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A Study of Competitive Bidding
with particular reference to

i
The Con'struction Industry

Abstract

This thesis describes an operational research study apply-
ing decision theory and quantitative methods to the problems
of competitive bidding. The study was provided with data and
information by four English building construction companies.
First a preliminary feasibility study was conducted which
indicated that the potential for substantial benefits exists. Then
the decision problem was formulated in a quantitative manner \
which éllows treatment of the variation due to estimating
uncertainty, and of the constraining effect of resources. The
Friedman model and some of the published variants were
presented and discussed. This led to the development of a
General Distribution decision model which incorporates
managerial assessment of the competition into a probabilistic
framework. This Model, four Friedman variants, and a feed-
back model were tested with data supplied by the partlicipating
companies. The sample was too small for the results to be
conclusive but they did indicate that the basic Friedman Model
and the General Distribution Model can equal or outperform
actual company behaviour. Partial implementation of the

General Distribution Model indicated that it may be practicable.
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List of Major Symbols

Except where specified otherwise, the following

notation is used.

the arithmetic mean of bids submitted on contract i.

the present value of dispersements associated with
contract i.

the present value of the income stream associated
with contract i.

the regression coefficients used in Section 3.4.1.
the amount of resource h available in time period j.

the arﬁount of money dispersed on contract i in the
j th period.

the variation in value of contract i due to estimate
uncertainty.

the expected value function.

the cumulative distribution function of f( ).

the complementary cumulative distribution function
of f( ).

a subscript identifying the contract.



k - the estimated cost.

k' -  the corrected estimated cost = Z(R, n)k
ki -  the estimated cost of contract i.

K -  the vector of estimated costs, ki

1 -  the cost of preparing and submitting a bid

- a negative quantity.
1 -  the cost of preparing and submitting a bid

on contract i - a negative quantity.

L -  the vector of costs, 1i
n -  the number of competitors on a contract.
N -  the number of bidders on a contract.

(Also used in Chapter 4 as the number of contracts

in the set.)

P -  the probability of winning a contract.

Pi(xi) - the probability of winning contract i with a bid
of X

q - (Chapter 5) the number of bids in the histogram.

qij - (Chapter 2) the amount of money received from
contract i at the end of the j th period.

r - discoun.ting rate.

R - (no subscript) - the range of estimating accuracy.
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(Chapter 4) the amount of resource h
required by contract i in time period j.
the set of opportunities to bid.

the length of time period j.

(Chapter 2) the variation in value due to

contract uncertainty.

(Chapter 4) Kuhn-Tucker multiplier.

value.

the value of contract i if it is won with a bid of xi

(Chapter 4) Kuhn-Tucker multiplier.

bid value.

the bid value on contract i.

the vector of bid values, X,

lowest competitor's bid.
the lowest competitor's bid on contract i.

(Also used in Section 3. 4.2 and Appendix 3 as

order statistics.)

vector of lowest competitor's bid, A

the multiplier that corrects the expected error in

the estimated cost.
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(Chapter 4) the expected remaining resources.

a multiplier to convert an estimated cost into

a bid.

the managerial assessment of the arithmetic mean

of the competitors' bids on contract i.
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CHAPTER I: INTRODUCTION

The 1956 paper of L. Friedman, "A Competitive
Bidding Strategy" (11)*, presented the first published
probabilistic approach to competitive bidding. Since that
time, a considerable volume of operational research
literature has dealt with the problems of competitive bidding.
This literature has produced a feast of decision models, but
a famine of experimental verifications and reported

applications.

Competitive bidding is used extensively in the con-

struction industry.

This thesis is an operational research study of

competitive bidding in the construction industry.

* The numbers in brackets refer to similarly numbered
entries in the Bibliography.



1.1 PROBLEMS

The general "Management Problem' to which this

research is addressed is:

Within the prescribed boundaries, what are the optimal

decisions relative to the management objectives ?

In other words, which of the alternative choices available
should the decision maker select? This problem is called the

"Competitive Bidding Problem"'.

For this study, the Management Problem poses two
questions. One is determining the relevant decisions in the
situation; the other is determining how to make these decisions.
The first question is concerned with the formulation of a
general model; the second with the suitability of specific

decision models.

1.2 OBJECTIVES

The objectives of this thesis are:



i. To formulate the construction industry Competitive

Bidding (Management) Problem in a precise manner.

ii. To devise a method of incorporating managerial judgment
into a quantitative decision model.

iii. To develop a quantitative model of the Competitive
Bidding Problem so that a mathematical optimum can
be calculated.

iv. To evaluate empirically six operational research decision

models - four taken from the literature, two developed in

the thesis.

1.3 STRUCTURE

Research of this type does not follow in an orderly
hypothesis-experiment-conclusion sequence but rather is
characterised by cycles with the experiments and conclusions
causing redefinition of the hypothesis. The several different
objectives also contribute to the disorder. To provide a
structure for the logical exposition of the research this thesis
is divided into six chapters. Chépter 1 is this Introduction;
Chapter 6 is the Summary and Conclusions; Chapters 2, 3,

4, and 5 comprise the body.



The central chapters each commence with an
introductory section and conclude with a summary. These
sections provide the transition between the chapters and out-
line the relevance of each to the general éroblems and

objectives.

Chapter 1, this Introduction, states the general problem,

delineates the objectives, and outlines the structure of the thesis.

Chapter 2 is the Problem Description where a precise

account of the Competitive Bidding Problem is presented.

Chapter 3 deals with methods of accommodating the
lowest bid made by competitors. This value is the
uncontrollable variable in the decision situation. Several

existing decision models are analysed and a new model is

developed.

Chapter 4 is a mathematical for mulation of the
Competitive Bidding Problem. A model for the N contract,
resource constrained, sequential bidding case is developed

and a solution method proposed.



Chapter 5 investigates the suitability of specific models.
Six decision models are tested with historical data and the
results evaluated. Partial implementation is also used to

evaluate the models.

Chapter 6 summarises the findings of the research

and presents the conclusions.



CHAPTER 2: PROBLEM DESCRIPTION
|

2.1 INTRODUCTION

The purpose of this chapter is to provide a reason and
conceptual basis for the research. The title of the research
is general - "A Study of Competitive Bidding with particular
reference to the Construction Industry' - whereas the
research is specific - a study of operational research bidding
models based upon information from three construction firms.

This chapter provides the transition from the general to the

specific.

The Management Problem was stated generally as:

Within the prescribed boundaries, what are the optimal

decisions relative to the management objectives. This chapter
makes this general statement specific by delineating the
boundaries, isolating the decisions, and quantifying the

objectives.



In addition to the two questions mentioned in Chapter 1,
there is a third question - Should the research be done?
Since there has been considerable research done on competitive
bidding, the possibility that all reasonable approaches have been

investigated must be considered. This question is dealt with in

section 2. 4, Feasibility Study.

The methods employed are varied to suit the subject
matter. A descriptive exposition of the industry is used to
qualitatively define the boundaries. A schematic model is
developed from a description of the decision process. Empirical
testing and interviews were used to deter mine feasibility, and a

quantitative objective function is developed from an analysis of

the decision variables.

This Chapter provides the foundation - boundaries;

decisions; objectives; and feasibility - upon which the research

is based.



2.2 STUDY AREA

2.2.1 Construction Industry

The description of the Study Area is a progression from
the general to the specific. The starting point therefore is
a general definition of the construction industry. This is

provided by Standard Industrial Classification Order XVII

which covers:

Erecting and repairing bridges of all types. Constructing and
repairing roads and bridges; erecting steel and reinforced
concrete structures, concrete, other civil engineering works
such as laying sewers and gas mains, erecting overhead line
supports and aerial masts, open cast coal mining etc. The
building and civil engineering establishments of Defence and
other Government Departments are included. Establishments
specialising in demolition work or in sections of construction
work such as asphalting, electric wiring, flooring, glazing,
painting, plastering, plumbing, roofing. The hiring of
contractors plant and scaffolding are included.

There are many excellent references (see Bibliography)
describing the myriad features of the construction industry and
there is little point in duplicating these works or reproducing
the many statistics which are available. The following are

included only to provide an appreciation of the size and importance

of the industry.



- The value of the industry output in the United Kingdom
is approximately one-eighth of the Gross National Product. The

1964 figure for total value was £ 3, 614, 000, 000. (6)

- The construction industry of the United Kingdom

contains over 80,000 firms. (6)

- The construction industry employs approximately

six percent of the working population. (38)

From these it can be seen that the construction industry

is of national importance and is comprised of many firms.

Firms in the construction industry are characterised
by diversity and versatility and these factors complicate any
attempt at classification. The use of any one base for class-
ification produces anomalies. For example, ranking firms on
the basis of assets, or job size, or number of employees, will
probably result in three different ranking orders since it is not
uncommon for the low assets, one man firm using sub-contractors
to be competing for the same job as the larger firm which has
several hundred employees. Divisions such as: Civil
Engineering; Building; Speciality; and Maintenance, also get
confused because the largest firms accommodate several or

all of these types of work and several jobs combine them. An
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example is a power station - Building and Electrical - with
extensive site works - Civil Engineering. The movement
between classifications also occurs, for example the
speciality contractor who becomes a general contractor for
one project. Obviously, then any classification or description
of a segment of the industry must be a general one based upon
an understanding of the norms and Anot attempting prepise

identification.

The research is based upon one segment of the
construction industry. To delineate the boundaries of this
segment all small contractors, specialised and speciality
contractors, maintenance contractors, etc., are excluded,
and the remaining firms are classified using two character-

istics - contractual risk and resource constraints.

< A distinction is made in this thesis between contractual
risk and uncertainty. Contractual risk relates to the occurrence
of low probability events of major consequence. These events
usually result in substantial cost increases which must be
borne by the contractor. For example: on bridge sub-structure

construction the once-in-one-hundred-year flood which swamps

the machinery and destroys the formwork is contractual risk;
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in tunnelling the unexpected quicksand pocket is contractual

risk. Uncertainty, as defined here, relates to the consequence

of more probable situations. For example: on some firm

price contracts it can be assumed that over the duration of

the contract the costs of labour and materials will rise. What
x is not known is when and by how much they will rise - this is

the uncertainty. Thus contractual risk relates to the occurrence

of unexpected events, uncertainty to the consequences of

situations that can be anticipated. Contractual risk and

uncertainty are present in practically all construction work.

Resources, (men, plant, materials, and capital) are

utilized in some manner on all contracts. Some contracts and

some companies have or cause major resource constraints,
others have or do not. The large motorway contract which
requires a fleet of earth moving plant constrains the market to
those firms which possess or can obtain the plant. The firms
that possess the plant are further constrained by its availibility.

The building contract which requires only local labour and a

tower crane, which can be rented, presents few constraints to

the market.

The construction industry, after excluding all the small
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firms, can be divided into two major groupings - General
Building Construction and Civil Engineering Construction.
Firms that practice both offer no problem since they tend to
adopt a division structure which separates the two and thus

can be treated as two firms.

Civil Engineering Construction usually: is designed by
civil engineers; requires the contractor to utilize a quantity
of large, expensive, specialised plant; and is constructed in
accordance with either the Institute of Civil Engineers,
""General Conditions of Contract for Works of Civil Engineering
Construction', or the, ""General Conditions of Government
Contract for Buildings and Civil Engineering Works, Form
CCC/Wks/1". Examples of civil engineering work are motor-
ways, dams, harbours, airports, and bridges. There is often

a high element of contractual risk in Civil Engineering

Construction.

General Building Construction usuaily: is designed by
an architect; requires little specialised plant; and is constructed
in accordance with the Royal Institute of British Architects’
(RIBA) "Standard Form of Contract”. Only minor contractual
risk is usually present in Building Construction and when a

situation of high risk is apparent, it is often provided for in the
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contract conditions and the client, not the contractor, bears

the cost.

Considering therefore the extreme positions, the
characteristics of the division; General Building, Civil

Engineering are summarised in the table below.

GENERAL BUILDING|{ CIVIL ENGINEERING

RESOURCES minimal constraint constrained
CONTRACTUAL .
RISK low high

—— e —— .

These differences give rise to two different competitive

situations.

The resource requirements of Civil Engineering intro-
duce differences into the valuation of contracts. If a firm has
unemployed plant, or specialised plant, or plant locafed near
the proposed work, its situation is obviously different to that
of a firm which has not. The resource requirements also make
it difficult for firms to enter or leave the market since
considerable capital is required to establish, say, a fleet of

machines and its disbursement can result in large losses. The
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high element of contractual risk also makes entry difficult since

the firms require skilled personnel and capital to handle the

high risk situation and these are often in short supply. The
result is a market with a small number of identifiable competitors,

each possessing a substantial amount of information about the

capabilities and intentions of the others.

The Building Construction Market is the opposite. The
minimal resource constraints and low risk enable firms to
enter and leave the market with ease. Very little specialised
plant is employed and the methods and procedures are generally
uniform throughout the industry. The availability of site staff
is not the problem it is in Civil Engineering; one company inter-
viewed suggested that the half-life of senior site staff was
approximately 2 years. Cost estimates are prepared with the
same general procedure by most firms and only some specific
company policy such as, for instance, keeping certain staff
employed, or doing prestige buildings, can result in one company
valuing a contract differently from another. The result is a
market with a large number of competitors and only minor

valuation differences being placed upon the contracts by these

firms.

It is the Building Construction Market that is studied
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here. That is, a market where there is low risk, and few
resource constraints. A market where all competitors tend
to place; roughly the same value on a contract and where there
exist so many competitors that is j§ uneconomic to obtain data

that would be useful for predicting their individual behaviour.

2.2.2 Building Construction Process

Although there is little contractual risk in Building
Construction, there is often a great deal of uncertainty. This
uncertainty affects the functioning of the competitive bidding
process. To determine how and where uncertainty enters the

problem, the Building Construction Process is examined.

The Tavistock Report (34) defined the Building Process

as:

"The whole series of activities required between the initiating
point of a client's need and the production of a building to

fulfill that need".

The process can be described as the following set of

steps:
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C LIlENT

SPONSOR
|

BRIEF
DESIIGN
BILL OF QlUAN TITIES
SELECTION Ol!‘ CONTRACTOR

I
CONSTRUCTION

This is not an all inclusive description covering all variations,

but is a rough description of the process.

The Client, having determined that he has need of a
building, contacts some person or organisation within, or
connected to, the construction industry. This person or
organisation, who could be an architect, quantity surveyor,
speculator, engineer, contractor, etc., is called the Sponsor.
The Sponsor, together with the Client, draws up a Brief of the
Client's requirements. The Brief may be a set of unrecorded
ideas in the Sponsor's head, or it may be a voluminous
manuscript that clearly defines the required building down to

the last fitting, or it may be anything in between.

After the Brief is prepared, the specialist designers,



(soils engineers, services engineers, structural engineers,

architects), are employed and the detailed Design work is

carried out.

From the Design a Bill of Quantities is prepared. The
Bill of Quantities is a description in words of every operation
which the contractor will have to carry out to give effect to
the plans and specifications. The Bill is prepared in accordance
with some predefined method of measurement; for example,

the Standard Method of Measurement of the Joint Committee of

the R.I.C.S and the N.F.B.T.E.

A Contractor is selected to construct the proposed
facility. This selection is usually done by competitive bidding
based upon the Bill of Quantities, or the design drawings and
specifications, or both. Selection by negotiation is also done

by some clients but the industry norm is competitive bidding.

Once the contractor has been selected he proceeds to

construct the facility in accordance with the contract instruct-

ions.

This brief description of the building process can be

compared with the R.I. B.A. Plan of Work reproduced on the
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following page. There the Client-Sponsor-Brief Phase are
seen as Stages A, B, C, and D. The Design Phase, Stages
E and F. The Bill of Quantities, Stage G, and the Selection
of the Contractor, Stage H. The Construction Phase

encompasses Stages J, K, and L.

This is the description of the Building Construction
Process that is usually found in the literature. It is an
organised process, with specified responsibilities, and little
opportunity for uncertainty. This process is called the

"Formal Building Process'' by the Tavistock Study (34),

because:

"The system is formal in that theoretically it is the way in
which the control of the building process works. ...It forms
the basis of written infor mation about the building process".

The Study then goes on to state:

"The formal system of controls, or directive functions, is
not very directly manifested in actual behaviour and, if our
information were based only upon the behaviour of the
building team on the job, we might never have become aware
of the formal system in its true form''.

The formal system is how the construction process is
supposed to function, not how it does. On actual projects the

sequential finality of the described phases is rarely present.
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Stage Purpose of work and Tasks to be done People directly Usuasl
Decisl tobereached involved Terminology
A. Inception To prepare general outine of Set up client orgsnisation for Al client interests, architect. Briefing
requirements and plan future briefing. Consider requirements,
acton. appoint architect.
B. Feasibility To provide the clhient with an Carry out studies of user Clients’ representatives
pp | and dati q ts, site diti architects, engineers, and
in order that he may d planning, design, and cost, etc., QS according to nature of
the form in which the project is as y to resch d proj
to pmceod. ensuring that it is
and financially. ’
C. Outline To d ine g ) approath Develop the brief further. Carry All client intarests, architects, Sketch
Proposais 1o layout, design and construction out studies on user requirements, i QS and specialists Plans
in order to obtain authoritative hnical probl d Q. as required.
approval of the client on the design and costs, 88 necessary
outline proposals and accom- to reach decisions.
panying report.
D. Scheme To complete the brief and decide Final development of the brief, full All client interests, architects,
Design on particular proposat luding design of the project by archi ] QS and speciaksts
planning arrangement, pieliminary d ] and il statutory and other
PP preparation of cost plan and full approving authorities.
hod, outline specifi [ y report. Submi!
and cost, and to obtain ail of proposals for all approvals.
approvals.
Brief should not be modified after this point.
E. Detail To obtain final decision on every Full design of every part and Architects, QS engineers and Working
Design lated to desig P of the building by specialists, contractor (if Drawings
specilication, construction and cost. llab of all d appointed).
Complete cost checking of designs.
Any further change in location, siza, shape, or cost after this time will result in abortive work.
F. Production To prepare production informa Pieparation of final production Architects, engineers and
Information tion and make linal detailed information, i.e. drawing: specialists, contractor (if
decisions to carry out work. schedules and specifications. appointed).
G. Bills of To prepare and compiete all Preparation of Bills of Quantities Architects, QS, contractor (if
Quantities information and arrangements and tender documents. appointed).
for obtaining tender.
H. Tender Action as recommended in Action as recommanded in Architects, QS,
Action paras. 7-14 inclusive of paras. 714 inclusive of engineers, contractor, client,
‘Selective Tenderning'® ‘Selective Tendering'®
J. Project Action in sccordance with Action in accordance with Contractor, Site
Planning paras. 5-10 inclusive of paras. 6-10 inclusive of sub-contractors. Operations
‘Project Management'* ‘Project Management’®
K. Operations Action in accardance with Action in accordance with Architects, engineers,
on Site paras. 1114 inclusive of paras, 1114 inclusive of s, sub
‘Project Management'® ‘Project Management'® Q8§, client,
L.Completion Action in accordance with Action in sccordance with Architects, engineers,
paras, 16-18 inclusive of paras. 16-18 inclusive of contractor, Q8, olient.
‘Project Management’® ‘Project Management'®
M. Feed-Back To analyse the management, Analysis of job records. Architeot, engineers, OS,
rf contractor, client,

construction and per
of the project,

Inspection of completed building.
Studies of buiiding in yse.

! Joint C itative C i’ of Ar

ots. Quantity Surveyors and Bullders.

801k linati
L

of Nati
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Bills of Quantities are prepared from sketch plans and the
building can be completed before the Brief is finalised. An
amusing description of a '"normal’ project can be found in the

appendix of the Tavistock publication, Interdependence and

Uncertainty (34).

It is in the actual functioning of the process that the
‘uncertainty arises. The ad hoc techniques, and general crisis
atmosphere of a construction site, coupled with changes in the
specifications by clients, and operative mistakes produce a

very uncertain situation.

The uncertainty present in a construction project is
classified in this thesis under two categories: Estimating
Uncertainty, and Construction Uncertainty. Construction
Uncertainty is caused by the variable nature of the project
due to client changes, construction errors, personality
conflicts, etc. Estimating Uncertainty is caused by infor mation
gaps and the subjective nature of estimating. The influence of
these uncertainities is discussed in Section 2.5.2. The

sources of Estimating Uncertainty are examined in Section 2. 3. 2.



-9]-

2.2.3 The Sample Companies

This study was provided with data and assistance by

three construction firms. Two of these firms operate a
division structure in which the project selection, estimating,
and decision on final tender price is the responsibility of
divisional management. Since each division is a semi-
autonomous decision unit, it can be treated as a separate
company. Thus the three firms were able to provide data for
four "companies”. The firms wish to remain anonymous and

so they are referred to as Companies A, B, C, and D.

For each Company there is a data set, which is a
"chapter" in the bidding history of a company. A data set
consists of a series of contracts which the company has bid on
over a period of time. Each set is headed with a brief
description of the type of work, and the time period concerned.
For each contract in the data set there is the following inform-
ation.

- a scquence number;

- the sample company's estimated cost;

- the sample company's submitted bid;

- the number of competitors;

- the competitors' bids;

and in some cases, the names of the competitors. Appendix
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1, Sample Companies' Data, contains a more detailed

description of the data. The contents of the data sets are

summarised in the table below.

Company A
Company B
Company C

Company D

SAMPLE COMPANY DATA SETS

Time

Period
12 mo.
12 mo.
9 mo.

19 mo.

Provided

37

43

4]

Number of
Number of Contracts different
Usable Competitors
34 65
4] 81
37 -
4) 100

ol

The four sample companies possess the following common

characteristics:

i. They are all building construction firms operating in the

south of England.

ii. They obtain a large portion of their work load by competitive

bidding,.

iii. Most of the contracts in the data sets are Bill of Quantities

type and use R.1.B. A. terms and conditions.

iv. The contracts in the data set do not call for any specialised

techniques, patented process, or specialised plant which
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would give any firm a competitive advantage.

These common features describe the Study Area.

This research is concerned with competitive bidding in the
Building Construction Industry where:

i. There are a large number of potential competitors for

each project.

ii. There is little product differentiation.
1ii. There is little differentiation between companies.

iv. The resource constraints are minimal.

These are the boundaries of the Management Problem.
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2.3 MANAGEMENT DECISIONS

2.3.1 Competitive Bidding

Competitive' bidding is defined as:

A situation in which a number of contestants (bidders), each
submit to a client a price (bid) in return for which they are
willing to perform certain specified services. The winning
price is deter mined by some pre-arranged judging procedure
(usually the lowest price submitted*) which is known to the
client and to the contestants.

The contestants do not know each others bid before the
judging. ** They may know them after.

Non-price features such as delivery times, client bias, etc.
as mentioned by Simmonds (29) are not normally considered
in the judging.

Of the many variants of éompetitive bidding, the two in
general use in the construction industry are: Open Competitive
Bidding - in which the competition is open to anyone who wishes
to compete; and Selective Tendering - where competition is

restricted to a few chosen competitors. These two methods

* But not always, see reference 16.

** This may not necessarily always be true in actual fact.
However, this thesis is studying competitive bidding, not colusive
bidding; even though it is probably easier to achieve an optimum
in the colusive case. For an example of the latter, see The
Times, 20 March 1970, news item "Contractors’' 'phoney’

bids spur inquiry".



-25- .

have been major subjects in the Banwell (32), Emmerson (33),
and Simon (36) reports. Open Bidding being used for reasons
of public accountability and Selective Tendering being
recommended as conducive to improving the efficiency of the
industry. For this thesis, it is irrelevant which of the two
variants is used. However, the use of Selective Tendering
simplifies the OR problem by controlling the number of

competitors and thus allowing their number to be predicted with

reasonable accuracy.

Competitive bidding is the normal method of contractor
selection. That it is not necessarily a sound process is
recognised by the industry. This point of view is illustrated

by the following quotations.

From the Building Industry Survey (38);

"One result of the open tendering system has been that success-
ful main contractors drive hard bargains with sub-contractors
with the frequent result that the sub-contractor who gets the job
is tempted to use inferior materials and lower the quality of

his workmanship. Several sub-contractors have told us that
they could not make some jobs pay under the present system
unless they used inferior materials."

From the Emmerson Report (33);
"Open tendering is still common although this prejudices the

firm which maintains a high standard of work and the building
owner does not get the best value from the lowest tender. "



-26-

From "Construction and Professional Management' (26);*

"It is partly the process of awarding contracts to the lowest
bidder that accounts for construction contracting having among
the lowest gross profit margins of all the industries, about one
percent for 1964. "

In view of this condemnation, is competitive bidding
likely to be replaced by some other process? Reported
attitudes and behaviour suggest no. To quote the Banwell
Report (32):

""Many clients consider that a building can only be secured at

the lowest possible cost if each job is advertised and all
contractors are free to quote a price in competition. "

Moreover in addition to the attitude of clients, it would appear
that the account of cost and quality erosion to which reference
has been made may not be generally valid. Judging from the
attitudes of the sample companies, competitive bidding does
not result in competition based upon costs, or profit margins,
but actually produces a lottery in which the inherent uncertainty
of the process decides the winner. Evidence to support this
contention is the fact that all four companies used almost
identical methods of determining the costs and then all used

almost the same percentage mark-tips to arrive at their bid

prices.

* American Reference
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2.3.2 Estimating and Tendering Procedure

Thus inherent uncertainties appear to be the key to the
workings of the competitive bidding process. One source of
these uncertainties is the estimating and tendering procedure.
The management decisions which are the focus of this research
are part of the estimating and tendering procedure. Therefore,
to isolate these decisions, and to examine this source of

uncertainty, the procedure is investigated.

The estimating and tendering procedure, from I;eceipt of.
the invitation to tender through to the notification of success or
failure, is thoroughly described in the ""Code of Estimating
Practice", published in 1966 by The Institute of Building (6 ).
The flow chart reproduced on the following page illustrates the

major stages and items of the procedure.

The Code also defines the following terms:

Estimating - is the technical process of predicting cost of
construction. .

Tendering - is the separate and subsequent commercial
function based upon the estimate.

Adjudication - is the action taken by management to convert
an estimate into a tender.
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It is convenient to consider the Procedure as three

stages.

I - The Dccision to Tender: in which a management decision
is made based upon a preliminary examination of the
specific contract and consideration of the company's

position and market environment.

II - Estimating: which includes sections 4 and 5 of the
Code diagram and is the technical process of arriving

at an estimated cost figure.

IOI - Tendering: which can include declining the contract, and
is the management decision on the bid (tender) price to
submit; based upon an intensive examination of the
specific contract, the competition, the company, and the

market.

Considering the Estimating Stage first, the Code states:

""An estimate must be prepared in a way that is explicit and
consistent and which takes account of methods of construction
and all circumstances which may affect the execution of work
on the project. It is believed that such a sound estimate can
only be achieved when each operation is analysed into its
simplest elements and, the cost estimated methodically on the

basis of factual information. "
This presents estimating as a careful, thorough process by

which a valid estimated cost is obtained. Yet this is contradicted

by P. F. Miller*, who has stated:

"Estimating is the last of the folkcrafts in the construction
industry. "

Moreover, examination of the workings of the estimation

procedure reveals some basis for Miller's statement.

Contractors', at the Operational Research Society Construction
Industry Study Group Conference at the Loughborough University

of Technology, Sept.17, 1969.
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Estimates are usually prepared from a Bill of Quantities.
A conventional definition of a Bill of Quantities is found in

reference 6:

"A Bill of Quantities is a description in words of every operation
which the contractor will have to carry out to give effect to the
architect's plans and specifications, prepared in accordance

with the Standard Method of Measurement of the Joint Committee

of the R.1I.C.S and the N. F.B. T.E. or the Scottish Mode of
Measurement. Numerical measurements are set against each

item and space is left for the builder to set his price against each. "
A different, and perhaps more appropriate description of a

Bill of Quantities was provided by the Tavistock Institute Report

(15) where they described it as a "hypothetical construct’.

