper limit (=) 90% lower (—) nominal 95% expected {+}

i = = = ) - - + +
—) S e i + _:
. . - . EXJECTD cost = 1300
« + o+ = — most likely duration = 12
- = & Parameters: ; -
A= 12 m=-0.52 g=8.00 p=0.00 q=0.00 n=2.00
T T L T T — Time —»
6 20% 40% 60% 80% 100% 18

Model statislically sound, average monthly cost variations =127 (monthly)
Upper 907, lower 95/, confidence limits span from 61018’
span of expected cost from 1102-156 to 1531-935

Title project plan/monitor (cib/a-cib87) 12-02-1986

Case A to exceed max time 20 prob = 9% min time 6 reset at 7
Case B to exceed most likely time 12 prob = 60%
Expected time=14.0 ‘worth’ = 1,384.6

prd. Cum. % Prob. % -
prob. [ prd. Graph of prob % /period . Expected cost

7 100 5 [l 1.090.319

9 95 15 1,1895.434
11 80 20 1,266.166
13 60 19 1,334.758
15 41 17 1,408.571
17 24 11 1,489.014
19 13 7 1,576.762
21 6 3 1,762.48
23 3 2 i 1,776.893
25 1 1 1,890.79
FIGURE 7.2 Confidence limit forecast curve (TOP)

Time risk probability histogran (BOTTOHN)
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7:20 Monitoring

Monitoring 1is not only concerned with the methods of
establishing performance, which may lead to replanning; but
also the decision nature associated with the process of
management in the light of determined targets or objectives. It
is equally important for the client and management team to
estimate the actual outcome of a large project 1i.e. estimate
total costs, duration, profits and other ’cost’ implications of
the current status of work. In order to obtain answers to these
'predictive’ questions, various projeétions of the model trend

are made, including risk assessments or contingency analyses.

7.20a Interactive model adjustment

. The ability of the new forecasting model to allow

parameter adjustment was utilised to assist the monitoring

process, which +thus aided real time forecasting. This was

considered a major innovation of this section and was achieved

by interactively updating the model parameters from the plan.

This emphasized the robust nature of this model, as it enabled
the software to redistribute moneys or resources in a

realistic manner (i.e. non-linear) for each active phase of

work.

The result of this facility is to give a ’'forecast’ break

down of the remainder of a current activity in line with +the

initial 'cost’ profile, demonstrated in figure 7.3, which shows

the extent to which a cost profile is adjusted to current
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update information. For large activities +the interpreted
parameters may be altered if required.

Furthermore, activities may be masked to show underlying
trends and individual activities inspected. All the features
are supported graphically. One example showing the wusefulness
of this device, 1is to allow one to inspect the effect which a

long delay 1in an activity may have on the overall project

outcome.

7.20b Reliability of model

A critical factor related to the above procedures was the
need to assess the performance of the model. The statistical
testing procedure of the model’s validity allowed for the
extension to subsequent testing of contingency/risk aspects of
the current plan. The procedures were tested on over fifty
construction projects, 98% of which showed the model fitted
the project data with a mean error of less than or equal to
3.4%.

There was only one single project for which the curve fit
parameters had associated with them, errors greater than the
parameter values themsel;es. In such an instance it would be
dangerous to wuse the model, since it gives an unreliable
description of the project data. The reason for this anomaly
is that parameter values would be realistically replaced by a
large number of alternatives, generating many apparently valid
but widely differing curves to represent the actual data. This

is clearly unacceptable and hence the model is rejected and is
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said to give a statistically invalid trend. The author has
observed that no other commercially available systems include
this automated test of the model validity and for the above
reasons would appear to cast a shadow of doubt on commonly used
models. Further, the results generated, other than on this one
project, strongly support +the validity of the use of the
proposed model.

These tests are included in all analytic procedures to
preclude misuse of the model. A further success of the above
analysis, was to show that projects in similar categories can

be described by a limited number of interpretive parameters.

7.20c Historical database

As a result of the above results, and the devised
technology, a historical file of past records of project models
may be created.

The historical file, by category, may be inspected and
statistical interpretive parameter information generated, (see
section 7.1). This enlarges the basis of generating curve
profiles or alternatively historic model parameters values may
be used. The process of generating this information 1is

extremely simple, once the relevant data has been collected and

input.
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T3 Control

An active project normally requires continual intervention
by the management team who control progress and are ultimately
responsible to the client or his representatives. Rarely does a
large project run exactly to plan, thus changes in future
actions have to be made. Theée arise in many forms but as a

generalisation may be divided into two major categories,

namely :-—
(i) those due to client changes.

(ii) problems which hamper planned progress.

7.30 Introduction

The above classification of reasons for changes in project

management is important in terms of the control techniques.
Client changes e.g. adding an extra 1ift, may involve
considerable reorganisation, hence only ’what if?’ fechniques

interfaced with risk assessment are of practical value for
management decision support. Programme of work interference,
due to for instance site problems, can be detected by a variety
of projection and control analysis procedures as well as

'what if?’ and risk assessment techniﬁues.
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7.31 Activity and project forecast "What if?"

The following section is based on feedback from industry,
eg. PSA (1986), and reflects the research response to their
needs. It is a result of several iterations of the field trial
feedback loop.

The ’what 1if?’ +term derives from spreadsheet origins
Lewis (1987). This author’s interpretation of ’'what if?’ is
that it 1is the process of inspecting the effect (in this
instance) on a financial model, created by changing one or more

of its ’'parameter’ values.

This principle has been extended to allow :-

(i) activities to be changed in ’'cost’

(i1) activity cost-profiles altered

(1ii) activity start and end times changed

(iv) activities removed

(v) new activities added
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7.31la Activity "What if"

The selection mechanism for activities which may require
investigation was based on a search for high cost regions in
activities and the whole project. This procedure, which also
acts as an early warning system, has been called 'control
~analysis’. Current procedures are fairly limited, (see

figure 7.4 courtesy of PSA (1986)).

7+31b Forecast "What if"

Forecasting may also be used in a ’what if?’ manner by
testing the effect of changing job costs and durations and
projecting from current wupdates, and the model 1is then
evaluated for the statistical reliability of such changes. This
procedure has the advantage that forecast results may be
studied @ith greater flexibility. This facility is seen as more
satisfactory by managemént than to rely on one projection only,
enabling them to investigate alternative job outcomes by using
“"Eorecast *what ifzeh,

By wusing the above scenario of ’'what if?’ and comparing
with plan information or current management update information,
the decisions used for progress control, can be supported in a

less ad hoc manner.
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7.31¢c Percentage completion

A further advance was made in relation to the current
updating information, due to the nature of the new model which
permits the parameters to be interactively adjusted, based on
the current updates. This feature gives a more accurate Dbasis
for compariééhs.

Measures such as percentage completion estimates of the
proportion of the work on an activity, normally adjudged on

allocation of time and/or cost, are used as further indications

of progress.

7.31d Analytic support to "What ifs 2"

It has been found that the "what if?" techniques required

further support in some situations. These are listed below :-

a) Discounted cashflow and internal rate of return

b) Inflation upgrade of plan cost breakdowns

¢ Comparison with past work of a similar kind

d) Introduction of lag when comparing, for instance, cost

and income.
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The next section elaborates on the various forecasting

procedures which add to the control support system.

7.32 Forecasting

Assessment of future outcomes is an essential part of
control. Given the ’'what if?’ alternatives which may be tested
under forecasting conditions, the nature of control decisions
may be usefully improved.

The predictive viability is highiy dependent on the good
trend following properties of the new modél. A graphical
"confidence generator’ is that the model should follow the
smoothed pattern of actual data. It was found that the most
severe test was t6 observe the monthly trends given in figure
¥: 5 However the visual analysis is also supported by a
statistical one which rejects the use of trends which do not
follow the known data realistically. In order to achieve a
reasonable degree of confidence in future projections, three

modes of forecasting may be used.

a) The last six data values are forecast (if sufficient

information is available).

b) The +trend may be projected through an anticipated end

cost and job duration (’what if?’ mode).

e) The best trend may be extrapolated to any point in the

future.
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It was viewed as important to extend these facilities to
contingency/risk plans. Data generated in either of the last
two modes may be processed through the contingency/risk mode to
further enhance the decision making process and give a cost
envelope.

An additional feature which has been embodied in the
software is that either some data may be suppressed or
comparisons may be made with project data which has had
specific activities/projects masked, i.e. temporarily given
zero costs in order to see the cost profile without the cost
presence of the masked data. For instance, holidays or high
cost equipment installation may usefully be excluded from
forecasting but reinput at a later stage for overall project
forecasts.

The last section is concerned with risk aspects, which

relate to forecasting.

7.33 Contingency / Risk analysis implications

The statistical work combined with the evidence that the
new model does give a high degree of replicability of project
'cost’ profiles, permitted the development and simplification
in contingency/risk planning methodology. The nature of
information given by this analysis is given in figure 7.2.

Previous work has required detailed investigations of each
activity e.g. Pugh and Seldon (1986) and Bennett (1986).
However, if a model can represent the activity or project

accurately, this, it is argued, would permit using the model as
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basis of such probabilistic investigation and considerably
reduce the need for time consuming indepth studies which the

present systems require, Berny (1987b).

7.4 Software

A large suite of computer programmes has been written to
accommodate these facilities.

This software is called :- VISIER (Visual Interpretation
and Evaluation of Risks ) and a summary given by Berny (1987a).

Some of the output generated by this software, is
illustrated in the graphs and diagrams of +this chapter. A
flowchart showing typical use of VISIER is given in appendix 4.

A specific feature of VISIER 1is that all processed
information is represented graphically. Thus in the ’'what 1if?’
stage of budget planning, this assists assimilation of large
amounts of information and one hopes would enhance the
confidence of decision makers.

Evidence of +the wviability of the software 1is not at
present commercially extensive but 1is strongly supported.
However the robustness has been demonstrated as indicated by
the cost breakdown span from &£100,000 to that of large
industrial project worth 100’s of millions (&£) viably

constructed by these techniques.
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7.41 Software related developments

The current status of the work has generated a potentially
viable management aid. Nevertheless the effect of generating a
new aid is to open avenues for further development. At present,
this is envisaged on three fronts. The first is a continual
appraisal, improvement and expansion of the software, supported

by industrial feedback. Secondly, the work has raised many new

areas of research which should be explored, for instance, the
testing of alternative models and expanding the wuse of
interpretive parameters. However the most important area is to

extend the developments in risk / contingency analysis but this
requires good and extensive collaboration with industry. The
last two . are expected to have an important impact on the

software in the future.
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CHAPTER 8

SOFTWARE IMPLEMENTATION

The pragmatic issues, see 1.2, contain the proposals for
the implementation of the management usage and resolution of
the fundamental problems. Due to the complex nature of the
management planning and control framework the only possible
means of implementation was seen to be via the aegis of modern
computers. The extensive suite of programs has and is
undergoing continual evéluation by several industrial

organisations, principally in the construction industry.
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8.0 Introduction

The software development, extensively described in
chapters 6 and 7 originated from the requirements to improve
forecasting and risk analysis technologies. It was further
necessary to develop approximation routines to enable
interactive adjustments to model parameters to be made, in
order that they reflect updated information. The risk analysis
required +the development of an algorithm to find expected

values and to handle low probability limitations.

8.1 Software usage development

The formal setting of the software, which surrounded the
above algoyithmic routines, was based on a logical structure
which would reflect the pertinent system requirements for
practical management use. A summary flow chart and also
detailed flow charts of the software modules are shown in
appendix 4.

The commonest procedural sequence was that after initial
planning ’what i1f?’ routines would be used and access to risk
assessmént would be required. The monitoring and control
procedures were also inte%faced in a like manner. 1In order to
achieve adequate analysis a separate inspection programme was
written which allowed comparisons to be made, for instance the
plan and its ’'what if?’. This section was supported by analytic
devices, namely discounted cash flow, control analysis,

inflation and lag routines. An overview of the software given
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in appendix 5 contains a full printout of +the demonstration
tutorial disk screens. It will be observed that user
friendliness has been strictly observed, its importance 1is
stressed by Lewis (1985) and supported by software house
acceptance.

