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CHANGES AND ACHIEVEMENTS IN CM RESEARCH AND CM EDUCATION AT
THE POZNAN UNIVERSITY OF TECHNOLOGY

0. Kaplinski

Poznan University of Technology

1. Introduction

This paper presents some changes and achieve-
ments of the Chair of Construction Engineering and
Management at the Poznan University of Technology
in the fields of education and research between the 6th
(Vilnius 97, May) and the 7th (Aachen ’99, Septem-
ber) Lithuanian-German-Polish Colloquiums. The first
part of the paper describes a specific character and
conditions of university training in Poland. Furthermo-
re, some factors influencing academic curriculum plan-
ning are discussed. A review of the research is desc-

ribed in the context of writing PhD dissertations.

2. Factors influencing academic curriculum planning

and research

There are many factors influencing education and
research. The period after our recent meeting in Vil-
nius (May, 1997) is characteristic: the same tendency
has been strengthened. Political and economic transfor-
mation which is still under way in Poland has made a
number of possibilities available to the Polish people,
and laid the foundations of market economy. Also we
have seen crucial influence exerted on the ways and
directions in education.

An exceptionally fast accommodation of the Po-
lish society to those changes was caused by a benefi-
cial structure of the education system. Table 1 presents
a percentage share in education in the selected areas of
studies. It is quite clear that Poland had been prepared

Table 1. Students of the Universities according to branches of study [1]

Selected Year Agriculture | Technical | Juridical and | Humanities Exact and Medicine
country sciences | social sciences natural sciences
1980 27.3 11.0 25.2 54 34 10.6
1985 19.4 7.9 21.3 8.5 44 13.5
POLAND
1991 17.1 5.6 24.9 9.5 4.5 14.5
1993/4 18.8 54 32.1 10.9 4.3 10.2
1980 8.7 2.0 28.2 13.3 5.7 7.2
CANADA
1991 10.0 1.1 21.2 5.3 4.5 52
GERMAN 1980 15.0 3.0 26.7 13.8 11.2 15.1
FR 1990 19.4 2.5 29.1 123 12.9 11.0
1980 45.6 10.2 7.2 * * *
USSR
1990 40.9 10.1 6.6 14.5 (97.9)
1980 48.2 9.8 8.8 * * 6.8
UKRAINE
1991/2 42.1 10.4 7.42 13.7 * 7.0

* together with exact and natural sciences
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Table 2. A comparison of the ratio of student numbers per 10 000 inhabitants

Country Year Ratio Country Year Ratio
Poland 80 166 USA 80 531
85 122 93 555

90 142 Canada 92 709!
93 195 China 80 17
93 38

Lithuania 80 288 Germany 90 258
90 243 93 232

92 205 France 81 212

93 190 92 172

94 191 93 362

for the reform, because the structure of education (Law,
Economy) was keeping pace with the trends of the best
developed countries. In other countries, educating engi-
neers has been driven to extremes.

It does not signify, though, that the number of uni-
versity graduates is satisfactory. The numbers of stu-
dents per ten thousand inhabitants constitutes an objec-
tive ratio depicting the situation reasonably well. Se-
lected results are presented in Table 2.

For us, comparing those ratios signifies a require-
ment of making up for the shortcomings presented abo-
ve. We can see an increase in the number of students,
and opening a number of new colleges (mainly priva-
tely run). It has also been agreed that international uni-
versities can be established in Poland.

One can look at the change in numbers of stu-
dents in Poland with a dose of optimism (Fig 1).

The number of privately run universities and col-
leges has increased from 20 (in 1990) to 144 (in 1998/
99). These academic institutions provide mostly cour-
ses leading to BSc degree, and the most important are-

as of study are banking, management, and marketing.

thousand

0~ f f f f f {
85/86 90/91 94/95 96/97 97/98 98/99

years

Fig 1. The change in number of students in Poland

In 1986-88, we experienced a deep economic and
political crisis. It was reflected by the reluctance among
young people to obtain academic qualifications. For
example, at the Poznan University of Technology, the
number of students was changing according to the fol-
lowing pattern: in 1978 — 8320, in 1986-88 — only
3800-3877 (!), in 1997-98 — 11036-12413, among them
67% studying for MSc degree and 33% for Enginee-
ring degree.

At present, we have 2.851 students at the Faculty
of Architecture', Civil and Environmental Engineering.

Further discussion is illustrated by Fig 2 presen-
ting a number of factors influencing the current situa-
tion at Polish universities, and the formation of study
programmes. Here is the list of the most popular study
courses in Poland:

— Economy,

— Law,

— Management and Marketing.