The extent to which the Bill of Quantities is hypothetical
is indicated by the fact that the design is often not completed
when the Bill is prepared. Some design details are left until
just before construction. The author's limited experience*
suggests that the bill is rarely prepared from completed drawings
and specifications because these do not exist when the bill is
drawn up. Therefore the Bill must contain a number of
provisional items and ''guess - timates" if it is to describe the
desired building even inadequately. Therefore the builders are
not estimating some precise, clearly defined and detailed project,
but they are competing for the right to build some hypothetical
project. The potential for a refined estimate of the construction

cost cannot exist in the absence of a completed design.

*Six months in the employ of an engineering consulting firm in
London.
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The Bill of Quantities is so used to provide the bidders

with a uniform basis for making lump sum offers.

Even if the Bill did represent the building, there are
other problems that prevent estimating from being a thorough
and objective technique based upon factual information.

i. Time - The process as outlined is time consuming.
However the time allowed is not always adequate.

ii. Drawings - The drawings are often incomplete, or drawn
at a very small scale, or not available.

iii. Time Delay - The delay by clients in the letting of
contracts (i.e. elapsed time between the submission
of tenders and the awarding of contract) precludes
the assignment of men and equipment at tender
time. To quote Banwell (31):

"Public Authorities are said to be particularly
slow in notifying the results of tenders and to
show undue haste in expecting a physical start
once the contract has been let."

iv. Determination of Construction Method - Since the divisions
in the bill of quantities bears little relationship to
the construction processes involved, and since
estimates are built up from the bill of quantities,
the relationship between the construction method
and the estimated cost appears tenuous. This is
illustrated by an example from reference 38.

"Another example was that of a leading architect
who designed buildings in such a way as to
eliminate the need for scaffolding (although in
this case difficulties were encountered since none
of the contractors who tendered appreciated this
fact.)."

Often there is little communication between the
estimator and the site agent so that even if a method
is determined at the estimating stage, it is not
necessarily the way the project is constructed.
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However, despite these problems, it is apparent from an exam-
ination of submitted prices that estimators from different
companies, working with approximately the same information,
arrive at almost.the same prices. The average bid range (high
bid minus low bid) on the data set contracts being approximately

10 percent (See Figure A-5).

In section 2.2, uncertainty was categorised into Estimating
Uncertainty and Contract Uncertainty. It is now possible to make
these terms more explicit. Contract Uncertainty is concerned
with the difference between the actual structure and the hypo-
thetical one described in the tender documents. Will the firm
gain or lose in the transition from one to the other? The Estimat-
ing Uncertainty arises in the process discussed above. Does the
estimate approximate closely to the cost of the hypothetical
project? If the estimate is too high the contract will be lost;
if the estimate is too low the contract may be won but the firm is
more likely to suffer a loss on the contract. The Uncertainties
are separated because they are handled differently in the decision

process.

The Stages I and ITI of the Estimating and Tendering

Procedure are the management decisions examined in this thesis:
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The Decision to Tender and the Decision on the Tender Price.
In this section some of the relevant elements (those which are
listed in the Code) of the decisions are presented. Comment on

these elements is reserved until subsequent sections.

Under the Decision to Tender, the Code of Estimating

Practice considers the following:

the organisation's work load in relation to its resources.

- is all necessary information provided?

- is sufficient time allowed for estimating?

- what are the Conditions of Contract?

- are drawings included?

- are operating conditions defined clearly?

- what is the value and extent of the project and what is the
main contractors contribution likely to be?

- 1is the design well developed?

- are the Bills of Quantities standard?

- Is more information available? Where? When? How?

- What is known about:

the client and consultants?

the value of the project?

the Conditions of Contract?

reconsider the contract in relation to certain and expected

construction commitments and the estimating work load.
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Under the Tendering Decision are listed:

Matters to be Considered:

method of construction.

- unusual risks not covered by contract.

- unresolved technical or contractural problems.

- assessment of design process.

- assumptions in preparation of estimate.

- assessment of profitability of project.

- pertinent information on market of industrial conditions.

- need for qualification of tender.

- terms of quotations from sub-contractors.

- time for which tender is to remain open.

- Conditions of Contract.

- contractural risks (including Fixed Price Tender Risk).

- Capital requirement including: work in progress, materials,
temporary works, plant investment, retention moneys, and
the possibility of under valuation.

-~ technical and managerial requirements.

- work load.

- the market.

- reputation of client, architect, quantity surveyor, and other

consultants.
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Additional Factors to be Included:

Financial implications of items above.

Risk.

General Overheads.

Profit.

2.3.3 A Schematic Decision Model

The Decision to Tender (Selection Decision) and the
Tender Price (Adjudication) Decision are the focus of this
investigation. To highlight the interactions and information
flows affecting these decisions a schematic model of the
Competitive Bidding Process .is developed. This model serves
as a definition of the Competitive Bidding Process and is used

as a conceptual basis for the following Chapters.

The model is developed by considering a series of Black
Box* models, moving from the general to the specific. A
simplified view of the construction industry using the Competitive
Bidding Process is illustrated below. Dotted arrows are used to

indicate information flows; solid arrows indicate material flows.

* The Black Box is regarded as a system which is definable in
terms of its inputs and outputs, but undefinable in the details
of its workings.
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Formal transfers, i.e. a request for tender and a submitted bid

(or refusal) are also indicated with solid arrows.

/E\___L__.* _2 _ | EXTERNAL

I CONSTRUCTION 3 ENVIRONMENT

E = INDUSTRY [* — — —| financial resources

N 5 o & market opportunities

T - = Government constraints
At

(1) - Request for Tender

(2)-(3) -Infor mation Flows (alternate opportunities,

Government Action, financial resources)

(4) -Response to Tender Request

(5) -Award of Contract

(6)-(7) -Flow of resources to and from external environment
(8) Constructed Building

The term, resources is used to encompass men, materials,

knowledge, money, etc.

In the diagram, arrows (1), (2), (3) and (4) cover the Competitive
Bidding Process. Consider, therefore, only those {irst four
steps. The box labelled Construction Industry contains

approximately 80,000 construction companies and their industry
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Industry resource suppliers are:

building material suppliers, equipment companies, the con-

struction labour market, and the like.

of the model -

(m~<§

SRes urce
uppliers

CONSTRUCTION INDUSTRY

Expanding this section

EXTERNAL

ENVIRONMENT

To follow the information and material flows the model is now

reduced to that of a single company.
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Using the stages of the Estimating and Tendering proced-

ure discussed in Section 2. 3. 2, the model now appears as:
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This model represents the Competitive Bidding Process that

is discussed in this thesis. It is an abstraction, and it is
simplified; but it isolates the major decision areas and inform-
ation flows, and is sufficiently general to be applicable to most

bidding situations.
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2.4 FEASIBILITY STUDY

A necessary prelude to a research project that is of
practical significance is a positive answer to the question;
"Is it worthwhile?'". Despite contractors' claims that they are
losing money, the possibility that they are doing as well as
possible within the system must be considered. If this is the
case then little practical benefit can result from the study.
Also, the subject of competitive bidding has been actively
investigated by operational researchers since 1956. Is there

anything left to explain or investigate?

To investigate these questions, an initial study
of the situation was conducted. This exploratory analysis, as
well as demonstrating the need for the study, produced some
interesting observations on managerial objectives. Since these
observations are used in the study of the process, the analysis

is described here in some detail.

g

2.4.1 Maximize Profits

Defining profits as total receipts minus total cost, the
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conventional economic objective attributed to a company is to

maximize profits.

By considering the contracts offered to an individual
company over a specified time period it is possible to aggregate

these into a Profit-Volume Opportunity Curve for that Company.

The curve is constructed by considering the effects of different
policies, e.g. uniform mark-ups of 1%, 2%, ...,10%, on total
profit and volume. Figure 2.4 is an idealised Profit-Volume

Opportunity curve for a firm in the i;ldustry.

TOTAL

PROFIT A
Figure 2.4

VOLUME
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The curve is intuitively reasonable since it indicates that low
total profits can be obtained by winning a few contracts at a

high mark-up or by winning many contracts at a low mark-up,
and that an optimal combination of mark-up and contracts exists.
A policy designed to maximize profits should result in the

company operating at point A on the curve.

The maximum profits operating position when overheads
are included on the diagram is a function of the type of overheads.

This is illustrated in Figures 2.5 and 2. 6.

A

. 1 1 Net

PROFITS Nt PROFITS
{4 V
- " Fizsd

ol Moty
VOLUME VOLUME
Figure 2.5 Figure 2.6

If the overhead costs are fixed (i.e. not changing with volume)

the maximum profit position is at the peak of the curve (point A)
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and the corresponding volume is Vol,. For this case, any

1
policy which maximized gross profits (length A-Voll) also
maximizes net profits (length A-B), and vice versa. It is the
fixed case that one would expect to apply for a construction
company. This case because, although the firms discuss over-
head as a percentage figure (implying variable overheads) there
is a general tendency to keep key staff employed on a year round
basis (fixed cost), and items which might normally be variable
overheads, for example the installation of site offices, utility

costs, permanent staff assigned to a project, equipment mainten-

ance, etc. are usually included in the estimate of site costs.

The second case, Figure 2.6, illustrates the effect of
the addition of variable (increasing with volume) overheads to the
diagram. Since C-D is longer than A-B, the maximum net
profits position has shifted to the left of the maximum gross
profits position, from volume Vol1 to volume Volz. Thus the
optimum is at that volume at which the first derivatives of the

profit and cost curves are equal.

The selection of a profit maximising criterion seems
valid in theory; it is in the application that flaws appear. It has
been fairly commonplace for researchers to equate the bid price

with the receipts and the estimated cost with the true cost and
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define
Gross profit on contract i = X, - ki if X, {y.
i
| 0 if Xi ) yi
(2.4.1-1)

where X, = the bid price on contract i
ki = the estimated site costs for contract i

y; = the lowest competitor's bid on contract i

ties, X, = y; are assumed not to occur.

Then they assume that the variable overheads are included in

the estimated cost, k, and that the management's objective is to

maximize gross profits.

This definition of gross profits is not completely satis-
factory. First it ignores uncertainty, and one of the main points
of the previous sections was that the estimated cost is not the
true cost. Likewise it was noted that the receipts normally vary

from the bid price. The best that the figure (x - k) canbe is a

prediction of the gross profits, and this assumes that the

uncertainty does not introduce any bias. However, this definition

does provide an index, since it is reasonable to assume that a
contract won with a bid of £x + delta, where delta is a positive

quantity, should be more profitable than a contract won with a

bid of £x.
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A second difficulty with the gross profit criteria is that
it ignores the time aspect of contracts. When comparing
different contracts, or sets of contracts, this neglect distorts

the results. For example, consider the following two contracts:

Contract Estimated Bid Profit Duration Profit/
Cost Year
A £2, 000,000 £2,120,000 £120,000 4yrs £30,000
B 500, 000 930, 000 30,000 1lyr £30,000

Assuming that the cash flows in Contract A in the first year are
similar to the flows in Contract B, the two contracts could be
roughly equal, considered in terms of the effect on the company's
operations in that year. Using a gross profit as a criteria,
Contract A is four times more valuable than Contract B. However,
it is usually assumed that Contract A is more desirable than
Contract B. The use of gross profits as a measure exaggerates
this, but does produce the correct ranking order. The opposite,
Contract B more valuable than Contract A, could result if more
advantageous opportunities occur in the second year. That
possibility is not considered in this. pilot study. Section 2.5.5

proposes a method of treatment for this aspect.
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2.4.2 Decision Rule Simulation

Two decision rules were used to test the potential value
of the project. The objective of the earlier researchers,
maximize gross profits, was used as the criterion and the
current compﬁny performance, as exhibited by the data sets,
was compared with what the results would have been if:

(a) The company had increased (decreased) all its bids by a
uniform percentage amount.

(b) The company had used a policy of uniform percentage
mark-up on estimated cost.

A problem in using the (2. 4.1-1) definition of gross
profits for this purpose is created by the Provisional Cost
Allowances in the data set contracts. These sums carry their
own profit allowance and this introduce additional variation
into the gross profit figure. For an extreme example, assume
for a contract that the estimated cost was £100, £50 of which
was a Provisional Cost Allowance. A 6 percent mark-up would
result in a submitted tender of £103 and a profit, as defined, of
£3. If instead, the Allowance was £20, the 6 percent mark-up
would result in a submitted tender of £104.8 or profit, if won,
of £4.8. The contracts, however, have identical value to the

company because they will be paid 6% profit on the work covered
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by the Provisional Allowance. Theoretically this can be
corrected for; in practice the data required to make the
corrections was not available, and so it was necessary to
ignore the Provisional Allowances. This is equivalent to
assuming that the percentage amount of Provisional Allowances
is constant for all contracts, and this is not so. However, from
interviews it was ascertained that the amount is usually small
and does not fluctuate too wildly and so the error introduced by
this factor should not be major. In any case, the errors do not
affect the terms usefulness as an index, i.e. a contract won at

a bid of £x + delta is still more profitable than one won at £x.

To simulate the decision rules, two computer programs,
OPTM* and OPT2 were written. Simplified flow charts of
these programs are Figures 2. 7Tand 2.8. The programs were
written for use on The City University, I.C.L. 1905 Computer.
The data sets from the four sample companies, introduced in

section 2. 2.3, were used as input.

A series of contracts, such as the data sets, can be
manipulated to produce several different profit-volume relation-
ships. There are three basic figures to start with; the estimated

cost, the bid, and the lowest competitor's bid and a different

* Capitalized names refer to Fortran IV programs.
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Flow Chart
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Flow Chart
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profit-volume relationship can be derived from each.

One approach would be to.use the lowest competitor's
bid on each contract. Theoretically the maximum profit
available to the company would result from incrementally under-
bidding the lowest competitor on all contracts which yielded a
. positive profit (i.e. all contracts for which the lowest
competitor's bid is greater than the company's cost estimate).
A second approach is to start with the estimated cost figures and
evaluate the effect, in terms of profit and volume, of applying
the same percentage mark-up to all the céntracts in the set.
This is done by the OPT2 program. The third approach is to
start with the tender figures submitted by the sample company.
By making the same incremental change to every bid in the set
and calculating the result, a profit-volume relationship is

produced.

Only the second and third approaches are used in this
thesis. This is because it was felt desirable to stay with results
that could realistically be obtained by an operating company. The
results that can be achieved by a policy of constant mark-up, or
the results that can be achieved by ;41 shift of current bidding
policy, are felt to be both practicable and obtainable. The

theoretical maximum is not.
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Consequently, OPTM evaluates the effect on total profits
for the data set of varying all the sample company's bids by a
percentage increment. For example, suppose in the data set
the company had bid 60 contracts, won 5, and received a total
profit of £100,000. The program computes what would have
happened, in terms of total profits, if all 60 tenders had been
raised (reduced) by 0.5%, 1.0%, 1.5%, ..., 5.0%. The program

outputs the results in graphical form.

OPT?2 is similar to OPTM except that it operates on the
estimated cost instead of the tender figure. The program
evaluates the effect of a uniform mark-up of 0.5%, 1.0%, 1.5%,

ee., 20.0%.
Figures 2.9 and 2. 10 are sample output sheets.

To obscure the identities of the sample companies, the
data results are presented in percentages. The base figure,
100%, selected for each data set is the maximum figure obtained
by using a policy of constant percentage mark-up on the‘
estimated cost for all contracts in the data set. This is the

maximum produced by the OPT2 program.
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2.4.3 Results and Discussion

As mentioned above, the OPTM and OPT2 programs
were run with the data from the four sample companies.
Figures 2.11 to 2. 14 are the plotted results. The position of the

current company performance is indicated with a circle.

From the graphs it does not appear as if the companies
are bidding to maximize profits. The OPT2 graphs indicate
that the maximum profit region occurs at mark-ups of 2% to
4%. The companies bid in the region of 62%. Considering the
OPTM graphs, Company A's bids are 1% below the peak position;
Company B's are 3 3% above; Company C's are 1% above; and
Company D's are 3:% above the peak. These graphs were
discussed with the managements concerned and, as could be
expected, Company A agreed that a 1% increase it is bids would
have been desirable. On the other hand, Companies B, C, and
D flatly rejected any suggestion that they might improve their
positions by lowering their bids. To support their point, they
revealed that théy were losing money on some contracts at the
current price level (one contract ir; three and one in five were
the figures quoted), and were certain that a reduction in prices

would not improve this situation. A suggestion of bidding in the
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23% to 4% range was treated with scorn.

Now the sample companies were not in financial
difficulties, and all were reasonably happy with their past
performance. If it is accepted that their behaviour is rational
then either the maximum profits criteria is not applicable to
this situation or the assumption of fixed overheads and /or the
assumptions in the (x-k) definition of gross profits are

distorting the results.

The assumption of fixed overheads was investigated
first. From the OPTM and OPT2 output, profit-volume
diagrams were prepared. These are Figures 2.15 and 2. 16;
the squares indicating actual company performance. Smooth
curves were fitted by eye to the data and the variable overheads
were estimated by calculating the tangent of the curve at the
location of actual performance. ;I‘his procedure produced the

following results.

Estimated variable overhead for Company A = 19%

Company B = 28%
. Company C = 3.5%
Company D = 3.7%

These results are inconclusive. The figures for Companies C
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and D could be reasonable, but those for A and B are ridiculous.
Considering the approximations and opportunities for error that
went into the determination it is reasoned that no definite con-
'clusion can be drawn from this procedure. However, since the
companies claim that all variable overheads were included in the
estimated costs it is felt that they are not the explanation for the

discrepancy between the received theory and practice.

It is apparent from these results that the primitive concept
of gross profit maximization, as defined earlier, is at variance
with actual behaviour. This is taken as an indication that
further research is required in this area. Consequently, this

aspect is investigated in the following sections.

A detailed examination of the output from the OPTM and

OPT2 programs also revealed the following:-

(a) Company A - If all tenders had been increased by 1%, the
company would have achieved a 16% increase in gross'
profits, a 16% increase in their profit-volume ratio, and
exactly the same volume of contracts.

- The uniform mark-up policy in the same
region as the current perfo.rmance would have won exactly

the same contracts but with 2% less gross profit.
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(b) Company B - An increase of 2% in tender prices would
have achieved a 22% decrease in gross profits, a 43%
decrease in volume, and a 38% increase in profit-volume
ratio.

- A uniform mark-up policy in the same region
as the Company's performance would have achieved 4% less

gross profits on 23% greater volume.

(c) Company C - A decrease of 1% in tender prices would have
achieved an 18% increase in profits, a 36% increase in
volume, and a decrease in the profit-volume ratio of 14%.

- A uniform mark-up policy in the same region
as the Company's performance would have achieved a 41%
increase in gross profit, a 36% increase in volume, and a

3% increase in the profit-volume ratio.

(d) Company D - An increase of 1% in the tender prices would
have achieved a 7% decrease in gross profits, a 20%
decrease in volume, and a 16% increase in profit-volume
ratio.

- A uniform mark-up policy in the same region

as the Company's performance would have achieved a 1%
decrease in gross profits, a 1% increase in total volume,

and a 2% decrease in the profit-volume ratio.
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A general observation is that the decision maker can
usually outperform the arbitrary policy. This was the result
in three out of four cases, and in the fourth case the manage-
ment hastened to point out that the sample contained only a few
contracts and a single contract can alter the results. It appears
that the decision maker's judgment is a significant factor in how

well a company performs.

The following specific observations were made for the

individual companies.

Company A - an increase of 1% in the tender priées would have
produced a more desirable result.

Company B - the desirable policy for the Company is dependent
upon the state of the market of the period. If the
Company has bid all or most of the contracts
available, its current policy was the best. If more
jobs were available, (about 50% more), then a 2%
increase in tender prices would have more than
compensated for the additional estimating that
would have been required to achieve the same
volume. |

Company C - either the current policy or a fixed mark-up policy

of 6% are suitable. Any increase or decrease from
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the region of the current position causes
spectacular, but not necessarily desirable
results.

Company D - An increase of 1% in all tender prices would

have produced a more desirable resuilt.

These observations were discussed with the managements of the

companies concerned and general agreement was obtained.

-2.4.4 Conclusions

The general conclusion that is drawn from this feasibility
study is that competitive bidding in the Construction Industry
could be a very fruitful field of investigation. Obvious areas of

both academic and practical significance are:

1. The determination of an economic objective function that
corresponds to the performance and desires of the sample

companies.

2. The development of a system that can realise at least some

of the benefits that are revealed by hindsight.
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3. The creation of a method of incorporating judgment into
an operational research bidding strategy model (since the
results indicated that the decision maker's judgment is a

relevant factor).
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2.5 MANAGEMENT OBJECTIVES

Fundamental to a study of a decision process is a
concise definition of objectives. But what are the objectives
of a company using the Competitive Bidding Process? When
discussing company objectives the lists became long, sometimes
confusing, and often contradictory. Some of the possible

objectives of a construction company could be:

Maximize Profit,

Maximize Utility,

Minimize Regret,

Minimize the profits of competitors,

Minimize the profits of a particular competitor,

Obtain a certain percentage of the market,

Obtain a certain segment (e.g. prestige buildings) of the market,
Maintain a constant work load,

Achieve a specified return on invested capital,

Make a specified amount of profit,

Obtain a certain volume of work.

The question is which of these, or which combination of these,

is appropriate for the Sample Companies? It has already been
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demonstrated, in section 2.4, that the naive ""maximize gross
profits' objective is not suitable. An arbitrary selection from
other members of the list are equally likely to be unsuitable.
Clearly, a more sophisticated approach to determining a

quantitative objective function is required.

The managerial objective function proposed for the
sample companies is developed from three assumptions.
1. The firm is trying to maximize some value measure.
2. The value measure has an economic basis.

3. The current behaviour of the companies is in the region of

the maximum.

The first two assumptions are fairly conventional. It
could be argued that the maximizing of an economic value measure
is an oversimplification and that satisficing and non-economic
considerations also enter the problem. However, some simpli-
fication is necessary to reduce the problem to one that can be
modelled. Also most non-economic objectives , for example
continued employment of loyal staff, can be accommodated as
constraints, and satisficing qf secondary objectives if often
compatible with the maximization of a primary one. The third
assumption arises from the fact that the Sample Companies are

adaptive, viable, entities that exist in a competitive market and
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are capable of changing their behaviour if circumstances dictate.
The concept, that managerial behaviour is near optimal, was
formalised by Bowman in his 1963 paper, "Consistency and
Optimalty in Managerial Decision Making” (3). His first two
axioms are: '

1. Experienced managers are quite aware of and sensitive to
the criteria of a system.

2. Experienced managers are aware of the system variables

which influences these criteria.

The effect of the third assumption is to provide a means
of testing the developed objective function. Data is available for
the Adjudication stage of the decision and the search is directed
to finding an objective function for that stages that imitates the

current performance of the sample companies.

2.5.1 Decision Variables -

For the objectives to be relevant to the decision problem
they must be related to the variables present in the problem. In
the Competitive Bidding Problem, at a specified time, there

exist the following variables:
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S - The set of opportunites,

The vector of tender prices (defined on S),

The vector of estimated costs (defined on S),

The vector of lowest competitors' bids (defined on S),

f< RN
'

The vector of costs of bidding (defined on S).

The resources required by a contract are not considered variables,

but are constraints.

The variables can be divided into two groups - -
controllable and uncontrollable. The set of opportunities, S, is
a controllable variable that can be varied from all the contracts
offered to zero by the Decision to Tender. Other methods of
controlling this variable are discussed in Section 2.5.4, Market
Uncertainty. The tender prices, X, are controlled by the
Adjudication Decision. The estimated costs, K, are stochastic
variables. The variability can be controlled by the Selection
Decision and the bias by correction. The costs of bidding, L,
are binary variables; the Decision to Tender determining whether

the value is 0 or L. The lowest competitor's bids, Y, are the

uncontrollable variables in the decision situation. Chapter 3 is

concerned with the statistical treatment of these uncontrollable

". variables. In this section the value measurements will be

formulated as discontinuous functions dependent upon the value
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of the variables Y. For example:

Value of Contracti = 4V, if x, < A
(2.5.1-1)
VB ifx )y

2.5.2  Uncertainty

It is assumed that the value measure is basically economic.
This means that the value of a contract, if it is won, should be
some function of the difference between receipts and costs.

Formally

Value =  v(receipts - costs) (2.5.2-1)

Excluding low probability events such as the client going bank-
rupt, the following relationships are approximately correct.
Receipts = bid price + change in receipts due to variations

Costs = estimated cost + error due to estimate uncertainty

+ change in costs due to variations.

(2.5.2-2)
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For the market being considered contractual risk is not of
major significance and so is not included, except where it is
implicit in the estimated cost.

Combining the expressions, (2.5.2-2), with equation (2. 5. 2-1)
and combining the costs and receipts from variations into a

single term provides

Value = v(bid price - estimated cost + estimate uncertainty

+ contract uncertainty)

i X, = Bid price on contract i
y; = lowest competitor's bid on contract i
ki = estimated cost of contract i
e, = variation due to estimate uncertainty
u, = variation due to contract uncertainty
Then
Value of Contract i = vix. -k. +e. +u) if x. (.
i i i i i i
0 if xi7 ¥;

(2.5.2-3)
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The factor, u,, is called the contract uncertainty factor.

It contains the results of the contract variations: how the job

will progress and how the company will fare in the transition

from bill of quantities items to constructed structure. Referring
back to Section 2. 3.2, items such as reputation of client, quantity
surveyor, and consultants; design progress; unresolved problems;
contract conditions; managerial requirements; etc. are included

in u,. It can normally be regarded as a function of the contract

and not of the bid price, therefore it is treated as a parameter of

the function v.

The factor € is the estimating uncertainty. It is the

error resulting from the information gaps in the estimating, the
subjective nature of estimating, and computational errors.
Estimating departments try to make this error zero; that is they
try to make the expected value of the estimated cost equal to what
the true cost would be if u, did not exist. The presence of u,
complicates matters but partial feedback and comparison with
other bids permits reasonable control. This error is more of

a function of the estimating department than of the contract.

Rewriting equation (2. 5.2-3) with u,asa parameter and

using the expected value of the error in k., E(e.) to handle
i i
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estimate uncertainty

Value of Contracti = { v( wox - k, + E(ei)) if xi( A
0 ifx )y
(2.5.2-4)

This is the general formulation of the value function.
For clarity of exposition, the cost of bidding, L, is left out of
this formulation. It will be introduced later when the Selection

Decision is considered.

2.5.3 Interaction Effect

That the estimated cost is a stochastic variable has been
recognised by almost all previous investigators. Friedman (11)
in 1956 first proposed using the expected value of the estimated
cost to handle any possible bias that might exist in the estimate.

What has been generally overlooked is that the Competitive

Bidding Process introduces a bias into the estimated costs of

successful tenders. Simmonds (29) noted this interaction but
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did not develop it mathematically.

This interaction can de demonstrated for the case where
the contract is awarded to the lowest bidder as follows. Assume:
1. That a "true cost" exists. That is, that there is no contract
uncertainty, ﬁi, only estimating uncertainty.

2. That the estimated costs of all bidders on a contract are

random samples from a uniform distribution with range

truecost + R
2

That is, the estimated cost is not biased and the expected value
of the estimated cost is the true cost. Moreover estimates are
uniformly distributed over the stated range.
3. That the bidder with the lowest estimated cost is the low
bidder.

The basis of these assumptions is discussed at the end
of this Subsection. First, however, it is demonstrated how
these assumptions interact with the Competitive Bidding Process

to introduce bias into the cost estimate of the winning bid.