To further improve the communication with a user, specific
terms relating to a given field of work e.g. marketing as

opposed to construction terminology, was made user definable.

File ’'jargon’ was totally removed, because computer tree
structures are complex, amongst other file devices, thus a
camputer 'naive’ user can be shielded from the DOS system. A
user is asked to set up a category of work, e.g. housing, and
state a jéb code. This necessity is enhanced as a project
could generate within one job code over 112 files. Thereafter
the wuser retrieves, for instance, the plan or current work
'what if?’ information. Help facilities are not always to the
liking of a user, thus a slot was created in each programme

which may carry the user’s own notes.

In view of the mass of data which is generated, a graphic
display was always given to ease ?he assimilation of all
activity or project cost breakdowns. The same facility has been
extended to the information processed for comparative purposes,
forecasting and risk.

The whole of this aspect of work has been supported by
continual industrial feedback to ensure that a potential wuser
had a satisfactory product, as for instance outlined by Davies
(1986). The industrial feedback showed the need for two other
facilities namely, an indication within the programmes of the

next stage of work and the idea of creating project shells,
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(typical job proto-types).

The above facilities have been well received by industry
and were further seen as a means of improving communication
between the <client and management. In addition the time
constraint imposed by business requirements showed the need to
add a ‘’get out’ clause which stored the current work and
allowed the user to return another day and continue with the
same job.

The problem of job-coding was further alleviated by
storing both a library of essential information about ongoing,
completed work and of all past work i.e. copies, deletions and
new jobs created. It is the latter facility combined with

'what if?’ editing facilities that allowed project shells to be

used.
8.2 Field trials results

The reaction of the industry to the software was critical
to 1its development, The major number of trial responses was
from the project management sources. The second critical
source of feedback was from the marketing field. A major
electrical group's switch-gear marketing was reassessed

successfully wusing VISIER and showed the potential in this
field of work. In addition commercial usége was explored.

The +two fields of operation, marketing and project
management were seen as opposite ends of +the spectrum of
application and hence show the broad base viability of

pragmatism of this thesis.
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The section is based on both interview and questionnaire
reports (see appendix 6)

The final form of the software largely resulted from the
feedback from these industries and the questionnaires were left
until version 1 of VISIER was agreed to.

In total software tfials were conducted over 18 months and
showed that the software, <called VISIER, 1is genuinely seen by
practitioners, 1in commerce, project management and marketing,
as a new aid to management. Nine groﬁps carried out the trials,
in varying degrees of depth, three in each of the above fields
of operation. The managers concluded that this package is
unique and cannot be compared with any other known software.

This latter aspect was well researched in the field
trials. The only available "roughly" comparable software which
has some functions which aim at similar uses are summarised 1in

table 8.1.
The field trial results are outlined below :-

a) User friendliness

"Eminently usable" ©but some technology would be

unfamiliar to the newcomer.

b) Modular usefulness

The Planner 'What if?’ was found exceptionally
useful. Global use of VISIER showed all modules were
either very useful, although some less so depending
on the discipline (marketing, . commerce or project

management) .
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c)

d)

Learning

This was seen by all concerned to be a slow
process. It was suggested that five, one-day sessions
over six months were required for full
familiarization, a year to fully utilise VISIER. (One

day allows you to start using VISIER.)

Scope
This was found to be continually expanding - new
uses have been found by all parties including the
author. The overall scope is not estimable at

presént. The newest sphere of use has been for +town

planning work.

e) Future expansion / shortfalls

A possible expansion of graphics has been
suggested. But in line with ’'scope’ above, not until
VISIER is fully explored can this be judged further.

No shortfalls were observed.

f) Practical advantages

' The consensus view was that VISIER should give
at least a 10% saving in marketing and contracting,
with respect to both costs and time. Greater
competitiveness as a result of wusing VISIER was

anticipated by project managers.
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VISIER was seen by all commercial and industrial
management who had been approached, at different feedback
levels, as a commercially viable tool and as filling an empty
niche in the software market. Its only drawback was its avant
garde nature, thus the requirement for carefully planned

marketing. It was further anticipated that VISIER would have

slow initial acceptance.
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CHAPTER 9

CONCLUSIONS

This research project consisted of two major fields of
study namely the development of new theories in forecasting and
risk analysis and secondly their implementation, in particular,
in management.

The research successfully developed new theoretical
concepts for deterministic growth curve forecasting and a new
basis for generating stochastic risk distributions. This was
supported by extensive tests.

These developments guided the exploration of the means by
which to practically implement these theoretical results in the
guise of relevant software.

The conclusions are broken down into three sections, the
first two being concerned with the theoretical developments and

the last considers the pragmatic issues.



9.0 Introduction

This research set out to assist with controi and budgeting
of projects in the Construction Industry. The experience gained
Oy studying a large portfolio of projects has been invaluable
and has contributed directly to the underlying research and its
applicability. Since cumulative <costs of projects always
exhibit a growth curve pattern, a study was made to formulate a
better model to represent project cost-breakdowns. The research
showed up many weak areas in current growth curve modelling.
There 1is no doubt that many of the sophisticated techniques

used to improve the use of traditional deterministic models

developed in 1825, have their place. However, +the rather
different data characteristics produced by Construction
Industry projects, forced the author to evaluate the

foundations of deterministic model building upon which current
models are based. Stochastic innovations based on the earlier
models had not shown a high degree of success, hence intuitive
judgement indicated that the model basis, rather than the
technology, was the key to brogress, which successfully led to
the primary theoretical developments in this thesis.

Risk analysis, which is a very broad subject, was only
considered in the context of the major practical drawback of
the beta distribution and related interpretative problems. The
current methodology 1is not considered adequate for "naive
management use" hence there was seen a need to achieve more
"user friendly" risk assessment procedures.

The pragmatic issues considered in this research were to

generate a practical means of integrating theory with the needs
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of management and thus to develop new aspects of information

feedback, which could not have been achieved without the new

theoretical techniques.

9.1 Summary of findings in forecasting.

The fundamental objective of this section of research was
in the first instance to prescribe more fully the definition of
the term growth curve. This led to the introduction of the
concept of the secondary process and produced a means of
controlling the 1initial rate of growth and catering for
bimodality. The six case studies analysed, which are highly
diverse in nature, upheld the wvalidity of the secondary process
concept. Furthermore, these studies showed that a two parameter
solution derived from the new model was generally a better
predictor than the equivalent traditional models, which is seen
to be a direct result of the concept of the secondary process
and possibly due to tﬁe introduction of the, hitherto
apparently unknown, differential of the error function (DEF)
equation,

The forecasting results proved the robustness of the model
on two premises, A small number (¢. a minimum of 15)
observations were required for a feasible curve fit in the case
of the 4 parameter solution, while many traditional models
failed in this situation. Secondly, one case study (PVC)
showed that all traditional models failed, however, the néw
model did give a statistically valid solution.

The comparative tests showed a notable reduction in trial

forecast errors, namely an average 59% lowering of SPE errors
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in the seven trial forecast comparisons with traditional
models. The split was 67% drop in the «classical (marketing)
studies and 57% in the project case studies.

The research did not reject the use of traditional models,
but added to their potential use by both improviﬁg their
analysié and simplifying their applicability by specifying a
"point through thch a growth curve was constrained to pass
(unity point). The latter is a direct result of the needs of
the wunity point used in project control. Perhap; it was a
consequence of analysing growth curves from a radically
different standpoint, which led to the discovery of the flaw in
the analysis of traditional consumption process. This
emphasised the need to ensure that data has the characteristics
of' growth curve models, 1i.e. - to be applicable, the
observations should be monotonically increasing.

The varied nature of the case studies investigated,
brought_ to light the need to improve comparative statistical
measﬁres. The standard percentage error (SPE) usefully repiaces
the standard error (SE) and can be. said to 1indicate good
results if the SPE value is below 3%. In a like manner the mean
érror was replaéed by_the mean percentage error (MPE). The
nature of the solutions had also invalidated the strict use of
the saturation level (value at infinity) and its SE. These
measures have been replaced by the 50% ahead forecast and its
related standard error approximation, giving more realistic
measures of future performance and reducing the need to inspect
the information matrix. No evidence has been found to encourage
the use of autocorrelation, however the question of the use of

the Kalman filter technique is left unanswered.

161



Finally it was demonstrated that the new model is open to
a variety of practical interpretive uses. For instance the
sensitivity of projects to external influénceg may be studied
by building non-cumulative curve profiles from either :-
the elements of the secondary process

or by setting peak and trough points.

Préject control is directly assisted from an early stage
using this aﬁproach, certainly before half +the project 1is
complete and subject +to estimates of the project cost and

duration.

9.10 Future investigations

It was impossigle to consider all aspects of this study,
in particular alternative modelé which have been found. Future
work is enviéaéed in the area -of further developing and
evaluating élternative models, such as fhose already cited.
Another area of research could be to find new secondary process
elements and possibly test the inclusion of more elements in
models, in particular from the interpretive viewpoint.

Statistical and technical issueé exist that are also
wofthy of fﬁrther investigations. For instance specific
findings indicated that the question of statistical feasibility
requires clarification. It might also be useful to attempt to
minimise the mean absolute percentage error as a method of
finding best solutions, however such a study would have to

consider the impact of information matrix theory.
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Equal importance should be attached to furthering the
practical wuse of these models, 1in particular the practical
points raised in 9.1 have only so far been rudimentarily
tested. The fields of study considered presently by rege;rch as
opposed to the practising public, require expansion. These
areas should 1include problems of decay as well as growth.
Potential areas of investigation would be - biology,
demography, materials science, corporate planning and a large
vista of industries who are concerned with project control.
Finally a database could be constructed which related similar
problems and could be used as a basis for correlating results
and also act as an historical record from which to build
projections of the possible outcome of a new growth process.

It 1is felt that the <case studies presented cover a wide
enough spectrum to justify the statement that; the scene has
been set for fresh work to be <conducted in growth curve

forecasting.

Q.2 Risk analysis

An alternative approach to deriving risk functions was
found and used‘to develop a new distribution function for risk
analysis. It is believed this methodplogy should have a wider
application. Particular importance was attached to the
reqﬁirements dictated by the needs of industry. In this
respect, an example has been set by responding to feedback from
the project management users of risk analysis.

The nature of the new risk distribution overcomes the need
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to specify 1its wvariance, which is a requirement of most
continuous probability distribut{ons used in risk analysis. It
is particularly relevaht in the case qf the use of the beta
distribution in PERT/RISK. This uses an approximation of the
equation derived for the mean when the standard deviation is
1/6, i.e.:- a single value selected from a range 0 to 1/2, thus
notably reducing the potential use of PERT. This result is
graphically depicted in figure 9.1

The new function developed in this work requires no
approximations of parameter estimates, as is the case for the
commonest method of using the beta distribution. It further has
the advaﬁtage of approximately encompassing the simple risk
functions commonly in use. The evaluation oflindustrial needs
has led to a practical means of establishing risk functions,
thus supporting the principles initially set out to establish
this new function. It is hoped that the current impetus of
industry to pay attention to analysis of risks will generate

greater practical feedback, which will foster further analysis

as exemplified in the above proposals.

9.3 Pragmatic developments

The new theories have been transformed into robust and
dynamic computer techniques, which form the basic structure of
the developed integrated software. The package amalgamates the
use of quantitative 'management information and generates

relevant feedback for the decision maker.
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The field trials have confirmed that this software fills
many of the management aid shortfalls, highlighted in a recent
indepth survey. Both these investigations show areas of future
research which relate to this package.

It 1is envisaged that future theoretical investigations,
for 1instance cyclical growth cu}ve models, would expand the
vefsatility of the software. Some developments have already
been made which expand the softwaré facilities by interfacing
with available packages. This is regarded as an ongoing area
of work with useful feedback on all the interface components.

