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Po3spooaeno anzopumm euéopy uinoeoi modeni xowmpaxmy na 6yoie-
nuymeo. Ile eajxcaueo, momy wo uiHa € 0OHUM 3 KJIOHOGUX napame-
mpie xoumpaxmy. Came ueil napamemp 6UHAUAE, AKA YUACMUHA CMEO-
Pro6anoi 6 pamkax KoHmpaxmy uiHHocmi y 2powosiii popmi dicmaemuvcs
niopaoHuKy (8UKOHABUIO, NOCMAMAILHUKY), A AKA 3ATUMAEMBCA 3AMO6-
Hukosi. B pesyavmami 0ocaioncenHss 6CMAHOBAEHO, WO KOHMPAKMHUMU
opaiieepamu UiHOYMEOPeHH GUCMYNAIOMb NOUAMKO08A UiHA, KOHMPOJIb,
cmumynu (mopanvhuil pusux) i Qinanvna yina. Taka mpaxmoexa 36iea-
emovcs 3 ocnosamu Teopii konmpaxmie i € nepedymoeoro pynoamenmano-
Hoi docmogiprocmi pospooaenoi cucmemu. bazosumu exionumu xomnonen-
mamu anzopummy npuiiHamms pitieHHs w000 HauGLILUW 00UIILHOT UIHOBOT
cmpamezii € mampuys eaacmueocmeil Mooeell YiHu KoHmpaxmy i mempu-
Ka numans 3 oUinl06anHa 6i0N06iIOHUX npiopumentie 3aMOBHUKA NO NPOEK-
my. Cucmema 0036051€ 0Opamu 00HYy 3 N’AMU KIAIOUOBUX cmpamezill yinu:
CRC, MC, TC, LS a6o GMP, sxi 3acmocoeyiomscs MisHapoOHOIO npaxmu-
xo010. Buxopucmanns cucmemu euéopy uinoeoi modeni Konmpaxmy cniiv-
HO 3 CUCMEMO10 00PAHHS OP2aHi3auiiin020 NPodiio GUKOHAHHA NpoeKxmy
dae moxcaugicmes oopamu Haubinbw douinbhy cmpamezito 3 130-mu naprux
anvmepnamug. Ilpononosanuii nioxio KymyasmueHUM YUHOM CRPUSE YCNi-
xy OyoieenvHux npoexmie i mae yHiixosanuii xapaxmep. Dopmanizosanuil
incmpymenmapiii nNOpi6HANLHOZ20 AHATIZY ATLMEPHAMUE € YUPPOBUM 3MicC-
mom Cucmemu eubopy uinoeoi cmpameeii COMP (Contract Organizational
Mechanisms: Pricing). Anzopumm nodyoosanuii Ha po3paxyHKy eéexmopie
npiopumemis paxmopie uinoymeopenus no npoexmy (Ha ocHogi susnaue-
HUX MHONCUH PAH2i6 1 pelimuizie) 3 no0aIbUL0I0 OATLHOI0 OUIHKO10 00UiTb-
HOCMi 3aCMOCY6AHHS Y NPOEKMi KONCHOT 3 AIbMEPHAMUGHUX MOOeJlell UiHu.
Anpobauis cucmemu COMP y npoexmi o6yodienuumea JIvo0060i apenu 6 m.
Kueei noxasana, wo cmeopena xonyenmyanvia modenv (npononosanuii
anzopumm) 003601€ Oiimu 00UibHOZ20 piuents w00 UiHo80i cmpame-
2ii KoHmpaxmy 3 Mamemamu1Hol0, 6UCOKO0I0 MEOPEMUUHOIO i NPAKMUHHOIO
apezymenmosamicmio

Kntouoei cnosa: meopia xonmpaxmis, 6azamoxpumepianvhiuil anais,
UIHOBT MEXAHIIMU, NPULIHAMMA CMPAMeEIMHUX PilleHb

|DOI: 10.15587/1729-4061.2019.155779|

AN ALGORITHM
OF SELECTING
THE PRICING
MODEL FOR A
CONSTRUCTION
CONTRACT

O. Bugrov

PhD, Associate Professor
Department of Project Management
Kyiv National University of
Construction and Architecture
Povitroflotsky ave., 31,

Kyiv, Ukraine, 03037

E-mail: bugrov.oleksandr@gmail.com
O. Bugrova

PhD, Associate Professor
Department of Economic Theory
National University of

Kyiv-Mohyla Academy

Skovorody str., 2, Kyiv, Ukraine, 04070
E-mail: bugrova.olena@gmail.com

1. Introduction

In capital construction, procurement can be considered
as the backbone of the entire management structure [1]. In
keeping with this figurative terminology, the decision to
apply a particular price mechanism (payment profile) is its
main vertebra.

Price is one of the key parameters of a contract. It is
this parameter that determines what part of the value
created by the contract in the form of money is due to the
contractor (performer, supplier) and what remains to the
client. Construction contracts deal with creating significant
(capital) values, and therefore, pricing issues in this area are
of particular importance. Acknowledging this challenge,
international practice has created a range of pricing models
for a construction contract, each of which has its advantages
and disadvantages. As to the reverse side of this medal, in
the framework of each capital construction project there is a
problem of a reasonable choice of a price strategy.