If ¢ is the lowest of N random samples from a

distribution h(z); then the frequency distribution of ¢ is

¢ N-1

f(c)dde = NQ1- h(z)dz) h{c)dc

00
(2.5.3-3)
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This formula is derived in Section 3.2.2, Order Statitistic

Development. If on a project there are N bidders, all with
estimated costs derived according to assumption 2; then if
assumption 3 holds the frequency distribution of the winning

bidder's estimated cost is again f(c) and

c
N-1 ,
f(c)dc = N(Q - l/Rdz) R dc
true cost - &
2
N-1
_N /1 ¢ true cost
"rlg - R *Tgr )
(2.5.3-2)

To derive a formula in percentage terms, Let

h(z) = 0 -00 < z < 100 - R/,
1
h(z) = R 100 - R/2/= z £100 + R/2
_ R
h(z) = 0 100 + 5 <z<+ 00

(2.5.3-3)

Where h(z) is the distribution of the estimates, the true cost is

100, and R is the estimating range in percent.
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For a specified error range of R percent, the expected
percentage amount that the cost estimate of the winning bidder

is below the true cost is:

100+—2I-t
’ N-1
_ N 1 ¢ 100
E (100 - C) "R (lOO-c) ('2— ﬁ + R dc
R
100-—2-
R
100 + 3 N1 100 + 5
_ 100N 1 ¢ 100 N| 1 _ ¢, 100
= R G-r* &) *r|GrR'T
R | R
_ R{N-1
- 2(N+1)
(2.5. 3-4)

For a specified participant, if n is the number of competitors,
then n = N - 1, and the expected percentage value that his

cost estimate is below the true cost is

R n
{2 (n + E)Af
' (2.5. 3-5)

if the contract is won.

dc
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The results of this interaction can be demonstrated by
example. If a company has an estimate range of 10% and is
bidding against 5 competitors; the expected value of the
estimated cost, if the company wins, is

5 )

10 ( —5 T

3.57% below the true cost.

This calculation partially explains how a contractor can bid
his jobs at a 5% mark-up and finish with a gross profit only

slightly over 1%.

Let Z(R,n) be a multiplier that corrects the expected

error in the estimated cost.

Z(R,n) E(c) = 100
Z(R,n) (100 - E(100 - ¢) ) = 100
Z(R,n) = 200(n+2)
200(n+2) - Rn
(2.5.3-6)
Using the earlier example of R = 10% and n = 5;
Z(10,5) = 1400 = 1.037

1400 - 50
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and the contractor must bid at a 3. 7% mark-up to break even.

Inserting the Z multiplier into equation (2.5. 2-4), the
value function becomes
Value of Contracti =) v( uwo; X - k. - Z(R,n)) if X, { '

1

0 . ifxi7yi

(2.5.3-1)

Discussion of Assumptions

Three assumptions were used to create a hypothetical
model of the situation from which the interaction error could be
calculated. These assumptions are not strictly correct, i.e.
confrary examples can be found, but they are reasonably
supported by intuition and the empirical evidence available.

To the extent that it was possible to check, the hypothetical model

can be said to be a reasonable mapping of reality.

The assumption of the existence of a true cost at the

estimating stage, assumption 1, is reasonable. However, the
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assumption must rest on intuitive grounds since subsequent
variations make it practically impossible to recreate the

conditions and demonstrate its existence.

Assﬂmption 2 is the principle basis for the development
of the model. It can be decomposed into three parts:
- That the estimated costs are random samples from
a distribution.
- That the distribution is symmetric about the true cost.

- That the distribution is uniform.

The random sample concept is fundamental to the
statistical approach. The inherent uncertainties in the estimate
and the number of individual items and decisions that go into the
determination of the estimated cost combine to produce a result
that can be described as a chance or random process. One of
the Sample Companies related the following experiment they
conducted. They assigned the same job to two different
estimators and instructed them to independently arrive at a net
esti mated cost. The resulting two estimated costs differed by
16%. Thus the idea of an estimated cost being a random sample

seems not unreasonable.

A uniform distribution with arbitrary cut-off points may
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initially appear unrealistic; but no more so than one without
cut-offs. Within every contract there exist several figures

that define the region of the price. They are the clients budget,
the architect-q.s. estimate, and the price of sﬂnilar structures.
There are indications that an estimate deviating substantially
(say 15%-20%) from the true cost will be detected and rejected
by the management at the adjudication phase. One of these
indications is that for all the bids in the Sample Companies'
Data Sets, the average value of the range (highest bid on a
contract minus the lowest bid on the contract) is approximately
10%. Fine and Hackemer (10) in their simulation generated bids
by taking random samples from a uniform distribution. They
reported that the distribution of the bids generated compared
very favourably with the distribution of bids derived from the

company bidding records.

The obvious way to verify the assumption would be by study-
ing the distribution of estimated costs. This information was not
available to this study, and'it is unlikely that it could be obtained
by any study since it requires competitors to disclose their
estimated costs. Therefore an alternative method had to be

found.

The four Sample Companies were found to be using very
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similar percentage mark-ups. The average mark-ups of the
fqur companies were all within 0. 35% of 6. 8%. If this result

is generalised to all firms competing, and interviews with
personnel from other companies has suggested that it can,

then the distribution of estimates should be similar to the
distribution of bids. This similarity is examined in Subsection
3.4.2 and the uniform distribution is reasonably coincident with

that derived from actual bid values.

The assumption of a symmetrical distribution can be
partially substantiated by the empirical evidence. It the mean
bid is taken as an estimate of the true cost plus 6. 8% (the
average mark-up used), then the ratios mean bid to estimated
cost should be samples from a distribution with mean 1. 068.
The hypothesis that the mean of the ratios was not significantly
different from 1. 068 was tested for each of the four companies
with a t test and in each case accepted at a 10% level. The data
of the four were combined and the resulting 153 ratios were
plotted to form a histogram. The histogram had a symmetrical
shape with 75 ratios below 1.068 and 78 above. This symmetry
assumption is not necessarily valid for the American-Canadian
construction industry where each contractor calculates his own
quantities and as Park (24) suggests, "errors of ommission are

more likely than errors of commission'. The use of the Bill of
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g
Quantities in the_English system makes it unlikely that anything

can be missed.

The assumption that the lowest estimated cost wins the
contract is supported by two figures. The r ange of the average
mark-up used by the four Sample Companies was 0.7%; yet the
average amount by which the contracts in the data set were won
was 2.8% (low bid minus second low bid). Obviously there are
cases where the different mark-ups will cause the second, or third
low estimate to win but in general, it appears that the lowest
estimated costs results in the lowest bid. This point is further
substantiated in Section 5.3.5 where the different models tend

to win the same contracts.

As was stated at the start of this discussion, it is not
proposed that the assumptions are strictly correct. It is suggested
that the assumptions are reasonable and that the resulting model

is a fairly realistic mapping of the situation.

2.5.4 Market Uncertainty

In addition to the estimating uncertainty and the contract

uncertainty, market uncertainty enters the decision process.
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The construction industry is subject to major fluctuations because
it is sensitive to the government's methods of regulating the
economy. The decision variable S, the set of opportunities, is
subject to these fluctuations. However, this does not mean that

S is not subject to management control.

Some of the methods of increasing S are:

- pressure on the government to stablize the market. The
construction industry represents a major pressure group with
organisations such as the R.I.B.A and the N.F.B.T.E., as

well as the unions, to voice its complaints.

- diversification into other areas of the field. It is becoming
common for major contractors to form alliances with property
developers and industrial concerns and thus provide themselves
with tied markets. Also package deals and patented systems

provide a certain insulation from the major market gyrations.

- promotional activity. This type of activity can range from
buying a potential client lunch to bidding a job "at cost'" to impress
a particular architect. Generally, almost any form of activity
other than sitting in the office waiting for invitations to tender can

be regarded as promotional activity.
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Methods of decreasing S are to decline jobs and to submit

cover bids.

The present state of the market and the expectation of the

future are the two aspects of the market which influence the

bidding decision. These two aspects have differing character-
istics. The present state of the market is reflected in S, and
this variable is known in detail and subject to control. The future
is unknown and the best information available can only assist in
predicting trends. The expectation of the future influences the
relative value of the contracts in the set S. For example, if it is
anticipated that next years market will provide more profitablé
opportunities, then a one year contract in S will be relatively
more desirable than a similar three year contract, since the one
year contract will free resources in time to take advantage of the

anticipated opportunities.

The proposed method of treating the market in the decision
formulation uses the differing characteristics. Aris (2) para-
phrases the dynamic programming principle of optimality as:

"... If you don't do the best you can with what you happen to

have got, you'll never do the best you might have done with
what you should have had. "

and this is the basic concept underlying the treatment.
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It is unlikely that the expectation of the future would
directly cause the exclusion of a contract from the setS. A
contractor wquld not let men and plant sit idle because he
anticipated an improved marKet in 12 months. The result of
expectation is to change the rankings of the contracts within
the set, making some more desirable and others less so.
Therefore, attention is concentrated on known opportunities and
a parameter that will change the relative values is included in
the value function. Chapter 4 deals with the treatment of the

known set S; the relative value parameter is introduced in

Section 2.5.5.

2.5.5 A General Objective Function

A contract value measure should relate:

The profitability of the contract,

The uncertainty of estimating,

The expectation of the future,

The existing set of opportunities.

The general value function proposed in Section 2.5. 3 is:

Value of Contracti = v(ui ;X - ki " Z(R,n)) if x ¢ A
i
0 .
itx 7y

(2.5.5-1)
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One factor not explicitly mentioned in the for mulation,
but implicit in several of the elements, is the time aspect or
duration of a contract. A method of treating time in evaluation
procedures is by using a discounted cash flow (D.C.F.)
procedure. A D.C.F. method is a theoretically sound basis for
valuing contracts and is, in fact, very similar to the techniques
currently employed by some contractors. The series of papers
by Fine (9) at the Building Research Station indicate that a D.C. F.
measure is appropriate for building construction contracts.
Although the usual measures mentioned in connection with
contracts are profits, or profitability, or margin, or turnover,
contractors are acutely aware of the importance of the timing of
cash flows. This is illustrated by the fact that unbalanced bidding
(See Applandix 2) is widely practiced.

Hence a D.C. F. formulation is proposed for contract

valuation. Let:

qij = the amount of money received at the end of the j th.
period from contract i

dij = the amount of money dispersed at the end of the j th.
period for contract i

r = the discount rate

a,., = the present value of the dispersements associated with

1i
contract i
= di'
I+ r j (2.5.5-2)
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which is a constant for a specified contract.

The R.I.B. A. Contract Conditions, which are the normal
ones for building construction, specify progress payments to the
contractor at fixed time intervals. These payments are
intended to cover work completed up to a specified date, and
are based upon measurement and estimate of work in progress.
In actual fact these payments tend to be linear with time. This
tendency is caused by two factors. One is the difficulty in
estimating accurately the amount of work completed, and the
second is the fact that the amount of payment is the result of a
bargaining session. The only two items that the parties to the
bargaining generally agree upon are the original bid price and
the scheduled contract completion time; thus if one half of the

time has elapsed, the contractor probably has received one half

of his bid price.

The present value of the income stream is

N\ %
LA (1 + o

)

Now if the income stream is linear with time

4 =4 =__1
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where X bid price on contract i

the total number of time periods.

8
1

The present value of the income stream is

W |
%
m
m = Xi 1 ) .
. j = Xl&l-&r) -1
(1+1)]! m (T +x) (mr (1T +71)
j=1 j=1
(2.5.5-3)
= X9
m
where a,, = (+r) -1
21 mr (1+r) m

which is a constant for a specified contract i.

The general value function (2. 5. 5-1) contains the contract
uncertainty parameter, u, - The present value expressions
contain a discount rate parameter, r. On a normal contract the
positive cash flows , (qij > dij ), do not occur until the later
periods. Therefore if the discount rate is increased, the present
value of the cash flows would decrease; but the present values of
shorter duration contracts would decrease less severely than
those of longer duration. Now a contract value measure which

accommodates contract profitability and market uncertainty must
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have some facility for shifting the relative values of the contracts

in the set from their bid minus cost valuation.

The proposed value function for a contract on which a

tender is submitted is

Value of contract i Z(R, n) a, +a, X if X, { A
0 if x, 7 '

where Z(R,n)

200( n+2 ) (2.5.5-4)
200(n + 2) - Rn

R = The estimating range in percent
n = The number of competitors
m
a,. = d..
li - ij
Z ]
(1+4r i)
d.. = The amount of money dispersed at the end of

the j th period.
m
ay; = (l+ri) -1

m ri(1+ri)

r, = The discount rate for contract i
X, = The bid price for contract i
y. = The lowest competitor's bid on contract i

m = The total number of time periods, j.
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This is the conventional present value function except that the
discount rate is varied from contract to contract. Specifically,
a base discount rate is determined by expectation of future
markets; an optimistic expectation resulting in a high base rate
(favouring shorter contracts), a pessimistic outlook would
produce a low base rate. The base rate is then varied for the
individual contracts on the basis of managerial expectation of '
the effect of contract uncertainty:
- downward for contracts where the uncertainty is felt to result
in advantageous circumstances.
- upwards for contracts where the uncertainty is felt to result

in adverse circumstances.

To make this value function applicable to a specific firm, the base
rates and limits of contract uncertainty variation would be

determined by empirical investigation.

An additional advantage of using a D,C. F. form of
valuation is that future, and therefore more uncertain, events are

damped and thus play a smaller role in the decision process.

The cost of estimating contract i, 1 i? (a negative
constant) does not influence the adjudication stage of the decision.
It does affect the selection stage and therefore the value function

for the two stage decision is
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Value of Contract i

if it is bid Z(R,n)ali + oA, X+ 1i if X, { Y5

Yo x>y

if it is not bid

1
(=

(2.5.5-5)

To formulate the management objective function the term,
Pi(xi) , the probability of winning contract i with a bid of xi ,
is introduced. This term and the related concepts are dealt
with in Chapter 3. Using this probability term, the expected

value of the contract if it is to be bid is
Pi(xi) (Z (R,n) a; + Ay X+ li) + (1- Pi(xi))li

(2.5.5-6)
= Pi(xi) (Z (R,n) a + 2, xi) + 1i

and the expected value of the contract if it is not to be bid is
ZEero.
The management objective for the two stage decision on the

Competitive Bidding Process is taken to be maximize the

expected value of the decision. Formally

Maximize E Maximum { Pi(xi) (Z (R, n) a); + 2, xi)+ li ; 0}
{eS

(2.5.5-7)
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Unfortunately data to test this function, and to determine
the ranges for r;, were not available during this study.
Therefore, the objective (2.5.5-7) is only a proposed method of
accommodating the variables of the decision situation. However,

there are data to test the objective formulation for the sub-problem,

the Adjudication Decision.

2.5.6  The Adjudication Objective

The contracts in the Sample Company data sets are
contracts on which the decision to bid has been made. They all
meet the selection criteria and the companies, at the time of
bidding, had sufficient resources to undertake them. The manage-
ments concerned stated that all the bids were "'serious and

competitive'. In other words, these were contracts that the

companies would have liked to win.

Since these contracts have been selected, the elements of
the value function that deter mine selection are irrelevant. The

appropriate value function for a contract at this stage is

Vi(xi) = Z(R, n) a. o+ Ay X if x { A

(2.5.6-1)

if x5 y;
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The plot of this function is illustrated below. From the plot it

is obvious that, if the objective is to

Vi (%)

select X, that maximizes Vi(xi)’ as long as the function is
increasing with X ( a,; is positive ) , the position of the

maximum Vi(xi) is independent of the values of a,, and a

1i 2i °

This means that the Adjudication decision is independent of the
value of T . The data sets contain only the estimated cost, not
the timing of the cash flows. This is equivalent to a zero value

of r, - Since the decision is independent of r;, azero value can

be used and the value function becomes
\A (x) = x, - Z([R,n) k; if x; { y;

(2.5.6-2)
0 if xi ) yi
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where x, = bid price on contract i
Z(R,n) = interaction correction
ki = the estimated cost of contract i
Y. = the lowest competitor's bid.

This is simply the profit function with the estimated cost corrected

for interaction.

The OPTM and OPT2 programs of Section 2. 4.2 were
used to examine the value measure. In order to conduct the test,
it was necessary to determine a parameter R for each of the
Sample Companies. Three methods of determining R from the
available data were devised. These are presented in Appendix 3.

The three methods provided the following values for the

Companies.

Method 1 Method 2 Method 3
Company A 12. 85% 1.9 % 15. 35%
Company B 13.45% 12.9 % 15.5 %
Company C 11.0 % 9.35% 16.65%
Company D 13.1% 10.7 % 16.95%

These calculated ranges are all within the anticipated region and
at this stage no one method was demonstratably more suitable

than any other. Therefore the testing was started using all three
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values for each company.

The Z corrections resulting from the Method 3 range
calculations had the effect of reducing the Companies to
negligible profit operations. This was felt to be unrealistic
and so experimentation with those figures was discontinued.
Figures 2.17 to 2. 24 are the results of the OPTM and OPT2
programs on the Companies data sets with the estimated costs

_corrected using the Method 1 and Method 2 ranges. The
Company's actual performance position is indicated with a
circle; the desired operating position determined in the

feasibility study, Section 2. 4.3, is marked with a triangle.

For Company A both the Method 1 and Method 2 range
estimates produce similar results. The Company is operating

1% below the peak of the graph and the desired position is coin-

cident with the peak.

For Company B the Method 2 correction, 12.9% range,
appears to be a better indicator of @mgement desires as it
produces two, almost equal peaks: one at the current performance,
the other at the desired location. Recall from the feasibility study,
the alternate location was only desirable if the market would per mit
the obtaining of additional work. The Method 1 correction produces

a definite peak at the desired location.
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For Company C the two correction methods produce
similar results. The actual performance, the desired location,

and the peaks of the graph, all coincide.

For Company D the Method 2 correction, 10. 7% range,
is coincident with the earlier findings; the Method 1 correction
is not. In the Method 2 results the desired location determined
in the feasibility study occurs at the peak of the graph. In the
Method 1 correction results, the peak of the graph is 1% higher
than the desired location and 2% higher than the actual performance.
These graphs indicate that the Method 2 evaluation of the
estimating accuracy produces the most satisfactory results.

Therefore these are the figures that are adopted and the accuracy

ranges for the sample

Companies are taken to be:

Company A - R =1.9%
Company B - R =12.9%
CompanyC - R = 9.35%
Company D - R=10.7%

From the OPTM graphs.produced using the Method 2

corrections, the following observations are made.
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1. In every case the desired operating position deter mined
from the previous examination of the contract data occurs

at the peak of the graph.

2. The actual performance of each sample company is in the

region of the peak of its graph.

From the programs' outputs, profit-volume graphs were
constructed for the four Companies. These are presented in
Figures 2.25 and 2.26. The Company's operating position is
indicated with a rectangle, the desired position with a triangle.
These plots reinforce the previous observations. The rectangles

and triangles occur in the region of the peaks of the curves.

Referring back to the original assumptions of Section 2.5.1,
it was assumed that the objective function should maximize some
economic measure and coincide with managerial behaviour and

desires. The objective function, maximize profits, with profits

defined as the bid price minus the corrected estimated costs on

contracts won, appears to satisfy the criteria; at least for the
four Sample Companies studied. Therefore this is the function
that will be used for the remainder of the experimental investig-
ation of this thesis and the term, profit, without qualifying

adjectives, will refer to gross profit based upon Z corrected

estimated costs.
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PROFIT-VOLUME OPPORTUNITY CURVE

Company A
11. 9% Range

PROFIT AI

VOLUME

) Company B
o P 12. 9% Range
O
PROFIT
o
O
O
O
i

Figure 2.25
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PROFIT-VOLUME OPPORTUNITY CURVE

Company C
9.35% Range

OOO O
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VOLUME
Company D
10. 7% Range
0]
CP i 0]
0]
$ o]

VOLUME

Figure 2.26
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It is not proposed that these profit figures necessarily
bear any resemblance to the figures that the accounting machinery
of the companies produce. A suggest‘ion that they might was
accepted by one of the Sample Companies and flatly rejected by
another. The one that accepted it stated that they bid projects
in the 6% mark-up region and were finishing with profits of 1% to
2%. 'The one who rejected it stated that they bid in the 6% region
and generally showed profits in the 6% plus region._ Probably the
difference lies in the definitions, the accounting systems, and the

site negotiating ability of the firms.

What is proposed is that the function, as defined, imitates
management desires and a model programmed to maximize the

function should produce results acceptable to management.

' Graphs similar to those resulting from the Z corrected data
sets could be produced by increasing all the estimated costs by a
constant of about 4%. However, no a priori reason could be
found for such an action. Any assumption based upon estimating
accuracy must include the number of competitors as a parameter
and will result in a set of corrections such as were employed.
Fixed overhead costs would not cause the peak to shift and variable

overheads are already included in the estimates.
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The reduction of the objective function to simple profit
maximisation leaves unanswered questions about resource
utilisation, timing of cash flows, project desirability, etc. This
is reaso.nable given that all these factors are considered in the
first decision stage - the Selection of the Contracts. The
contracts represented by the data sets already fulfil the require-
ments of general desirability, resource utilisation, etc. and all

that is left is the objective of winning the contract at the maximum

possible bid price.
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2.6 SUMMARY

To recapitulate briefly, the Management Problem may
be stated as, ''within the prescribed boundaries, what are the
optimal decisions relative to the management objectives?'" The
principal purpose of this Chapter was to delineate the boundaries,
isolate the decisions and quantify the objectives.
- The boundaries are the market of the Sample Companies.

- The decisions are the Selection Decision and the Adjudication

Decision.

- The objectives are expressed as

Maximize E Maximum {Pi(xi) (Z(R, n). a) -+, xi)+ L (i'r
(asS
A summary of the dévelopinent of the Problem description, and

objective function formulation follows.

The construction induétry is comprised of approximately
80, 000 firms and they are characterised by their diversity and
versatility. The market which is the focus of this investigation
is that segment of the industry referred to as the General Building
field. This field is characterised by projects of low contractural

risk with minimal resource constraints. It is a market in which
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" there are a large number of potential competitors and there
exists little differentiation either in the products offered or in
the firms' methods of producing the products. Four Sample
Companies that operate in the field are introduced. 1t is the

market of these companies, as exhibited by their bidding

histories, that is investigated.

“Uncertainty is the key element in the building construction
field. It arises in the process of construction - contract uncertainty
- and in the method of obtaining contracts - estimating uncertainty.
These uncertainties are a natural result of the procedures and

practices employed in the industry.

Competitive bidding is the normal method of contract
allocation. The manner in which the process functions gives rise
to a two stage decision problem. The decision maker is first
required to make a Selection Decision (the decision to tender) and

then an Adjudica'tion Decision (the decision on a tender price).

The testing of the Sample Companies' data with two
decision rules indicated that: there was potential for improvement
in the companies' operatidns; the difference between the bid price
and the estimated cost was inadequate as a value measure;

managerial judgement appeared to be a relevant variable.
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The variables in the decision situation were used as the
basis for constructing a quantitative objective function. Using

a discounted cash flow basis, an objective function was formul-

- ated which could accommodate uncertainty and future expectation.

A contracted version of this formulation, the Adjudication objective,
was tested and the results indicated that the objective was

compatible with situations sought by the sample companies in

practice.

In this Chapter only the controllable variables have been
considered. However, the measures of value and the objectives
are expressed as functions of the uncontrollable variable. The

treatment of the uncontrollable variable is the subject of Chapter

3.
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CHAPTER 3: THE UNCONTROLLABLE VARIABLE

3.1 INTRODUCTION

The uncontrollable variable in the Competitive Bidding

Problem is the value of the lowest competitor's bid (or bids

when considering a set of contracts). The relationship between
this variable and managerial objectives has been the principal
focus of operational research Bidding Theory. Appendix 4

contains a brief review of the Theory.

The probabilistic method has received most attention in
the literature and seems to offer the best prospects for appli-
cation. This approach assumes the existence of a probability
of succeiss value Pi(xi)’ corresponding to each bid value x_ ,
and uses expected value concepts in the decision function. The
value Pi(xi) and the expected value concept have already been

introduced without explanation, in Section 2.5.5, to formulate

the objective function.
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This Chapter is concerned with explaining, examining,
and extending the probablistic treatment of the Competitive
'Bidding Problem. The Section titled Probabilistic Basis outlines
the assumptions and concepts underlying the approach. Then
the Friedman Model and some of the published variants are
examined and discussed. Criticisms of the probablistic approach
and some of the models is the topic of Section 3.3.3. Section
3.4 describes the development of a probability model which
incorporates the decision makers subjective assessment of the

competition into the bid deter mination algorithm.
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3.2 PROBABILISTIC BASIS

Two basic concepts underly the probablistic method of
treating the uncontrollable variable. The first is the assumption
of the existence of a continuous function that relates the probabil-
ity of winning to the value of the bid price. The second is the

use of the statistical concept of expected value as a guide to

action.

3.2.1  Probability of Winning

It is not the intention of this thesis to enter the subjective
-objective probability debate and try to justify the assigning of
probabilities to the outcomes of unique events. There exist
many precedents in business literature and Bidding Theory for

this approach. Therefore, the existence of a continuous function

which relates the value of a specified bid to the probability of

that bid being the low bid, or winner, on a particular contract is

assumed.

Intuitively this assumption seems reasonable. For any

contract it is simple to conceive of a high price which could not
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win (Probability = 0 ) and a low price that could not lose
(Probability = 1). One could normally expect the function

between these two points to be a downward sloping curve as

illustrated below.

1.0
Probability
of 0.5
Winning
0.0

Bid Price

CURVE INDICATING PROBABILITY OF WINNING AS A
FUNCTION OF THE BID PRICE

The function is simple to hypothesize, but difficult to define
mathematically. The method of distinguishing between the three
main probabilistic approaches, Friedmans, Gates, and Edelmans

is in the way they evaluate the probability function. A fourth

method is developed in Section 3. 4.
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Marvin Gates (12) builds his probability curve from the
assumption that all firms competing for a contract do so on
equal terms. Thus the probability of winning equals 1/N for
each of the N firms competing. By regression on historical
bids Gates determined a formula which relates changes in

probability to changes from standard bidding position.

Edelman (8) based his curve on the subjective estimates
of management and reported very satisfactory results. However
Edelman's market contained client bias, and non-price features
such as delivery times and thus is not directly applicable to the
Management Problem where price alone determines the winner

and contracts are not differentiable.

The Friedman approach (11) is based upon the assumption
that the competitors bids are random samples from a distribution.
Since this assumption is common to the method developed in this

thesis it is considered in detail.

3.2.2 Order Statistics Development

Definition - Let Zys oees Zp be random samples from a

distribution. Let Yy oe-0 Yy be the zi's
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arranged in order of magnitude so that
T
v {¥9¢ --- <yn. Then the y.'s are

order statistics of the zi's.

The problem is stated as follows:
Determine for a given contract i, the probability Pi(xi) that a
bid X; (0 = X, < 00), will be the lowest bid. There are

n competitors, therefore in order for X, to be the lowest it must

be lower than the smallest of the n competitors’ bids.

Assume that the n competitors' bids are random samples

(zl, Zgy - Zn) from a density {(z).
Let Vi Yor -es ¥ be order statistics for the zi's
with y1<y2< <yn.

The joint density of the order statistics is*

h(y;,¥g, --- » ¥y ) = 0l fy) f(y,) ... fly))

The density function of ¥y p(yl) , is the density function
of the lowest of the n bids. p(y) is found by integrating

Yo to Yo out of h(yl,yz, cee s yn).