However, the primary area of study of pragmatic value,
directly relating to the current work, 1is in expert systems.
It has been proposed to utilize this software, which has minor
expert system style devices, as a test bed of knowledge Dbased

system research.

9.4 ' General conclusion

The major result of this research was the establishment of
a set of new concepts for generating deterministic growth curve
models . This hag led to progress in tﬁe area on several fronts
and tests have shown that a significant drop in forecasting
errors has been achieved. The research has been expanded to
show that +the new range of models will allow for seasonql
adjustments.

Testing the neﬁ set of models with relevant data has shown
that this methodology 1is also applicable in the marketing

field. In addition, features which are common to specific
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categories of construction projects, have been found to
encompass a very broad range of both cost and duration.

The above work has also led to the development of a new
continuous risk distribution function. This function's primary
advantage is that it overcomes the major drawback of +the beta
distribution, wused in PERT types of analyses which assume a
constant variance.

Non-linear regression methods were adopted and further
developed for: testing the wvalidity of curve fits and
generating approximate confidence limits.

These techniques have been amalgamated into a software
package; which permits a major simplification as well as a more
rapid and precise means of planning, control and risk
assessﬁent for both projects and marketing strategies. The
structural basis assuﬁes that bar chart information is known.

This software resulting from the theoretical breakthroughs
has currently successfully undergone field trials and has been
well received in commerce generally and in particular the
construction and software industries.

The aims of this research have been achieved, culminating
in new theories and a totally new aid for management. In turn
theseé successes have opened up many new avenues of future

research.
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AP P ENDTI X 1

STATISTICAL _THEORY

This appendix describes the theoretical basis for the
cstatistical analysie used to support the curve fitting
procedures. It was found necessary to adapt current methods
in order to cater for multi-component models. Furthermore,
approximations were deduced for confidence limit computation
and thus avoid the time consuming simulation procedures.
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A 1.0 Information matrix

The main purpose of this section is to describe the
technique adopted, for the purpose of ensuring the
reliability of all curve fits, to generate an informaton or
variance—-covariance matrix.

Given the SSE =3{(Ye — Fe)=)

and Fe = F*¢ ~ F*o, Fe = Y + residual

where F*s = measured value at t = 0

The standard error (SE) is :-—

SE = eqr(S5E/n) for the traditional models

for the proportionate case this takes the form :-

ep = sqr(SSE/n)/F*p

where D = time of last measurement aor fit end
and n is the number of observations.

It may then be shown based on Goldfeld and Cuandt (1972)
that if -

b4 =3¢ ayt/aajdy'tx’ﬁau,
where a. are the model parameters

and j,k have values 1 to m,
such that m = number of parameters

(1) vy« may be replaced by Y*« and se by SE
(2) if ye=f(L)/f{(D)
thep it is advisable to ucse the relationship :-
Qye/das=(3f (t) /das—ye#df (D) /a4 ) /(D)
The information matrix is given by :-
Viw = se [ baw ]°%,

where [ biyw 1 is the matrix of the bs. values above
Vi = covariance of parameters ajs; and aw,

but if j=k then V44 is the variance of a;
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The adjustment for the number of degrees of freedom for
the ©GE of the parameters has not been made, based on a point
raised by EBox and Jenkins 1976 that :-

"arguments can be advanced for using the divisor n-m
rather than n, but for moderate sample sizes the correction
makes little difference".

However when testing the validity of the procedures abaove
against published results the correction was incorporated.
The resulting evaluations then conformed with the MACC
results guoted by Meade for parameter SE values.

Subsequently this adjustment was not used in order to give
consistent information and due to the Box and Jenkins point
cited above. Hence the SE values of parameters and curve Ffit
refer to the sample size (n). For the purpose of comparison
with the SE values of parameters in Meade (1984), a first
approximation is to multiply the appropriate results given in
appendix 2 by the sqare root of (n/(n—-m)).

A 1.1 Approximate confidence limits

This calculation is based on Gregg et al. (19464) and
Williams (193%9). The procedure is a first approximation based
on the Taylor's series expansion and is an extencsion of the
method used for estimating the SE of a single value in linear
regression.

The standard error of a single value is :—
SE of y =

SE sgri{ 1 + 1/n +
Iy 2k (aYt/aa.saYt:"dak *V )3

The tolerance limits of vy = y + or - t*(5E of y), t being
the t-distribution value. The SE of a single periodic value
is given by the above formulation, but for t>0 the value y.
in the differential is replaced by ye—ye-a1 the periodic value
at time t.
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AP PENDTIX_ 2

The major case studies considered in published literature
were reviewed by HMeade (1984). Those selected for detailed
analysis by iMeade, outlined in section 4.21, have been used

as a test-bed for this thesis and are analysed in this
appendix.
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A 2.0 Introduction

For the purpose of clarification of one of the major
marketing issues considered by Meade, the introductory
csection of 4.21 which primarily consists of guotations, is
restated below.

Meade presents market growth as a comparison between
adoption and consumption processes, which he describes as
follows.

Consumption process :—

"4 consumption process reqguires an initial decision to use
a product and a seguence of subsequent decisions first to
continue usage and secondly to determine the level of usage."

Adoption process :-—

"4an adoption process requires a single decision by a
non—owner to become an awner."

Meade further states that -

"A consumption process can {fall theoretically to zero" and
that "this is not the case for adoption.”

Rased on the definition of a growth curve, that it
describes how csome guantity associated with a arowth
phenomenon inrease=s with time, the consumption process

represents the rate of change of the use of a product. This
indicates a reasonable conclusion would be that -

‘The cumulative value of usage or total consumption to
date would be the correct descriptor of the consumption
process growth curve,’

CONSUMFPTION FROCESSES

The following case study, on the consumption of FVC per
person annually, demonstrates the above proposition: namely
that a cumulated consumption process is a growth curve.

A 2.1 U.K. consumption of FVC

Hutchesson (19467) studied the annual usage of FVC, he used
data from 1950 to 1965. Meade [1984) reanalysed this data using
the models quoted in section 4.20.
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The result of testing the above models showed the full
curve +it gave nearly identical SE values for the two
logistics and Gompertz in the range .22 to .Z4. The Gompertz
was the only model which had parameter values with smaller
corresponding SE values, hence it was selected for the
caomparative tests.

As all these models were non—feasible this meant a large
number of variations on the generated constants would serve
equally well to create a diversity of curves all giving good
curve fits.

Meade concludes his analysis stating :-—

"That none of these (four) growth curves can affer any
useful information to the forecaster”.

In wview of the suggested alternate solutions to thie
study the non—-cumulative or annual per capita use of FVC
the original data will be reviewed first.

- n
]
m

-
m w

a) Non-cumulative PYC_ {original data)

The author’'s model gave a SFS with a best curve fit
SE=.29, which was higher than that of the Gompertz with a
SE=.24. This rasult was given by the three parameter form of
the fourth solution {(m=0) illustrated in figure a 2.1 .

The study was continued and a fit/forecast was made using
the first 11 years (1930-1%2460) to determine +the parameters
for the trial forecast. This resulted in a SFS only far the
one parameter caze, which had a full curve fit 8E=.34. .The
trial forecasts Ffor all four solutions had SFE values which
only differed marginally from 17% to 20%. Thus it was found
preferable to base the final forecasting decision on the full
curve Ffit results. For this reason the three paramater form
of solution four was selected for forecasting fraom 1945.

This gave for the 507 ahead forecast in 1973 a SE of v of
7.3% of the predicted value of 14.7 or a 95% confidence range
of 14.2 to 19.4. This result is compatible with the actual
1973 value of 14lb/head of FVC, see table a 2.1. The
corresponding result for the Gompertz gave a SE of y=15.3% of
20.81b/head of FVC.

In order to illustrate the spread of the confidence limits
with predictions further in the future the last value quoted
by Meade was selected. This gave a production level of
171b/head for an B0% ahead forecast of 13 years (1978). The
author ‘s model gave 95% confidence limits of 146.4 to 2B8.2
about 2Z3.41b/head of PVC. The 1978 estimate of the Gompert:z
gave 33lb/hezd ranging from 14 to 52.
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Hodel TEST  Parameter values Statistical neasures 501 ahead forecast Comaent
span_ (SE of paraweters) SPE (SE) KPE value (SE¥) perjod

Berny ¢ r 9 p
0 tel0 32 .27 161 15,2 4851 (.18) -0.561 10.2 (26.81) 1965 forecast it
{.80) (.12) (11.4) (10.8)
Htely = * " R {7 S O ) B % trial forecast
0 tol5 .18 0 27.8 26.8 3471 (.29) -L.200 167 (7.3 1973 full curve fit
120 - (10.8) (10.2)

Gonpertz @ b ¢ =
1 to 16 387 £.65 .05 - 2851 (.24}  L.061 20.8 (15.31) 1973 full curve fit

(760) (1.9) t.017) -

TABLE A 2.1 Results fron the analysis of the Hon-curulative case F¥C (1950-1965) foriginal data)

Kodel TEST  Faraseter values Statistical neasures SUL ahead forecast Comrent

span__ (SE of paraneters) SPE (St) KPE value  (SE¥) period
Berny ¢ v g p
0 tol5 47 0 LI L&I 0.831 (.28 -0.081 12.5 (211) 1971 full curve fit
L1 - 0 (30
Gonpertz i b ¢ =
I tels 44 6.70 .92 - L300 (L.00)  .B51 8.0 (1) 1973 full curve fit
(65.9) 10.2) (.01) - '

TABLE A 2.2 Results frox the analysis of the Cunulative case F¥C (1950-1765)

Note :- In ALL the subesequeat tables the SE¥ is used to represent the SE of y values given as a1 of Y¥)
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b) Cumulative FVC_data

In order to test the proposal that a consumption process
is in fact only a true growth curve if the data is cumulated,
the author’'s model and the Gompertz were fitted to the data
giving total production to date.

One aspect of this analysis was that it exemplified the
alternative starting value for the g parameter. The range
between the maximum smoothed slope and DEF solutions for g
gave periods 14 to 29. The best solutions used xg=21, giving
the unusually low SFEYZ=.53 (SE=.28).

The results of this test showed not only that both models
gave 5FS5 but more realistic estimates, see table A 2.2 and
the graphical comparison shown in figuresA Z.2B3.The SE of vy
values have been calculated for the periodic case (see
appendix A 1.1) in order to evaluate the annual production
levels. For instance in 1971 (30% ahead) the production was
121b/head. The Gompertz underestimates this value giving 8.2
with 937% confidence limits 3.9 to 12.5, whilst previously it
overestinated giving limits 12.8 to 20.9 about 16.%9. The
author predicts 12.5 with a range of 8.5 to 146.5, the earlier
range was 12.6 to 16:3 about 14.5. The 50% ahead forecasts
gave 93% confidence limits of 7.0 to 18.1 about 12.5 and in
the Gompert:z: case these limits were 3.1 to 12.9 about
.0lb/head compared to the 1972 value of 14lb/head.

The author’'s values decline in guality but nevertheless
show an improvement on the earlier forecasts. Hoth models
were statistically Jfeazible in  the second case adding
credibility to the proposal that this data should have beeen
cunulated. While the pragmatic view may be that growth curves
cannot indicate annual fluctuations about trends, hence
cshould not be used in such cases, it is not unrealistic to
use them if they can be relied upon.

A 2.2 U.K. consumption of titanium dioxide

Harrison and Fearce (197Z) studied the annual production of
titanium dioxide using data from 1925 to 1948. Meade enlaraed
upon this.. analysis and showed using a fit/forecast of 4
years (1925-19538) with a trial forecast of 10 years
(1959-1968), that the cumulative lognormal was the most
likely model to give good forecasts. The author used the same
time division and obtained a SFE=S5.4%Z (SE=.11) for the
forecast period, which is Z6% lower than the GSFE=7.1%
(SE=.15) given by the cumulative lognormal. However the best
curve fits of the complete data set gave nearly identical
results shown in table A 2.3.
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In order to judge the forecasting performance of the
selected models a prediction was made for 1979 (11 vyears
ahead), which had a production level of 3Z.43kg/head. The
resulting production estimates for 1979 were 3I.66kg/head for
the new model and 3.61kg/head for the cumulative lognormal.