The choice of a pricing structure for a construction
contract is still based on acquired empirical experience,

without the use of a systematic mathematically formalized
procedure. Sometimes the choice is made intuitively and
sometimes it is based on considering established traditions
or business fashion. The solution to this problem used to
be hampered by the lack of a recognized theory that would
serve as the basis for creating an appropriate conceptual
framework for making the appropriate decision. Fortunate-
ly, this hurdle is currently “officially” lifted — the founders
of contract theory were awarded the Nobel Prize in 2016
[2]. Thus, now the peak of relevance is the task to develop a
formalized apparatus (algorithm) for selecting a price model
of a construction contract in the context of contract theory.

2. Literature review and problem statement

The subject of this study has three key projections that
are disclosed in published sources, and one of them is the ty-
pology of contract price models with considering their char-
acteristics. Capital construction projects are implemented
using the following typical price mechanisms:




— lump sum - LS;

— guaranteed maximum price (GMP);

— cost-reimbursement contract (CRC);

— target cost (TC);

— payment according to the measured volumes of work
(measurement contract — MC) [3].

Each of these models has a contract price that is conve-
nient and appropriate in the presence of certain conditions for
the project. In [3], for each price profile, their characteristic
conditions and circumstances are given, but the formalized
mechanism of making the corresponding decision is absent.

None of the price models is specific to any particular
method of project implementation [4]. Let us say, if the
chosen method of project implementation is design-build
(DB), then this does not mean that the price model for the
contract should be lump sum (LS). Yes, some of the pricing
mechanisms really fit into one of the project implementation
strategies a bit better while others are a bit worse. However,
this is only a “soft” predisposition, and a well-founded choice
should be made on the basis of a systematic analysis of a
specific project.

Performance of capital construction projects is often
associated with high risks, limited trust between contract-
ing parties, and lack of appropriate incentives. Motivational
contractual mechanisms contribute to the success of con-
struction projects [5].

Having considered the application of the model of guar-
anteed maximum price (GMP), the authors of study [5]
draw attention to the numerical and significant advantages
of this strategy. However, other price mechanisms have their
strengths, and therefore, some of them may be more expedi-
ent, giving certain priorities for a specific project. Thus, we
would like to emphasize again that for each project a sepa-
rate analysis should be conducted and the most appropriate
alternative should be chosen.

The above shows that the classification of price mech-
anisms has already been highlighted in earlier studies.
However, a systematic mathematical apparatus for analysing
relevant alternatives on a reliable theoretical basis has not
been proposed.

Another, most important projection of this study is
the theoretical foundations of contractual relationships.
Contract theory deals with the fundamental problem of
business cooperation of economic entities. The parties to a
contract have a temptation to act selfishly — that is, they
try to maximize their own profit, even to the detriment of
the total, common benefit of the project. If the parties could
conclude a contract that would fully describe any further
course of events under the project, then “business selfish-
ness” would not be such an acute threat [2]. However, this
is impossible, especially in projects of capital construction,
due to their high complexity, long-term duration, the possi-
bility of making further changes to the list of assignments,
etc. Consequently, contracts are incomplete. Not all actions
of the contractor (and the client) can be made transparent,
and consequently, “moral hazard” is an objective feature of
contractual relations. In order to solve this problem, con-
tracts use various motivation mechanisms (incentives) that
encourage the parties to act more effectively. These issues
are the focus of contract theory.

In other words, in reality it is usually impossible in ad-
vance to prescribe the contractual obligations of the parties
clearly, unambiguously, and comprehensively. Contract the-
ory, in particular, examines the effect of contractual motiva-

tional mechanisms that are designed to “compensate for the
gaps” of incomplete contracts [6].

Today, the parameter of uncertainty, which naturally
can be heated up by a factor of distrust between business
entities, is “embedded” with economic theory. The un-
predictability greatly complicates the estimating process,
especially if we take into account the dependence of the
project outcome on the behaviour of individuals [7]. At the
same time, rational decisions can be made in the unpredict-
able world. Choosing the best alternative contract price
model for a project is precisely an example of a decision in
a situation where to varying degrees there is both unpre-
dictability and distrust. Contract theory can help solve
this problem.

Consequently, the literature review shows that contract
theory can serve as a methodological basis for creating a
reasonable algorithm of choosing a price model for a con-
struction contract.

Another key projection of this topic is the contextual
aspects of the subject of research. Determining the pricing
strategy is one of the six cumulative facets in the “crystal”
of managing the value of capital construction projects [8].
This crystal component acts in synergy primarily with the
profiling of contract systems (selecting a project implemen-
tation model).

It should also be noted that contextual, technical and
behavioural competencies are the three groups of factors that
improve project and programme management and contribute
to their success [9]. Consequently, the conceptual model for
making a decision on a contract price profile that takes into
account the interests of the parties, the technical aspects
of the project, identified priorities, etc., in practice will
contribute to the formation of a conflict-free nature of the
relationship between project participants.