The most popular faculties at the Poznan Univer-
sity of Technology now:

¢ Information Technology (Electrical Engineering
Faculty),

e Architecture (Architecture, Civil and Environmen-
tal Engineering Faculty),

e Management and Marketing (Mechanical Engi-

neering Faculty),

! This autumn the branch of study called “Architecture” and
the Institute of Architecture and Urban Planning will become
a separate faculty.
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Fig 2. Factors influencing curriculum planning at Poznan University of Technology

* Electronics and Telecommunications (Electrical
Engineering Faculty).

The students (and their application forms) exert a
certain pressure not only on founding new universities
and colleges, but also on the modification of curricula,
establishing new courses (for example, MSc courses).

There is a lobby of constructors (to be more pre-
cise, construction theory specialists) which often cons-
titutes a voting majority in bodies taking crucial deci-
sions at chairs and faculties. It often exerts a negative
influence on the freedom of designing new curricula,
especially in management and economics.

Two other factors have to be taken into account
when planning curricula:

* the requirements of the Chief Council of Higher
Education,

» the Parliamentary Act on Building and Construc-
tion Law, including professional qualification cer-
tificates.

Two categories of requirements of the Council
should be referred to here.

The so-called programme minimum has been laid
down. It assumes that the total number of class hours
during a study course cannot be less than 2600. The

programme minimum includes 1500 hours, and entails

three categories of courses:

A — non-technical courses 300 hours
B - basic courses 450 hours
C — technical courses 750 hours

Eleven courses belong to the group of technical
courses, including Construction Engineering and Mana-
gement and Organisation - 75 hours. Further on, uni-
versities may form their curricula depending on their
specific character, specialisation, and degree profiles.
Obviously, while designing detailed curricula, one
should make sure that they correspond to the direc-
tions of accreditation and the branch of study set out
by the European FEANI Association.

Another important condition set out by the Coun-
cil is the minimum number of autonomous academic
teachers and researchers required for establishing a
branch of studies. Therefore, for the MSc courses: at
least 8 Full Professors or academics with post-doctoral
degrees. For the BSc courses: 4 Full Professors or aca-
demics with post-doctoral degrees, and six teachers with
PhD. It is usually a major limitation for smaller and
younger universities.

For Construction Engineering (CE) graduates, ac-

quiring professional certificates is a basic requirement
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before they can start their independent engineering work.
Graduates of the CE Faculty can acquire professional
certificates in Buildings Design or in Construction Su-
pervision.

The professional certificates, after the candidates
have gone through a period of internship and training,
and passed their exams, are granted by local administ-
ration authorities. Therefore, the curricula (and specia-
lisations in particular) cannot be randomly created. We
had seen a failed attempt of establishing a specialisa-
tion called “Computer Mechanics”.

In order to understand the mechanisms working
behind a typical Polish state-owned university, an ad-
ditional aspect has to be taken into account. There is
a requirement stating that research results should filter
into teaching. Therefore, in Poland, obtaining a PhD
degree is obligatory. Recently a requirement of obtai-
ning a post-doctoral degree has also been introduced.
The idea behind it is that such a university would rank
higher, but academics are mostly assessed according to
their research results and achievements (for example, a
number of publications) and, to a much smaller degree,

for their didactic achievements.

criterion of granting

The implementation of two major projects is cur-
rently under way in Poland. The first is the so-called
accreditation of departments and faculties and branches
of studies. It is aimed at the assessment of teaching
level and classification of faculties and departments ac-
cording to four categories. It is assumed that the Poz-
nan University of Technology will be placed in one of
the top categories. Younger universities, without expe-
rienced staff, are going to lose.

The other project is the preparation for implemen-
ting European Credit Transfer System, the ECTS. It is
particularly important for student exchange, but it is
also dictated by the requirements of Polish application
for the accession to the European Community.

Due to the fact that curricula at the Poznan Uni-
versity of Technology, at the Faculty of Architecture,
Civil and Environment Engineering are developed as
blocks of courses constituting basic components of pro-
grammes for various specialisations, it is going to be
relatively easy to implement the credit transfer system.
Examples of some blocks are presented in [1].