The change in annual production shows extremely irreqular
features. This is illustrated in figure A 2.4, which has only
42 periods. The loss of 2 periods was caused by the fact that
production stopped in 19246 and 1927. As the initial value
(F*o) was equal to the 1925 production level the next two
vears were suppressed. A further consequence of these
fluctuations required the unusual step in the model sclution
to set the specified values one year before the last data
values. Thus D=30 {1937) and Y*p=2.1 for the +trial Ffit and
D=40 (19&67) with Y*p=2.85 +Ffor the Ffull data set. The
irregular nature of the data, as well as the fact that it
represents a marketing consumption process, indicates the
need to cumulate the data as was found valid in the FVC case.

The present sclution does have one extra  Ffeature which
results from the fit/forecast choice of the p=m=0 parameter
caze. It describes a trend showing a constant annual increase
would occur in the foreseeable futuwre. Inspection of figure A
2.4 indicates that this may be a plausible result.

ADOFTION FROCESSES

The last half of this appendix considers Adoption
processes. The best known example used in current growth
forecasting studies is the following case study on  "Spanish
Tractor Industry" introduced by Mar-Molinero {(1980).

A 2.3 Tractors in Spain

Mar—-Molinero 1980 (MM) made a special study of the tractor
economy in Spain for which he selected the lagistic after an
extensive study of the tractor industry in Europe. In
particular he was concerned with the interaction between the
production levels of tractors and the economic climate in
Spain which is’' a largely agrarian nation. He fitted data
spanning the years 1951 to 19746. In an endeavour to improve
results he introduced an autocorrelation correction by
generating a lagged error term.
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Kodel TEST  Paraneter values Statistical measures 501 ahead forecast Connent
soan  (SE of paraweters) SPE (SE) NPE value  (SEX) perioed
Berny q ] q p
0 ted11.10 0 541 0 4.331 (.0%1) 0.091 1.24 (13.41) 1975 forecast fit
' (1.3 - (.19 -
J4to 4] * r " 5401 (1D 3.861 trial forecast
0 to431.38 0 8.66 0 2.921 (.088) 0.851 4.30  (4.01) 1988 full curve fit
{0.45) - (1.280 - '
Cur logn s b 4 < ;
I to 34 4,13 3.49 886 - 4.331  (.091) 0.211 3.06 (.11) 1975 forecast {it
(1.20) (.24) (.11) -
35 to 4¢ ' . o1 (L149) 5,731 trial forecast
[ to 446,12 3.82 .819 - 2,881 (.087) 1.981 4.13  (5.21) 1988 full curve fit

(1.22) (.19) (.08))

TABLE A 2.3 Results for the amalysis of Titaniuw Dioxide production (1925-1968)
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The method wuscd for correcting first order autocorrelation
may be applied to any of the presented functions in the
following manner.

Let ye represent the model function then:
Y% = yo + 8 (F*¢ey = Ye—1) ve.2q. 27

where 6 is the autocorrelation constant

and Y% = F*5, otherwise ti=

Furthermore if there is no more data then a trend pattern
may be generated by replacing F*c—y by Y®c_s.

Meade (1984) continued with the above study and made a
fit/forecast using 16 vyears (1951-1966) for the. fit and 10

YeAars {(19587-1974&) for the trial forecast. Meade's
investigation validated MM’'s choice to use the logistic.
Hence this model was compared with the author "s. AN

alternative approach was taken by Oliver (1981) who showed
that marginal improvements could be made using his extended
logistic see equation 18. The effectiveness of Oliver's model
improved with shorter time spans, howsver this point has not
been investigated further.

The use of the leogistic has been fully explored in  this
case study. Tests were made using the extended logistic and
the two parameter form shown below, but in the latter case
only & full curve fit was made. The author ‘s model was .alsao
subjected to autoccorrelation and had the same order of
success as in MM's case. While the curve fit improved with
avtocorrelation it made no significant difference to the
forecast using the trend extension of equation 27.

Three parameter (Oliver) logistic :-—

Y*e = e+i{¥*p—e) (1+b exp{(—cD))/{1+b exp{-ct))

where =26 and Y"p was taken from the last measured value
in 19276

The fourth solution, with m=0, was selected + o

torecasting purposes. This solution gave a trial forecast
SPE=3.79% (SE=.64) which was 647% lower than the best logistic
result and 78% lower than the result guoted by Meade. It was
not statistically feasible, but markedly better than the next
best solution (no. 3 with m=0) which had a SFE=5.15%Z (SE=.87)
and was a §FS. The best logistic result, given by using a
statistically derived saturation level, had a trial forecast
SFE=10.5%Z (8E=1.77). This was in itself 34% lower than the
result gquoted by Meade, who obtained a SE=2.63 or SFE=15.6%.
Table A 2.4 summarises these results but only makes
comparisons with Meade's results. 2



Hodel TEST  Paraneter values Statistical measures 501 ahead forecast  Comnent

span  (SE of paraneters) SPE__ (SE)  MPE value (SEx) period
Berny g [ )
0 tol3.193 0 .59 0 291 (.385) -0.041 .1 (15.91) 1972 forecast fit
. o9 - (.69 - .
Hte2s » = * Y 8 v/ A 7 I WY 4 trial forecast
Logstc. -2 b <

I to {26540 10000 I 2210 (97 OS50 (3AL2) 1972 forecast fit
(3.9 #07) (4.3%10°) (.01)
ISto2d " L = 0 (40.3) 2251 trial forecast

Kote := 2 This resull nay be caused by a matrix instadilily due to the size of the parameters

Hedel TEST  Paraseler values tatistical measures 507 ahead forecast Corzent
span__(SE of paraneters) SPE (SE)  HPE value  (SEX) period
Berny g 1 g [
0 to 15 .27 LY L5 LIIL (.26) 0.851 347 (20.41) 1974 forecast fit

0
(47 - (L11) (.63)

Bto2i = » fOLBL LMD -14.50 trial forecast

0 to25.372 0 1225 1276 L.021 (410 0831732 (211 1999 full curve fit

(.039) (1.87) (L.31)
Logste. a b o« e
to 16 54.0 61.8 .21 - 2121 (,358) 0.47130.6 (17.11) 1974 forecast fit
(18.5) (16.0) (.02} (author's results)
Ste2s = * " OILBL (2,521 -14.51 , trial forecast

I to2652.1 50.2 195
(1.40) (2.38) (.003) -

LI (.42) 0.07150.8  (2.51) 1988 full curve fit

TABLE A 2.4 Results from the analysis of Spanish tractor production (1931-1376)
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A recent strategy for forecasting +rom models, using &
Kalman filter, has been developed by Meade (1985). In thie
work Meade used the logistic as the base model for this case
study. However, his fit/forecast used 14 vyears for the
fitting procedure, hence his trial forecast spanned the years
1965 to 1976. The least squares estimate for the logistic
grossly overestimated forecasts (MAFE=8%9%), but the new model
gave sound results (MAFE=Z.05%X). BRoth 12 years ahead
fit/forecasts using least squares are included 1n table A
Z2.4. The Kalman filter method gave a mean absolute percentage
error (MAFE) value of 5.05%. MAFE was-used as it was adjudged
by Meade that it was a better indicator of the performance of
his technique.

The Kalman filter improves the performance of the logistic
and presumably this effect would be more pronounced using the
new models. This argument fosters the proposal that better
models are as important as techniques for advances in growth
curve forecasts.

All  the forecasts from the full curve fit indicated far
higher levels of production than those generally indicated by
the logistic. For this reason the Spanish Embassy was
apptoached, who supplied data upto 1282. The 1982 production
was S6.24 (in 10000°'s), this confirmed the author’'s estinate
namely S5.67 (1% lower), see table A 2.5.

The leogistic results gave a range of marginally differing
values for 1982 the best being 0Oliver’'s logistic in  the
author 's two parameter form giving 49.3% (12.4% lower than the
1982 wvalue) showing soume validity in Oliver s extension and
the parametric simplification. The logistic appeared uUrnable
to give & higher satuwration level than the three parameter
Oliver model giving a value of 55.8, thus this type of model
gave a maximum which was reached between 1981 and 1982, the
1981 production level was 54,81,

The success of the new madel with this case study is
attributed to the fact that it generated a trend which
followed the smoothed data pattern. This profile showed
continual growth as opposed te an early peak indicated by the
laogistic. These points are clearly illustrated in figure A
2.5 and A 2.6. The first compares the new model with the
logistic and the next gives a comparison with the smoothed
data trace.

The autocorrelation correction” Showed little impact on the
solution as indicated in the 1list below. This case study
illustrates the value of the reduced parameter versions of
the logistic suggested earlier and the statistically derived
saturation levels as well as the robustness of models built
an the concept of a secondary process.
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1982 predictions = Logistic Y SE S

1) Keade paraseters i7.46 42 110
ith autocorrelation 00030 .80

2) Saturation “a“ derived statistically 47.56 438 1,09

3) Tuo paraneter case 0.5 A48 109
4) Dliver 49.30 411 1.08
_ nith autocorrelation 48.42 319 19
5) Three paraxeter Oliver 49.25 41 1,08
uith autocarrelétinn 49.29 A .19
1982 predictions  Berny Y# SE SPEL
1) Third solution (=0} 32.98 84 J4
with autocorrelation 52.92 291 35
2) Fourth solution (2=0) 35,87 Al 1.02
with autocorrelation 55.49 .29 .3
ACTUAL 1982 production 56,28

TABLE A 2.5 Results using all variants of the logistic and Beray wodels for Spanish tractor production
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A 2.4 Colour Television

This case study was concerned with the new rentings and
sales of colour televisons in the U.KE. between 1947 an 1978.
The data was taken from Hagot (1979) and categorised by Meade
as an adoption process. The quarterly measured value aof the
growth curve was the proporticn of households owning or
renting at least one colour television set.

It was observed by Meade (1%984) that there was a marked
drop 1in sales at the begirming of 1975. For this reason he
chose to make two fit/forecasts, namely 1967 +to 1974 (28
periods) and 19457 to 1977 {40 periods). Meade tested the four
models listed in section 4.2 and found that the three which
gave SFSs had unsatisfactory saturation levels. FMleade
selected the Gompertz and cuwnulative lognormal as a base for
farecasting analysis. The logistic was marginally better faor
forecasting between 1974-1978, but its satwation level

33.2) was lower than the 19278 wvalue (68.11), hence this
model was discarded.

The comparison with traditional models is shown in table A
Z2.6. The trial Fforecast S5FE values are 487 (1274-1978) and
774 (1977-1978) of the lowest respective SFEs given by the
two selected traditional models. The full curve fit was also
compared with the cumulative lognormal and Gompertz. The last
model gave a much better fit than the logrnormal hernce it was
used to compare with the new model see figures A 2.7 and A
2.8. This shows that a better trend pattern exists near the
end of the data, which is attributed to the initial slope
element.

Meade 1983 also used this data to test his development of
the Kalman filter technique and utilised the Gompertz as the
underlying model. @& similar drop in trial forecast errors, to
those found above also, occcurred when testing a 12 qguarters
ahead prediction. The least sguares results are included in
table A 2.4, the MAFE=.994 ftaor the new model and 1.99% far
the Gompertz based Kalman filter trend.

Meade {(1984) proposed a sclution to the problem of the
drop in sales after 19274, by making the saturation level of
the remaining models (Gompertz and cumulative lognormal)
dependent on the Index of real personal disposable income
(rpdi).