One of the most important project stages is the initial
phase, which lasts from the moment of understanding the
business idea until the decision on financing the project is
made. At this stage, it is important not only to form a “cor-
rect project”, but also to determine “the correct mechanism
for its implementation”. It should take into account the
interests of parties concerned as well as any uncertainty,
which is an integral feature of the project environment [10].
Consequently, since the pricing strategy of a construction
contract is one of the basic prerequisites for the success of the
project and a means of proactive regulation of the relation-
ship between the client and the contractor, it is advisable to
choose the price model during such stages as the formation
of a concept, feasibility study, and project planning. It should
also be emphasized that the decision-making procedure can
be carried out several times, and the pre-selected strategy
may be revised, updated (even during the preparation of
tender documents).

Study [11] confirms that the role of payment mechanisms
(price models) in construction contracts is very important.
Selecting an appropriate price profile from among the avail-
able ones has a positive effect on the results of the project.
For comparative analysis of some alternatives by integrated
project teams, the study proposes a simulation of the cash
flow of the project. However, for a wider range of options for
project work, this toolkit is not recommended. One of the
key reasons is the presence of a “moral hazard” in the rela-
tionship between independent entities. This again suggests
that the solution to the problem should be sought in the field
of contract theory.



The foregoing indicates that issues of contract price
models are widely discussed in published literature, but the
proposed approaches to analysing are of a predictive nature
and they do not cover the entire field of possible cases and
circumstances.

Consequently, on the one hand, there are a number of
contract price models, each of which has its own characteris-
tics, advantages, and disadvantages. It is empirically proven
that the use of a particular model is appropriate in the pres-
ence of relevant conditions and characteristics of the project.
On the other hand, contract theory shows how to solve such
problems as, in particular, “moral hazard” and incomplete-
ness of available information on a project. An unfulfilled
niche of scientific research still consists in the need to create
an algorithm of selecting a proper pricing model based on
the foundations of contract theory. The research should be
focused on the basic principles of the system being created,
the general scheme of making an appropriate decision, and a
specific formalized algorithm.

3. The aim and objectives of the study

The aim of the study is to develop an algorithm of select-
ing a contract price model (payment profile) in the area of
the best practices of capital construction and the key factors
of contract theory.

To achieve this aim, the research should solve the follow-
ing objectives:

— to define intra-contract drivers of pricing mechanisms
in construction projects;

— to propose the architecture of an algorithm for making
the appropriate decision;

—to develop a formalized apparatus for a comparative
analysis of alternatives and test it within the framework of
an illustrative business case.

4. Drivers (a coordinate system) of pricing mechanisms

Based on [12], in the context of contract theory, the fol-
lowing can be noted. In the course of concluding a construc-
tion contract between the client and the contractor that have
different information, the interaction is “principal — agent”.
In this plane, the typical pricing situation is as follows. The
target function (utility, value) of the principal (client) will
be maximized by strategically choosing a price model for
the contract. This model, in particular, involves both certain
mechanisms of motivation and the corresponding control
processes. After this, the target function (utility) of the
agent (contractor), knowing the choice of the principal, will
also be maximized.

Consequently, the contractor at the tender or in the
course of negotiating will offer a competitive price accord-
ing to which, in compliance with the model that is applied
(selected) by the client, money will be received for the
performed construction work. In case of excessive over-
statement of the price by the bidder, the contract will go
to a competitor. Since the time of signing the contract, the
relevant controls and motivations are involved. Ultimately,
after completing all payments and work, the final price of the
construction project will be formed. Thus, the key pricing
drivers, if summed up, can be defined as follows: the initial

contract price, the mechanisms of motivation, the control
processes, and the final price.

On the basis of the above generalized and summarised
definition, let us formulate a wider interpretation of each of
the contract pricing drivers.

The initial contract price is determined by the minimum
bid from the contract applicants. The price level depends
on the risk of the project for the contractor. The lower the
financial risk for the contractor, the lower the minimum bid
(at the same time, by definition, the starting price must be no
less than the expected costs borne by the contractor).

The mechanisms of motivation act in opposition to the
“moral hazard”, creating the levers for directing the actions
of the contractor in the best interests of the project. The more
effective the contractual mechanisms of motivation, the less
the probability of “moral hazard” on the part of the agent is.

The control processes allow monitoring, whether (and to
what extent precisely) the contractor’s actions comply with
the requirements of the contract. Consequently, this driver
depends on the degree of completeness of the contract — the
higher the completeness of contractual arrangements and
the specification details, the more careful can be the control
over the agent’s actions.

The final price is formed under the influence of all
changes to the project during the construction period, fi-
nally fixed at the time of paying the last amount under the
contract. Exceeding the final price of a certain level (limit)
may or may not be a significant negative factor for the cli-
ent. This question is related to the “cost-benefit” analysis
of the project.

The above-mentioned drivers of pricing mechanisms are
a coordinate system in which an analysis of the suitability of
each alternative contract price model for any specific capital
construction project should be performed.