It is difficult to discuss education without mentio-

ning money and funding. It might be well worth

a subvention:
Quality of staff S
ot UBSIDIES
(scientific WOrkers) \—| \iinistry of National Education) |—b
4
Number of students +
National Research
0,
30 % the year before Committee (KBN) | calegoy ABCD |
+ GRANTS | Indirect costs |
CONTRACTS ¢
+
extramural courses,
postgraduate studies,
doctoral studies, —>| other |
expert's reports
+ * influence on:
| DEFICIT? |
salary | syllabus of studies |

v

| number of staff |

Fig 3. Algorithm of research and education financing at the University
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quoting data from two years ago, related to research
and implementation spending per capita in various coun-
tries: USA — 659 USD, Germany — 459 USD, Poland
— 41 USD.

The percentages of the Gross National Product we-
re accordingly 2.72; 2.50; 0.84. It forces the universi-
ties to accommodate their academic curricula to the con-
ditions of real life. It does not provide much motiva-
tion for implementing difficult reforms.

Governmental Universities in Poland live mainly
on the subsidies from the Ministry of Education. Fig 3
presents a way the financial algorithm of the Ministry
of Education operates, and the procedures of genera-
ting funds by the institutes and chairs of various facul-
ties. This also influences the economic position of fa-
culties, as well as the formation of academic curricula.
Namely, a subsidy is envisaged to be a source funding
of a branch of study. Consequently, establishing nume-
rous (and new) specialisations is very costly. It is most
“beneficial” to teach all seminars and classes within
one group of students. It results from the simulations
we have made that at the CE faculties (assuming the
cost consumption rate to be 2.5) a model structure (in
other words, the proportions between various academic
activities) is as follows: lectures 1, classes and exerci-
ses 0.4, laboratory classes 0.25, project work 0.5.

According to the author, the principles of the Mi-
nistry of Education algorithm may stand in a certain
contradiction with the system of studying based on cre-
dits, in other words, according to the system of taking

individual paths in the course of studies.

3. An overview of the situation in Construction
Engineering and Management specialisation and
post-graduate studies

A course in Construction Engineering (CE) and
Management is offered by 19 technical universities in
Poland. All those universities work along the lines of
a curriculum embracing CE. It can be best seen on the
example of a separate specialisation which, depending
on a university, has recently been given different na-
mes”. At the Technical University of Poznan it bears
the traditional name of Construction Engineering and

2 For example, at the Warsaw University of Technology:
Engineering of Building Processes.

Management (CE&M). At some universities this spe-
cialisation is aso offered as an extramural course (but
on the BSc level).

Extramural students in Poznan can only specialise
in structural engineering but it is interesting that the
graduates inquire about starting a MSc course namely
in the field of CE&M!

The CE&M Chair which is an integral part of the
Architecture, Civil and Environment Engineering Faculty
runs classes, first of all, in CE&M itself.

In the process of adapting to the Ministry of Edu-
cation algorithm, we have begun some serious reduc-
tions in curricula of the study courses.

At the time, the total number of hours of courses
(excluding the length of time devoted to research to-
wards MSc dissertation) was 3.900. The new curricu-
lum embraces 3.315 hours. The percentage share of

the three groups of subjects is as follows:

» general subjects 15,84%
e foundation subjects 51,88%
 specialist subjects 32,58%

Despite the reduction in the total amount of hours,
the number of specialist hours increased from 960 to
1080.

The CM (construction management) problems are
also dealt with at our Faculty within the framework of
a 3.5 year studies in Engineering, initiated in 1992,
within the TEMPUS JEP3757 programme.

The CE&M Chair co-operated with the Wielko-
polska Chamber of Construction which, within the
framework of the PHARE Fund, ran an extramural
Master course in Construction Management during
1997/98.

We also participate in teaching of MSc course for
the engineering graduates.

The CE&M staff fully participates in teaching at
the postgraduate (two-semester) course in Valuation of
Real Estate (established in 1997)*. The course is run
on a fee basis. It is taught by our staff, as well as by
the academic staff from other universities (the Univer-
sity of Agriculture and the School of Economics) and
by the Ministry lecturers and experts employed in real

life construction companies. At present, the third

3 A manager: Prof A. Skarzynski [2].
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consecutive recruitment is about to end. The numbers
of graduates were as follows: 36, 52 and 54. Such cour-
ses are taught in many academic centres throughout the
country.

We are offering another course of studies, though
touching upon similar problems: Real Estate Manage-
ment and Trading. It will also be a two-semester cour-
se. It is aimed at training prospective real estate mana-
gers and real estate agents trading in property. The Par-
liamentary Act obliges all applicants who want to ob-
tain professional licences in “Real Estate Management”
and “Real Estate Trading” to join and graduate such

an academic course.*

4. Research: problems and scope

Research at the Chair of CE&M is carried out
(and subsidised) mainly within the frameworks of grants
(statutory — DS and University — BW). The mecha-
nisms and influences of this kind of funding were pre-
sented during the last Vilnius Colloquium?®.