Ta represent the rpdi he introduced :-—

parameters a* and b* to replace a,

thus a=a* expib*z.)
and =y is the ith. period rpdi index.
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(.888) (.451) (.002) -

[ Kodel ~ TEST  Paraneter values Statistical weasures 301 abead forecast Comment
span  (SE of paraseters) SPE (SE) MPE value _ (SE¥) peried
Berny g 1 q P
0 to27 659 0 3.61 S.20 0.9 (.397) 0.41 71.3 (6.81) 1977 02 forecast fit
(.207) - (.489) (.181)
Bty = *» ¢ ML (4.98) -10.11 trial forecast
Goxpertz a b ¢ =
1 to28 101 9.3 .085 - L20L (.497) 0.3 71.3 (4.41) 1977 02 forecast {it
(8.53) (.44) (.005) - (author's results)
HBitodd = " ' "o 2.4 (8.89) -19.51 trial forecast
Berny S R B | P
0 te 3918 0 583 797 LAIL (L791) 0.87172.5 (5.07) 1978 04 forecast fit
(.184) - (.783) (.428)
Rtodd = = ' POLAL LA 119 trial forecast
Gonpertz I B « =
1 tod274.6 1.6 .A06 - L1301 (.680) 0.45% 6.5 (3.01) 1378 &4 forecast fit
(2.95) (.7%) (,005) - {author's results)
Atedd * g ’ " LE01 (1.28) -1.601 trial forecast
gerny g r ¢ P .
0 to 39 1.453 .279 9.41 14.47 L1161 (.725) 0.23179.4 (2.01) 1981 @4 forecast fit
(.074} (.188) (.53) 1.99)
Htodd = *+ o040 (372 0.541 trial forecast
Cur logn 2 b ¢ -
1 to 40755 L29 435 - LT (.8200 0.42173.1 (2.01) 1981 G4 forecast fit
(2.04) (.02} (.014) - (author's results)
Mtodd ™ T 247 (L07) 2.541 trial forecast
Bervy g ‘ q ?
0 to 43 L767 .32 11.1 17.0 0.961 (.652) 0.011 82.1 (1.41) 1983 02 full curye fit
(.047) (.103) (.50) (,97)
Gonpertz 2 b ¢ =
[ to 44751 10,7 .102 - LIGL (.797)  0.14174.1  (1.51) 19837 @2 full curve fit

TABLE A 2.8 Results fron the analysis of Colour television sales Q.1 1957 - Q.4 1977)
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The trial forecast results for the fow quarters
(1977-1978) gave a SE=.35 uwsing Meade's modelse. The new
model, which used no external information, gave a marginally
higher SE=.37.

If we regard the rpdi index as a parameter, then his new
models have in effect five parameters. As has been shown such
models can be reduced to four parameters by use of a
specified point and thus his farmulations are compatible with
the four parameter solution. This assumes the rpdi  index is
linearly forecast. PMeade adopted this condition to make
preictions from 1978. His results gave a sales value for
period S22 (6.4 1980) of 75.8 with 95% confidence limits of

2.2 to 78.6. The new model gives comparable results, the
expected sales 'being 75.86 with 954 confidence 1limits
estimated to be 74.1 to 77.1.

The need to use additional data to assiset forecasts 1=
viewed as a weakness, to be avoided if possible, and probably
created the wider confidernce limits shown above {for the Meade
model . :
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AP F ENDTI X _3

The need to enlarge the scope of growth curve studies was
highlighted at the outset of this thesis. The observation,
that there is a dearth of analytic work in the rich tield of
project  management, is being corrected in this appendix by
the inclusieon of two Constructicon Industry projects. These
were subjected to the same rigouwous conceiderations, as the
marketing cases in the previous appendix.
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A 3.0 Introduction

The projects considered for inclusion were selected on two
premises, namely - type of wor k and growth curve
characteristics not +found in the earlier marketing studies.
The first was the cost breakdown of civil engineering work on
the A40 road. The monthly costs exhibited bimodality, which
was stated to be caused by a dramatic drop in the work load
during severe winter weather. The second analysis, the
building of an advanced factory, was selected because of the

nature of the work and that the growth showed a
‘discontinuity” in the cumulative cost profile. The reason
for this was an exceptionally high cost of one months
duratiaon, possibly attributed to machinery instalment,

typical of new industrial estates.

A 3.1 A40 roadworks

The major reason for the inclusion of this project is to
demonstrate the effect on the prediction of paying attention
to bimodality in the growth curve model. It is also being
used to show the use of the unity point when it is placed at
the anticipated project end. In order toc achieve a comparison
with the listed traditional models the two parameter solution
1= included.

The data was subdivided for the fit/forecast commencing at
period 0 (with initial cost zero) fitting to period 18 and
the forecast was made to period 24 in order to establish a
viable sgolution. This resulted in solution four being
selected with a forecast SFE=%.3%.

The second stage in the testing was to forecast from
period 24 to period 31. This showed that the forecast given
by solution two was marginally better than that of solution
four in terms of the SFE (1.9% versus 2.0%4), but the MFE was
407 lawer for the four parameter forecast. The latter
indicates that the predicted values passed maore smocthly
thrrough the data in solution four. Nevertheless the purpose
of this exercise was to establish the superiority of solution
fouwr for bimodality, this is illustrated in figure A 3.1 and
is Jjustified as its full curve fit gave a SFE=2.3% using the
algorithm.

The comparison between the traditional models and scluticon
two is included in the summary given in table A 3Z.1. The
initial testing for fit/forecasts showed that the cumulative
lognormal gave the best prediction from period 18 to 24 with
a SFE=18.47%, which 1is nevertheless higher than a SFE=12. 6%
for solution two, thus solution two has 1its SFE 3J0% lower
than the lognormal but the trial forecast for solution four
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Kodel TEST  Parameter values Statistical neasures 50L ahead forecast Conngnt
span  (SE of paraneters) SPE fSEflﬂeﬁ APE value10& (SE¥) period
Berny q ] q

?
0 to18.794 .531 1.4 9.1 4.551 (.153) -2.51 4.934 (6.01) mth 27 forecast fit

o LL705) (.27) (5.6) (3.7)
19 to 24 " Lo foo80r (.14 8.2 trial forecast

Cun logn 10" ¢ =
1 to 185,19 47 6.5
(.306) (2.4) (.11)

19 to 2¢ ° g 5

3.831 (.129) -1.A1 4.769 (5.91) mth 27 forecast fit

" 18,061 (.608) 16.41 trial forecast

Berny ¢ v 9 P
0 to 24 751 .959 24.0 20.9 2.831 (.141) -1,301 7.31 (8.41) anth 36 forecast fit

(.387) (.117) (7.3) (16.8)

25t 31 " = = "o .07 (.103) -0.231 trial forecast

Cua logn a0y ¢ =
I to 24 136.7 44.8 5.8

(9.66) (3.2) (.09)
25-te 31 * g d f L L212) -1.9T71 trial forecast

1.3y (.165)  0.131 B.15 (4.81) wmnth 3§ forecast fit

Berny q ! q ?
0 to 31 1.425 .837 34.4 29.7 2,201 (.144) -0.201 8.02 (1.71) anth 47 full curve Tit

(.225) (.15) (10.8) (9.7)

0 to 31 1.126 .75 0 0 2871 (.179) 0.841 8.38 (4.0%) wmath 47 full curve fit
1.206) (.058) ’

Cur logn alo'? oy ¢ =
1 to 31 186.7  46.5 6.0
(67.1) (15.6) (.31)

2,681 (.168) 0,047 10.96 (16.52) nath 47 full curve fit

TABLE A 3.1 Analysis of results for A40 Roadworks
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was 49% lower. Continuing with these tests the forecast
from period 24 to 31 gave a SFE=4.374 for the cumulative
lognormal whilst solution two had a SFE=1.9%, which is S4&%
lower. Finally the full curve fit gave a SPE=2.7%L faor the
traditional model and solution two had a SFE=2.9%. The last
SFE values give a clear indication of the need of the four
parameter solution which gave a best SFE=1.9%. This analysis
underlines the advantage gained by the concept of the
secondary process.

The unity point may be used also as an aid in project
control. Two cost profiles may be generated. One using the
last measured value for the unity point and the zecond using
the anticipated project end. These projections into the
future will give an indication of lag or lead in the actual
Work .

The resultse showed that forecasting from period 146, which
is too early to account for the bimodality and as anticipated
the forecast was poor. It gave a SFE=70%L for the trial
pradiction when the unity point was set at period 146. Some
Linprovements could have been made to this result by
subjecting the data to deeper analyisis in the manner
described for the earlier case studies.

The intention of this exercise was to use the algorithm in
the most straightforward manner. Thise required that =selection
was automated wusing the weighting secheme and that no use was
made of alternative starting values of ‘g ‘. The setting of
the unity point at the project end dropped the SFE to &%,
tihue contirming the oversncoot and illustrating the fact that
projections can be succesfully made at much earlier points in
a project than would normally be concesidered by an amalyst.

Ar additional facility in the suit of programmes checks

far  new project phases which are the maljor cuacse of
bimodality, this was confirmed in this case study. This
indicator not only forwarns of potential hazards in

prediction but also alerts the analyst to the possibilty of
commencing forecasts at a later stage in a project by
discarding the earlier data.

A 3.2 Advance factory construction

This case study was primarily concerned with demonstrating
the value of suppression to overcome the problem of known
discontiniuities. It also served as a demonstration of both
the limitations governing detection of bimodality by the
model and as a fwther example of the unity point concepts.
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In order to adhere to the proposed method of analysis {(see
4.21b) three time divisions were created, namely periods O to

7, 8 to 12 and 13 to 18. These were based on inspection ofthe

period cost profile, see figure A 3.2, and constrained by the
indicated that

small sample size. However the cost pattern
the first time division was unlikely to be viable. This
proved to be the case as the fit/forecast tests could not
clearly indicate which <olution should be-used for further

tests.

On the basis of the fit/forecast from pericd 11 to 1B
solution 2 would have been selected with or without
syppression hence this solution will be compared with the
traditional models. The corresponding forecast SFE values for
splution 2 were 1.37% when period 8 was suppressed and 4.8%
without supprescsion. This large difference was due to the
error caused by the high cost of period 8, this is clearly
indicated in figure A Z.2.

In view of the deterioration of results cauesd by the high
cost pericd (8), the comparative tests were only conducted on
data with suppresicon. The prediction from period 11 to 17
indicated that the logistic was the best traditional model.
The trial forecast using the logistic gave a SFE=E.2Z28%,
whilset solution 2 gave a SFE=1.347% (4174 lower). The final
curve filt gave a similar order of results., see table A& 2 F.2.
The SFE=1.98% for the logistic and 1.39% for the new model.

another effect of supprression on the solutions was to show
the limitating of the model to detect bimodality. Thus betore
suppression =olution four, illustrated in figure A 3.2, gave
a trial forecast SFE=1.89% and it was statistically feasible.
Af ter cuppressing pericd 8 sclution four was ot
statistically fea=sible and gave a SFE=1.5%.