5. The architecture of an algorithm for finding
a solution on the pricing strategy

The starting block of the conceptual model for choosing a
price model for a project is the drivers (measurements of the
pricing dimension), which are defined above based on the
best practices and foundations of contract theory (Fig. 1).
This block, together with the typology of key pricing strate-
gies, the matrix of ratings of their properties and the metric
of questions for determining the price priorities of the client
(the initiator of the project), forms a stable context of the
system. The rest of the business process blocks form a mov-
ing, dynamic context of the system, reflecting the specifics of
a project under consideration and the priorities of a definite
client for a construction site.

At the same time, it is noteworthy that by using blocks 8
and 9 of the algorithm, the analysed project is placed in
the appropriate “cell” of the field of alternative pricing
strategies. Let us briefly define and characterize such key
alternatives.

The contractor’s expense recovery and reimbursement
profile (model) allows for a low starting price of the con-
tract, provides for a detailed control by the client, weakly
encourages the contractor to seek ways to save money, and
is characterized by low predictability of the final price level.

The profile of the lump sum payment presupposes a
relatively high starting price of the contract, provides for



minimal control by the client, encourages the contractor to
reduce costs, and has a high predictability of the final price.

The profile of payment according to the measured work
(measurement payment) by the action of pricing drivers oc-
cupies an intermediate position between the two above-men-
tioned models of the contract price.

Two additional key strategies use incentive mechanisms
for the contractor by setting a price threshold.

The target costing (TC) specification implies that in
the event of a final price deviation from a fixed threshold,
the difference (or savings or overrun of costs) in a certain
proportion is distributed between the parties to the con-
tract. The TC model gives a relatively low starting price of a
contract, which is associated with detailed control as well as
encourages the contractor to save and not exceed the thresh-
old of the final price.

The profile of the guaranteed maximum price (GMP)
differs from TC as the distribution is subject only to cost
savings; in case of exceeding the price threshold, all losses
are borne by the contractor. Consequently, the GMP model
is similar to TC based on the nature of the pricing mecha-
nism; however, the final price driver is more stringent and
strong.

1. Drivers, measurements
of the space (field) of
pricing mechanisms

2. Types of key contract
price models

v

v

4. Metrics of questions
(factors) on evaluating the

3. Matrix of the ratings of
the model properties (in the

context of measurements of
the price-forming field)

client’s priorities

v
5. Ranks of factors for
project priorities
assessment

6. Ratings of factors for
project priorities
assessment

N
7. The calculation of factor
vectors for project priorities
assessment

v

8. Graded evaluation of contract
price models from the perspective
of the client’s priorities in the

project
2
9. Decision-making on
using a particular contract
price model

Fig. 1. The conceptual business process (algorithm) of
decision-making on the most appropriate model of the
contract price for a project

The architecture of the business process lies at the heart
of the formalized mathematical apparatus of comparative
analysis of alternatives.

6. Formalized content (algorithm) of a conceptual model
for choosing a pricing strategy

The above mentioned drivers and structure are the basis
of the pricing strategy (COMP — Contract Organizational
Mechanisms: Pricing). Additionally, we note that “comp” is
commonly a short form of the word “computation” (estima-
tion, calculation) or “compensation” (remuneration, reward).

Drivers of pricing mechanisms are measures of both the
properties of price models and the client’s respective prior-
ities for a particular project. Consequently, the coordinate
system “initial price — control — incentives / moral hazard —
final price” entails a plurality of properties of contract pric-
ing models:

5]
)
"
(£}

where {S,} is a subset of ratings of the properties of models
in relation to the driver of the initial (starting) price; {C, }
is the control by the client; {I m} is the moral hazard / incen-
tives; {Fm} is the final contract price; m is a serial number of
the model from 1 to 5.

The numerical values of the ratings of the properties
(Table 1) characterize each model as to in which of the driv-
ers one strategy or another works better or worse. The higher
the rating for a particular model, the better is the pricing
driver for it in the client’s interest.

O

Table 1

The matrix of ratings of properties of contract price models
for capital construction

Measurements of contract pricing space
Contract price model Initial Control, “Moral Final
(pricing strategy) il complete- | hazard” & 1nd
price/bid . . price
ness incentives
Guaranteed maximum Si=4 Ci=4 Ri=4 F=8
price (GMP)* ! ! ! !
Payment of certain
complex amounts S59=3 Cy=3 Ry=6 Fy=8
(Lump Sum - LS)
Target Cost (TC)* S3=5 C3=5 R3=5 F3=5
Payment for measured
volumes of work _ _ _ _
(Measurement Con- 5i=8 Ci=4 Ri=5 Fi=3
tract — MC)
Compensation of ex-
penses and payment of
remuneration S55=8 C5=8 R5=2 F5=2
(Cost Reimbursable
Contract — CRC)

Note: * — “Threshold” contract price models

Thus, for example, in the model of compensating expenses
and paying remuneration, the strong drivers are the initial
price and control whereas the weak ones are incentives and
the final price. At the same time, the rating of properties for
each of the models is 20 (Table 1). In this way, the conceptual
decision-making process does not “discriminate” any of the
price strategies while adhering to the principle of “equality
of strategies” within the system as a whole. Otherwise, if the



total driver ratings for each strategy were not equal to one
another, the system would be set up to make biased decisions.