* Reference 2], page 240
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® Vg (V3
ply) = h(y;, ¥y, --- 5 ¥p) dygdy,...
A v, %
0 Vg4 (Y3
= ni(y,) fyghilyg)---T(y ) dy, --
M n."%

And term by term integration gives

n-1
N
where F(yl) = f(y)dy
-0

The probability that a bid x is the lowest or winning bid is
the probability that ‘A is greater than x.
(04} o}

n-1
P(x) = ply)dy, = n(1 - Fly)) fly)dy;

(3.2.2-1)
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3.2.3 Expected Value

The expected value of an event is defined as the product
of the probability of the event occurring'and the valué of the
event if it occurs. For the contract situation if Va is the value
of the contract if it is won; Vb is the value of the contract if it

is lost and P is the probability of winning the contract; then the

expected value of the contract is

®v, + - PV (3.2.3-1)

The objective used in this thesis as a criteria for the

Management Decision Problem is Maximize Expected Value.

The arguments and rationale for this approach have been well
developed and the interested reader is referred to, '""Probability

and Statistics for Business Decisions' by R. Schlaifer (27).



-122-

3.3 PUBLISHED MODELS

This Section is concerned with the methods and assump-
tions of some of the published operational research bidding
models. Only the Fl;iedman, and Friedman based models are
considered here. This is so because the Edelman model is not
applicable to the market studied, and the Gates model is
essentially the same as the previously introduced OPTM and
OPT2 procedures. The models discussed are all based upon the
random sample, order statistic development and all seek to
maximize expected value. Where they differ is in their method

of deriving the underlying distribution f(x) .

3.3.1 Friedman Model

In his 1956 paper (11), Friedman proposed deriving a
distribution for each competitor by examining past contracts
and building a frequency distribution from the ratios of the
competitor's past bids to the company’s cost estimates. In this
manner he derived a distribution for each competitor. The
probability of winning a contract was the product of the

probabilities of beating each competitor participating.
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This approach is open to criticism in so far as, if the
competitors are identifiable, it is probable that far more is

known about them than their distribution of bids. For example

in the Civil engineering motorway construction field, where the
competitors are limited and known, one firm revealeci to this
study that it keeps very detailed records of its competitors; to
the extent that it knows what contracts they have won, the
approximate stage of completion of their existing contracts, the
location of their equipment, etc. Even without this detailed
information, the methods of Mercer and Russell (19) for determin-
ing known competitors intentions are likely to provide a better

basis for the Management Decision than just the historical

distribution of bids.

For the condition where there are so many competitors
that it is uneconomic to accumulate data on each one, which is
the case in the market being studied, Friedman proposed the
concept of an "average competitor'. A bidding distribution of
the average competitor is derived by combining all previous

ratios of an opposition bid to the company's cost estimate into

" a single distribution function.
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If f(w) is the probability density function of the ratio of the
average competitor's bids to the cost estimates; then the

probability of a bid of x being lower than one average

competitor's bid is

00

f(w) dw

X

k

where k is again the estimated cost. The probability of being

lower than n average competitors is

00

( f(w) dw)n

Ll

From an operational viewpoint, this model has much to
recommend it. Depending only upon historical data and with an
expected value function of a shape illustrated below it is easily

adapted to a discrete computer method of solution.

Expected +

Value
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Two published reports of successful application of this
model to construction companies are Park (24), and Morin and
Clough (20). Park noted that the distribution was fairly stable
and that the principal determinant of the optimum bid was the
number of competitors. Thus, after determining the distribution
for a company, he was able to develop a list of optimum mark-ups,
dependent only upon the number of competitors. Morin and Clough
used exponential smoothing to introduce the bid-cost ratios into

the distribution and reported profit increases in the order of 27%.

3.3.2 Friedman Variants

Hanssmann and Rivett (14) stayed within the basic Friedman
concept but replaced the average competitor with the '"lowest
competitor'. A bidding distribution for the lowest competitor is
derived by combining all previous ratios of the lowest opposing
bid to the company's cost estimate into a single distribution. The
method assumes that the firm is only competing against this one
super competitor. Whether this is valid is questionable since

most of the other determinations regard the number of competitors

as a major parameter.

The model proposed in, "Fundamentals of Operations
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Research" ( l.) goes one step further. It assumes that the
distribution of the ratios, i.e. lowest competitor bid to company
cost estimate, is normal. The Chi-squared test was used to
check this assumption for the Sample Companies data. The
ratio employed was; lowest competitor bid to Z corrected
estimated cost, and the hypothesis that the distribution is normal

was accepted in every case at the 10% level of significance.

3.3.3 Criticism of Models

One criticism of the Friedman type models is that they
are not applicable if the contracts are differentiable, (i.e. have
different values to different firms). This criticism is valid, but
not appropriate, since in the market studied the contracts are not
significantly differentiable. Appropriate criticism rests on the
two assumptions implicit in the use of bid-estimate ratios for
deriving the probability functions. The first assumption is

that competitors will continue to behave as they have done in the

’

past. The second is that cost estimating does not change.

The first assumption is sufficient to cast doubt on the
model. Presumably a competitor's pricing policy is a function

of his available capacity and the market condition. As his capacity
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increases he could be expected to lower his mark-up to obtain
additional work. If his capacity is highly utilised, and the
market is good, he could be expected to raise his mark-ups.
These comments can also apply to the aggregate behaviour of
competitors because the major fluctuations in the industry often
result in capacity of all firms being highly utilised or all firms
being slack. The distribution compiled from the ratios could .
easily cover more than one market condition and thus indicate a
much wider range than is actually present. Equally possible is
a case where the distribution could be compiled from a market
situation that is the reverse of the one in which the present
contract is being bid; with the result that the competitors'

behaviour will have changed markedly from that expressed by the

distribution.

Friedman proposed his model for the situation where the
past bids of the competitors are known but no other information.
However, the model was titled, ''Realistic Bidding Problems",
and it seems improbable that in a realistic bidding problem the
only information available is the past history of competitors' bids.
Indeed, this information tells which, and how many, contracts the
competitors have won. This, coupled with a slight knowledge of
their capacities, should indicate whether they are likely to bid

high or low. Even without specific knowledge of individual
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competitor's capacities; one usually possesses some concept

of the aggregate capacity of the field. Then, since there is a
basis for estimating the volume of work let to date, (from the
history of bids), an estimate can be made of the remaining
capacity. Reasoning along economic lines it can be assumed that
as the remaining capacity of competitors diminishes, there will
be an upward trend in prices. This trend will be damped in a
model that uses historical data as a basis for computing probabil-
ities. The exponential smoothing approach employed by Morin
and Clough (20) should reduce this damping effect. However, even
with this device the model has no way of reacting to changes in the
situation which are not reflected in past bids, but are known to

the decision maker. Therefore some of the available infor mation

is suppressed by these models.

The second assumption of constant cost estimation could
produce major errors in the bid determination. This could oécur
in an obvious manner, like the hiring of a new estimator, or it
could occur in a less obvious way . Perhaps due to losing a
series 6f contracts the estimator might, consciously or sub-
consciously, be trying to reduce his cost estimates. It is easy
to envisage this sort of situation. "In one set of data examined
during the research, on 9 out of 19 contracts, the cost estimate

was above the winning bid.  This situation must obviously result
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in considerable psychological pressure on the estimators to
produce lower estimated costs. The estimating work load can
also affect the cost estimates. Presumably an overworked
estimating department is more likely to make errors. Again

these situations are known to the decision maker but are not

incorporated into the models.

The major criticism made of the Friedman, bid-cost
ratio approach is that it does not use all the available information.
The literature has provided no way of integrating these models
with managerial knowledge and expectation of the competitive

situation.
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3.4 A SUBJECTIVE PROBABILITY APPROACH

The principal criticism of the probability models is,
therefore, that they suppress some of the available data. This
is significant since the feasibility study, Section 2.4, indicated
that these suppressed data, the results of managerial judgement,
are relevant in the decision situation. Therefore a model was
developed that incorporates managerial judgement in a probabil-

istic bidding strategy model.

A precedent for this approach is the PERT method of
handling uncertain durations. In PERT the problem was to devise
a method of scheduling activities of an uncertain or variable
duration. The method adopted was to assume that the durations
followed a standard distribution, the beta, and use the best inform-
ation available, managerial estimate, to determine the distribution
parameters. In competitive bidding the problem is to determine
the uncertain behaviour of the competitors and a method analogous

to that of PERT is used.

The initial assumption is that the competitors' bids on a
specific contract are random samples from a distribution. This

" assumption is the same as that of the Friedman approach and the
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order statistic derivation, Section 3.2.2, of the probability of

winning applies. Then it is assumed that there is one general

distribution function that applies to all building construction

contracts. The parameters of the distribution relate it to a
specific contract. That is, there exists a function f(z; © ),

that is common to all contracts; the © being a set of parameters
that are unique to a specific contract. If this is the case, and

f(z; © ) can be determined in terms of the set © ; then the
problem of determing the probability function for a particular
contract is reduced to the problem of determing the set of para-

meters ( © ) that are particular to that contract.

The determination of the parameters is left to the decision
maker. His experience, knowledge of the market, intuition, etc.
are used to determine the values. In this manner the model

incorporates managerial judgement and becomes a subjective

probability approach.

3.4.1 Experimental Deter mination of f(z; ©)

For computational reasons, it is simpler to determine

the cumulative distribution function F(z; 6 ). The deter mination
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of F(-) was carried out in the following manner:

1. A general shape was assumed for the function F.
2. The coefficients of the general shape were calculated by
multiple regression analysis and tested for significance by

means of a t test.

The data for the multiple regression analysis were historical
contract bids. These were provided by the Contracfs Directorite
of the Ministw of Public Buildings and Works. A description of
the data is found in Appendix 5. If the original assumption, i.e.
that bids are random samples from a distribution, is valid, then
when the bids on a given contract are ranked in order of size,
from the smallest to the largest, an estimate of the cumulative
probability is the rank number divided by the total number of
bids plus 1. For example, if N is the total number of bids on

the contract, the cumulative probability of the first (lowest) is

1 , ofthesecondis 2 , andso on up to the highest
N +1 N + 1
which is N . Since the data contained no ties, the problem
N +1

of resolving ties did not arise.

The multiple r'egression analysis was done using the ICL

Statistical package, XDS3. A Fortran IV program, STAT, was
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written to generate the input matrix from the data. STAT and

XDS3 were run on the City University ICL 1905 Computer.

Trial Number 1
The first assumption made was that the cumulative
probability function F had the shape of an S-curve. The

equation

x=b, + b F + DbF + b41n(F) + b51n(l—F)

(3.4.1-1)
is a general equation for an S-curve with 0 <€ F £ 1 .*

Therefore the General Distribution Equation was assumed to be

2
iF + Db, F" + b4ln(F) + bsln(l - F)

+ b 3

X = b

i - Tl 2

(3.4.1-2)

where the b,. and b

1 g; are the 61 and 92 of contract i

and the b3 , b4 . and b5 are common to all contracts.

The b 4 and b5 coefficients control the curvature at the ends
of the S-curve and it is unreasonable to assume that they would be

constant for all contracts. Therefore the data was stratified and it

was assumed that b3 , b 4 and b5 were constant for

- o ————— . — ——————— —— —— — — —— — - ——— ————— —————————— - - — - - -

* This equation was provided in a private communication from
Mr. A. H. Russell.
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contracts within the stratified range, (e.g. for £100,000 <
x < £200,000). The strata boundaries were arbitrarily

set at £100, 000, £200,000, £300,000,

The regression matrix for this trial, where m is the

total number of contracts, ‘is

by by --- b by e by by by by
2 _
! L)1) £
x; 10 0 Np+1 0 (N1+I W,/
x, 1 0 0 2 0(2)2%2)
Nl+l Nl+1 Nl+1
Ny Ny 2
x.. 1 0 0 0 ( )
1Nl N1+1 Nl+l
x21 0 1 0 0 0
0
Xy 0 1 0 0
Xyy 0 1 0o 0 0
2
0 0 1 0 1
xml Nm+l
x .0 0 1 0 2
m2 N +1
m
2
X .0 0 1 0 m (Nm‘ [ m In
mNm N +1 Nm+1/ Q\Imﬂ




-135-

A regression analysis was performed on a sample of
19 contracts, (6 <€ N £ 10) ; (£100,000 < x < £200,000) ,
and the results can best be described as erratic. The b5
term was not significantly non-zero when tested at a 5% level of

significance and only a few of the b2 terms were significant

i
at this level. This indicated that the shape of the distribution

was more like

2
X = b + bFY + b,In(F) (3.4.1-3)

and that the stratification of the data was not sufficient. Therefore
the trial was run using normalised bid values. They were
normalised by dividing them by the mean of the bids for that

contract. That is

k=1 (3.4.1-4)

When tested at the 5% level this analysis produced non-significant

results for bli’ b2i’ and b5 . This reduced the equation to

3 2
norm X, = Const. + b3F + b4ln(F)

(3.4.1-5)
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Trial Number 2

Using the normalised data, the next general shape tested

was

A F (3.4.1-6)

where Ai = the arithmetic mean of the bids on contract i.
Therefore the General Distribution Function was assumed to be

3 2
X = Ai (bO + b3F + bG/F) (3.4.1-6)

with Ai (the mean bid) being the parameter to be estimated and

3’ 6

matrix for this trial is

bo, b and b, being common to all contracts. The regression

b b b

o 3 6
*1n 1 (] 1)2 N+l
A N+ 1
XN N, 2 N.+1
1 1 - 1
A1 Nl +]1 N1
*ml 1 ( 1 ) 2 N +]
Am Nm+l I
X 2
mNm 1 Nm ) N +]
A ( N 1 N
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The regression was performed on a sample of 57 contracts,

7 £ N < 9. Atthe 5% level of significance all the variables

were included. The results are given in the table below.

TABLE OF REGRESSION ANALYSIS RESULTS

COEFFICIENT VALUE
b0 0. 9744490
b3 0.1352319
b6 -0. 0055555

STANDARD ERROR

0.00448

0.00728

0. 00076

These results appear reasonable and so the General Distribution

is taken to be

x, = A(0.974449 + 0.1352319 F(xi)z - 0.0055555 / F(x,) )

Il

where xi

F(Xi)
X,
1og (x)dx

-00

>
I

3.4.2 Consistency of Distributions

the bid on contract i

(3.4.1-7)

the cumulative probability distribution

the arithmetic mean of the competitors' bids.

It was argued in Chapter 2 that an estimate was a random
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sample from a distribution and that this distribution could be
approximated by a uniform distribution. Then by assuming

that the lowest estimated cost won the auction, and that all
competitors had the same estimating accuracy range, the expected

value of the winning cost estimate was calculated.

The General Distribution derived from the regression
analysis is proposed as the distribution of bids on a contract.
Obviously, for this development to be consistent it must be related
to the earlier, uniform distribution. The following example is used

to indicate the relationship.

Let 4>j be the multiplier that converts an estimate kj into a

bid g.
1 g]
= k.
& P
¥ fk) =1 ; 100-R < k £ 100+R
R 2 2
Then f(g) = 1 $(100-R) # g # (100+R) &
$R 2 2
and F(g) = (& 1 q
$R Y
¢(100 - R)
2
= (g - 100 + 1)
¢R R &8 32

(3.4.2-1)



-139-

Figure 3.1 shows i’(g) plotted for an estimating accuracy of
+ 8% (R=16), and ¢ values of 1.05, 1.07, and1.09. The
black dots on the figure are points of the General Distribution
equation for a mean bid of 107. The agreement between distrib-
utions is taken as an indicatioﬁ that the development is consistent
and in reasonable agreement with the data.
i

It is not proposed that all contracts have the same estimat-
ing accuracy, or that the contractor with the lowest mark-up wins,
or that the uniform distribution is the best one for estimating
accuracy. However, it is argued that the general cumulative
frequency distribution for bids and the use of the uniform distrib-
ution for cost estimates are consistent and provide adequate
description of behaviour of the real system. Hence they may be

employed in a prescriptive bidding model.
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3.4.3 The General Distribution Model

It is proposed that the formula (3. 4.1-7) be used as the
functional relationship between the bid value, X, and the
probability of winning, Pi(xi)' A managerial estimate is used
for the value of Ai . It is an estimate of the arithmetic mean of

the competitors' bids and as such is an estimate of the aggregate

behaviour of the competitors. Formally, the relationshipé in the

model are

Objective = maximize Zmaximum {Pi(xi) (Z(R,n)ali +

LeS
— - n -
where Pi(xi) = (1 Fi(xi) ) (3.4.2-1)
x, = ©,(0.974449 + 0.1352319F, (x)°
- 0.0055555 /Fi(xi) )
O = managerial assessment of the arithmetic

mean of the competitors' bids on contract i.

By incorporating a managerial assessment of the
competitive situation into the parameter &, this model avoids

the information suppression criticism of the previous models.
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Since the model implies no fixed relationship between the
estimated cost and the level of competitive activity, it is also
applicable to situations where the contracts are differentiable,
.and the competitors unknown. This General Distribution Model

is tested in Chapter 5, Empirical Evaluation.
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3.5 SUMMARY

This Chapter investigated the relationship between the
uncontrollable variable (the lowest competitor's bid) and the
managerial objectives. The objectives are expressed in
expected value terms and the uncontrollable variable is a subject

of statistical prediction.

Assuming that the competitors bids are random samples
from a distribution, a distribution of the lowest competing bid
is derived. From this the probability of winning can be
calculated. The Friedman based bid - cost ratio methods of
deriving the underlying distribution are the most popular.
However they are liable to criticism as they suppress some of
the available information. A method of incorporating the
additional information into the probabilistic concept was proposed
and the relationship empirically determined. The method is
analogous to the PERT method of handling uncertain durations.
The result is a model which bases probability deter mination upon
a managerial assessment of the competitive situation and a

general distribution of bids about the mean.
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CHAPTER 4: OPTIMAL DECISION MODEL

4.1 INTRODUCTION

To this point this thesis has concentrated on analysing
certain aspects of the Management Problem. An objective
function has been proposed and a method of probabilistically
treating the predicted behaviour of the pompetition developed.
In this Chapter a mathematical model of the decision situation
is developed. Using this formulation it is theoretically possible
to calculate a mathematically optimum solution for the

Management Problem.

The model is developed by considering a series of cases,
proceeding from the simple, single contract unconstrained, case
to the complex, N contracts, constrained, sequential bidding
case. It is proposed that the com.plex case is a reasonable mapping

of the actual bidding situation.
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4.2 MODEL FORMULATION

4.2.1 Decision Situation

The mathematical model is constructed from the single
contract decision process presented in Chapter 2. The two
parts of the decision, Selection and Adjudication, are combined

in this formulation to produce the decision situation illustrated

below.

DECISION

4.2.2 Independence Assumption

In the model the contracts are assumed to be independent.

That is there is no inherent interaction between contracts and the
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right to bid on one is in no way dependent upon the results of
action with respect to another. Also the winning of one

contract does n'ot provide a competitive advantage, or disadvant-
age, on another. Internal interactions, i.e. contracts competing

for the firms resources, are considered.

This is not an unrealistic assumption. Most of the
contract interaction is internal and this is considered. The
external interactions that are usually found in building construct-
ion are where a contract is one of a series of stage contracts, or
where a contract provides opportunities for future work, as in
the case of getting on the list of an architect. Both these inter-
actions imply possible future benefits and so can be accommodated
by including in the contracts value measure the discounted

expected value of the benefit.

The assumption would not be realistic for civil engineering
construction where there is specialised plant and wider geograph-
ical dispersion of a more limited number of suitably qualified
contractors. For a civil engineering contractor, one job in
Malaya obviously influences getting another there, and a piece
of specialised plant purchased for one contract can produce a
competitive advantage on another contract requiring that plant.

But building construction has little specialised plant and the
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companies tend to concentrate their activities in a small area.

4.2.3 Notation

In the formulation, the following notation is used.

i = subscript referring to the individual contracts.

h = subscript referring to resource type.

j = subscript referring to time period.

X, = amount bid on contract i.

X = vector of contract bids (xl, Xgy o 5 Xy )

Vi(xi) = value of contract i if it is won with a bid of X;.

Pi(xi) = probability of winning contract i with a bid of X,

1i = cost of prearing and submitting a bid for contract i.
It is a negative constant.

Rijh = amount of resource h required by contract i in time
period j.

th = amount of resource h available in time period j.

4.2.4  Expected Value

For each contract i, there is a value attached to each of
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the possible outcomes of the decision situation. These are

illustrated below.

V.(x.) + 1.
o
" e s_—" "i"1i i
e
Los,e
DECISION li
\Do
\\\No
r &‘D
0

The expected value of the decision, Bid X. is

Pi(xi) (Vi(xi) + li) + (1 - Pi(xi)) 1i

1}

P(x) Vilx) + 14 (4.2.4-1)

The expected value of the decision, Do Not Bid, is

0

4.2.5 Case 1 - Single Contract: No Constraints

For this case, X, = X =X 1. = ll =1 and so on.
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+ 1)

o % (V(x)
~
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The decision tree above illustrates the situation. The expressions

in the brackets are the values resulting from the different outcomes.

The expected value of the decision, Bid x

= P(x) V(x) + 1
and the expected value of the decision, Do Not Bid
= 0

The objective is to determine the maximum expected value

decision. The objective function is expressed as

MaxiMiZzE  f P@VE + 1, 03 5 5

X
0 <P(x) €1

To deter mine the x which maximizes the first part of the
objective function, differentiate that part of the expression
w.r.t. x and set the first derivative equal to zero.

d(P(x) V(x) +1 ) _
dx = (4.2.5-2)

(4.2.5-2)

[ 2

P(x)d V(x) + V(x)d P(x
dx
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If (P(x) V(x) +1 ) is a concave function in the region of the
*
optimum, the x resulting from the solution of (4.2.5-2)

is the optimum bid value.

The decision function for Case 1 is therefore:

* * *
Bid x if Px) Vi) + 1 >0

. . (4.2.5-3)
DoNotBidif P(x)V(x) + 1 <0

* *
In the rare event that P(x ) V(x ) + 1 = 0, either decision

is optimal.

4.2.6 Case 2: N Contracts: Simultaneous Bidding:

No Constraints

The decision situation for this Case is the same as that
for Case 1 except that here the decision is made simultaneously
for all the members of a set of contracts. The expected value is
the sum of the expected values of the individual contracts. The

objective function for this Case is

N

X
< £
0 < Pi(xi) 1

MAXIMIZE {Pi(xi) V(x) + 1, o} (4.2.6-1)

1
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Taking partial derivatives of the first parts of the expression

and setting them equal to zero provides N equations.

N
> D BV() + 1) = PESV,(x) + VPG = 0
= 2 X

i S X; O X;
(4.2.6-2)
for i = ,2, ..., N

which are the same as equation (4. 2.5-2) of Case 1. This is
obvious as the function is separable. The decision function for
each contract in this Case is the same as (4.2.5-3). Thus it

can be seen that, in the absence of any constraints, the optimum
decision for a given contract i is the same regardless of
whether or not it is one of a set of contracts. It is also apparent
that, for this Case, the optimum decision is not affected by
whether the contracts are bid sequentially, or simultaneously;

or by whether you know the results of the first ¢ contracts before

you bid on the remaining N-c contracts.

Cases 1 and 2 are essentially the same as the ""General

Model" developed by Friedman (11).
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4.2.7 Case 3: Single Contract: Independent Constraints

An independent constraint is defined as one which is a
function of the contract i , but not of the amount bid, X -
This is the normal type of resource c(;nsti'aint encountered
where the men, plant, and materials necessary to fulfill the

contract are a function of the contract but independent of the bid

price.

With the introduction of constraints, the fact that a
contract has a dimension in time must be considered. If the
time interval under cdnsideration, i. e. the duration of the
contract, is divided into m discrete intervals of length {;
then the amount of resource h required in time period j can
be expressed as th , and the amount of resource h available

(capacity) in time period j is th'

The decision situation for this Case is the similar to

Case 1. The Objective Function for this Case is

MAXIMIZE {P(x) V(x) +1, 0}

X (4.2.7-1)
0£P(x)41
Subject to R., £ C,. i=L,2,...,m

jh jh
h=1,2,...,r
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For the case of a single contract, probabilistic treatment of
a constraint is meaningless. It is a binary (yes-no) situation.
Either there are sufficient resources to fulfill the contract,
in which event the decision function of Case 1 applies; or

there are not sufficient resources and the decision is Do Not Bid.

Formally, the decision function for Case 3 is

* * *
Bid x if Px)V(x)+1 0 and R, £ C,.
jh jh
for j=1, 2, ..., m
h=l, 2, ..., r
(4.2.17-2)

* *
DoNotBid if P(x)V(x)Hd {0 or Ry > Cyy

for a'ny j=1’ 2’ AR | m
or h=1, 2, ..., r

* * .
If Px)V(x) +1=0 and th £ cjh for all j and h,

either decision is optimal.

4.2.8 Case 4: N Contracts: Simultaneous Bidding:

Independent Constraints

This is the general Case and the other cases can be
considered to be this case modified by simplifying assumptions.

The case is similar to Case 2 and the objective function is the
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sum of the individual contract expected values. However, the
function is no longer separable as the constraints create an

inter-relationship between the contracts.

Since this Case deals with a set of contracts, the
statistical concept of expected resource utilisation is employed.

The effect of using this concept is best demonstrated by example.

Consider the simple example where a company that possesses
one tower crane and cannot acquire another, has the opportunity to
bid on two contracts, A and B, each of which would require the
crane. Using the expected resource utilisation concept, as long as
the sum of the probabilities of winning the two contracts was less

than 1, the company would bid both contracts. That is, if

Y
i

probability of winning contract A

A
PB = probability of winning contract B
R A = Tesource requirement for contract A = 1.0
RB = resource requirement for contract B = 1.0
C = capacity = 1.0

as long as PA'RA + PB.RB Z C

Z
PA.I + PB.I 1.0

both contracts will be bid.

This does not prevent the contractor from achieving the
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embarrassing position of winning two contracts and having only

one crane; but it does provide a rationale which permits him

to bid both contracts.

For Case 4, the problem is formulated as

MAXIMIZE
X
0<P.(x.)41
ivi
subject to
active i's
for j=1,2, ..., m
h=12, ..., r
Rijh Z th for all active i's

and for all j and h
where the active i's refer to all contracts included in the solution

Sub-set. Solution procedures for this Case will be considered in

Section 4. 3.

4.2.9 Case 5: N Contracts: Independent Constraints:
Sequential Bidding

In this Case the bids for contracts are made sequentially

and the results of the previous auctions are assumed to be known
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before the next bid is placed. That is, the first contract is bid,
the results are made known; then the second contract is bid;
and so on. The order in which the contracts are bid is considered
in this Case. To formulate the problein the contracts are
numbered in the reverse order to the way in which they are bid.
First contract N is bid, the results of the auction made known,
then contract N-1 is bid, and so Aon. The decision situation is
illustrated diagramatically below.

A=

[Nzl —

N

Vv

’/’/'\——\ ) ~ N_.i[\_____ :
— ——— T

N N-| ]/___ N—Z.I e
N-2 o
-~ ————

N-2 L
N-I [N-2] T

CONTRACT N CONTRACT N-1 CONTRACT N-2
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The only decision that must be made is the first one, (Contract

N). For that decision there is a total of 3N possible outcomes.

Since this is a multi-stage decision problem, a dynamic
programming approach is used to formulate it. Consider the
situation where j =1, h = 1; the development for j,h ) 1 is
the same but more complicated. Then considering only those

contracts for which R, £ C, C being the capacity.

Let Xr be the expected remaining resources when there are

r-1 decisions left.

Y. = ¢ - Z P;(x) Ry (4.2.9.1)
i=r

When only one decision remains, (i.e. the last contract),

Vl(xl) + 1l

the expected value of the decision is

(P Vi) + 1, oz (4.2.9-2)
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Let fl ( XZ ) be the maximum expected value when one

decision remains.