The nonfeasibility of sclution four after =uppress=ion,
which reduced its duration to 17 periocds, can be seen from
figure A Z.3 to have noncumulative cost peaks at periods 4
and &. These are too close together and the trough is not low
enough to allow the model to fully cater for this bimodality.
It is an indication of the fact that the high period cost
created a reasonable degree of bimodality and thus solution
four which had no suppressiaon gave a SFS and also the best
solution under thecse circumstances. It has been found that
the resolution between peaks needs to be about & periods or
mare for detection by the model. It is for this reason that
projects with highly irregular period cost profiles are

unlikely to utilise sclution four.
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Kodel CTEST  Paraneter values Statistical neasures 501 ahead forecast Connent
span  (SE of paraneters) SPE (SEx10%)  NPE valuex10® (SE¥) period

Berny g 1 q P e ;
0 to Il 1505 .730 0 0 1T (9943)  0.141 £76490 (2.41) math 17 forecast fit
(.184) (.10) - - '
2te17 * ’ = foOLML O (7528) -10.31 trial forecast
0 to 17 4.755 .830 0 0 1.391  (9311) -0.401 848322 (1.21) math 26 full curve fit
(.099) (.08) - -
logistic a0 b ¢ =
I te il 8.014 23 A4 - 2,681 (179700 -0.091 793821 (5.81) math 17 forecast fit
(.047) (3.2) (.035) -
12 te 17 ' . * 2,281 (15304 -1.81 . trial forecast
1 toI7 7908 22 .44 - L.9BL (15843) =0.141 790624 (2.41) anth 26 full curve fit

(.0075) (2.4) (.018) -

TABLE A 3.2 Mralysis of results for Advanced Factory Coxstruction with one moath suppressed
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This project also typifies the use of the unity point at a
project end as shown in figure A 3.4. It demonstrates the
effectiveness of this technigue for ‘what if7?° forecasting;:
as described in the previous case study, bult under even more
severe conditions. Feriod 9 was selected for this critical
test, with suppression thie ise period 8. This choice was
based on the earlier result that the data was not amenable to
a fit/forecast between periods 7 and 11. The results showed a
drop of trial forecast fram a SFE=46% to 34 when the unity
point was set at the project end and no suppression was made.
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JThe screens reproduced in this appendix are those currently

to demonstrate and support initial instruction in the

used
They are the result of an intensive

use of this software.

exercise with members of industry who helped to ensure this
device was upto, I quote "Lotus 123 standards". This has
been subsequently upheld as Computer Associates, the
developers of Supercalc, have accepted the package as an
expansion of the latter and Super Froject Expert (CFA

program) .
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This is a special seclion used to alter the timing of AUTOMATED SCREEN answers
Typically fasler computers e.q. IBM AT may require increment 4
Current delay increment is O '
Do vou wish to alter the time delavs ans. 'y or n’
The delay may be increased incrementally
Your choice is 0 to 9 increments.
0 gives no change Y eftectively multiplies by 10

Typical alternatives: Amstrad 2, Olivetti M24 3, "286 or 3B6' machines 4

JINPUT your increment (0 is for 1983 OLD IBM PC) you selected 0

press space bar

demonstration

FINANCIAL PLANNER
RISK ANALYSER &
REAL TIME FORECASTER

Corporate., Projsct I
Marke! & Growlh plans

VIS wual
I nterpretation
& E wvaluation
of R isks
Press space bar to continue

VIS 1 ERcontact:- J. Berny B Sc. M Inst P, MBIM, C Phys. FOR
39 Buckinaham Av., E. Molesey, Surrey KT8 9SY. tel. 01-979 9219
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o m = T O == OO0 T @

V1 S 1 ER 11ntroduction

The demo/tutorial toliows the MENU along the route shown below
There are 40 screens, min. "demo’ time 12 mins. but most likely 30 mins.

Plan expenditure on a project

i
Update with actual costs and torecast new cost breakdown

|
Demonstrate in depth cash flow inspection tacilities

s

I
Explain 'What It ?2' torecastino tacilities
{ .
Perform one Risk Assessment cycle

Press space bar to continue

This is an automated & cut down version of the full V I S | E R package
VISIER TEXT usually gqold on dark blue is OVER-LAYED with commentaries

Planner

What if ? planner

Monitor current updates

What if ? current work

Inspection ¢to activity level», control, DCF & intiation
Forecasters & WHAT IF? proiections tested for viabilily
Contingency/risk analysis

Past work analyser and summary

HELP

EDITOR & PRINTER >»what if?c«

JOB OPERATIONS

graphics in modules a to g
srras »  ONLY PRESS the SPACE BAR ALL answers are automated * *****
Press SPACE BAR

(C) J Berny 83,86.87 = V1 S | E R copyright 87
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Expanded menu
a Planner

Used at the start of planning and also allows imporl of earlter VISIER work
“ e.q9. ftor corporate plans. Building of project shells.

b What if ? planner
to allow alternalives & comparisons to be made with a plan

¢ Monitor current updates
forecast adjustmenis based on update intormation, time & 'cost’ % complettion

d wWhat if ? currenl work
as for 'plan what it?' <b to d include comparative graphics?

press SPACE BAR te continue

e Inspection cto activity level>, control, DCF & inflation
lag, retention, discounted cash flow comparisons,
* control by detection of high cost regions of work

f Forecasters & WHAT IF? proiections tested for viability

a variety of "cost® torecasts or projections is available

a Contingency/risk analysis
forecaster based high, expected and low cost graph, also time histograms

h Past work analyser and summary
from activity level upwards, ;
* statislical analysis of "cost’, time and parameters

press SPACE BAR to continue

t HELP
These screens

)} EDITOR & PRINTER >»what if?¢
with extra WHAT IF? facilities, allows new plan creation by
* addinq, changing or deleting from plan shells

k JOB OPERATIONS3
copy 1o temporary files or plan shells ¢<reusable plans», delele and create

I
NOTE :=- EDITING allows ANY COMBINATION of activities to be FULLY INVESTIGATED
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The DEMONSTRATION starts with module (a) ==» PRESS SPACE BAR

V1S 1 ER- demonstration

PLANNEH

module a I JOB TITLE :-H! RISE OFFICE (sample job)

Client = VISIER

COST or RESOURCE - TIME BAR CHARTS

a Whole project or 1 activity
Multi activity project, use separate activities for high & low cost eg hols

¢ Multi-project ( corporate plan )
CORPORATE PLAN (uses c)

T + 74¥
PROJECT PLAN WHOLE FPROJECT INVESTHMENTS etc.
{(use b or c) tuce a) (use a or b)
‘centres’ of zctivity ¢~ minor activities ‘parcele’ of work

The zbove flow-chart chows the breadth of user optione (ANY no. of elements)

Using GROWTH ‘S’ curves allows straightforward COST-TIME BAR CHART building.

press SPACE BAR to continue
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Y ISIER~=-demonctration
This SCREEN prepares the “job’ outline
PLANNER The ancwers are in pink blocks
module a I SMALLEST time UNIT:=-
1 Mnthe (cal) 2 Weeks 3 Qutrs 4 F’tnahts
S Mnthe (4wk) & Years 7 other := No. 7

Anticipated Project Cost and Duration input
thecse may be changed while planning

Durtn = 18 #Mnths cal , PLAN expenditure ( £ ) 3200000

Your UNIT of MEASURE hacs been restricted :-
to £ ‘000 and your PLAN expenditure = 3200 £ ‘000

expenditure outlay prior to PLAN start ==) 20 e.g. for bidding costs

The 20 £ ‘000 will ONLY be added to the final plan category new
F3 & redo =screen if required Job code a—-=mith
F1 S,éﬁ menu precs SPACE BAR to continue

YV ISIER - demonstration
Thieg SCREEN prepares method of cost input
PLANNEHR The answers are in pink blocks

module a

Both the previous =zcreen and thies one outline the project cize
and also the manner of cost or resource generating.

INPUT NUMBER OF activities

UP TO 55 then & mesmmmaxay’ 2
Each activity may have a CODE

The monthly costs may be simply generatad --) by use of GROWTH ’S’ CURVES

category new
F3 & | redo zcreen if required Job code a-smith
F1 & &l menu precs SPACE BAR to continue



) 1 S 1 ER - demonktration
This SCREEN cost-time BAR CHART BUILDING

PLANMNER The ancswers are in pink blocks
module a

The remaining screenc ask for activity outlines
Projects or major activities, previously prepared in VISIER, mav be imoorted

If a multi-activityv plan i= started one may STOP exit to menu § ED

Enter NAME of activity 1 or TO STOP usze F1 &
upto end of ‘line’ ===) STRUCTURE

ENTER expenditure (£ ‘000) of :- activity- ( 1 ) ===} 1800
: % profit (on expenditure) 10 X (this createc an income plan)

Cumulated expenditure= 1800 £ ‘000 remainder of plan expenditure 1400 £ ‘000
Start at 1 End at period 12 Mnths cal

orece SPACE BAR to continue ) category new

F1 & &lf STOP (Edit if needed)

YV IS3IER - demonstration

PLANNER Planned expenditure= 3.200.00 £ ‘000
module a duration = 18 HMnthe cal

Resource or cost generating

The next SCREEN shows the bacic GROWTH and ‘S—chaped’ curves.

Selection of an S-shaped curve ic made by question & a2nswer

The monthly costs may be =imply oenerated. N.B. DHSS type it curve C

category new
y Job code 2-smith
oress SPACE BAR to continue

[
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Plan expenditure = .3.200.00 £ 000
MONITOR duration = 18 HMonthe ‘cal

current updates JOB TITLE := HI RISE OFFICE (sample job)
module ¢ z

YVISIER PROJECT PLAN

Thic cection zllowc the input one or more monthly updates and has
the option to allow changec in current & future activities to be made.

It UPDATES the lacst PROJECTION baced on current information

Project changes & current update

"How many periods to input then ==) 1
Are there any alterations to the plan 7 Ans. =) vy
is the START DATE :- 9 Jun 1987 =till valid ? Ans. =) y

category new
loading data Job code a-smith

prese SPACE BAR to continue

VISIER demonstration

Plan expenditure = 3,200.90 £ ‘000
HONITOR duration = 18 HMonths cal
current wupdates
module c
Activity 1 Structure

Activity expenditure BUDGET = 2000 Starte at Monthe cal 1 Ends at 13

Correcponding planned Activity B period 3 was 261.59
Activity period 3 expenditure then é_J ===) 450

Prd. 3 expenditure 450.00 cum.= 959 leaving= . 1,050.00

orecss SPACE BAR

category new
Job ccde a-esmith



Y 1S IER demonstration

Plan expcenditure = 3,200.90 £ 000
MONITOR duration = 19 Monthe cal
current updates '
module c
Activity ) Structure

Activity expenditure BUDGET = 2000 Starte at Months cal 1 Ends at 13

Can vou give X expenditure completion of this activity 7 Ans. =) vy
INPUT X completion then (_J ==) 33 %

INPUT % completion then- {_J == 20 X
New start 8 1 end 8 15 with expenditure = 2714.286 £ ‘000

category new
Job code a-smith
prescs SPACE BAR to continue

YV I SIER demonstration

Plan expenditure = 3,200.00 £ ‘000
MONITUOR duraztion = 18 Monthe cal

current updates
module c

Summary of updates
Since lacst update ( 2 ) expected expenditure= 4114.286 duration= 18
Thic ie 21.01 X over 3400
with 0 %X change of duration= 18

Atre thece changesg valid 7?7 Ans. =) vy

press SPACE BAR to continue
category new
Job code a-emith

hJ
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Y ISIER demoncstration
Plan expenditure = 3.200.00 £ ‘000
MONITOR duration = 18 Months cal
current updates
module c

Return to menu when data stored
Graphes or for What if? to cashflow (module e) when data stored

PRINT, GRAPHS & SCREEN review when data stored
PRINT (cscreen display automated) only when data stored
GRAPHS & SCREEN review only when data c=stored

T a0op

Storing data Job code a-=mith

HI RISE OFFICE (sample job) expenditure Updated to 3 Months cal
The following SCREENS show the cost-time bar chart of the current activity

Activity expenditure :- £ timeescale: Months cal %
1 2 3 4 9 6
}» Structure ((
Actl/fcest:=—) = . 200.0 300.0 450.0 307.1 297.5 265 . 4
{-actual-){-actual-){-actual-)-forecast--forecast-—-forecact-

Planned:--» £ 144.0 234.0 270.0 288.0 234.0 198.0
TOT NON-CUM actl 200.0 300.0 450.0 ——— -_— e
TOTAL CUM actual 200.0 $00.0 950.0 —— e i
TOTAL CUHM plan 144.0 378.0 648.0 936.0 1,170.0 1.368.0
CUM X over planned 39 x 32 % 47 % ——— —— s

prese SPACE BAR to continue



UISTER Crowth (S) cupve analysis (C) J Berny 1986

1y ~ | _F#/// B
Inuestne_nt t{ : DHSS on

| = C
or Overhead [_,,e E Nininy B Banking

| o ——

Curve type 7 ( H for question & answer selection )
Curve C has a work peak in the widdle of the activity & a nediun stant up