On the other hand, for each project, the client, within
the framework of the COMP system, defines priorities for
the drivers of the pricing mechanism. Thus, a set of ranks
of priorities D" is formed, and each element belongs to its
own group:

=D, )

where {S;i is a subset of the ranks of the client’s priorities
regarding the driver of the initial (starting) price; {C ’} is the
control; {] ,:} is the moral hazard / incentives; {Fk’k} is the
final contract price.

In a single manner from [13], priorities are determined
by answering a number of questions (Table 2). For each
pricing driver, the COMP system provides three questions,
and therefore k=1,3. For example, as to the driver of the
initial price, the first question (k=1) determines whether it
is important to have the lowest bidding prices from the ten-
derers (or in the course of competitive negotiations). Equal-
ity of the number of questions in the groups corresponds to
the principle of a balanced decision-making system — none
of the drivers of pricing mechanisms is a priori or more or
less important. Their priority within a particular project is
determined by the client by implementing steps 5-7 of the
algorithm (Fig. 1).

The rank of each element in formula (2) is a natural num-
ber in the range from 1 to 9. An element with the minimum
possible priority for the client on the project is assigned
rank 1, and the maximum possible is 9.

At the same time, depending on the answer given by the
client to the relevant question (Table 2), each item acquires a
certain rating. Consequently, a set of ratings of the elements
of price priorities within the project is formed as follows:

{5}
{er}
{1}
{#}

where {S,f} is a subset of ratings of the client’s priorities
regarding the driver of the initial (starting) price; {C,‘j } is
the control; {I,f} is the moral hazard / incentives; {Fk"} is the
final contract price.

Thus, the client has three options for answering each
of the questions — “A”, “B” or “C” (Table 2). If the answer
is “A”, the corresponding component receives a rating of 3;
in the case of option “B”, the rating is 2; in the case of
option “C”, it is 1. For example, if the client believes that due
to certain characteristics of the project, the contract tender-
ers will be able to prepare for it justified price bids (answer
option “A”), then the rating of this factor will be equal to 3.

The product of a rank multiplied by the rating for each
individual factor shows its vector of priority. In this way,
within a separate project, a set of priority vectors is created
for all four pricing drivers:

=D, 3)

Table 2

The conceptual metric / matrix for determining the client’s priorities in choosing a pricing model for
a capital construction contract*

Groups Onptions for answers
(measurements, . . . ptions for answers
. s Question to evaluate options (contract price models)
drivers of pricing
mechanisms) A B C
1 Is it important to have the lowest bidding prices from tenderers (or in the course of compet- Yes |Hard to say| No
itive negotiations)?
Initial price/bid |2. Ts it feasible for a tenderer to prepare a reasonable price bid? Yes |Hard to say| No

3. Is a low starting price more important than the contractor’s incentives / interest to look for
ways to save (reduce) costs during the performance of the contract?

Yes Equal No

Control, com-

pleteness

1. What is the client’s ability / willingness to control costs (cost management)? High | Medium | Low
2. What is the expected level of control influence (on the part of the client) on the level of High | Medium | Low
project costs?

3. What is the desirable detail of the scope of work and specifications of the project subject to High| Medium | Low

control (the desired degree of the contract completeness)?

during the performance of the contract?

1. Is it important for the client to avoid manifestations of “moral hazard” by the contractor

Yes |Hard tosay| No

“Moral hazard” &

incentives .
contractor’s actions?

2. Is it possible to rely on the contractor’s incentives more than on external control of the

Yes |Hard to say| No

3. Is it important to increase the contract price above the desired (planned) level? Yes

Hard to say | No

price of a certain level ?7**

1. Does the project go beyond the expediency of the client when exceeding the final contract

Yes |Hard to say| No

Final price

2. What is the importance of the agreed final price factor versus the factors of the “initial

price” plus the “control”? High | Medium | Low
3. Is the limit of the final price more important than the ability to keep the price at an even Equal /

Yes No
lower level? Hard to say

Notes: * — depending on the fundamental principles of contract theory; ** — the price threshold is determined on the basis of the “benefit-cost”

analysis
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wﬁere Vis a set of all vectors of price priorities for a project;
S k} is a subset of priority vectors for the driver of the initial
starting) price; {C is the control; { is the moral hazard /
incentives; {Fk} is the final contract price.
The final step for determining the recommended price
model for a project is the score of each of the alternatives:

SmxiS—k+Cm><i(,—’k+ImxiTk+Fmxiﬁ:Em, (5)

where 25 is the sum of the prlorlty vectors for the driver

of the initial (starting) price; ZC . is the control; 21 . isthe

moral hazard / incentives; ZFk is the final contract price.

=

The contract price model that gains the maximum number
of points among all the alternatives analysed is considered to
be the most appropriate for using in a particular project.

7. Results of approbating the algorithm of selecting
a contract price model

The conceptual formalized model and corresponding
computerized COMP tool were applied, in particular, to the
Ukrainian-Canadian construction project of the Ice Arena
of Kyiv. Thus, let us take a look at this business case for
choosing a pricing strategy for the contract.