:
£(Y,) - MAXIMUM P9 Vi(x) +1 0f (4.2.9-3)

: - Z
subject to constraint Pl(xl)Rl Xz.

on the decision to bid.

The effect of the concept of expected resource requirement
is apparent here. It is possible for Rl) ¥, , thatis the resource
required by contract 1 to be more than the expected remaining

capacity, as long as the expected resource requirement, Pl(x’l)R1

is less.

The basis for this approach is that,whilst this is not the
way the decision would be made in practice when this decision
stage is reached, it permits allowance to be made for future

possibilities at the first stage of the decision process.

The two part nature of the objective function results in
different constraint conditions applying to the different alternatives.

In the situation where there is only one contract left, the constraint

PR < Y,
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applies only if the decision to bid results in the maximum value
of f1 ( Xz ) - The decision not to bid is not constrained since
it requires no resources. This point becomes clearer when the

situation of two decisions (contracts) remaining is examined.

Vi) + 12+ 8000

/

jz + ?. (Yz_)

£.(%)

£%,)

"

MAX [ Boa) (Ve + 2+ S0,)+ (1-Bea)(as R01)) 5, £035)]

MAX [ F;,(”‘z)\/z@(z) */P?_ + %(Xz) ) ¥|(x3)]

(4.2.9-4)

subject to constraints

PR £ X, if contract 2 is not bid and contract 1 is bid
P2(x2)R2 < ¥s if contract 2 is bid and contract 1 is not bid

Py ()R +P,(x5)Ry . Y, if contract 2 is bid and contract 1

is bid.
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These constraints can be expressed as
2

active '
-eco-v\ =l

where the active i's include only those contracts which are bid.

For the general case, n decisions (contracts) left this becomes

£ Y n+l) = MAX [Pn(xn) Vn(xn) +1 o+ f (Xn) ,fn_l((Yn +1)]

(4.2.9-5)

subject to § PIR, 2 )

active i'a n+l

And for the first contract, ( N decisions remaining)

f
N (fy,p) = MAX [ Py V) + In * iy <XN))fN_1(XN+1)]

(4.2.9-6)

. Z
subject to E Pi(xi)Ri < XN+1

active o

For the first contract the expected remaining resources

are the initial starting capacity.

XN+1 = C
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Therefore

f (C) = MAXIMUM E’N(XN) V= +_1N + g (€ - PR,

In- 1(C)]
subject to P.(x.)R. £ C
Z i

uctie 2

(4.2.9-7)

which is just another way of writing the equations for the N
contract, simultaneous bidding case, (eqn. 4.2.8-1). From this

it is concluded that when a contract is a member of a constrained
set, if the concept of expected resource utilisation is employed

it is necessary to determine the optimum decision for all contracts
in the set to obtain the optimum decision for a single contract in

the set. The difference between the simultaneous and the sequential
cases is that in the simultaneous case all bids are decided, whereas
in the sequential case only the decision for the first contract is made.
The results of the auction deter mine the capacity limitations for

calculating the optimum decision for the second contract, and so on.
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4.3 SOLUTION PROCEDURES

Cases 1, 2, and 3 require to determine the optimum

decision that the equation

Pi(xi) dVi(xi) + Vi(xi) dPi(Xi) = 0
i i
(4.3-1)

be solved for x. The solution procedures adopted for these
Cases depend upon the expressions used for P(x) and V(x).

In Chapter 5, solution algorithms using the Adjudication Value -
function from Section 2. 5. 6 and several different probability

functions, are developed and tested.

To solve the problem for the general formulation, Cases

4 and 5, it is necessary to determine the vector of contract bids,

X, that N
MAXIMIZES (P(x.)V.(x.) +1., , 0)
X i1 i i
0<P(x)%1 i=1
subject to Y: P.(x.)R... £ C. forj=1,2,...,m
active (% 11 ljh ]h h - l, 2, . ,r
2 =Y
Rijh Z th for active i's

and for alljand h
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Like the real problem it models, the mathematical problem has
two parts: first the selection of the optimum sub-set from the
given set of N contracts; and second the determination of the
optimum bid prices for the constracts in the sub-set. Section
4.3.1 considers the problem of the sub-set N' , where all
contracts are bid; and Section 4. 3.2 suggests an approach to

solution of the combined Selection and Adjudication Problem.

4.3.1 The Sub-set N'

The set of contracts, N, can be divided into two sub-sets.
Those which are bid,N’, and those which are not. Ignoring, for
the moment, how the division is made; the problem of deter mining
the optimum bids for sub-set N' is examined. Since all the
contracts are to be estimated and bid, the cost of bidding does not

enter the decision. Therefore the problem is

MAXIMIZE ; P. (x )V (x)
(4.3.1-1)
subject to ? ;X )Rl Z c.
jh
Rijh £ Cjn
R... =0 C. =20 forj=1,2,..,m
1Jh jh h=1,2,...,r
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The following changes are made in the notation:

Pi = Pi (xi)

v = V(%)

Eliminate any contract that does not satisfy the absolute

capacity constraint: Ri < C. Then it is possible to formulate

the Kuhn-Tucker (17) conditions for optimality for the problem.

N N
e S S, a@irmea) o
dx; - d xe

h=i -)‘\

go*' .L= |,2-, ---’Nl

N'
if w, -0 then 2 RRyu-Cy £ 0
L=y

N
if U > O then ZPLQLJ\-;—C‘}\». = O

=1

(4.3.1-2)
If ujh = 0 for all j and h, then the solution is unconstrained
and the optimal x's are the solution to
B4, vidh Ly (4.3.1-3)
dxi dxi

i=12 ..., N
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If u]_h> 0, for all j and h necessary conditions for optimality

are the N' + (m - r) equations:

P, av ) v, B, E Z wy Ry gp_i 0
ax. ax. ax
1 1 h=t 3=t

1

N' ' ‘ for i=12,..., N'
P. R. -C., =0 i=1, ..., m
Z 1 " ijh jh h=1, ..., r
i=1
(4.3.1-4)

for the N' unknown xi's and the (m - r) unkown u's. These

are sufficient conditions of optimality if

' EP. V.
— 1 1
I

is a concave function and the
<! s
i P. R. C. for all jand h
i ijh - Tjh A
A
are convex functions satisfying the Kuhn-Tucker regularity

condition.

The uj h's that constrain the solution (i. e. those greater
than 0) are shadow prices for the resources. They are related to
the cost of not having the additional unit of resource h in time

period j.
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Example: Consider the case where N = 3, m =1, r = 1.

The Kuhn-Tucker conditions give the following equations.

Py d¥e) o oy dR - p dR& - o
d'K| dxl dx| B

Ry dMa) | \La) dRe) _ R, dRow _

d’xl dX'l. R o dx.

pa%)av,«o + v(x?’)dP;('xa) - u, R, ('\(3) - 0O
(4. 3.1-5)
Py Ry + B Raw + R Ry - ¢, = O

Solving the first three equations for U

P& d Y »a) Vi(x) & Ree) d W)

u_“ ] d %,
R, Re R e pee)
dx.

g1t} d P;_(x.,)
AN

dVaa)
i [P L ]

dVa(xy)
W, = B a4+ Vi)
R d Ry (a)
d't;
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If a feasible solution exists, it can be found by the following

gradient procedure.

1. Compute the unconstrained values of x, from eqn. (4.3.1-3)

This will provide starting values P,, P

0 —
1 9 P3, and u11 = 0.

2. ¥ (PR +

Bm PoRop + P

C

3Rap n)

+1

{ 0 select a new value uill = uill -§ 5 |unless

n

Uy = 0 in which case the solution is optimal

= 0 this solution is optimal

n+l n +g

> 0 select a new value )

3. Compute Pl’ P2 and P3 for the new value of Uy, and

return to step 2.

4.3.2 The Two-Stage Problem

When the Selection phase is introduced the problem becomes
more complex. If the number of contracts (N) is small the most
satisfactory method of solution may be to try all possible combin-

ations.
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A mathematical method of solution is developed as follows:

N
The Problem: MAXIMIZE >{Pi (AES 0}

X _
0<P <] 1=1
i
(4.3.2-1)
. )
subject to > Pi Rijh Z th
a::;h:;;a:"
i=1, ., m
h=1, ., r
Rijh £ th

First eliminate all contracts which fail to satisfy the absolute

capacity constraint Ri' Then it is necessary to devise

jh h’
a formulation which confines the first constraint to the sub-set

< C.

]
of active contracts and requires P, V. + L > 0. Since the
li's are independent of the x's; they do not affect the location of
the optimum X. Therefore the optimum for the original problem

is also the optimum for this equivalent problem.

1
MAXIMIZE > P, V.
1 1
X ——t
< g L
0= P <10 (4.3.2-2)
subject to Z P, R.s Gy

>
and Pi (Pi Vi + 11) 0
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since 0 = Pi < 1; the second constraint ensures that either
PV, + L 20 or P. = 0. If P, = 0, contract i does not

1

affect the first constraint.

The Kuhn-Tucker conditions for this formulation are:

for u. =0 and w. =0
jh i

bZP Vi Zz d ( PRijn - Sjn)
Jd X.
1

_Z w, 9 (-P;(P;V; + 1))
) xi

(4.3.2-3)

if u, = 0; then LP.R. - C. £ 0
¢ T 17ijh
if uy > 0; then 2P, Rijn = Cjn = 0

if w, = 0; then -P.(P.V, +1) < 0
ivvii i

n
o

if w, > 0; then - Pi(PiVi + li)

The wi's can be regarded as bid selectors. When w, = 0, the
contract i is included in the optimal sub-set; when LA > 0,
the contract is excluded. The w's also have '"shadow cost
implications as they are related to the cost of having to bid when

it is not worth doing so.
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The model may be extended beyond this point by the
inclusion of the relationships derived in Chapters 2 and 3.
However, it was decided not to do this, for two reasons. First,
it appears that a point of diminishing returns has been achileved.
Although the extension of the formulation to include the relation-
ships would be an interesting mathematical exercise; the solution
procedures, if they exist, would probably be more complex than
the actual problem. As was discussed in Chapter 2, Building
Construction contracts are not very resource constrained. In fact,
they are even less constrained than an analysis of the resources
required for a contract might suggest. This is because of the
magnitude of the contracts with respect to the existing free
capacity of a firm. The Sample Commnies are major companies

and yet in the time period covered by the data sets, few contracts

are won.
Company A 12 months 9 contracts won
Company B 12 months 5 contracts won
Company C 9 months 10 contracts won
Company D 19 months 6 contracts won

In addition, labour is more mobile between firms than in most

industries, and most kinds of building plant may be hired.
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The long durations of contracts also affect the problem
to the extent that in any one year period a company's bidding
activity is only concerned with allocating about 20% of the firms
resources. The remaining 80% being already committed from
the previous years. These small numbers suggest that a
probabilistic procedure is unnecessary since the entire problem
can be easily handled in a discrete manner. The current method
of integrating resources with bidding is to observe when current

p rojects are scheduled for completion, and intensify bidding
activity until contracts commencing at those times are acquired.
However, even this time element is not that crucial in most
cases because some overlapping of contracts is possible, and
alternate inte.rim uses can be found for the site staff who are a

major resource.

The functioning of the selection decision in practice is
primarily explained by the absolute capacity constraint;
Rijh £ th. Projects are turned away because of insufficient
capacity. This constraint includes the capacity of the estimating
department to produce an estimate within the specified time. The
formulation indicates that given the absolute capacity, the
selection decision hinges on the relationship of the expected value

to the cost of estimating. Studies carried out by the Sample

Companies indicate that the cost of estimating is approximately
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0.1% of the pound volume estimated. This value being so low,
it appears unlikely that the formulation would eliminate many °
contracts for this reason. This agrees with observed practice;

i.e. given absolute capacity, few contracts are turned away.

The second reason for not continuing the development of
the formulation was that, even assuming that a solution procedure
could be devised and that soiutions exist, data with which to test
the formulation was not available from the Sample Companies

within the duration of the investigation.

Hence, for both reasons, it was decided to concentrate
further development and testing on the Adjudication Problem, i.e.
Cases 1, 2 and 3 of this Chapter. The Sample Companies data
sets, to which reference has already been made, permit
prescriptive models for this more limited, but significant, problem

to be tested.
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4.4 SUMMARY

The éompetitive Bidding Problem can be described by
a decision tree. Using this tree, and expected value concepts,
and assuming independent contracts and independent resources,
decision functions were developed for a series of competitive
bidding situations. It is apparént from the formulations of the
different Cases that there ére only two basic situations. That is,
given sufficient absolute capacity to undertake the contract, the
Decision is either constrained by the expected resources utilisation
of other potential contracts or it is not. If the contract is not
constrained, then the Decision is independent of whether the
contract stands alone or is one of a set, and of whether it is bid

simultaneously with others or sequentially as one of a series.

The solution procedure for the constrained case involves
using mathematical programming and the Kuhn-Tucker optimality
conditions. The general structure of an appropriate model was
proposed, but it was not develbped because, although it is felt to
be a reasonable mapping, 1n the real problem the constraints are
not markedly inflexible or critical. Thus attention is concentrated
on the unconstrained case which is a close approximation to the

real situation and can be evaluated with the available data.
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CHAPTER 5: EMPIRICAL EVALUATION

5.1 - INTRODUCTION

The preceding chapters have developed the approach
to the Competitive Bidding Problem, and a general probabilistic

model has been formulated.

The attention of this thesis now shifts to the research

question - Which of the alternative methods available should

the decision maker use to make his decision? The alternative

methods amount to the use of the different probability functions.
In this Chapter the different models are empirically tested. All
the Friedman variants are included in the testing. This was done
because, despite the theoretical criticisms that can be directed
at them, there is the possibility that they could perform well, and
the success claimed by Park (24), and Morin and Clough (20)

cannot be ignored. Also included in the testing are the General
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Distribution Model, and a model which arises from trying to use

the OPTM procedures as an automatic feedback correction device.

A total of six models are tested. They are:
Model 1A - Single Contract, Unconstrained, Friedman
Average Competitor Hypothesis.
This is the basic Friedman model. All historical bid-cost ratios

are included in the distribution function with equal weight.

Model IE - Single Contract, Unconstrained, Friedman
Average Competition Hypothesis with
exponential smoothing.

This is the Friedman variant proposed by Morin and Clough.

Here an exponential weighted average of the bid-cost ratios is

used to determine the probability function.

Model 2 - Single Contract, Unconstrained, General
Distribution Hypothesis.

This is the model developed by this thesis (equations 3. 4. 2-1).

Since managerial estimates do not exist in the historical data,

the model was tested under conditions of perfect information.

Subsequently, sensitivity analysis is used to determine the

actual information requirement and permissible error ranges.
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Model 3 - Single Contract, Unconstrained, Normal
Distribution Probability Hypothesis.

This is the model proposed in Fundamentals of Operations

Research (1), which assumes that the distribution of the "lowest

competitor' is normal.

Model 4 - Single Contract, Unconstrained, Lowest
Competitor Bid Hypothesis.

This is the Friedman variant proposed by Hannsmann and Rivett

(14), where only the lowest competitor is considered and the

number of competitors is not required.

Model 5 - Single Contract, Unconstrained, Drift Model
This model is an outgrowth of the OPTM procedure. The results
of the last M contracts are used as a basis for altering the bid

on the next contract.

The models are called single contract because they treat
each contract individually and ignore interactions between
contracts. They are called unconstrained because they ignore

any constraints that might exist.

The models are tested by computer simulation with the

Sample Companies' data sets. They are all tested with the same



-177-

data and so it is possible to compare the models with each other,

with the sample companies, and with the results obtainable by

hindsight.

Another method used to evaluate the models was partial
implementation of selected models. Partial because there was
insufficient time available to adequately test the models - it was
felt that at least a year would be necessary to obtain any meaning-
ful rgsults. Thus while no implementation results are available,
observations made during the installation of test procedures have

bearing on the usefulness of the models, and these are discussed.
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A e

5.2 MODEL ALGORITHMS

Computer programs were written to test the six models
' with the Study Companies data sets. The objective function used
was the adjudication objective of Chapter 2, Maximize V()
where V) = i X - k' fx <y
0o - ifx )y

‘and k' = Z(R,n).k
(5.2-1)

“The probablistic models, numbers 1 to 4, attempt to.
maximize the expected value ‘of the objective. This requires

*
determing the bid x which satisfies the equation.

P(x) dv(x) + V(x) dP(x)
dx : dx (5.2.-2)

Since the expected value function has the shape illustrated
below, the continuous formulation is easily adapted to an iterative

method of solution.

N

P('r)\/(x)

(Ve x’




- - The .specific algorithms used_to program the

e 2T e

models are presented in the following sub-sections.

5.2.17 Model 1A and 1E: Friedman Average Competitor
Hypotnesis

The Friedman "™average bidder" probability
dénsity is found by combining all previous ratios
. of an opposition bid to the company's cost estimate
.into.one distribution function, f(w). Then the
probability of a bid of x being lower than one average

bidder equals the complementary cumulative distribution

(o]0

]

G(x) f(w) aw (5.2.1-1)

Pl

and the probability of x being lower than n average

bidders is

00 n

(ex) ) = £(w)dw

k! (5.2.1-2)

Two methods have been proposed for combining
the ratios: the average method, Model 1A, where all
previous ratios have equal weights, and the exponential
method, Model 1E, where exponential weights are used
for the previous ratios. The flow chart, Figure 5.71.
shows the computational procedure used for each

method.
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Both methods are speoiél céses-gf weighted moving
average. However the exponential version is the more
| general case and given a sufficiently large data base,
it can be anticipated that it will be the superior model.
First it permits greater ‘weight to be attached to recent
observations, and hence allows more fully for recent
treﬁds in the ratios of opposition bids to company cost
-estimates. Secondly, it possesses computational
advantages, the storage of data being greatiy~reduced.
Thirdly, as the smoothing coefficient, a, approaches zero
the exponentially smoothed value approaches the arithmetic
mean, given a sufficientl& large number of observations.
Hence, given an optimal choice of smoothing coefficient,
the exponential model should never be inferior to the
average model, but it could well be better. However,
since fhe data base is fairly small, and the simple
average version has received much attention (see

references 4, 7, 11, and 24) both versions were examined

and tested.

Average Method

An array, HIST, was dimensioned in the computer.
This array was a discretée representation of the

complementary cumulative distribution G(x). It was

compiled as follows:

For each competitor's bid, the ratio

h = competitor bid/company's estimated cost
is computed. The value is incorporated in HIST by
a loop which

for m

1y 2, 3y evevesees 50

14

if h 0.950 + (m-1) *0.005 add 1 to HIST (m)
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FLOW CHART

Friedman
Average Competitor
Hypothesis

READ
Nevt Conlvact

[Incramedt Cotincrer]

Start
ESiddin 9

Recoxed
fpro“\\'\' ¢ VO\ vme |

h
For
SIMPLE AVERAGE

‘*
3

For coch Gwmpetitor bnc\,mc\reasé q by |

B D =g (& rdga e8]
Sc= 1

¢ =o

= Compq\'d’or bid = k'

= O.qa:)) O.qs‘s) .o . 200

2
EXPONENTIAL cASE

GG) = aly+ (l—Q)Gg_("))

COMPILE
FREQUENCY
HISTOGRAM

CASE

whevre

§
f

h{ = j-ooozs5

hi £ §-0.0025

Any
More Cortucts

WERITE
Output
( STOP )

Figure 5.1
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The result is illustrated diagrammatically below.

. ¢
0950 0955 0960 0965 0.970 0975 0980 0.9/5

The value of HIST ( . ) divided by the number of bids used in
compiling the histogram to date is the complementary cumulative

distribution of the midpoint of the interval.
00
HIST(1) / q = S f(w)dw
0.9525

i.e. G (0.9525)

00
G, (0.9575) = HIST(2) / «q xS f(w)dw

0.9575

where q is the total number of competitors bids in the histogram.
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To find the maximum expected profit bid, the fact
that the objective function has a single optimum

" is used. Successive expected profits are generated

as Zollows:
Jor . m = 1, 2, eceeecesy 50

(PGIT()), = 6(0.9525 + 0.005(m-1))® * k' * (0.9525 + 0.005 "
\ < (m=1)21.0)

uﬁ%i} (P(X)V(X))j+1 is less than (P(X)V(X))j. Then

(P(X)V(X))j is taken as the maximum expected profit and
the corresponding bid x = (0.9525 + 0.005 (j-1))* k' is

taken as the optimum bid.

In the average method, each probability value is

Gq(g) = (&q + &q’_,l + oeee +&1) / aq

14

where &i

1 if hy £-0.0025

S 0if h, & §-0.0025

Exponential Method

An exponential wéighted moving average was

used in the second version of the model.

Here Gq(g) a&q +'a(1 - a) &qe1 + a(’l—a)2 &q—2 F oeee

+ a(’l—a)q—/l&,l

I
=S

where &, if h, = g-0.0025

1

0 = 0if h; ( g-0.0025
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The updating was done by the formula

Gq(g) = a&q + (1-a) Gq_1 (g) for all g

The maximum expected profit bid is computed in the same
manner as before. The order of the bids is important in this
formulation because different competitor bids for the same
contract will receive different weights. Although this should

not materially affect the results as the differences are very
small, to be consistent, the competitors' bids were incorporated

in the histogram in descending order.

5.2.2 Model 2: General Distribution Model-

This is the model developed in Section 3. 4.2, and uses
the probability function determined by regression analysis. The
computer is programmed to determine, for each contract, the
value of x which maximizes P(x) V(x)
where Vi) = x - k'

x = ©(0.974449 + 0.1352319F(x)> - 0.0055555/F(x) )

Px) = (1 - Fx) )"
0 = Fx) < 1 - (5.2.2-1)

The eqﬁations are used to compute x, P(x), and V(x) for

successive values of F(x). The value of x which corresponds to
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‘the maximum value of P(x) V(x) is selected at the optimum bid.

This procedure is outlined in the flow chart, Figure 5. 2.

5.2.3 Model 3: Normal Distribution Probability Hypothesis

The assumption made by this model is that the ratio of
the lowest competitor's bid to the Company's cost estimate is a
sample from a normal distribution. The method then assumes
that you are only competing against one super competitor, the
lowest one. Whether this is valid is questionable; especially
most of the other determinations consider the number of
competitors a major parameter. The assumption does, however,
simplify the arithmetic, as the probability function no longer

contains the exponent n.
Case 1: Normal Distribution with Constant At and T

For this case a computer program is not necessary. The
assumption of a constant mean and standard deviation results in
a constant percentage mark-up figure to be applied to all contracts.
Thus, the best results possible f;)r this case would be the maximum

results obtained by the OPT2 program.



-186-

FLOW CHART
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[ Hypotanesis
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READ
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_ Tk_ _
| P Froohom, ey 09 | 0 oULATE
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Py Ve
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¥ Hhe lovedd Pofit % Volume

yes

Figure 5.2
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Case 2: Normal Distribution with varying M and @ .

If it is assumed that the mean and standard deviation of
the ratio, lowest competitor bid to estimated cost, vary in

trends .that can be discerned from past bids, it is possible to

i
.y 1

construct a model. The model seeks to determine the optimum
bid by finding the bid x which maximizes

x 1

| P G.) V(x |

| pe& 00 )
where IP(E') = | exp - g ds

| Jzmw o

X

| 3

|

i
the complementary cumulative of the normal distribution.

|
A computer program was Written to comput.e the mean

and standard deviation of the ratios from the first m contracts.
These parameters were then used to calculate the optimum bid
for the m+l contract. Then the mean and standard deviation of
the ratios for the m+l contracts were computed. IThis was
used for the m+2 contract and so on. Instead of integrating the
normal curve, a table of values of the Cumulative Normal

Distribution was included in the program. The program calculates

expected profits in the following manner.
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for N = 0.005, 0.001, 0.015, ..., r
calculates s = (N - M)
' T

Use s and the table to determine P(N)
Then the expected profitis P(N) . N . k'

The program continues until
[Pv). N. k] ¢ E)(N). N. k]m_l

Since the expected profit curve possesses a single optimum,

{_P(N). N. k']m-l is the maximum expected profit and

the optimum bidis x = k' . (1 +Nm_l)

The mean s and standard deviation ¢ are calculated for all
previous contracts by the formula

yq= lowest competitor on q th contract

corrected cost estimate of q th contract

Z. 4
P %
q
o= -
e

Figure 5.3 is a flow chart of the program.
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5.2.4 Model 4: Lowest Competitor Bid Hypothesis

This model combines the Friedman historical distribution
concept of Model 1 with the Low Competitor concept of Model 3.
It assumes that there is a distribution of low or winning bids, and
this distribution can be found by combining all the previous ratios

of competitor's low bid to Company estimated cost.

The method of calculation is the same as that used in

Model 1A. The ratio

h, = (Lowest Competitor bid on contracti _ , 4 )
Company estimated cost on contract i

is calculated.

Frequency (g) = —ld (&q + & 4+ ...+ &1 )

q-1
where &, = 1 if h, =g - 0.0025
= 0 if hi <g - 0.0025
For g = 0.005, 0.010, 0.015, ..., 0.20
Compute g . k' . Frequency (g) and select the maximum.

The optimum bid is then (g + 1.0) . k =x

max

Figure 5.4 shows a flow chart of the program.
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5.2.95 Model 5: Drift Model

This model was inspired by the OPTM program. The
OPTM results indicated that dramatic improvements could
sometimes be obtained by incremental varying of the final tender
prices. For example, in data set A, an increase of all the
tender prices by 1% would have resulted in the winning of exactly
the same contracts and an increase in uncorrected profit of 16%.
However, this is hindsight. The question is - how can these

results be applied to current practice.

Model 5 is an attempt to use the OPTM-program as a track-
ing device. By using OPTM on the last M contracts bid, and
applying thé resulting optimum correction to the next contract,

the model hopes to eliminate "drifts' away from peak performances.

The main problem in setting up the Model is the deter min-
ation of M, the number of past contracts to examine. This number
should be small enough to be sensitive to trends and yet must be

large enough that a single large contract will not dominate the

results.

The Program operates as follows:
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For a set of M contracts, compute the effect on profit of sinall
discrete variations in the tender price. The result will be as

illustrated below, where the bidis (c . tender price).

Profit

For the M+l contract the bid submitted is (1.0 - A) times
original tender price. The first contract is then deleted from
the set and the M+l th. contract added to the set. The process
is then repeated to determine the correction for the M+2 nd.
contract; aud so on. This is a straight forward moving average.

Figure 5.5 provides a flow diagram of the Drift Model.
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5.3 SIMULATION TESTING

5.3.1 Testing Program

The five models, the OPTM and OPT2 programs, and a
program for graphing the model results on the line printer were
incorporated as subroutines in a master program called BIDS.
The structure of this program is illustratéd diagrammatically
in Figure 5.6. The program was stored on The City University
ICL 1905 Computer Unit's EDITA tape, from which it can be

called by a single instruction.

The card deck for the program is illustrated in Figure 5. 7.

It consists of:

- two cards to call the program from the EDITA tape

- a model selection card which specifies which models are to be
used on the data, which contract to start bidding at, and the
exponential smoothing coefficient to use in Model 1.

- the plotting symbols to be used by the graphing programs

- two cards listing the Z correction factors for the data set

- a title card for the data set

- the data set
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- an end card which signals the end of the data set and whether

another data set is present.

The INPUT section of the program:

reads the model selection card

reads the plotting symbols

reads the Z factors

reads the data title

reads the data cards, applies the Z corrections to the estimated

costs, and outputs the corrected data to the line printer and to

magnetic tape.

- calculates the Company's performance (Contracts won,
Cumulative Profit, Cumulative Volume, Profit-Volume Ratio)
and outputs the results on the line printer.

- calls the OPTM and OPT2 programs.

Then it calls the models, épecified on the model selection card,

to operate on the data.