Cupye == ¢ == selected,

J"J-F

Factory ) Hotel G
peak 1stf gtn A Ird gtp

-6%% Ppess SPACE BAR  to continue -¥%%

YISIER - demon=ztration

PLANMNER Planned expenditures= 3,200.00 £ “0CO
module a duration = 18 nrnthes cal

The planning zession itf now complete

This is normally followed by :-

a Cott - time bar chart, Summary and Graphicse

TRANSFERRING to CURRENT UPDATE module (c)

; category new
precs SPACE BAR to continue Job code a-t<mith
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HI RISE OFFICE (scample job)

Activity expenditure

expenditure
The following SCREENS chow the cocst-time bar chart of the

ypdated to

= X timeccale: Months cal 2

3 Months cal

current activity

LTS

7 8 9 10 11 12
3> Structure (¢

Actl/fcst:==) x 221.7 176.0 134.8 101.4 76.7 59.4

-forecast--forecast-—-forecast--forecast--forecast--forecast-
Planned:-=} 3 144.0 90.0 72.0 S4.0 36-.0 36.0
TOT NON-CUH actl i —— —— —— —_— -
TOTAL CUM actual - - — —— -— T
TOTAL CUM plan 1,912.0 1,602.0 1,730.0 1,840.0 1,946.0 2,080.0
CUM X over planned — -—— —_— -—— —— ey

prese SPACE BAR to continue

HI RISE OFFICE (sample job) expenditure Updated to 3 Months cal
The following SCREENS chow the cost-time bar chart of the current activity
Activity expenditure :- 2 timescale: Honths cal %
13 14 15 16 17 18
}> Structure (¢

Actl/fcst:==) = 48.0 40.6 35.8 0.0 0.0 0.0

-forecast—-forecast-—forecast-
Planned:--) E 0.0 0.0 0.0 0.0 0.0 0.0
TOT NON-CUH actl —_—— —— - —— —— S
TOTAL CUHM actual —— —-_— —— — —-_—— S
TOTAL CUH plan 2,220.0 2,402.0 2,612.0 2,836.0 3,032.0 3,200.0
CUM X over planned ——— o — — -— R

press SPACE BAR to continue

)



VISsSIER demonstration
Plan expenditure = 3,200.00 £ ‘000
duration = 1B Honthe cal

HONITOR
current updates
module ¢

SUHMARY of HI RISE OFFICE (cample job)

Original expenditure (ex-cstart) = 3200 (£ “000)
Current expenditure (ex—start) = 4114.286 (£ ‘000) exceeded by 29 X

Last update was at period 2 and had éxpenditure- 3400

cztegory new

press SPACE BAR to continue
Job code a-=mith

VISIER demonstration
Plan expenditure = 3,200.00 £ "000
duration = 18 Honthes cal

HONITOR
current updates
module c

Summary details

Activity ( 1 ) Structure

Original data:- expenditure budget= 2000 (£ ‘000) exceeded by 36 X

with timecpan from 1 to 13 Honths cal with duration 13 exceeded by 13 X

Current data :- . .
expenditure budget = 2714.286 (£ “000) with timespan from 1 to 15 Monthe cal

X completion cost based= 35 X time based= 20 X

categoTy new

precs SPACE BAR to continue
Job code a-=mith .



VISIERcontact:

GRAPHS
J. Berny 01-979-9219

Uge Ezc to e5mooth monitored data
the smoothed curve gives an indication of the model’s reliability

2 allowes tests of other parameters
Key F10 & then press cpace BAR to exit from graphics

Key F2 to print graphs and if required graph data

PRESS ctpace bar to CONTINUE

VISIER demonstration
Plan expenditure= 3,200.00 £ 000 over 18 Hnth

INSPECTION JOB:-HI RISE OFFICE (sample job)

control, inflation
module e

Thi=z section allows inspection of :=

a Two cachflowe with or without dizcounting (memm—ma-

b Single cashflow only
¢ Single cachflow with dicscounting =

prefix 1 = a expenditure
prefix 2 = b income

prefix 3 = e rent returns

Select prefix (may include lag...) No. 1
prefix is a expenditure

#.n.'expenditure will be incpected

precs SPACE BAR
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HI RISE OFFICE (sample joh) ®¢ cuxulative graph »«
PROJECT PLAN Current tofal expenditure = 4134,286 Durtn = 18
Actl/Fest o, planned ¥, FCST AFTR 4 prd 3 '

] exErnditure = 4114,29 (Pounds ' 080)
}_ 108 4 .

L
o~
e
_0y d_r_,_r-
s It
AN /P/r
A : Seale 1 to 18

P : H ' : 1897 Konths cal
| , press space ban

HI RISE OFFICE (sauple Joh) ¥% non-cusulative smagh ¥ :
PROJECT PLAN Current total expendifure = 4134286 Durtn = 18
fictl/Fest o, planned ¥, FCST AFTR ¢ prd 3

eerndi fure = 450 (Pounds ’B803)
_ gy

Scale |
H H i 188/ Man




O - G

INSPECTION

module e

control, inflation

Plan exoenditure=
l JOB:~-HI RISE OFFICE (sample job)

R demonstration
3.200.00 E

‘000 over 18 HMnth

Having celected two cashflows we need to oick the required paar

Two cacshflows with or without discounting MEASURING: -

2 plan data ve. plan what if?

0O o

plan data ve.

current updates ve.

current what if?
current updates

expenditure

Plan will be compared with Current update (1st. two periods anly)

precss SPACE BAR

INSPECTION

Monthly cacshflow

VISIER demonstration

Plan expenditures=
JOB:-HI RISE OFFICE (cample job)

Whole plan cachflow plan data ve.

3.,400.00 £

‘000 over 18 HMnth

current updates

Mnth cal Actl. Exondtr. Plan Difference X daff.
1 200.0 144 .0 6.0 38.90
2 300.0 234.9 66.0 28.20

expenditure forecasts
3 261.6 270.0 -8.4 =-3.10
4 263 -4 238.0 -19.6 -6.80
g 243.7 234.0 9.7 4.10
4] 201.4 198.0 3.4 1.70
7 155.0 144.0 11.0 7.60
8 113.7 90.0 23.7 26.40
9 137.9 128.9 9.9 7.70
19 115.8 110.0 2.8 5.30

precs SPACE SAR

Job

code a-smith



VISIER demonstration

INSPECTION Plan expenditure= 3,400.00 £ ‘000 over 18 Mnth
JOB:-HI RISE DFFICE fsample job)
Monthly cashflow Whole plan cazhflow plan data vg. current updatec
" Hnth cal FCST. Expndtr. Plan Difference X diff.
1:3 115.7 106.0 . 9.7 3.10
12 135.0 134.0 1.0 0.80
13 171.8 140.0 31.8 22.70
14 182.0 182.0 0.0 0.00
195 210.0 210.0 0.0 0.00
16 . 224.0 224.0 0.0 0.00
17 1%96.0 196.0 0.0 0.00
18 168.0 168.0 0.0 0.00
prece SPACE BAR
; Job code a-smith
Y ISIER demonstration
INSPECTION Plan expenditure= 3,400.00 £ ‘000 over 18 HMnth
JOB:-HT RISE OFFICE (sample job)
Cumulative cachflow Whole plan cachflow plan data vs. current updates
Mnth cal Actl. Expnatr. Plan Difference X diff.
1 200.0 144.0 $6.0 38.90
2 500. 378.0 i22.0 32.30
expenditure forecacts
3 761.6 | 648.0 113.6 17.50
4 1,030.0 936.0 94.0 10.00
S 1,273.7 1,170.0 103.7 8.90
6 1,475.1 1,368.0 107.1 7.80
7 1,630.1 1,512.0 118.1 7.80
8 1,743.8 1,602.0 141.8 8.30
9 1.,881.7 1,730.0 151.7 8.80
10 1,997.5 1,840.0 157.-% 8.60

presc SPACE BAR
Job code a-smith



Y 1IS1! ER demonstration
.3,400.00 £ ‘000 over 1B HMnth

INSPECTION Plan expenditure=
JOB:-HI RISE OFFICE (camole job)
Whole plan cachflow plan data vs.

Cumulative cachflow current updatecs

HMnth cal FCST. Expndtr. Plan Difference A diff.
11 2,113.2 1,948.0 167.2 8.60
12 2,248 2 2,080.0 168.2 8.10
13 2,420.0 2,220.0 200.90 9.00
14 2,002.0 2,402.0 200.90 8.30
15 2.912.0 2.212.0 -200.0 7.70
16 3,036.0 2,836.0 200.0 7.10
17 3,232.90 3,032.0 200.0 6.60
18 3,400.0 3,200.0 -200.0 6.30
press SPACE 3aAR
Job code a-=mith
Y1 S5 1E R demonstration
INSPECTION Plan expenditures= 3,400.00 £ ‘000 cver 13 #Mnth
JOB:-HI RISE OFFICE {cample job)

Cumulative cashflaow Whole plan cacshflow plan data ve. current updates

Mnth cal FCST. Expndtr. Plan Difference % diff.
11 2,113.2 1,946.0 167 .2 8.60
12 2,248.2 2,080.0 168.2 8.10
13 2,420.0 2,220.0 200.0 9.00
14 2,602.0 2,402.0 200.0 8.30
19 2,812.0 2,612.0 200.0 7.70
16 3,036.0 2,836.0 200.0 7.10
17 3,232.0 3,032.0 200.0 6.60
18 3,400.0 3.200.0 200.0 6.30

The final part demoncstrates V I S I E R ‘< extrz abilatv in

Project Management Integration by conzidering the JOB RISK 3acspectc

orescs SPACE ° BAR
Job code a-=mith



VISIER demonstration

FORECASTEHR )
" module f JOB TITLE :-H1 RISE OFFICE {(sample job)
Client := VISIER

plan

plan with ‘what if 7°
update .

update with “what if 77

an o

Rick acces=ment requirec 1 good curve fit, it usually takes c.15 minutes
replacing good cimulations taking many hours for the same task.

Additionally an hictoric data base of curve fit recults ic maintained

The other typec of projection are given on the next SCREEN

PLAN data (a) was celected
Prece SPACE BAR teo continue
Job code a-smith

F1 & (_l menu

VIS 1IER demonstration

FORECASTER
module f

OPTIONS

z=mEa=

1 Past data (3 parameter) curve fit analysis. For historical records

ra

Bect curve fit and projection from last known value
3 WHAT IF 7 Projection § reliability (by changing JOB duration & ‘cost’)

4 Fit/forecast (last & periods of given data are predicted & tected)

Prezc SPACE BAR to continue
Job code a-smith

Fi1 & then (_J menu

el o |



Y IS I ER demonstration

RISK ASSESSOR
module g
TITLE HI Rice Block

Cost= 3000 £°000 ctart cocst= 20 £900 duration= 18 Mnthes cal

Curve fit error {(cumulative wvariation) = 3.8 X
approximate periodic variation= $.32 X

The following calculations are baced on a model with parameters :-
g= 3.4 , m= 1.6 , p= 0 , q= 0 , n= $

Start cost (20 £000) will be excluded

category new
precs SPACE BAR . Job code a-tmith
F1 & then <_J Henu

Y I S I ER demonstration

R I S K ASSESSOR Project expenditures= 3,900.00 £ ‘000
module g duration= 18 Mnths cal

Uces of ricsk analysic currently available in VISIER
Each complete rick evaluation concsists of the following elements :-

1. Statistical evaluation of wviable cost wvariations
Thece are likely cost variations within which a project or activity
may be rtelied upon, to remain incide the limits given in 2 § 3 below

ra

Generation of a cost envelope
* This cete the likely upper and lower cost of the project or activity

3. Cost and time analycsis
Determines hoth the expected cost and time, and their cdeviations
A hictogram chows the likelihood of project or activity completion

category new
precz SPACE BAR Job code a-=mith

F1 & é_J Menu

AT
PPN



VISIER demunstr;tian

RISK ASSESSOR Project expenditure= 3,000.00 £ 000

* module g duration= 18 MHnths cal

1. Statictical evaluation of viable cost'variations

Average cumulative ‘cost’ variation calculations show that the model
is statistically good uptoc 9.6X ucable to 23.8X then UNRELIABLE -
NOTE: Ricks increase as the variation or curve fit error increaces.