The client’s answers to the unified questions gave start-
ing positions for the numerical evaluation of the design pric-
ing space (Table 3):

Consequently, the total vector of the priority for the
driver of the initial (starting) price of the contract is

aﬁ
N S= S XS+ 8 xSh+ S5 xSh =

k=1

=6X24+5x2+7x1=29, (6)
as to the driver “contract control and completeness”:
i@:qu+qXQ+qXQ=
f15><2+4><1+6><1:20, @)
as to the driver “moral hazard and incentives”
iﬁ:nxﬁ+gxg+gx@=
i:16><3+8><E'»+3><2:48, ®)
as to the driver “final contract price”:
S F= E xES+Ej X+ F xE] =
f14><2+7><3+3><2=35. )

By multiplying the total priority vectors calculated by
formulae (6)—(9) for the corresponding ratings of the prop-
erties of price models (Table 1), an evaluation was given as to
how each of the strategies is relevant in the analysed project
(Table 4).

For example, let us consider the graded assessment of
using the target costing (TC) strategy in the project:

3 . 3 .
E,=8, xZSk +C, ><ZC,e +1, %
k=1 k=1

3 3
sz-}lk +F, X,z_:‘Fk =660. 10)

The data in Table 4 produce a conclusion that since the
LS model has scored the maximum number of points, it is the
most appropriate for using in the project from the viewpoint
of pricing drivers.

Table 3

The ranks and priority criteria of the client for the project (regarding the drivers of pricing mechanisms)

Measurements, drivers of | The numbers of the ques- The answer options Priority rank Priority ratin
pricing mechanisms tions for prioritization * chosen by the client * oty ra ority rating
1 B S/ =6 SP=2
Initial price, price offer 2 B §;=5 L=2
3 C 8 =7 sP=1
1 B cr =5 cr=2
Contract control, 9 C c=4 cs=1
completeness
3 C C;=6 cr=1
1 A I/ =6 F=8
Mgral ha.zard / 9 A =8 =3
incentives
3 B F=8 B=2
1 B F =4 EP=2
Final contract price 2 A =7 FP=3
3 B F =3 =2

Note: * —

Questions and alternative answers to them in accordance with Table 2



Table 4

The graded assessment of the price strategies in the context
of the project of constructing the Ice Arena

Contract pricing models

Drivers of price mechanisms
CRC | MC | TC LS |GMP

Initial price, price offer 232 | 232 | 145 87 116
Contract control, 160 80 100 60 80
completeness

“Moral hazard” / incentives | 96 240 | 240 | 288 | 192
Final contract price 70 105 | 175 | 280 | 280
Total 558 | 657 | 660 | 715 | 668

8. Discussion of the results of creating an algorithm for
selecting a contract price model

The proposed COMP system is completely self-con-
tained (integral) within the framework of reaching its goal,
namely, a reasonable choice of the price profile of the con-
tract. At the same time, the COMP system is a harmonious
addition to the conceptual model for deciding on the most
appropriate strategy for implementing a COMPAS project,
which is detailed in [13]. In order to ensure the fundamental
correspondence as well as the convenience of joint applica-
tion in the practice of these two systems, they are based on
considerably laid similar principles of multi-criteria analysis.
For example, the number of measurements of decision-mak-
ing constants in both of these systems is four.

While COMPAS relates to the choice of the proper in-
stitutional mechanism for implementing a project (Fig. 2),
COMP can choose a contract model to pay for the work to
be performed.

The first stage of the analysis: “Is it
appropriate to apply a multivariate project
management (PM) model?”

Without the PM With the PM but
and the IPD without the IPD
The second
stage of the
analysis: “Is it 1,2,3,4,5,6* 1,2,3,4,5,6*

appropriate to

use the

integrated /ﬁ /" N\

ke defivery With the IPD but With the PM and

approach?” without the PM the IPD
1,2,3,4,5,6,7* 1,2,3,4,5,6,7*

—

Fig. 2. The typology of strategies for implementing a project
in the box-matrix of decision-making according to COMPAS
(according to [13]) Note: * The model that is determined in
the third stage of analysis: 1 — involvement of a number of
contractors; 2 — involvement of the contractor in managing
construction and subcontractors for implementing individual
complexes of work; 3 — involvement of the contractor for
construction management at risk (CMAR); 4 — traditional
(design—bid—build, DBB); 5 — design—build (DB), including
“turnkey”; 6 — step-by-step development; 7 — integrated
project delivery (IPD)

Consequently, one of the five key alternative price mod-
els can be applied within each institutional mechanism.
Thus, the total number of strategic pairwise alternatives in
the joint application of COMPAS and COMP is 26x5=130.
Some of these pairs of alternatives are relatively common
practice. For example, such a pair is CMAR and GMP.

The possibility and convenience of using COMP in
conjunction with COMPAS is the strength of this system.
As noted above and in accordance with [7], the choice of
pricing and the project pricing mechanism is one of the three
synergistic pairs that make up the crystal of the cumulative
project value management.