Each model takes the data stored on the magnetic tape
and when it has compiled the specified number of contracts in
the cases of Models 1, 3, and 4, or after it has read its starting
set size in the case of Model 5, it begins to compute bids for the
contracts. The contract number, estimated cost, Model tender,

expected profit*, cumulative profit, cumulative expected profit*,

* Except for Model 5 where there is no expected profit
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cumulative volume and profit-volume ratio are calculated for
each contract and output to the line printer. When the Model
has completed the data set it calls the PLOT program. This
program plots the Model'é cumulative profit, the cumulative
expected profit, and the Company's cumulative profit over the
data set. When the PLOT program is finished, the Model calls

the OPTM program to operate on the Model's tenders.

By using the PLOT and OPTM programs on the results
of each model, a visual display of each model's effectiveness

is provided.

The PLOT graph reveals whether the actual results and
the expected results coincide, and whether the model has
performed more (or less) effectively than the Company. The
OPTM program provides an indication of whether the model is

operating in the neighbourhood of its peak.

5.3.2 Program Data

The different models reqﬁire different information to
calculate the optimum bids for the contracts. This information
can be divided into two classes -- that which is known and

available at the time of tendering; and that which must be estimated
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or predicted. Information known and available is the past bids
of competitors, past cost estimates, and the cost estimate of
the contract under consideration. Information that requires
determination at the time of tendering is the raﬁge of estimating
accuracy, the number of competitors, and the assessment of the

mean competitors bids.

The ranges calculated by method 2 of Appendix 3 are used
in the test. The determination of number of competitors is
discussed in Subsection 5.3.3. The problem of mean bid assess-
ment is handled by testing Model 2 ﬁnder different conditions of
information. The initial test assumes perfecf information - i.e.
the true mean is used as the assessed mean. Then in Section 5. 4,
an investigation is made of the effect of constant errors, and

random errors in the assessment.

5.3.3 The Number of Competitors

The formulation of the effect of estimating accuracy inter-
action (Chapter 2) indicates that the number of competitors is a
major parameter on the competitive bidding situation. The order
statistic derivation of probability of winning (Chapter 3) also

employs the number of competitors as a major determinant.
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Therefore any model which employs either, or both, of these
concepts must include some method of determining the number

of competitors.

Friedman (11) suggests two methods:

1. Linear regression of plot of the number of competitors

vs. cost.
2. Determination of the a priori probability distribution of

the number of competitors submitting bids for contracts

of a given cost range.
Theoretically pleésing as these methods may be, the plot of
number of competitors vs. cost for the four data sets combined,
Figure 5. 8, suggests that these methods m:«'xy not be appropriate

for the situation under consideration.

In the construction industry there exists an easier, less
sophisticated method of determing this parameter - it is inquiry.
The Client will usually, if requested, inform the company which
other companies have taken out plans, or expressed an intention
to bid. Therefore, by contacting these companies shortly before
the tender closing date, and asking them if they are bidding on
the contract the number can be determined. If direct inquiry does
not sound appealing, the nominated sub-contractors will usually

provide the necessary information. Admittedly, these methods
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are not infallible. There will always be the last minute changes
of mind, and the unlikely (and difficult to repeat) case of lying.
However, this procedure should result in a figure more reliable
than can be obtained from any statistical technique. The trend
to Selective Tendering should be helpful in this regard. Since
the client is endeavouring to get a certain specific number of
bids, the possibility of last minute .changes of heart, and strange

companies materialising are reduced.

The construction personnel interviewed in the course of
this research did not regard the determination of the number and
identity of their competitors prior to tender date a difficult task.
Therefore, in the testing of the models the number of competitors

bidding on a contract is taken as a known parameter.

"5.3.4 Parameter Deter mination

There were several test parameters that had to be
deter mined before it was possible to run the simulation. Models
1, 3, and 4 require a certain number of contracts to establish
their probability density functions before they can start to compute
bids. Model 5 requires a set size to operate with. The
exponential smoothing version of Model 1 requires a smoothing

coefficient.
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To provide a basis for comparing the performance of
the different models, it is necessary for them all to start
bidding on the same contract. The number of contracts required
by Models 1, 3, and 4 to establish'their probability functions is
not considered to be the governing parameter. This is so because
all previous contracts are included in the functions and regardless
of whether the model starts bidding at the fifth contract or the
fourteenth contract, the bid it will compute for the fifthteenth
contract will be the same. Therefore, the set size required by
Model 5 was the governing parameter. The earlier contract
bids computed by Models 1, 3 and 4 were examined to ensure

that they were not abnormal.

Model 5 Set Size

To determine the set size for Model 5, a Fortran program,
MARCH, was written. This program is a continued application
of Model 5 to the same data but using different set sizes. For
example, the program is given a data set and a starting number of
10. It calculates the results of Model 5, starting bidding at the
eleventh contract and using a set size of ten. It then bids the
same set, starting at the eleventh contract but using a set size

of 9, then 8, and so on down to a set size of two.
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In the experimental runs, a starting set size of ten was
used. This number was selected as the maximum since it
represented about three to four months of the Sample Companies’
operations, and it was felt that any longer time period would not
be sufficiently sensitive to market changes. Also, because of the
size of the data sets, any larger number woﬁld not leave many

contracts for the models to bid.

The results of the MARCH program on the four data sets
are summarised in Table 5.1. The figures in the table are the
total corrected profits made by the Model for the data set. The
maximum total corrected profit values occur at: set sizes 2, 3, 4,
and 5 for Company A; set sizes 9 and 10 for Company B; set

sizes 3,4, and 5, for Company C, and set size 3 for Company D.

As the companies are dealing in similar contracts, and are
subject to the same market forces, it was felt that one set size
should do for all four compgnies. To deter mine this compromise
set size a ranking procedure was used. The results of each
company were assigned a rank number from } to 9 in order of
decreasing magnitude of total profits. In cases of ties, the arith-
metic sum of the affected rank numbers was divided equally among
the tied values. Table 5.2 contains the ranking. The rank numbers
were summed for each set size and the minimum total, 113 for set

size 3, was used as the selection criteria.
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TABLE 5.1

DRIFT MODEL SET SIZE DETERMINATION

COMPANY A COMPANY B COMPANY C | COMPANY D
SET |Profit Won Profit Won Profit Won | Profit won
SIZE| € £ £ £
10 17,409 2 |27,036 | 2 26,922 | 6 [12,430 | 4

9 [17,409 2 27,036 | 2 27,717 | 6 12,430 | 4

8 |17,409 2 17,923 | 3 22,043 | 5 12,430 | 4

7 |17,409 2 15,777 | 3 20,628 | 5 11,875 | 4

6 17,409 2 16,851 | 3 46,280 | 6 11,875 | 4

5 24,168 3 16,851 | 3 52,013 | 7 16,486 | 5

4 |24,168 3 16,851 | 3 52,013 | 7 16,486 | 5

3 24,168 3 16,851 | 3 52,013 | 7 20,053 | 5

2 |24,168 3 16,851 | 3 26,326 | 6 15,433 | 4

TABLE 5.2
RANKING OF SET SIZES
SET SIZE 2 3 4 5 | 6 7 1819 {10

COMPANY A 25 | 23| 23| 22| 7 7 71 7| 7
COMPANY B 6 6 6 6. | 6 9 | 3| 13| 13
COMPANY C 7 2 |2 2 | 4 9 | 85| 6
COMPANY D 4 1 23 25 | 8, | 85| 6 | 6 6
TOTAL 19; (ui | 13 13 | 255 | 333| 24 (192{ 20,
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- —

" " A set size of three was sélectéd and the
Models all start bidding'at the fourth contract
in the data sets.

Exponential Smoothing Coefficient

B

The exponential smoothing coefficient for

Model 1 was also determined by experiment.

-~ e

For the four data sets, Model 1 was tested
using exponential coefficients which varied from
0.001 to 0.400. The resulting total profit wvalues
are plotted on the graph on page 208, = The values
have been converted to percentages by using the

maximum OPT2 value of the set as 100%.

' Since the maximum profit values for the four
sets did not occur at the same coefficient value, a

compromise value was selected.

If the data sets had been of sufficient length,
it would have been possible to use the procedure
followed by Morin and Clough (20). This is, splitting
the sets and using the first portion to determine the
coefficient and the second portion to test. In this
mannef it would be possible to determine a separate

coefficient for each set.

However, there is insufficient data for this
procedure and since it is desirable to keep the sets
comparable, the coefficient value which yielded the

highest percentage sum, value 0.0028, was used in

testing all four sets.
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5.3.5 Results and Discussion

The results are discussed under four separate headings.
First the performance of each model, as disblayed by the OPTM
graphs, is discussed. Then the models are compared to each
other and to the Sample Companies’ performance. The influence
of individual contracts on the results is examined and then the
theoretical performances, as exhibited b§ the PLOT graphs, of
the models are considered. Only summary results are presented
in this section. Figures 5.9 to 5.14 inclusive are the OPTM
graphs. Table 5.4 summarises the results of the Models. The

PLOT graphs are in Appendix 6.

Model Perfor mance

Figures 5.9 to 5.14 inclusive are the OPTM graphs result-
ing from the program operating upon the tenders computed by the

Models. The operating position of the model is indicated on the

graphs with a (:) .

The Table below list the location of the peaks of the

graphs.
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LOCATION OF PEAKS-

MODEL COMPANY. "~ ROW

TOTA
A B C D .

1(Average) +3 O .0 +33 +63
1(Exponent) 30 0  +3} +63
2 ‘ 0 -1 o -1 0 13
3 0 w4 . . 0 43
4 . ‘ -5 +1 —%A +1 1%
> +1 +2 -1 +1 . 433
COLUMN
TOTAL: +4 +6 —2% +9

This table provides the basis.for two lines of
investigation. First, it may indicate any consistent
bias in a models perfo;mance; secondly, it may reveal
bias in the ‘data introduced by the selection of the

estimating accuracy range.

The row totals, 64 for Model 1 and for Model 1
Exponential, suggest that these Models may be bidding
too low and a uniform percentage increase in all bids

may be advantageous.

The column totals, 6 for B, and 9 for D
indicate that the range correction for these two
Companies may be too large since a ld%er value of

R will shift the peaks to the left.
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However, these deviations could be a result of the

interaction of both of these possibilities.

Th@lcolumn totals for Companies A, B, C and D excluding
“Model 1 Average are 41, +6, -2%, and +5%; excluding
Model  Exponential +1, +6, -2%, and +5%; and excluding

" both of them —2, +6, -2}, and +2.

«

Thé column total for Company B remains high suggesting
" that the selectzd range of 12.9% is.too high. The.
shepe of the Company B graphs, with a large plateau
on the positive side supports this notion. Therefore
it is concluded that the 12.§% range:correction
seléctgd for Company B could be too high. A similar
conclusion cannot be drawn from the results for
Company D. The high column total is primarily due

to Model 1 results and this is caused by a low bid

on a single contract.

The figures in the Company'C column, although
not numerically large, are'consistent ~-four being less
tﬁan zero and two equal to zero. This suggests that
the estimating accuracy range of 9.35% selected for

Company C may be a bit low.

The general conclusion drawn from these results

is that the ranges of estimating accuracy for all four
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companies are in’ the region 9.35% £ R £ 12.9%, and

the ranges selected are approximately correct with

Compaﬁy B, R = 12.9%, possibly a bit high and

‘Company C, R = 9.35%, possibly a bit low.

Considering the OPTM graphs of each Model

Mndel © - Average Version

. For companies B and C this Model is operating
at the peak. The plots for Companies A and D show
that in each case the lModels poor performance was
dre to a low bid on a single contract. In the
Company A contract, the Model left 3% on the table,
and 33% on the table in the Company D contract.

Model 1 - Exponential Vérsioﬁ

' With the exception of Company C, these graphs
are almost identical to those of Model 1A. The
Company C graphs are also very similar but this
version of the Model is able to achieve a higher

total profit value.

Model 2
| The graph for Company A, Model 2 is the
closest of all the graphs plotted to being ideal,
and even then it has oné contract for which it
left 21% on the table. An ideal graph would
have no local peaks, and the model would Dbe
operating at the peak. The Model 2 graph demonstratec

the effectiveness of this sYystem. It



-219-

is operating at the peaks of Company A and D, and has attained
a high profit location in the regions of the other two peaks,

bidding 1% off for Company B and 3% off for Company C.

Model 3

This Model can best be described as inconsistent. It has
two very good results, Companies A and D, and two very bad,
Companies B and C. It is possible that the bad performances are
a result of the wrong range corrections as was discussed earlier.
- It is also possible that the conclusions arrived at concerning the

range corrections are a result of this Model.

Model 4

The performance of this Model is bad. It shifts from the
low end of the graph of Company D to the high end for Company A.
When it does operate near a peak, Company C, the<peak it produces
is less than one half the size of that achieved by the other models.
Only in one case, Company B, is the Models perfor mance

satisfactory.

Model 5

The general impression gained from the Model 5 graphs
is that the system is biddi'ng too low. A ; percent increase in
all bids would have increased the profit picture in three of the
Companies and resulted in negligible change for the fourth. The
Model is operating in the region of the peaks and so its performance

is judged to be generally satisfactory.
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Comparison of Models

One of the purposes of the simulation was
to compare the performances of the Models and to
determine whether any one is superior to any other,
or-fo the actual performénce of the Companies. The
~results of the simulation are summarised in Table
5.4. To enable comparisons to be made, a rénking
procedure 1is used with total cumulative profits,
taken as the performance criteria. The profits
achieved by each lModel wefe ranked, the highest
profit figure receiving a rank number of.1, the
lowest 7. The ranks are shown in Table 5.5 with
the sum of thé rank numbers for each Model given in

the . bottom row.

The profit rank sums suggest the following

trial ordering of the Models and Companies.

Model 2
Model 1 Exponential
Model 1 Average
Model 3 - Actual Performance
Model 5
Model 4.

*

To investigate this ordering, two tests

were performed.
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TABLE 5.4
SUMMARY OF MODEL RESULTS

MODEL

COMPANY Actual
1A 1E 2 3 4 5 Perfornm
-gnce
CUMULATIVE PROFIT %
A 53.5| 53.5 [107.1 | 94.6 8.5 | 79.2 76.5
B 99.0| 99.0 | 79.5 | 42.7 | 91.5 | 57.2 96.5
¢ 98.5{105.7 | 95.0 | 41.2 | 36.9 | 56.0 81.8
D 76.8| 76.8 [128.5 {109.5 | 47.8 | 76.0 72.6
CUMULATIVE EXPECTED PROFIT %
A 67.4] 65.6 | 64.4 |102.2 |126.0 - -
B 78.4| 77.2 |104.2 | 81.5 |122.0 - -
C 78.5| 76.6 | 56.8 [127.0 [144.5 - -
D 146.0(142.0 [108.0 [145.0 |145.5
NUMBER OF CONTRACTS WON
A 4y 4 4 5 2 5 4
B 6 6 3 6 5 4
c 13 13 10 6 6 8 10
D 7 2 6 6 4 6 5
PROFIT VOLUME RATIO

A L0174 .0174 | .0348 | .0284 |.0271 {.0224 .0249
B .0281|.0281 |.o464 | .0186 |.0458 |.0291 .0281
C .02081.0208 |.0276 | .033%0 [.0284 [.0182 .0235
D .0196|.0196 |.0384 | .0275 |.0210 |.0189 .0220




-222-

TABLE

25

PROFIT RANKING OF MODELS

MODEL ACTUAL
COMPANY |— . PERFORM
1A 1E 2 5.1 4 5 -ANCE
A 52 5% 1 2 7 3 4
B 1% 1% 5 7 4 6 3
C 2 1 3 6w |7~ ‘5 4
D > 3% 1 7 5 ©
TOTAL | 124 | 11% 10 17 25 19 17
PROFIT VOLUME RATIO RANKING OF MODELS
MODEL ACTUAL
COMPANY PERFORM
A 1E 2 3 4 5 -ANCE
A 6% 6% 1 2 3 5 4
B 4l 43 1 7 2 3 6
C 6 5 3 1 2 i 4
D 5% 5% 1 2 4 7 3
TOTAT 22t | 211 6 12 11 22 19
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The'fjrst was the caiéulation of the Coefficient

of Coﬁcordance (Reference 22). This coefficient

is desigred to measure the degree of agreement
between the rankings of the companies. It varies
from a value of zero, signifying complete randomness
in thé allocation of rankings, to a value of one,

‘ signifying complete agreement. For the rank;ngs of .

the four companies the Coefficient of Concordance

is 0.374.

This Coefficient can be tested for significance
with a F test. The F value for the coefficient is

1.76. TFor the corresponding degrees of freedom the

5% level of F 2.82

1% level of F 4.38

Therefore the hypothesis that the rankings are random

cannot be rejected at the 5% level.

Second the trial ordering based on the rank
sums was compared with the brdering for each company.

The following rank correlation coefficients were

obtained.
' Rank Correlation Coefficients
Trial Order and Company A 0.574
" Trial Order and Company B 0.3%58
Trial Order and Company C ‘ 0.332

Trial Order and Company D 0.784
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More contracts determine the total results for Companies
C a_ndb (see Table 5: 4 and subsection, Influence of Individual
Contracts). Therefore, the results of C and D should carry more
weigh* than those of A and B. - The high correlation coefficients

of C and D are an indication that the trial order may be correct.

The rank correlation coefficients of all couples of companies

<X -

were computed.

_-~Compani.s . Rank Correlation Coefficient
A&B . . o _0.644
A&C o ~0.027
-.A&D "0.714
B & C | 0.705
B&D ~0.214
cep 0.473

No conclusion is drawn from this comparison.

The hypothesis that the ranking of the seven methods is
fandom cannot be rejected. However, although an overall
- ranking for the six models and the companies cannot be made, it
is still possible to make paired comparisons. Therefore the
next comparison was between the Actual Companies and each

Model. For this al, 2 ranking was used.
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The chart illustrates that:

Model 2

Model “E . " "
1A " 1"
3 ’ t n

Model 5 " "

Model
Model

- Model & " ".

n

3

3
2
2
0

outperformed the.Companies 3% out

4

& & 5

The sample, foﬁr companies, is too small to allow

any statistically significant conclusions since the

hypothesis that all models are equal to the Company

cannot be rejected.

comparison can be expected one sixteenth of the

times.

However the results suggest that:

of 4 times

1

Even results such as the Model 4

Mod.| Co. Mod.|Co. Mod.|Co. Mod.|Co. Mod.|Co. Mod.|Co.
1A 1E 2 3 4 5
Data
Set:
A 2 |1 2 |1 1 2 1 2 2 11 2
3 1 2 1 > 2 |1 2 |1 2 |1 2 |1
¢ 1 ]l2 12 ala 21 2 |1 2 |1
D 1 2 1 2 1 2 1 2 2 |1 1 P
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xS TF e e e e e

1. ‘ Modelo 2 and 1 could improve upon the
actual company performance.

2. Models 3 and 5 could equal the actual
company performance.

3. Model 4 produles results Qorse.than those

of the actual. company.

-1 - 2 ranking comparison of the performance of
Models 2 and 1E indicate that there is little to

choose'between them.

Model 2 ..Model 1E

A 1 2
B 1
C 2 1
D 2

[N

Influence of Indiwvidual Contracts

Figure 5.15 is designed to illustrate the
effect of individual contracts on the Models'
performance. In the first column is listed the
reference number of every contract won, eithér by
one of the models or by the Companies. The six
models and the company are listed across the top
of the chart. The shaded areas indicate which of

the systems (models or Company) won the contract.

A total of 35 contracts were won in the

four data sets.
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. Ref. = . MODEL~ COMPANY
. ,Number 1A 1E 2 3 4 5
Company A ) ‘ . )

7
8

16 .
30
3t
32

Company B -
T .
9 M
19
28 .
.36 )
317 '
41

Company C L : .
6 =
7 :
8" ,. RPN O N e SRR s S b O i XSt Nt A7

10 - - '
20

24

26

21

31

39 -

40 .

41

42 -

Company D h | .

P S Y
GBI I R YN RSN SKEN T 0.

6 ' )

10 : yro

19 . ARy 4
28 :
34
41 -
46
S50
92

s

Figure '5. 15



-228-

Of these:
.10 were won by all 7 systems
8 were won by 6 of thé systems
-4 were won by 5 of the systems
2 were won by 4 of the syslems
2 were wonby 3 of the systems
- 4 were won by - 2 of the systems;

2 were won by 1 of the systems

The point of Figuf-e 5.15, and the ébove enumerp.tion is to
demdnstrate that there are certain contraqts tﬁat ’are going to .
be won, regardless of which system is used. This is not -
éurprising since all the syétems operate from the estimated cost
figure. Opx'iously some contracts possess an estimated cost

that wiil result in a winning bid almost irrespective of the system
used. Assuming of course that the systems are reasonable and

are not making 15% to 20% mark-ups.

The second point to be observed from the chart is the

'small number of contracts that actually produce the total profit

figure.

The second point leads one to question the simple total

profits criterion that is being used to judge the models. A model
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will be judgéd to be performing well if it is bidding low and
manages to win more contracts than the other models, or it
~is judged to be performing well if it is bidding high and winning

the same contracts as the other models but at a higher profit.

- This difference is ilvlustratedv by the results of models
?; and1 . Model 2 wins most of the contracts that the companies
win but with higher bids - thus with a higher total profit. Modél
1 * bids lower than the companies and wins.30 contracts to the
companijes 25; the result is, again, higher total profits. If the
companies resources are fully committed by their current bidding
behaviour, Model 2 is obviously superior'. If, however, the
resources are available, and if, as claimed in some quarfers,
‘the actual money on which the Company depends for survival is
largely made on the site through negotiation and extras, then

Model 1 is the superior system.

’I‘he fact that the Models and the cmﬁpnnies all tend to win
the same contracts suggest an answer to the question, what bias
was introduced into the data sets by excluding nonstandard and
incomplete contracts? Since the excluded contracts were almost
all co.ntracts on which the .vsmnplo Companjes wene unsuccessful,
there is reason to assume that the Models would also be unsuccess-
ful on these contracts. However, the i'nclusion of these contracts

in the data sets would have resulted in higher {igures for the
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cumulative expected profit. Therefore, the plot of expected
profit should fall below that of the actual profit is the Model is

predicting correctly.

Predictive Performance

The probabilistic Models attempt to maximize expected
profits, and an expected profit is calculated for each contract.
If the theoretical basis of a model is correct, then there should be
some correspondence between the cumulative expected profit and
the actual profit obtained. The investigation of this correspondence
is complicated by the small number of contracts won, and by the
previously mentioned bias in the data which should result in under-
prediction. Since the winning of a single contract exerts such a
marked effect upon the actual total profit, the comparison of actual
profit and expected profit at any one point is not meaningful.
Therefore the method of comparison selected was that of visual
examination of the cumulative profit graphs. If the plot of
cumulative expected profit appears to correspond with the actual
profit plot - i. e. has approximately the same slope and does not
diverge radically - then it is concluded that the theoretical basis
of the model may be valid. The comparison is made more
difficult by the different shapes of the plots. The cumulative
actual profit being a definite step function whereas the cumulative

expected profit is approximately a curve. The cumulative profit
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graphs are in Appendix 6, PLOT Craphs. They are classified
visually into the following classes.
.0 - there is no obvious correspon%ience between the cumulative
profit ard the cumulative expected profit

? - no classification apparent

+ - there appears to be some agreement between the cumulative

\

'profit and the cumulative expected profit. -

The results are summarised in the table below.

MODEL

1A ? + + 0
1E . - 'z + 4+ 0
‘2 + + + o+
3 + ? 0 0
4 0 .+ 0 0

The results are inconclusive. However, they do suggest that

expected profils yielded by Model 2 are associated with actual

profits.
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9.4 ANALYSIS OF GENERAL DISTRIBUTION MODEL

The experimental testing of the six models indicates that
Model 2, the General Distribution Hypothesis, can usually perform
as well as, if not better than, the sample companies. In the
testing the Model had an advantage over the sample companies
because it was operating in conditions of perfect information. That
is, it did not rely on a managerial assessment of the mean
competitors’ bid, it calculated what the mean was. This suggests

that it is desirable to investigate the results of Model 2 in greater
depth.

5.4.1 Evaluation of Model 2 Performance

Since the Model does not require information from earlier
contracts, it is possible for it to bid every contract in the data set.
Therefore the Model was tested bidding every contract. Figures
5.16 to 5.19 are the resulting PLOT graphs. Figure 5.20 shows
the OPTM graphs, the dashed line is the position of the Sample

Company's performance.

To illustrate the performance of the Model, vis-a-vis the

sample companies, Table 5.6 was prepared. This table lists all



-233-

xX . . (e
X
XX
X
. ' XXXX
teerstter b PP stosrtanrerrtedtsd SOVOssetestoenRe e XAXXYXXXXXUX
b etrPstete~tesrrrrapabdodonstsndene XX .
* e X
X
X
XX
x . .
XxXX .

L I N R R

1

1

!

1

1

1

1

1

t

!

1

A

M

X¥xy !

¥ 1
Y 1 0>,

1

1

]

1

!

1

1

!

1

1

1

!

1

1

S o8 0 ¢ &9 92
»

¥
. X
FEYTT Y PRI YRS RIS R X 2 2 4
- XYerX
* XX .
Y

-
-
-
-
-
-
: -
>
.
-
.
-

LR B

.
.
[ Y J
°
oo

¢ e
*

XX;
‘XXYyy T £
P T T YT T PY P TR LT T -1 N

Xe ir2

Illllll..ll.lllll’lllllll.l.l.lnIIIIOQOIU'OIllt.ll-l?llll'lll-ll.ll.lllllll.l.llllll"l.

-
-
-
*
-
*
L]

.
emnaa —pea

0'n2asg  0°'@0LEP  0°9S9-»  0°PLCSY  AcZebes  GU0LwSZ  0tA2T02  0°9¥25:  0'v9.0b [ 2e0s ° 0°0

XX * _1i0sd 031330%3 341.¥7Nu00 (1) ¥
3% & .ri0se  300% 3A1:VONWN] - 1 4nud 19
a8 3 1t iNed ANYIHED 3AlivNLAD ,

p2G0°bL  3W.1 D./20/82 =:vw0
€ o'ty 8 ; W ANV RDD 3NKeS

Figure 5.16



-234-

YxXxy .
XXXXXeXX
o XXX
. x
o X
' 4 -
0000000000.60000o.o......o.o.0.000.0.00
Noooodedoe eseceee
b} *
x e .
1 £ .
. XAXKexX
o XYXYX
~ * X
* XXXXXX
Govovoonte XYY sseree
. X
. XX
- XX
- xx
.
. x
.
L
L]

Figure 5.17

LK 2R 2K BN 4

tss 000 e

xxx
X

000‘00l00000000000b000000000000000000000000
X . .
cXexX
X
Xx XX
4

X
X

* 900 00w

PesePorePlec v

20 S 0 € € 0 8 8 0 o 1o e e o b om0 0 0 s 0 e et 0 0 0 et e ont oot st
~
-
s
-

X
XIXKXX2AYXe00a0eses EA[?
¥ . e QP52
XYXXXXY e {A(?
. Xx o Gng?
XXe ®AJ?
xe 03
e 20(>
¢ 032>

QIlllIIIIOOIIlll!ll'.!lillP..illl.-l‘i.l.