INPUT mean cumulative ‘cost’ variation X 7 g X
Periodic variation it approximately = 11 X

The confidence curve limitec are baczed on the above, but also
require the chance to exceed the upper costs limit to be set.

category new

preccs SPACE BAR Job code a—smithl

F1 g8 <}J Henu

VISIER demonstration

RISK ASSESSOR Project expenditure= 3,000.00 £ ‘000

module g duration= 18 Hnths cal

2. Generation of the coszt envelope

The confidence curve =staticzstical limits zet the cott envelope =hape
which gives the likely upper and lower costc at any given time

The lower confidence curve limit hac been preset to give a 1 in 10 chance

for the coste to be lower than the quoted coste at any given time.

Chance to exceed upper cost value := a (1:7) b (1:10) € (1:20) d (1:100)
INPUT a letter d waz =selected

category new

press SPACE BAR Job code a-s=mith

F1 8 ¢d " Henu
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xXaxR RISK ANALYZ SIS =xxxaz
CONFIDENCE BAND GRAPH HI Rise Block C(new\a-smith) 01-01-1980
Upper limit (=) (1:100) lower (=) nominal (1:10) expected (%)

expenditure
4687 H
; = == = = - -
H = = = -
75X == § = L
: = = . 2 8 & =x R X X
3000 :::::'.::::::=::'.:'.::k-,:n:l:::—::—::-:;-:-::-::-: -
- Expected expenditure = 3000
H = g - - =
1a = £ = Host likely duration = 18
! L S Parameters:-
25% — | & - m= 1.60 g= 3.40 p= 0.00 q= 0.00 n= 5.00
ir - = )
:_-
984 i H H H i i Time ===}
3 9 20 X 40 % 60 X 80 X 100 x 27

Model <ctatistcly. Sound, cost variation= 8 ¥ ¢ limits 10 X & 24 X >
Upper(1:100) lower (1:10) confidence limite =zpan from 15 to 31
cpan of expenditure from 2571.613 to 3340.556
presc SPACE B8AR

VISIER demonstration

R ISK ASSESSOR Project expenditure= 3,000.00 £ ‘000
module g duration= 18 Mnths cal

3. Cost and time analysics

The TIME- PROBABILITY histogram barg display the X probability
of completion at a given time {(over 2 periods).

In addition listings are given of the expected co=t and
the X probability of completion by a given peried
and that period or later.

The chance to exceed the most likely duration ig normally 50 X

‘ hence only a practical range of probabilitiec of 40 X to 80 X ig allowed.

category new
press SPACE BAR Job code a-smith

F1 & G;J Henu
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TITLE HI Rice Block

C(new\a-smith)

01-01-198 Most likely d

rn. 18

‘Cost’= 3000 LO (1:10) 2672.1 HI (1:100) 3623.8 vartn./prd 11.2 X

Caze A to exceed max time 30

prob = 0 X min time 13

Case B to exceed most likely time 18 with MEDIUM probability = 60 X
& ‘worth’= 3,086.5% high value= 3,710

Expected
prd.CumX
prob
15 100
17 88
19 60
21 32
23 13
25 4
27 1

TITLE HI Ricse Block
‘Cost’= 3000 LO (1:10) 2672.1 H1 (1:100) 3623.8 vartn./prd 11.2

time=19.5
prob X

/prd

Expect

GRAPH of prob X /period

press SPACE BAR

Cace A to exceed max time 30 prob
Case B to exceed most likely time 18 with HIGH probability = 75 X%

Expected
prd.Cumi
prob
15 100
17 90
19 75
21 61
23 48
25 36
27 27
23 20
31 14
33 10
s 7

time=23.1
prob X

/prd
10
19
14
13

12

RwWwe+so gy uw

§ ‘worth’= 3,201.8 high value=

GRAPH of prob X /period

(new\a-smith)

"

G A

2s71.
2900.
3065.
3144.
3199.
3244.
3282.

-3
ed cocst

613
ge8
83
87
60
72
48

rr

[A]

01-01-198 Mo=t likely drn. 18

= 17 X min time 13

4

3,825.6

Expected cocst

2571.
2900.
3065 .
3144.
3199.
3244.
3a2.ez2.
3314.

3340.%

3362.
3381.

01d Probl yto exceed 30 = 0 %, 18 = 60 X Exp time 19.5 wrth
Precs <pace bar

]

613
68



AFPENDIX 5

The first flow chart in this section depicte a broad brush
route through the software, covering the introdoctory
training in its use. The next five give a more detailed view

of the pathways through the software, which an experienced
user would be likely to take. Each of the flow charts F1 to

FS are concerned with a specific module.

List of flow charts :-—-

Overview

Fd Flanner

Fz What if planner

F3 Work in progress and its what if
F4 Forecaster

FS Risk analyser



For projects using major
UF?OTIEI-ITFEE activities or projects for
THROUGH for corporate strategy
VISIER (FINANCE,; RESOURCES ,MARKETING)
INITIAL PLAN

options-generate details
-input past data

A
WHAT IF 7
module (g)

_ A

RISK

module (dl) [
| I

HISTORIC T
urve fi
FILE? modules (d,e)

Y

MODULE (b) ' CURRENT DATA
_ UPDATE U3k
| forecast remainder ' “'"ﬁéné”
of current act/prog. A
N

USE
I IiO  MODULE (d) (—
MODULE (c) CASH FLOW
inspect whole
options lag &
retention.
Y Select
<— activity of
Yy project

ME&NU NO APBC YES A
EXIT VISIER ) more?

228



NOTATION for chartsFI-F5S @

3  Optional exit F!_!,Ei?l{ﬂé& )
Disk storage input or
output

w Optional disk storage

Bar chart, summary, etc CLIENT& JOB Corporate
optional printout ‘[j}aETAILS.Sfart strategy or
te, €, man. | proj
.';?é’_“ multi project

Cumulative and deridic
curve printout optional
with curve data.

ONE

PROJECT lnptgf YES
L < |
: Ir:gsfa ?

No  /BYMAJOR\ NO
ACTVITY ? |

YES SET
Y PROFIT
14
YES
Set cost, start & =2 < p%‘%g:”
finish for major _
activity [project) )\ et start
input from fite &
[l generate:
YES 0 Past data from
~ ' {ast known pericd
byuse?il:B levels of J
PERIOD Srowin curve N
ECizI ere
sit. line

w EDIT EDIT

YES

PROCESS
see F4

e
Paar.d



FINAL PLAN @

What if ?
SELECT
Type of plan
‘eg- Cost
Change
start date 7 )52 e
NO
(hange S | New (May be input by %
cost/activity? | cost cost completion)
NO
(hange S [ New (May be input by%
start/ finish timeslot | duration completion)
activi
{Temporary M——(— NO
store .
alternative nspec ; Print
plan) whole ar b optio
vity?
ND Graph
Risk
or contingenc
estimat
Risk YES NO
. STORE AS
RO > FINAL PLAN ?
( MNU  )see 3
STORE AS



WORK IN PROGRESS

Current data q.':datel
and current'What if
mode

®

fCturTgn\L " YES
status? 3
if 7 ONLY /

NO

No. peds
to update

Update curret
activities

TIME

ALTER COST

start/ finish
Mask set cost=0 [ forecast |

per activity breakdown

CASH FLOW
Module input Lag

retenhon efc

Profits bar
NO haty
}

=
e



FORECAST and @
RISK analysis
preperation

RISK
(contingency)
see F5
;\’ RISK
Process
7 YEs module
YESA b d
Select level
of supression
Y
YES
Set
j end 7
duration FUTURE
<-{suppression
Ny if any
Hew YES
0st?
SeEI
< en
Y N0 | cost




RISK
(Contingency)
Analysis

Input project
data ind
parameters
> PROCESS <
\la’
SET
1 Av.% cost variation
2 Upper confidence
limit
Proch.s @ ,
s
envelope /NYES
1 Reset min. time if

2 % Prob. fo exceed
mast likely time

unfidence ?

( MENU )




APPENDTIX &

VISIER FIELD TRIAL QUESTIONNAIRE

The questionnaire was designed specifically for managers and
other potential users of the saoftware. They contributed most
constructively and in great depth. The insight, generated by

their feedback,. enabled the author to ensure the software
development would be acceptable in both industry and
commerce.

The response to the questionnaire was only the last stage in
the feedback loop. For this reason it was not designed on
more usual marketing survey principles:; but as a means of
confirming, some of the most pertinent issues resulting from
this extensive field exercisge. All persons involved replied
fully. Their answers were very instructive and are summed up
in chapter §8..

2I4



VISIER

USZe FEED BACK
BATING
Scele - referred to 25 RATING

1 Least “use” S = meximum “usefulness’

SECTION A

QUANTITIVE

Plecse give RATING, critisism and/or comment on ezch module.

(g) Planner CRATE |
(b) Whst if? Planner CRATE J
(c) Current update ERATE J
(d) Updete whaet if7 LRATE J
(e) Inspection CRETE |
(i) Forecester ER&TE. |
(e) FRisk aszsessor CRATE  : 2
(h) Historicel fezecdback

and stats CRATE ]
(id> Help CRATE J
(j» Ecitor enc Project

Shells CRATE B
(kY Jcb opersticns CRATE ]
EXTRA comments on specific modules ;- if none sey NIL

I3

When will VISIER be useg, for what purpose and by whom (type and
Level of personnel).

E.g. Pefore plen ... mzinly what if?
During work ...
After completion ...
Corporste strategy etc.

General imoressiones:

rl

PROS CONS



&.

bzoerct

Ezting

Commant

Uzer {friendlinecs
tese of us?2

Flexibility or
cdeptability te:

Job Type

Job Eize
neec
need
need

sirategy

(Other:-
SPECIFY

Top manzgemen

Use in Project

Middle menagement -

‘Line’ mznsgement

Use in cerporste

Uze in Merketing

Envisaged Llesrning time znd depth with reszpect

ienzgement
Levels Tog

Midcle

Line

Other:-
SPECIFY

to

fave (no)
(training)

Depth rating
5 = in depth
by Level of
management

Interval
Eetween dzys
of trzining

Jotal
Assimilation
(months)

Rating

.

“whor .



SECTION B

QUALITATIVE

1. How could VISIER be envisaged as fitting into your Company/

(N

(&)

Orpganisation.

Khich software (known to you 2s relevant) does VISIER:--
(1)  Interfece with
() VISIER vuse before the seitware
(b) VISIER while vsing other software
(c) VISIEFR use after software
(ii) Supercece
(iii) Stands alone from the software.
Cive comparative ‘valuation” with software, known to you, relating
te psrt or whole of VISIZR.

Plesse adZ “description of part® anc RATING in both ‘perts’ angd
VISIER.

(2) Current vercsion of VISIER ‘cupoestions box’:-
(i) Extrz festures
(i1i) Surplus festures.

(b) FUTURZ version:-

(i) How many months before emerogence of new version after
Launch ssy end of October 1957,

(ii) Extre festures
(ii1i) Upgraded features.
Potential market:-
(z2) in your sphere
(b) views on horizontal market
i.e. other sphere of work.

Fotential value of VISIER, assume your area of “work’.
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Manapgement
Levels Top Middle Line

7 saving of
man-year

% saving
mzn-cost/year

€roesz Profit Less then 5 to 30 30 mill.
Range £5 mill. mill. and over

Z profit ga2in
by company p.a.

Z overell cest
lzaving by
compEny p.2.

7. Plezse. give & one santence (if possible) descriplien eof VISIER z=
you see it.

&. Any cther comments.



SECTION €

PROGNQSIE OF QUESTIONE

PLEASE STATE anv guestion jn whigh you felt:-
(z) <chould not have been zsked
(k) s too “tight’
(c) should not have bezen zsked for = RATINS

- (d) Glaring omissicns
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