At the same time, the most significant advantage and
vivid fundamental feature of the COMP system is that it
is built on the basis of contract theory. Drivers of pricing
mechanisms within the system are (1) the initial price,
(2) cost control, (3) motivation mechanisms (incentives) /
“moral hazard”, and (4) the final price. The initial price de-
termines the lower boundary of the principal’s costs (agent’s
income); the final price is the upper limit. Within these
limits, the price level is regulated both through control and
through incentives (as to the negative side, it is the factor
of moral hazard). Each key pricing model of a construction
contract used in international practice (CRC, MC, TC, LS,
and GMP) is characterized by its peculiarities of the effect
produced by these drivers. The choice of the model follows
from the definition of the project priorities by the client
(principal) in the same coordinate system “initial price —
control — moral hazard / incentives — final price”.

The basis of contract theory gives COMP certain ad-
vantages over alternative conceptual models of selecting the
pricing strategy, which are built, in particular, on project
cash flow estimations [11]. This is primarily due to the fact
that the cash flow projection paradigm, unlike contract
theory, is not sufficiently related to the factor of the princi-
pal-agent relationship.

The limitation of the results of the study is that
the COMP system currently implies analysing the five
above-mentioned key price models. At the same time, for
example, the CRC system has two types: reimbursable cost-
plus a percentage-fee and reimbursable cost-plus a fixed-fee.
In addition, it should be noted that in some countries of the
world, the classification of project pricing strategies has its
own characteristics, in particular in the USA [14]. Another
limitation of the system lies in the fact that it concerns only
internal-contact factors and does not cover the supply and
demand or at what stage of the economic cycle (growth,
peak / boom, recession, trough / depression) there is a choice
of the contract price model. However, the key restriction of
COMP is that the purpose of the system is not the validity
of the estimates and the predictability of the construction
cost but the choice of the most appropriate model of pricing
under the project. The reasonableness and predictability of
project costs is achieved through building information mod-
elling (BIM) [15], and this tool is another component of the
“crystal” of the project value management.

The discussion point of the proposed conceptual model
is the number and content (formulation) of unified ques-
tions on determining the client’s cost priorities for a specific
project.

Further research in this particular field of science should
focus primarily on the following:

— development of a formalized apparatus of the theory
of the dynamics of project efficiency, which is one of the



components of the “crystal” of the cumulative value man-
agement;

— conceptual definition of the impact of the market
phase (each of the four stages of the economic cycle) on
deciding upon the most appropriate pricing strategy for
the project;

— development of a number of creative templates for
choosing a contract price model for construction projects of
various types of objects.

9. Conclusion

1. Drivers of pricing mechanisms in capital construction
projects strategically predetermine “frames” in which the
price of work under the contract may vary, as well as the key
impacts on price formation.

The price bid of the project performer is formed taking
into account the financial risks, which are subject to the
terms of the contract for the contractor. Each contract price
profile determines its financial risks to the contractor, and
therefore, the price model of the project affects the starting
contract price.

Since the start of a project, the costs are controlled by
the client, and the more careful the control is, the greater
the likelihood that the costs will be lower. At the same time,
during the performance of the contact, the contractor is un-
der the influence of some “moral hazard”, the actual manifes-
tation of which depends on the contractual incentives to act
morally. Each price model of a contract has both its control
depth and its power of incentives (as a counteraction to moral
hazard), and therefore, these factors actively influence the
dynamics of project costs.

Eventually, at the end of the object construction, the
price gets its final value. Each pricing model is characterized
by its institutional pressure on the final price, and some
models even set a certain benchmark for the maximum cost
borne by the client for the project.

Based on the above, contract pricing drivers are the
initial price, control, incentives (moral hazard), and the
final price. This interpretation coincides with the basics of
contract theory and is a prerequisite for the fundamental
authenticity of the developed system.

2. The basic input components of the decision-making
process for the most appropriate pricing strategy is the ma-
trix of the properties of the contract price models and the
metric of the questions for assessing the relevant priorities of
the project client. Each of these components is constructed
in a four-dimensional analytical space “initial price — con-
trol — moral hazard / incentives — final price”, which reflects
the set of pricing drivers in a construction contract. The
system allows choosing one of the five key pricing strategies:
CRC, MC, TC, LS, or GMP, which are applied internation-
ally. The architecture of the decision-making process (algo-
rithm) is due to the tasks to perform a multi-criteria analysis
of the priorities of the project and to assess for which of the
price models this priority profile is the best option.

Using the system of choosing the price model for a
contract together with the system of selecting the organiza-
tional profile for implementing the project helps determine
the most expedient strategy of 130 paired alternatives. The
proposed approach cumulatively contributes to the success
of construction projects, has a unified character, and can be
implemented in any country of the world.

3. The formalized process of benchmarking alterna-
tives is the digital content of the Contract Organizational
Mechanisms: Pricing (COMP). The algorithm is based on
calculating the vectors of priorities of project pricing factors
(based on the determined sets of ranks and ratings), followed
by a graded assessment of the feasibility of using each of the
alternative price models in the project.