0°026014 pe092s 00408 0°0

t7: CE T LY
l13nud *19vy i nnd

0lllll1ll|0.llllllll0lllllltl..l.lllIlll.llll!l!ll’.lll’lll

0e43998  04p9L2C 0702142 8*0gy§> N'O¥OL2  0°DO2BF | 0°09S¥L

. XX @ 113054 03103¢%3 3a14¥"NuND
e o LTI0YA 2300w 3IAl¥AWNN '
ee o 13084 ANVGRED ALiYINLND e

wnsofterr Wi g.720/¢2 2uvd T



-235-

T TIITIYY) [T YTy PYYY) XXxXX
* [T 1Y) xXyX
(XL ] LX) o0 o0
PPOePegre®
*
L]
*
.
Y
2069044000 vonodoctare
i . 3
. »
(I T AL XY )

R L L R L L DL AR L PN LR DAL IR R PR PR LY L FY Y P T R g Y L L T T P yapy

0°np2248

n9LoLe 0'26L¢¢L 0'99che neerege

XX ® L130rd 0131334%3 A1, ¥90uNA
e¢ = 11004 9300k 3alivonunn
#e o [ 140dd ANYSHED 3alVINuNN

XX

X

X
LRI I LY L R N T Y T N
XXXXX¥XX .
XX o .
XXXeossosoroee '
XXx - .
'. x 0 .
o
o

XX *

XXN etoave

XX .

XXXXXXYX o

X

Xye

.

.

-
e ¥ RXX
. XX
. (T X LTS ¢ »
s e o
eseseeccnce
XYXYY e
Y o
' X e
. J XXe
*

emcaag

g ceior 0°9649¢ 0°2L0L2 0'avrgt 0-v22e vee

. ty
drdngd

s g e 8wt wh ah O > b o =8 o —h D —® ) = =

¢ 6 9 0 600 0 6 0

P i .

Figure 5.18

2ol
Lo/

6¢
Sev/
(e
LI

-EX- T N
1dvg1ing

Fponb bl 30,1 ne/20/¢T  aiva
* "y 8 Jd D ANYWDD 3V.LvS



fcut
2¢e.0
eio
0¢cyo
[ X 35
|- T
lelo
Qe .7
[T
2eLC
to.s
ecls
gC¢.Lw
ge.e
(R
[X K]
cte.*
[ X
QI ,.¢
L?.c
§62.9
§2."
rP2.2
£2.:
2?c¢
b?2.¢
erie
f1l¢
LAY
gL.¢6
Lot
Cuye
AR
bie
G132
6P,z

. X [
- XXXXXXXXX .
. X 1
PRYYPTII PR T L 2 Y ] XAXXXXYX . ”0000000000
* 'S} . .
- XXy
*
‘ *tve- ¥
- ¥
. - xX
cboee XyXx *oe
hd Xy L4
- xXXXX L4
- X *
000000000000000'000¢§000000’000000000000000000..
X . [ )
XXvYe o
L *
. XIS L E LY LY X4

e 6% 0 % b

-236-

*
*
L4
. . -
[} .
*X *
. eXX *
esseereone o
eyev)X
e XYX
hd X
. X
. XY
- XAXXX
- X
PP Y TYI Y PR YL Y )
. exXXY®Y
» eYXY grle
. e o X} LhLe
Sedeosecece Gfle
Yxe pn.e
LI ¥, RS

lI..ll.'l-llllll‘l.lllllll’.llllllllQlllll'.l.‘lllllllll.ll..llllll’.‘-lll!l.'

L
L4
L]
. .
* *
*
L L)

s P =, P @l ) ol D et B B N P ek O b B B o o O = D —® = — —h —d 4 &

creeneTPyagytewacy ~avpan
8°nogLy 7 eL0LY 0 qg23¢ pe2gcee n‘gde? 0 o0£6€£2 'R 2 2¥-X3 0casert 024 0°98lY g*0
. XX = 113i0ad 13133dX2 A1 ¥7NLAD . : (1) W2L. M
-t = ] 404 2300 3al:vAw0D ) d41dNdd 10vd: g
. oo = L1iNud ANVENLD FAT:YINLAD

g2'eb ¢l 3M.) 0.s20/82 =.vQ
% LB = d M ANYeRDD 374urS

Figure 5.19



0% ‘g am3rd ( prg sjoenuo)d TV )

spig g 19POIN Ul saSueypy
938juUd019d JO J1joad uo 30913d

sp1d JO UOTJBIIEA JUddIad

-3 vy 5 4 { d o - £ K- _S- == 7 £ T { < /- T- = - -

L L) T v _ L v T <o v v v L —\ o~ v v v Q
Tor T<v
- 0\.\ ng

%L°01 = ¥ 1o ™ @
o q Auedwo) joxd

% - T T
.ﬁg\ oo/

& * = G- ) * £ 2 ’ o /- - £ k-  S-

T ST T Q b T g T Y ! T ng 2 ' o)
“+ay T<>7
llo} l]s

\
T \ t+x
%6°21 =4 %6°11 = ¥ .l./-ll.l -

g Luedwo) 1=z v Auedwo) < {+a
-+ Qo/ +




COIYRACT COLTRACT
NULBIR VALUE
[y

s

COLILIY A

2 530, 000
8 20,000
16 217,000
30 368,000
31 393,000

- COLPATY B

9 86,000
19 421,000
28 g9, 000
36 50, 000
37 4¢4,000

© COMPANY C

6 139,000

7 154,000

8 76, 000
20 606, 000
24 342,000
26 403,000
27 1,440,000
31 41,000
39 232,000
40 73,000
41 126,000
42 292,000

COIR/NY D

6 144,000
10 248,000
19 329, 000
28 234,000
34 362,000
41 18,000
46 113,000
50 113,000
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TABLE 5.6

MODEL 2 CONTRACT RESULTS

RESULY

£

COLTIRACT IROFIT

CULLTATTVS

£ .
snerIm

COLPAle LODEL 2 COLLANY[ +0bel 2 CO.ne 5 Y| 10Dul 2

‘,-', OI.!
WOI
VOH
JON
WON

won
ol
\'Oil
‘01’01[
x|

WON
LOST
VION
WO

- Lot
\/ON
\ION
WON
YON
VOl
QN
VION

YION
WO
WOl
LouT
WON
VION
LOLT
WON

Yol
FHOR
Y7o
WON
WOIl

LOST
WOI
YO
YION

LOST

WON
WON
wWon
V/ON
WOl
LoLT
\W/ON
YON
VION
Yo
Lost -
VoW

\WON
YOl

LOLT
\ION .
WON
WOl

- on
\/ON

35,008

1,525
17,330
20, 362
20, 7180

N
W OVWO D
o v w w9 -
OIS ®
O > O W
SRR JIWO

N>

10,880
0
4,530
4,494
0

19, 286

82,227.

23,402
13,629
4,970
79410
12,065

10,834
15, 987
14,819

0
23,509
2,218

8,944

41,850

2,028
17,522
24,106
31,077

0
38,602
Tyl32
4,189
0

14,017
8,281
2,750
6,127

19,362

79,730
25,041
16,281

7,503

0
19,589

¢, 440
16,405
0

13,912
3¢,878
2,411
6,959
10,590

% Profit fifuren not corrccted for interaction bias

ie,

PROMIY = BID -~ LSTI1LATLD COLT

35,083
36,623
53,953
14,315
101,095

4,850
34,288
40,395
44,159
74,033

10,880
10,880
15,410
19, 04
1¢,904
3¢,190
121,417
144,319
158,43¢
103,409
170,819
189,064

10,834
26,021

41,0640
41,640
65,149
67,365
67,305
76,309

41,180
43,208
GO, 730
84,836
116,513

38,602
45,734
49,923
42,923

14,017
22,2c8
38,048
44,178
63,543
63,543
143,273
16C,31%
184,595
1¢2, 008
192,068
211, 687

9,440
23,048
25,646
39,670
7¢,0638
79,049
806,008
06,606
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the contracts that were won either by the Model or the Companies
or both. To make the comparison comprehensible to the
Companies' managément the results are expressed in uncorrected
profit. To render the contracts unidentifiable, the contract value
(estimated cost) was rounded off to the nearest £1,000.; and the
actual bid prices are not shown. The profits obtained on each

contract give the difference, in pounds, between the company's

bid and the Model's bid.

The results of all four companies show a total of 30
contracts won by either the companies or the Model or both. The
companies won 26 contracts, the Model won 25. On these 30
contracts the Model bid a iligher value than the companies on 24
of them, winning 19. The Model bid lower than the companies on
6 contracts; winning four that-the companies lost. The majority,
21 of the 30 contracts, were w;)n by both the Model and the

companies with the Model submitting a higher bid in 19 of the 21

‘cases.

The OPTM graphs, Figure 5.20, indicate that for
Companies A and D, the Model is bidding at the optimal position.

For Company C it is bidding 3% too high; and for Company B

it is 1% too low.

The results were also examined on an individual company
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basis

For Company A, the Model and the Company won exactly the

same five contracts; the Model submitting a higher bid in

every case.

For Company B, the Company won five contracts, the Model
| won three of these and lost the other two. One of the contracts
which the Company won and the Model lost represented over
one third of the total profit obtained on the set. This is the
Company that outperformed the Model and the results illustrate
the effect that one contract can have when total profit is used as
an evaluation criteria. The Model made a higher bid on all
five contracts and if only the first four are considered, the Model

received a higher profit on the three it won, than the Company

did on its four.

Companies C and D with their higher volumes, more contracts

won, provide more representative results.

For Company C the Model won two contracts that the Company
lost, and vice versa, plus there are eight contracts shared.

Here again, a‘ single contract slightly distorts the results. Of the
eight contracts won by both, the Model bid higher than the Company

on seven of them and lower on one. The seven had an average
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value of £185,000. The one on which the Model was lower than

the Company had a value of £1, 440, 000.

For Company D the Model won 2 contracts that the Company
lost; the Company won one that the Model lost, and there were
five contracts which they both won. On the five shared contracts,

the Model submitted a higher bid on four of them.

The Table below summarises the results in terms of contracts

won
NUMBER OF CONTRACTS WON
DATA SET A B C D
Model 5 3 10 ‘ 7
Company 5 5 10 6

The following observations are made on the performance

of the Model vis-a-vis the companies.

1.  The Company and the Model will generally win approximately
the same number of contracts. Thus any resource criterion
dependent upon the number of projects, for example stationary
plant like tower cranes, or hatching plants, or site personnel;

if it is currently being met by the Company's performance, will
also be met by the Models. The fact that the Company and the
Model tended to win the same contracts makes this point even more

valid.
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2. There is a general tendency for the Model to win the
contracts at a higher bid that the Company. This would mean
higher unit prices in the bill of quantities and higher profit
margins on the Prdvisional Sums. Therefore, regardless of
whether the actual profit accruing to the Company is the sum
represented by the difference between the estimated cost and the
tender sum, or whether it is the result of negotiation based upon
submitted unit prices, the final result should be an increase in

total profitability if the Model's bids are used.

9.4.2 Sensitivity Analysis of Model 2

The results produced by Model 2 are for a perfect
infor mation situation. Since the testing was based upon historical
data it was impossible to obtain a managerial assessment of the
mean of the competitors' bids, and so the true mean was used.
To investigate the effect of this perfect information case, a
sensitivity analysis was performed. The operation of the Model
is independent of other contracts. Therefore it is possible to
group the data sets of the four companies. This provides the
advantages of working with a set of 153 contracts, and of damping
the effect of any individual contract on the measurement criterion

of total profits.
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|
Constant Errors in Assessment

The first item t6 be investigated was the effect of
constant errors. The Model was run with the grouped data set
using values for the mean competitors' bid that deviated from

the true values by a fixed percentage increment. This was done

for increments of - 4.5%, -4.0%, -3.5%, .... +3.5%, +4.0%,
+4.5%. The results of these are plotted in Figure 5. 2l.
The zero error value is taken as 100% and the other results

expressed in percentage terms. The dashed line at 81% indicates

the Companies actual performance position.

The horizontal character on the left. hand portion of the
graph indicates that the Model's performance is relatively stable
over a large range. Comparison with the actual companies’
performance suggests that as long as the managerial assessments

are within -3.5% to + 1. 0%, the Model can outperform the

companies.

Random Errors in Assessment

A more realistic investigation of the effect of errors is
accomplished by using random errors in the assessment of the
mean. A program was written to use the City University Computer
Unit's random number generator, RAND, to introduce random

errors into the mean bid value. An error range was specified,
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(true mean + e%), the computer would generate a random number
between 0. 000 and 1. 000 and the number would determine where
In the range the assessed value would lie. Then this assessed

value would be used by the Model to compute a bid.

In addition to computing the bids resulting from the random
number stream, the program was also designed to produce the
results using the antithetical number stream. That is, if on the
first run the mean assessment for contract y is (1. 0 + 0. 026)
times the true value, in the antithetical run contract y's mean
assessment would be (1.0 - 0.026) times the true value. The
final result is two total set values for each specified error range.
These two values represent the opposite extremes and as such,

define the limits within which the actual values could be expected.

Three different random number streams were used. Before
the program was run the streams were tested with a Chi-square

test to see if they were from a uniform distribution. The Chi-

square values are:

Random nymber stream 1 3.8
Random number stream 2 4.2
Random number stream 3 - 11.0

The five percent significance level for this case is 16.9. Therefore

it was accepted that the numbers are random.



-246-

The results of the random error runs for the different
error ranges are graphed in Figure 5.22. The zero error
profit figure is taken as 100%. These graphs bear out the
results of the constant error analysis. That is, the Model is
reasonably stable and will usually outperform the actual compan-
ies if the mean can be assessed within + 2% of its true value.
The model will produce results similar to that of the companies

as long as the mean can be estimated with + 3.5%.

Error in Number of Competitors

The number of competitors is the other major parameter
in the Model. Therefore, despite the fact that the managements
of the sample companies were confident that this number could be
predicted with a high degree of accuracy, it is instructive to

evaluate the effect of errors in this parameter.

The Model was run with errors of -2, -1, and +1 in the
number of competitors and the results are summarised in the
table below, the Model Profit for zero error taken as 100%. In
cases where the error would reduce the contract to zero
competitors, the full error was not applied and the contract was

treated as having one competitor.
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Error in Cumulative Cumulative
Number of Model Expected
Competitors Profit Profit
n" =n - 2 43.5% 180%
n =n - 1 78.6% 113%
n' = n 100. 0% 3%
n" =n + 1 97.0% 51.5%

This comparison suggests that it is more desirable to over-
estimate the number of competitors. This has an advantage
from an application point of view since it would be more

reasonable to expect last minute ""drop outs', than last minute

entries.
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9.5 PARTIAL IMPLEMENTATION

The simulation test results are on too small a sample
to be conclusive but they do indicate that some of the techniques
might provide benefits to an operating cor.npany. Two of the
sample companies were sufficiently interested to wish to pursue
the research further and test some of the models in paraliel with
their normal tendering activity. Therefore work was initiated

to implement some of the techniques of the thesis and test some

of the others.

Insufficient time has elapsed for ‘these tests to produce
any results that may be analysed. Firm conclusions are not
expected until the summer of 1971. However, several observations
made during the installation of the tests have a bearing on the
development of this thesis. Therefore, the work is outlined here

and the preliminary observations discussed.

5.5.1 OPTM - A Feedback Device

The OPTM procedure provides a simple, concise method
of summarising historical tender information. Although the
Model 5 tests indicated it might be of limited benefit as a

prescriptive system, the Feasibility Study, Section 2.4,
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demonstrated that it has value as a reporting system. The
information is summarised in such a way that trends and drifts

in tendering activity can be readily detected. It is as a report-

ing system that it was installed.

A standard procedure was developed, together with
the necessary forms, computer programs, and instruction
manuals, that will produce OPTM reports on a monthly basis
covering tendering activity over a specified past time interval.
The procedure produces minimum disruption to normal tendering
activity, requiring only one form summarising the tender and
competitors’ bids be completed for each tender submitted. The
past tender files are kept up-to-date by the Computer Unit and
the program is run once a month. The output is sent directly to
the senior decision maker. The output is a single sheet contain-
ing three graphs which plot the result of incremental changes in

bids in terms of total gross profit, annual gross profit, and

number of contracts won.

A secondary benefit of this procedure is that it provides,

on cards ready for processing, the tender information required

for the other tests.

5.5.2 Parallel Testing

The Friedman Average Model and the General Distribution
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Model were selected for further testing. Programs were
developed aﬁd installed that compute optimum bids from these
models. The intention is that these programs should run in
parallel with the company's normal estimating and tendering
activity so that the decision maker can compare his performance
with that of the models. Also, if desired, the models' bids

can be made available to the decision maker before he submits

his own.

It can be argued that this parallel testing of the Friedman
Model is superfluous since the model can be adequately tested
with historic data. This may be so but the test is also intenq_ed
to be a demonstration and the managements are more likely to

be impressed with a demonstration based upon current data than

one based upon historical data.

The effectiveness of the General Distribution Model, since
it relies upon a managerial assessment, can only be properly
analysed with a parallel test. The analysis, Section 5.4.2,
suggested that the Model would be effective if the decision maker
could assess his competition within the prescribed limits. Now
it is necessary to test whether the decision maker can. The
General Distribution Model is a simple system to install and use.
The Model reduces to a Table of Optimum Mark-ups and the

deter mination of the optimum bid requires only two simple
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calculations. The reduction was accomplished as follows.

The Model's optimum bid is a result of four values:
the estimated cost, the estimating accuracy range, the number
of competitors, and the assessment of the mean of the competitors'
bids. A non-dimensional ratio is obtained by dividing the assessed
mean by the estimated cost. Then for a specified estimate accuracy
range, the optimum mark-up is a function of this ratio and the
number of competitors. Thus it is possible to express the
optimum bid as an estimated cost multiplier and incorporate
these multipliers for a given estimate range into a single table.
A Fortran program was written to solve the Model for a number

of mean-estimated cost ratios and an example Table is shown in

Figure 5.23.

Using the table, the optimum bid is determined in the

following manner.

1. Select the table with the appropriate range R.

2. Use the mean-cost ratio and the number of competitors
to determine the optimum multiplier from the table.

3. Optimum Bid = estimated cost « optimum multiplier.
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5.5.3 Observations

It has been asserted by many of those interviewed during
the research that psychological factors have a strong influence
on estimating. Although an estimator will tacitly concede that in
practice he wins only one job in five, or one in ten; the project
he is estimating right now he is estimating to win. Several cases
were cited of estimators deliberately juggling their costs because
they felt that the mark-ups decided upon by management were too
high. Senior estimators know that one of their problems is the

young estimator who has not won a contract for a long period.

Psychological considerations are not dealt with in this
thesis as the author is not qualified to explain or assess them.
However, the personalisation of contracts, and the emotional
environment of estimating cannot be ignored. Therefore, the

following comment is made.

In order for a system to function it must be accepted by

the estimators. If it is not, the attempted introduction will
encounter resistance and the installation may be sabotaged. One
manager who, as a result of analysing past bids, decided to
increase his mark-up wondered how long it would be before his
estimators realised his action and started to decrease their

cost estimates.
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The emotional factors indicate that parallel testing
is an essential step in implementation. Only by demonstrating
on a continuous basis that the Models can equal or outperform

the current methods will acceptance be gained.

One parallel test of the General Distribution Model is,
after a month of operation, starting to produce interesting
results. This Model was originally developed from the assumption
that the decision maker was attuned to his market. This assump-
tion was reinforced by interviews with construction personnel and
quotations such as,
"A further disadvantage of competitive tendering from the builders
point of view is that cost have little bearing on the quotation which

is based upon what he thinks the market will bear. It has been

suggested that some companies are "frightened" to quote in any
other way." (38)

which appear in the literature.

The experimental tests of the Model indicated that bene-
ficial results could be obtained if the decision maker could assess
the mean bid of his competitors to within + 2%. The requirement
is that the mean be assessed independently of the estimated cost.
Independently, because the concept of the Model is to use two
figures 'to arrive at an optimum bid: a market estimate and a cost
estima.te. If the market estimate is based upon the cost estimate

then, as the optimum table ‘shows, the result would just be
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that of using a constant set of multipliers that vary with the number

of competitors, and the market exploitation power of the Model

would be lost.

At the time of development is was thought that it would not
be too onerous a task for someone who "knows his market" to
estimate his market to within + 2%. However, the Sample
Companies that were to participate in the test thought it was. The
reason is doubtlessly that construction management is cost, not
market oriented. This is not suprising since construction is
basically a production industry and the path to management is via
the production hierarchy. Thus the main emphasis is on costs

and cost control and little attention is paid to marketing.

In view of these doubts, it is interesting that on the one
test started, the senior estimator concerned has found, much to
his own suprise, that he can estimate his market. The test so far
only includes five tenders and on four of these the assessment has
fallen within the prescribed + 2% limits. The estimator concerned
feels that, as his learning process continues, he will consistently
refine his market assessment ability. He also feels that he will
achieve considerable benefit from being forced to look beyond his

.own company for market indications.

Another firm, not one of the original four, has become

interested in the research and has started experimenting with
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regression analysis to see if the mean can be predicted from
contract elements. This work has just started and no results
are yet available.

The final observation concerns the use of informative and
decision rule models. The OPTM procedure is an informative
model. It can indicate, for instance, that an increase of 1% would
result in the same acceptances and higher profit. However, the
decision makers find it very difficult to apply this result because
the tender in front of them is "different". A decision rule model,
like the General Distribution Model, which takes an estimate and
produces a positive statement, e.g. the optimum multiplier for
a specific contract, may be efnotionally more acceptable to the
decision makers. For him to use its results effectively, however,
it is necessary that he should both understand its general structure

(and method of operation) and have confidence in its results.
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5.6 SUMMARY

- ~ M .
e A R

Empiriéal testing and partial implementation
were used to evaluate the adjudication decision models.
Six models were tested using the data from the four
sample companies. The tests were conducted by
simulating on a compiter, all&wing the models to bid

against the companies' competitors. The six models

tested were:

-— e~

Model 1A - Friedman Average Competitor Hypothesis
Model 1E - Friedman Average Competitor Hypothesis

with exponential smoothing

- - N

Model 2 - General Distribution ﬁ&p6thesis
Model 3 - Normal Distribution Hypothesis
Model 4 - Lowest Compe%itor Hypothesis
Model 5 - Drift Model.

The results suggested that when total profits
is the criterion, both versions of the Friedman Model,
and the General Distribution Model will equal or
improve upon the current company performance. Generally,
when compared with the company; the Friedman Model wins
more contracts but at lower bid prices, the General
Distribution Model wins the same contracts but at
higher prices. The results also indicate the effect
of the estimated cost on winning, some contracts
having such low estimated.costs that al; the models

won themn.
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The General Distribution Model was initially tested under
conditions of perfect information. Then a sensitivity analysis
was conducted to evaluate the effect of errors in information.
The result was that the model would equal or outperform the
.current company performance if the mean of the competitors'

bfds could be assessed to within + 2%.

A partial implementation produced some subjective
observations on the usefulness of the models. It is apparent
that to be useful the models must be acceptable not just to the
management, but also to the estimators. Also there are strong
indications that, as the decision maker becomes more adept at
estimating his competition, the General Distribution Model will

become even more practicable and beneficial.
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CHAPTER 6: SUMMARY AND CONCLUSIONS

6.1 SUMMARY

The Management Problem presented in Chapter 1 was:
"Within the prescribed boundaries what are the

optimal decisions relative to the management objectives''.

This thesis is a study of the Problem as it is manifest in the
building construction industry competitive bidding process. This

section summarises the central development of the study.

The work progressed generally along the conventional

opérational research lines of
i. Define problem
ii. Formulate problem in quantitative terms
iii. Develop decisi(;n models
iv. Test decision models

v. Implement solutions.
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The first concern was to make the Management Problem
specific. This was done by delineating the boundaries, describing
the decisions, and investigating the objectives. The boundaries
of the study are the markets of the four Sample Companies. This
is part of the building construction market in the south of England,
and is characterised by the following features:

i) There are a large number of potential competitors
for each project.

ii) There is little product differentiation.

iii) There is little differentiation between companies.

iv) The resource constraints are minimal.

v) The contractural risk is low.

Black box models were used to isolate the management
decisions. The Competitive Bidding Decision was found to consist
of two stages: the decision to tender (selection), and the tender

price decision (adjudication).

The search for a quantitative objective function was based
upon the assumptions that an economic measure existed and that
the companies practiced maximzing behaviour. An investigation
of the variables in the situation led to consideration of the
uncertainty in the process and the explanation of the effect of the
estimating uncertainty interacting with the bidding process. A

value function was proposed that attempts to integrate the rationale
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of discounted cash flow procedures with the subjective judgement
of management. The Adjudication objective was tested with a

simplified version of the function and the results indicated that

the measure was suitable.

The problem was modelled in quantitative terms by
considering a series of cases from the simple, Single Contract,
Unconstrained, sifuation to the complex, N Coritract, Independent
Constraints, Sequential Bidding, situation. The complex, N
Contract, case, while mathematically intriguing,wﬁs felt to be
unnecessary for the actual decision situation and so the simple,

single contract, case was used.

The development of a decision model began by considering
some existing models. These were found to be based upon an
assumption of constant competitive behaviour which did not seem
appropriate for the situation under consideration. Therefore a
model was developed from basic probability concepts that employed
a managerial estimate of the present instead of a study of

competitors' histories.

The data provided by the four Sample Companies was used
to test six different decision models. Although the sample was

too small for statistically significant conclusions to be derived,
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the tests indicated that the Friedman Model and the General
Distribution Model could equal, and usually exceed, the current
company results. A sensitivity analysis was performed on the
General Distribution Model to invest'igate the effect that errors

in the assessment of the mean bid would have on the results.

Implementation revealed two features which affect the
potential usefulness of the Models. One is the need for acceptance
by the.persons (estimators) affected. The other is the indication
that the decision maker may be able to assess his competition

within the prescribed limits.
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6.2 CONCLUSIONS
The main conclusions of this thesis are:

(1) The decision process in the building construction competitive
bidding situation is composed of two related management decisions -
the selection decision and the adjudication decision. Although it is
possible to mathematically model the situation in such a way that
the decisions are handled simultaneously, the actual nature of the
problem allows the decisions to be handled independently. The
independent treatment of the adjudication decision is compatible
with the approaches of previous researchers, and with the approach

employed by the companies studied.

(2) In the market studied, which is a segment of the building
construction market, two important characteristics are apparent.
(a) Different firms attempt to place the same value
(estimated cost) on a specified contract. The differences that
occur between estimated costs are primarily attributable to
uncertainty and not to any competitive advantage possessed by one
firm. |

(b) The market is comprised of a large number of firms,

although in any specified competition only a few of them participate.
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The result of these two characteristics is to suggest that
statisfical techniques which average the behaviour of competitors

and aggregate the result of past competitions are the appropriate

methods with which to study the situation.

(3) From a study of the decision process, and an analysis

of current company performance, it was concluded that a pre-
scriptive decision model, in addition to accommodating the above
mentioned characteristics, should provide some method of
incorporating managerial judgement of the competitive situation
into the decision. The published models examined were unable
to include this factor (Friedman), or were inappropriate for the
situation (Edelman). Therefore the General Distribution Model

which integrates managerial judgement into a probablistic model

was developed.

(4) A key factor in the determination of an appropriate object-
ive function was the influence of the uncertainty present in the
estimating process. It was concluded that this uncertainty inter--
acts with the competitive bidding mechanism and introduces a
bias into the estimates of winning bids. A mathematical model of

this interaction was developed and a correction method proposed.
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(5) Six prescriptive models were tested and the results were
compared between the models, and with the actual performance of
~ the sample companies. The seven methods (six models plus
company) were fanked on thé basis of total profits achieved,

but a rank test indicated that the hypothesis, the ranking is
random, could not be rejected. This was felt to be partially due

to the large number of methods compared and the small number

(four) of tests run.