The use of the COMP system in the construction of the
Ice Arena in Kyiv has shown that the created conceptual
model (proposed algorithm) makes it possible to take an
appropriate decision on the price model for a contract with
mathematical, high theoretical and practical reasoning.
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Pospobaero memoo eusnauenns umosipnocmi 0ocseHenns 2pa-
HUMHO20 3HAYMEHHS HABAHMAIICEHD 610 8AHMAINCY, WO 30epieacmbCs Ha
CKIa0ax nopmo6020 mepminany, Ha 6EPMUKAILHY CIMIHKY NpU4ay 6
YMOBAX HEGUSHAUEHOCMI MOMEHMIE Npudymms cyoen ma ix HA6AH-
masicenns. Ilepedoaraemocs, wo npouec npubymms cyoen is éanma-
JHCeM ONUCYEMBCA MOOCILIIO CKAAOH020 NYACCOHIBCHK020 npouecy, a 3i
CKIIa0Yy 8aHMANC BUBOZUMBCS 3A 0ONOMO2010 HA3EMHOZ0 GUOY MPAH-
cnopmy pisHOMIpHO i3 NOCMIUHOI0 iHmMeHCUsHicmI0. 3a 00nOM02010
Memodie Mmamemamuunoi meopii pusuxy nooydoearo UMOGIpHICHY
Mo0enb poGomu cucmemu <«CKAA0-NpudaL> K CKAA0060i NOPM0o6020
mepminany. Chopmyavosano xpumepiii 6esneunoi pobomu npuvany
npu 0ii Ha 1020 KOHCMPYKMUBHI eJleMeHmU 6UnA0K06020 HAGAHMA-
JHcenns 6i0 eanmasicy, wo 30epieaemocsa Ha CKAAOL Y MUY NPULATLY,
3 Memoro BU3HAUEHHS UMOBIPHOCMI HENnepeCUUEHHS ePAHUMHO NPU-
NYCMUMO20 3HAMEHHS MUCKY HA JUUbOSY CMIHKY npuuany (32i0Ho
saxony Kynona), moomo aeapii npunany. /{ns 3naxoosicenns umo-
eiprocmi agapii npuuany y cmanomy pesrcumi 1020 podomu 6usedeHo
inmezpanvhe piHAHHA muny 3zopmru. Piwenns yvozo inmeepanviozo
pisnanna 00360aUN0 3HAUMU aHAIMUMHUL 6UPA3 O UMOGIpHOCHI
0e3610M06HOi pobomu npurany 0as piznux QyHKUiU po3noodiny Haean-
masicenns cyoer, wo 0an0 3mozy KiAvKiCHO OUTHUMU PUSUK HACMAHHSA
asapii npuvany. 3a 00nomoz010 3uatidenoi umosiprocmi asapii npuna-
a1y chopmyavosano ma eupiueno 06i npaxmuuni 3aoaui. Illo-nepue,
BU3HAMEHO 3HAMEHHS THMEHCUBHOCMI BUBE3CHHS GAHMAdICY 3i CKIA-
0y, sixe 3a0e3newye i3 00cMamHbLO MANOI0 UMOBIPHICMIO i0CYmHicHb
asapii. Ilo-0pyze, chopmyvosano kpumepii exoHOMIMHOT 00UINLHOC-
mi cmpaxyeanns 36umxie enacaidox asapii npuuany (1020 panmogoi
6i10M06U) 6HACIVOK NepesUeHH HABAHMANCEHb 610 8AHMAICY NPU-
NYCMUMO20 3HAMEHHA Y OAHUI NPOMINCOK HaCY.

3anpononosanuil y cmammi memoouuHull nioxio 00 6U3HAMEHHS
HaoiHOCMi npu4aNbHOT CROPYOU HA NOPMOBOMY MEPMIHAIL, HA BIOMI-
HY 610 iCHY10MUX Mem0o0ie PO3PAXYHKY NPUHATILHUX CROPYO, 0036015€
0l 0OTPYHMOBANHO OUTHIOBAMU BENUMUNY PEATTLHUX eKCNIYAMAUiil-
HUX HABAHMAICEHD (8EPMUKANILHUX MA 20PUIOHMATILHUX) , W0 0itomb
HA 0CHOBHI KOHCMPYKMUBHI eTleMEeHMU NPU1ATY

Kmouogi crosa: nopmosuii mepminan, cyona 3 eanmaicem, epa-
HUuHe HABAHMANCEHHS, TUUBLOBA CMIHKA NPUMATY, PUSUK ABapii npu-
YAy, CMPaxy8anis pusuxy
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Specification of only separate of the listed models is not

likely to give any practically acceptable recommendations,

The adequacy of the methods for evaluating the reliabil-
ity of a structure is known to be determined by reliability
and accuracy of the models of loading, models of operation
of materials, from which the elements of berth structures are
made, and the models of occurrence of failures (accidents).

unless the level of accuracy of the other remains insufficient.

As regards berth facilities, in the course of formalization
and modeling actual operational loads that influence them,
the additional difficulty is to take into consideration the
probabilistic nature of loads. The models of failures under