(6) Comparison of each model's results with those achieved

by the companies suggested that the Friedman Model and the
General Distribution Model could usually equal or exceed the
results achieved by the companies. The sample was too small to
permit any statistically significant conclusions, but an examination
of the results on an individual contract basis indicates that, depend-
ing on the chosen criteria, either model could be superior to
current company methods. The Friedman Model tended to win
more contracts than the coinpanies and achieved a lower profit
volume ratio, higher total profits and a higher volume than the
companies. Therefore, if volume is the criterion, the Friedman
Model would appear to be suitable. The General Distribution

Model tended to win the same number of contracts as the companies,
but at higher bid prices and thus achieved a higher profit volume

ratio, higher total profits and approximately the same volume.
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Therefore, if total profits, or profit volume ratio, is the
criterion, the General Distribution Model appears to be the

superior method.

(7 The General Distribution Model requires a managerial
assessment of the mean of the bids that the competitors will
submit. A sensitivity analysis was performed on the model and
the results indicate that this assessment need only be within a
range of the true value. Specifically, it was concluded from the
test results that if the manager can assess the mean within + 2%
of the true value, the model will equal or exceed current
performance. Preliminary trials have indicated that assessment

within these limits is possible.

(8) The initial indications are that the General Distribution
Model can be used as a prescriptive model by an operating company.
This is because, in addition to the test performances mentioned
above, the model is‘emotionally acceptable to the decision maker.
Since the model uses managerial judgement as a major input, it

is regarded by the decision maker as an aid and not as a potential

replacement. i
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6.3 FURTHER RESEARCH

This thesis is not an isolated work but is part of the
continuing study of competitive bidding problems initiated by
Friedman in 1956. It is hoped that this study will stimulate
still more exploration of the pr.ocess of cdmpetitive bidding. |

Three obvious extensions of this work are:

(1) The continued implerhentation and testing of the models

o'f this thesis, and the utilisation of other techniques to complement
fhe models. For example the use of a regression technique such
as that of Mercer and Russell (19) for predicting the mean of the

competitor's bids.

(2) Empirical research into the relationship between the

a ctual gross profit received and that predicted by the bid minus
estimated cost figure. This research could be directed gt
investigation of the elements of contract uncertainty:. client,
percentage of sub-contractor's work, etc. , it could be an attempt
to utilise the proposed general objective function. The latter
course, with its rationale for quantifying managerial intuition
and preference, could provide the averaging, variance reduction

effect sought by Bowmans Theory (3).
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(3) The application of the concept of the General Distribution
Model to other competitive situations. The idea of an underlying
distribution with assessed parameters has worked with PERT,
and appears to work here. Possibly it will work in other
situations where uncertainty exists and managerial judge ment

is the best method of assessing it.
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(2)
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(8)
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APPENDIX1 - SAMPLE COMPANIES' DATA

The investigation was provided with historical data by a
number of operating construction companies. These companies
are referred to as the Sample Companies. A historical data set
consists of a series of contracts which the sample company has
bid over a period of time. Each set has a brief description of
the type of work, and the time pefiod covered. For each contract
in the set the data consists of:

a sequence number

the sample company's estimated cost

the sample company's submitted bid

the number of competitors

the competitors' bids

and in some cases, the names of the competitors. An example
data sheet is shown on the following page. For reasons of

company security, the data sets cannot be included in the thesis.
Several factors complicated the obtaining of this data.

1. Some of the sample éompanies do not formally record this
data. Therefore, although it exists, it often consists of scribbled
notes scattered through their files.

2. The British practice is to not always make available the

competitors' prices. This produces gaps in the data.



EXAMPLE DATA SHEET

COMPANY NAME: XYZ Company

TYPE OF WORK:

TIME PERIOD:

Pagel of 6

Building Construction

Jan. 1969 to Sept. 1969 inc.

Date (1) Estimated Tender | Competitors' |Competitors'
Cost Bids Names (2)
1/10/69 £100, 000 £106, 000 £104, 000 W
' 109, 000 X
99, 750 Y
Z

114, 000

..............................................................

(1) Or chronological sequence number

(2) The Competitors names and bids do not have to match up




At the start of the research, the policy of eiiminating all contracts
which had incomplete data was followed. It was rapidly discovered
that this policy was not reasonable. For example, in Company D
this policy reduced the data set from 51 contracts to 30 contracts.
Therefore some selectivity was used. For instance, if five of the
seven submitted bids on a contract were available, the contract
was included; if only the low bid was available, the contract was

eliminated. As a result, some of the data contain unknown errors.

3. Very little information is kept by the sample companies on

cover bids submitted. However, since these are effectively non-

bids, these gaps should not be significant.

4. In cases where the tender documents called for alternates,
it is not always recorded which alternate was accepted. However,
from the cases where data was available it appears that the

rankings of firms are usually the same for the alternatives.

The result of these factors is that the data does not describe the
complete bidding histories of the Sample Companies over the
periods. Whether these gaps and unknown errors significantly
affect the conclusions is unknown. One result of the gaps could
be that the computed expected value for the set may be expected to

be less than the actual value. The reason for this is discussed in

Chapter 5.



Inquiries did not seem to indicate that any information was
deliberately withheld, or that the gaps were found to be concent-
rated on any specific type of contract. The only common factor
that they appeared to have was that most of them were contracts
on which the company's tender had been unsuccessful. Thus it

was felt that there was no deliberate attempt to bias the data.

Certain contracts were eliminated from the data sets by
the author. These were contracts that the data indicated were
misfits or abnormal contracts. The bases for elimination are

outlined below:-

(i) Figure A.5 was compiled from the original data sets.
It shows the frequency of the normalised range of the bids sub-
mitted on the contracts.

Highest bid - Lowest bid
Range = Mean bid

Contracts with a bidding range greater than 24% were eliminated.

(ii) Any contracts in which the estimated cost exceeded the
average estimated cost of the contracts in the data set by an
excessive amount (factors of 6 to 14) were eliminated. This was
done for two reasons:

1. The contract would probably be singled out for special
attention by management.

2. The presence of these contracts in the data sets distort
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the results.

Three contracts were eliminated for this reason. One each

from Companies A, C, and D.

(iii) Obviously abnormal contracts were eliminated. For
example, in one of Company C's contracts, the estimated cost
was 21% higher than thg highest competitive bid submitted.

This suggests some major estimating error, like the transposing

of figures.

The following bid data sets were used in the research.

Company A
Type of Projects. ................ Building Contracts in England
Time Period .................... Jan. 1968 - Dec. 1968 inclusive
Number of Contracts ............ 34 ((37)*
Total Number of Different

Competitors ....... 65
Company B
Type of Projécts ................ Building Contracts in England
Time Period ................... Jan. 1968 - Dec. 1968 inclusive

Number of Contracts ........... 41 ((43))

Total Number of Different
Competitors ...... 81

e o e —— — ————— i  —_ - = — ————— T = ——— = A = ——— - - - e -

*The number in the double brackets is the original number of
contracts supplied, before elimination.



Company C

Type of Projects ............. .. Building Contracts in England
Time Period .................. Jan. 1969 - Sept. 1969 inclusive
Number of Contracts ........... 37 ((41))

Company D

Type of Projects............... Building Contracts in England
Time Period .................. May 1968 - Dec. 1969 inclusive
Number of Contracts ........... 41 ((51))

Total Number of Different
Competitors....... 100



APPENDIX 2 - UNBALANCED BIDDING

A device sometimes employed on unit price (Bill of
Quantities type) contracts is that of the unbalanced bid. There
are two major motives for employing this device:

1. To exploit a mistake on the part of the client organisation.
2. To accelerate the cash flow on a contract.

Unbalancing is best explained by example.

To Exploit a Mistake -
On a unit price contract the following estimated quantities
are provided in the contract documents*:
2000 cu. yds solid rock
10000 cu. yds loose rock
40000 cu. yds earth
The estimating department decides that for that site, and equipment,
reasonable unit prices are:
£1.25 for solid rock
£0.80 for loose rock

£0.40 for earth

Therefore, the tender would appear as:

5,000 cu. yds solidrock @ £1.25 =  £6,250
10, 000 cu. yds loose rock @ £0. 80 = 8,000
40,000 cu. yds earth @ £0.40 = 16, 000

£30, 250.

The numbers in this example are taken from reference 26 with
£ signs used instead of dollar signs.



Now for some reason, (site investigation, previous knowledge),

it is assumed that the engineer has made an error in the estimated

quantities and that the site actually contains a far higher percentage
of rock than is stated. Therefore the bid is unbalanced by increas-
ing the 1-'ock prices and deci‘easing the earth price. The submitted

tender appears as:

5,000 cu. yds solid rock @ £2.0 = £10, 000
10, 000 cu. yds loose rock @ £1.0 = £10, 000
40, 000 cu. yds earth @ £0.2 = £ 8,000

£28, 000

Now, after the contract has been completed, the surveyor has
recorded the following actual quantities.

15,000 cu. yds solid rock @ £2.0 = £30, 000

20,000 cu. yds loose rock @ £1.0 = £20, 000

20,000 cu. yds earth @ £0.2 = 4,000

£54, 000

The advantage is obvious; the company receives £54, 000
instead of £32, 750 it would have received if the bid had not

been unbalanced.

To Accelerate thé Cash Flow -
A paving contract specifies payments at the completion

of the following stages.



A-10

Estimated Time Estimated Cost

Stage Months £
Curb and gutter 2 2,000
Subgrade excavation 4 4,000
Stabilised base course 2 2,000
Asphalt paving 2 2,000

| 12 £10, 000

The Company applies a 10% mark-up and so the submitted prices

are:
Curb and gutter £2,200
Subgrade excavation 4,400
Stabilised base 2,200
Asphalt paving 2,200

£11, 000

Assuming a delay of one-half a month between the submission of
the certificate and the receipt of payment; the first graph shows

the job expenditure and stage repayment plotted against time.

12 7T

10 + /
8 4+
(€, 000) /

6

REPAYMENT
EXPENDITURE

8 10 12 14
Months
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The shaded area is the "'job borrowing'", i.e. the time the

job owes the company money.

Now unbalance the bid to:
Curb and gutter £3,000

Subgrade excavation £6,000

Stabilised base £1,000
Asphalt paving £1, 000
£11, 000

The second graph shows the unbalanced situation

12 &
REPAYMENT

10 4 EXPENDITURE

Months

By unbalancing the bidding the borrowing time is reduced and the
job rapidly becomes self financing. The only limit on unbalancing
appears to be credibility. Unbalancing is frowned upon and so a
contractor can only unbalance a bid as far as he thinks he can get

away with it.
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APPENDIX 3 - ESTIMATE RANGE DETERMINATION

The.formulation of the uncertainty interaction correction,
Section 2.5. 3, requires, to be applicable, the range of estimating
accuracy. Now one possible method of determining the range
could be from the accounting systems of the companies. If
separate job costing is kept by a company, then from the account-
ing profits received on the projects, the number of competitors,
and original bidding infor mation it would be possible to use the
formulas of Section 2. 5.3 to determine R. This accounting infor m-
ation was not available to this Research. It is often not available
to the contractor since bulk buying and general stores complicate
the task of determining a cost for a particular project. Variations
and extras during the course of a contract further confuse this

determination. Therefore three methods were devised for

estimating the range from the available data.

Method 1

The first method assumes that on all estimates prepared,
a condition of cancelling errors exists. Therefore the average
of the ratios of the winning bid to the Company's cost estimate
for all the contracts in the set is a measure of the profit

potential of the set.

Assume that the Company's average mark-up is the average



mark-up of the winning bidders. Therefore

n

the average number of competitors
yA

(Average Company Mark-up - Average winning bid

)

company cost estimate)

= 100 x R X n
n(200-R) x 400

Solve the formula for R.

Method 2

Method 2 is identical to method 1 except that it assumes
that the profit-volume ratio achieved by the Company is the

average mark-up of the winning bidders. Thus

Z = (Company's Profit-Volume Ratio - Average winning bid

)

company cost estimate)

= 100xR x n
n(200-R) x 400

Solve the formula for R.

Method 3

Let A be the lowest of the n estimated costs

Y be the highest of n estimated costs

Assuming that the y's are random samples from a

distribution, f(y), their joint distribution is

n-2
Plyp, yp)dydy, = n(n-1) (F@y )- F(y) )

f(y,) f(y )y, dy
where

Yo
F(y,) = £ (y) dy

-0
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Assume:

1. That all bidders use the same cost multiplier ¢ to determine

their bids.
2. That all estimated costs are random samples from
_ 51 R, 2 R
fly) = R where 100 5 £Y —100+2
0 elsewhere
Make the transformation S = Py,
Sy = _56 9 * 75 Yn
then S, + Sz = ¢ Yn
Un = (ss20/9
and Yre = S/ ¢
Oy Oy, 4
The Jacobian Jo= | 3= SEL_ e O .
s ' 2 = = T2
OYa  OYa A L ¢>
a Sy asz_ ¢ ¢

wheve $ (100 - %) “ S & ¢ (100 + -%)

)(’(S.)

A
PR
70(s,+§)= ‘?T'E where $ (oo - %)& Si+5, <« P (0o+ %)
S)
F(S:) = :’;Ed"f = 'lz{ S, "OO¢ ¥ %2}
# (1oo-2) ?
Sivoa .
Flsirs,) = JAqT'E dy = #2{3.*5;-'00?»« fz—‘_&-}
¢ Goo- &)
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n-2
P(S.,s,_) ds,.ds, = n(ﬂ—l)(F(S|f$z) - F(‘,.)) £ g(s.-sl) Js ds, ds,

ol o 3 o

where O+t 5, 54K
$foo- B)e si = d(l00r E) -5,

the dl‘u‘_r\bu"lov\ o" >, 1S

(100 &)& Sz
hs)ds, = ﬂh;—\)- j Sy " A= ds,
Ay n
K (10o- ) ¢
o nmal 57 (R - <) des
4-»2_ Rl‘\ 2
the expecled value of S, s

R¢
= (s2) = g S, Il(s,_) ds,

nln-l) j (R‘#-Sl)clsz_

<PML R"
. _ m { @)"ﬂ _ M dol}
4)"’1 rR" n n+ |

_Q__ {n—l
‘P N+
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Now 82 is the bid range. Given that the assumptions
hold, then an estimate of the estimating accuracy can be

calculated from the mean value of the bid range.

Example - Average bid range = 10%
Average number of competitors = 6
Average mark-up multiplier c}a = 1.06

R -1
E(S2) - ;T: {2+13

RESULTS AND DISCUSSION

The three different methods for computing the accuracy -

range for the data sets provide the following results.

Method 1 Method 2 Method 3
Company A 12. 85% 11.9 % 15.35%
Company B 13.45% 12.9 % 15.5 %
Company C 1.0 % 9.35% 16.65%
Company D 13.1 %. 10.7 % 16.45%

These ranges are all within the anticipated region and at this

stage no one method is demonstratably more suitable than any other.
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Using these ranges, three sets of Z correction multipliers were
calculated for each company. These multipliers are designed

to correct the estimated costs by an amount equal to the expected
error. The multipliers calculated for Company C, 11. 0% Range

are presented below as an example.

Z MULTIPLIERS FOR COMPANY C
Range = 11.0%

Number of Competitors Z
1 1. 019
2 ' 1. 028
3 1.034
4 1.038
5 1. 041
6 1. 043
7 1. 045
8 1. 046
9 1. 047
10 1. 048

An assumption implicit in the three methods is that all the
companies competing in a data set are doing so on approximately

the same terms and in a similar manner.

That they are doing so in a similar manner was illustrated by

the fact that the sample companies followed almost identical

procedures.
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To investigate whether any one company possessed a
competitive advantage, a dominance matrix was constructed
for Company D. This was possible because Company D's records
had the names of the competitors as well as their submitted bids
for most of the contracts in the set.
The dominance matrix is constructed by listing all the companies
down the left hand side of the matrix. The same companies are
listed across the top. The order from top to bottom and from left
to right being the same. Then the submitted bids are examined and
every time a company listed on the left hand side bids below one

listed along the top, one is added to the value of the intersecting cell.

D Z Y XW YV UTSIZRQP

Company D 4 33 5 2 331 3 335
Z 6 1 2 2 2 2 1
Y 4 2 1 3 3
X 4 2 2 1 1 2 ] 1
w2 2
vV 4 2 1 1 1
U 2 2
T 1 1 2
S 41 1 1
R 2 1
Q 2 1 1
P 0 1
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The data is sparse but it is sufficient to illustrate the concept.
From the top row it can be seen that Company D bid below
Company X three times. From the first column it can be seen
that Company X was below Company D four times. If any one
Company has an advantage over any other, it will make that
portion of the matrix unsymmetrical. For this matrix, there is
only sufficient data to look at Company D and a comparison of the
first row with the first column indicates that Company D is no
better and no worse than these ebven competitors. It could be
argued that Company D dominates Company P, but this conclusion

would be based upon only five common bidding situations.

The symmetrical appearance of the matrix suggests that no
compa:iy has any decided advantage over any other, and the assump-

tion of similar behaviour seems reasonable.

Method 3 assumes more than similar behaviour; it assumes
identical behaviour. That is, the assumption of all companies
using exactly the same mark-up. The assumption was made to
try and transform the estimating distribution into the bid distribut-
ion and, as the subsequent tests with the derived ranges revealed
(Chapter 2), it was inadequate. This point is further discussed

in Section 3.4.
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APPENDIX 4 - REVIEW OF BIDDING THEORY

The term, Bidding Theory, does not relate to a single
unified theory, but is a generic title used to encompass the
various management science (operational research) quantitative

approaches to the problems of competitive bidding.

The original stimulus was the publication, in 1944, of von
Neumann and Morgenstern's book, "Theory of Games and Economic
Behaviour" (23). This book introduced an analytic framework for
dealing with competitive situations. Following von Neumann and
Morgenstern, a number of books and papers concerned with the
analytic treatment of competitive situations appeared. However, it
was not until 1957 that the problem of competitive bidding was

|

specifically dealt with by Lawrence Friedman in his doctoral

dissertation, ""Competitive Bidding Strategies' (11).

Friedman approached the problem in two ways. One approach
was via the game theoretic, minimax, method of von Neumann and
Morgenstern. The other method was based upon probabilistic
concepts and used an a priori distribution to arrive at a strategy
which maximized the expectea value of the objective function. The
former method was used primarily for a conceptual understanding

of the problem because the games theory framework could not
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accommodate the complexities of the real situation. The latter
method was proposed as a solution to a ''realistic bidding problem"'.
L .
Following Friedman, research on competitive bidding has
proceeded, fairly independently, along the two main approaches
he started. Since they developed independently, they will be out-
lined separately. Two new approaches, simulation and operational
gamming, have also been used to study competitive bidding. These
are discussed under the heading, Other Approaches. Recently the
two principal approaches have started to merge. Rothkopf (25)
treats the problem as a game with partial information and invest-
igates the question of equilibrium when all bidders maximize.

Games Theory:- !

The Theory of Games provides an analytic basis for treatment

of competitive problems. However, attempts to apply it often
encounter serious conceptual and computational difficulties. This

has been the case with competitive bidding.

The origiﬁal theory developed the two-person, strictly
competitive (zero sum), game and introduced the minimax method
of solutilon. A coalition concept w;vas used for considering N-person
games. Even in the simpler formulations, the competitive bidding
problem becomes an N-person, non zero sum game, with

coalitions prohibited and the minimax solution appearing to be too

pessimistic.
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Several researcﬁers have tried to extend the theory to
hahdle the bidding problem. Friedman, in his thesis, introduced
the concept of competitive co-efficients as a suggested method of
handling the N-person game. However this does not appear to

have been adopted by any subsequent researcher.

The major work dpne on competitive bidding using a games
theory approach was ""Towards a Study at Bidding Processes'(13)
by Griesmer and Shubic, published in 1963. In their series of
three papers they advanced the study of competitive bidding from
a "simultaneous move, single shot, two-person' game to 6ne
where they could treat "sequential bidding with capacity limitations
and varying degrees of .information", for the two-person, non-zero
sum case. This development is an excellent basis for understanding
the interactions of soine of the variables of the competitive bidding
process but still is not sufficiently developed to provide any obvious

operational applications.

Recent work by Rothkopf (25) has extended the theory to
consider the uncertainty of the bidder about the value of the subject
of the auction to himself; and what happens when each bidder
optimizes. The equilibrium strategies devised are based upon
assumptions of rational behaviour and, as the author suggests,
"It is easy enough to envisage situations that violate them'. However,
the game theoretic treatment appears to be advancing at _such a rate
that it may soon pass, or encompass the decision theory competitive

bidding models.
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Probabilistic Treatment of Competitive Bidding

The 1956 paper, "A Compétitive Bidding Strategy' (11) by
L. Friedman was the first published probabilistic approach to
competitive bidding. In this paper, Friedman ﬁypothesized the
existence of an objective function and a probability of winning
function - both functions of the bid price. He then deter mined
the bid price which maximised the expected value of the objective

function and proposed that this was the optimum bid price.

To determine the probability of winning Friedman utilised
the past bidding activity of the company. For all the company's
past contracts which Competitor A had bid on, the ratio of
Competitor A's bid to the Company's cost estimate was determined.
‘These ratios were combined in a histogram and the resulting curve,
f A(W), was used as a description of Competitor A's bidding
behaviour. The probabiiity that a bid-estimated cost ratio of

x/k would be below Competitor A's ratio was taken as
00

P ( { A = f (w) dw

=

x/k

Similar curves were coinpiled for all the other competitors
and the probability of winning a contract was taken as the product

of the probability of beating the competitors that were participating.
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For the cases where there was not sufficient data to
determine each competitor's curve, or where the competitors
are unknown, Friedman offered the concept of an ""average
competitor'. The curve for the average competitor was developed
by combining all past ratios of competitors bids to company cost
estimate into a single histogram. The probability of winning a
contract against n competitors was the probability of beating the

average competition taken to the n th power.

By studying the cost data of contracts won by the company,
Friedman was able to collect ratios of true cost to estimated cost.
These he combined into a density function which he used to correct

his esfimated cost for bias.

Two variants of the basic Friedman model have appeared.
Hanssmann and Rivett, 1959, (14) proposed using only the ratio
of the lowest competitive bid and Ackoff and Sasieni, 1968, (1),
suggested that this ratio followed a normal distribution. Both of
these methods eliminate the number of competitors, n, from the
probability determination. This simplifies the computation of
optimum bid but introduces a possible error since the findings
of other investigators (Park (24), Morin and Clough (20),
Friedman (11), and this thesis) suggest that this is a significant

parameter.
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Several attempts have been made to apply the Friedman
concepts to construction industry competitive bidding. Two of
these, Casey and Shaffer (4), and Shortell (28), were unable to
obtain cost data apd so produced no results. The work of Park
is interesting. He noted that the average competition distribution
is relatively stable and the main variation in the optimum bid was
introduced by the number of competitors. Thus he was able to
develop a series of optimum percentage mark-ups for his study
companies, the mark-up varying inversely with the number of
competitors. He claims considerable success and supports this

claim with case histories.

Morin and Clough (20) also reported successful results,
claiming a 27% profit increase. They used a Friedman Average
Competition model but employed exponential smoothing instead of

the normal averaging technique.

The basic Friedman concepts have stood, relatively
unchallenged, until publications by Simmonds, 1968, (29) and

| Mercer and Russell, 1969, (19). Simmonds noted that the cost

bias could not be determined from analysis of contracts won

because these contracts constituted a biased set. This point is

further developed in this thesis under the heading '"Management

Objectives'. Mercer and Russe}l observed that the methods of

deriving the probability function imply that a contract has the same
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value to all companies competing. As this is not compatible
with 'rational' economic behaviour, this observation casts doubts

on the family of Friedman based techniques.

The first major departure from the Friedman method was
that of Marvin Gates, 1960, and 1967 (13. Gates uses the expected
value concept but derives his probability from a regression analysis
of past bids. He concentrates on changes in probability of winning
for changes in bid price rather than starting with cost as in the
Friedman model. It is suggested that similar results can be
obtained from a less involved technique - specifically the OPTM

program employed in this thesis.

The next major departure was proposed by Edelman (8) in
1965. Retaining the concept of the maximum expected value bid,
he removed the probability function from dependence upon historic
data and based it upon subjective management estimates of the
competition and the client. His results demonstrated the useful-
ness of his technique. However, his market was not the construct-
ion industry and there are sufficient differences to make his

methods not directly applicable.

Up to 1965, researchers were concerned primarily with the

static case of a single, unconstrained, contract. In that year

Simmonds (29) produced the first major treatment of the effect
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of a company's internal capacity upon its bidding strategy. He
proposed penalty functions for having more, or less, work than

the company's capacity and introduced these functions into the

bid deter mination.

The work of Mercer and Russell, 1969 (19) also considers
the dynamic nature of the market. They develop a quantitative
framework which enables them to interpret individual competitive

behaviour over a series of contracts.

The work of this thesis is intended to complement that of
Simmonds, and Mercer and Russell. An analytic treatment of
. the dynamic case is developed and a device for handling the

aggregate behaviour of unidentifiable competitors is proposed.

Other Approaches

Two other approaches have also been used to study the
problems of competitive bidding. These are Operational Gaming

and Simulation.

Although the method of gaming has demonstrated its value
as a teaching tool. as a vehicle for research it has three major

drawbacks.
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1. Assuming that the purpose of the research is to devise a
bidding strategy or model, it is necessary for the game to be as
realistic as possible. Any assumptions or distribution utilised
in constructing the game would also be implicitly contained in the
model. The model would be solving the devised problem, i.e.

the game, which is not necessarily the real problem.

2. If the purpose of the game is to study bidding behaviour,
then it is desirable to have as players actual decision makers from
industry. These gentlemen usually have many demands on their

time and the problem of getting them is a major one.

3. If the second drawback is overcome, there is still the
problem of playing the game long enough to get meaningful results.
This, plus the fact that the players do not always take the game

seriously compounds the difficulties.

It is not suggested that these problems are insurmountable,
or that gaming is not a valid method of research. It is suggested
that research effort can presently be more fruitfully employed by
more direct studies of the real bidding situation. Aftgr more
v(rork has been done in analysing the situation, then the data will

be available to construct realistic games.

The first drawback of gaming also applies to the method of
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simulation. The results obtained from a simulation will only
be as valid as the degree in which the model maps reality.
Simulation studies, for example Hackemer and Fine's (10),
highlight some interesting interactions in the process, but it
is felt that more basic research on the process is required

before this method can be fully exploited.
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APPENDIX 5 - M.P.B.W. DATA

The data used to deter mine the General Distribution was
taken from the "Flimsy Summaries' of the Contracts Directorate,
Ministry of Public Buildings and Works. The period covered was

from January 1, 1967 to February 29, 1968 inclusive.

102 contracts were taken from the year 1967.

20 contracts were taken from the year 1968.

The summaries contain a one line description of the location of
the contract, a one line description of the work, the date, and a
list of the companies tendering and their tender prices. Also

listed were those companies invited to tender but were, "'unable

to tender', and who, '"did not tender'.

The summaries contain all contracts handled by the Govern-
ment ranging from the sale of deer hides and horns to communi-
cation towers; therefore selectivity was required in extracting
contracts for analysis. Since this thesis is primarily concerned
with the building construction industry, only those works which,
from the one line description. obviously fell into the domain of
the general building contractor Were taken. All contracts for
mechanical or electrical works, structural steel, prefabricated

units, roads and paving, as well as the many supply, renovation,
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alteration, decorating, cleaning, repair and maintenance,

catering, etc.. contracts were excluded.

Only contracts with a value over £50, 000 were considered.
The contracts usually had one of the following phrases in its
one line description:
"Erection and completion, including external services for .....
or
"Construction of ............
Contracts with alternates and contracts in foreign countries

were excluded.

The types of work included in the data are:
telephone exchanges (new and additions)
quarters for armed services
post offices
buildings on military camps, including schools
gymnasiums, etc.
office buildings
‘hospitals
prisons and related buildings
airport buildings

mint

The contract values were rounded off to the nearest pound.
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APPENDIX 6 - PLOT GRAPHS
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