Recently, the scope of research has grown, and it
is particularly evident in such areas as: macro-organi-
sation, management, law, investment process, problems
of restructuring in building and developing companies.
The following publications may serve as a good exam-
ple [3-6].

The following phenomenon is to be observed: tho-
se problem areas are the result of a demand from const-
ruction practice, nevertheless the Research Councils at
the Civil and Construction Engineering Departments do
not look at all favourably into the question of presen-
ting PhD dissertations regarding the areas.

Another, quite a new trend in research, closely re-
lated to the subject area of the post-graduate courses
mentioned above, is the domain of real estate valuation
and management. We have already seen the first pub-
lications [7-9].

Traditionally, the strongest trend in research is mo-
delling and organisation of construction processes, inc-
luding the application of computers and artificial intel-

ligence. The survey of all those problems, a synthesis

* This course is organised by Dr D. Pawlicki.

5 The allocation of funds for the following year depends,
among other factors, on the number of publications in the
previous year.

of the research, and guidelines — also for prospective
PhD students — have been presented in a monograph
publication entitled “Modelling of construction proces-

ses. A managerial approach” [10].°

Dissertations

Two PhD dissertations have recently been presen-
ted at the Chair of CE&M. The abstracts and some
characteristic elements are given below.

a) Methodological aspects of multicriteria decision
aid in civil and construction engineering.’

This dissertation is a discussion of some chosen
issues and theoretical basis included in the methodolo-
gical and cognitive part of the research, as well as a
presentation of a system of ideas related to the metho-
dology of multicriteria decision aid. A review of mul-
ticriteria decision aid methods has been carried out,
and the author’s own classification of this group of
methods has been offered. The examples to date of
usage of those methods have also been quoted, relating
both to Polish and foreign civil and construction engi-
neering. The concept of multicriteria decision aid has
been accepted as a method of solving the selected de-
cision-making problems, as well as the appropriate cal-
culation and computation methods have been selected
and duly justified.

Three multicriteria decision problems have been
presented and discussed in the research section. The
problems pertained to selecting an appropriate order and
making a final assessment for a number of options re-
garding types of floors between storeys multi-layer ex-
ternal main walls in family type housing, and electro-
static flooring in an industrial building. Tests have be-
en performed, related to the assessment of acceptance
of multicriteria decision aid as a method for solving
the selected problems. A sensitivity range has been de-
fined for the selected methods, and such an analysis
for a chosen method has been performed — the ELEC-
TRE I method. A procedure has been proposed to

¢ Prof O. Kaplinski’s book was awarded a special award in
the Building and Construction Department 1998 compe-
tition at the Ministry of Administration and the Interior.

" The dissertation was written by Dr T. Thiel [11-12]. It
was submitted in 1997. In 1998 the dissertation was gran-
ted an award in the Building and Construction Department
competition at the Ministry of Administration and the In-
terior.

390



Choice

Concrete mixer

> DATA BASE
of crane [ Crane ] [ SILO ] W
Arrangement Steel fixors External
C diti
Of '[hE_,‘ set Of - p?;g:;e Plasterers [W conditions
objects [ ][ ]
Analysis -
of team work EXPERT
> * user’s preferences control KNOWLEDGE BASE
. * flow line method
Graphic * heuristics
schedule / \ /
Multi-criterial Technplotgicall- Design rules
analysis organizationa
rules v
\ 4 .
Time _ Technological
Technological cycle| 1| and
control in time T
organizational
_____ ) 4 v
v Production unit
CONSTRUCTION o VARIOUS UNITS
TECHNOLOGY SIICIENGY A4 /
d
DOCUMaEnNTAT|0N N\ PROCEDURE
RULES

User’s interface

INFERENCE MECHANISM

Fig 4. A general architecture of the expert system for

ensure the appropriate development of the process of
assisting decision-making, and this procedure has been

used to solve the selected decision-making problems.

b) Rule-based knowledge in the system supporting
the design for building grain silos erected by the
slip method.®
The dissertation presents an expert system control-

led by user’s references, supporting the design for buil-
ding grain silos erected by the slip method. The sys-
tem is used in monolithic technologies (c.f. [13—17]).

The problem consists in such an arrangement of

resources that will enable engineers to erect silo walls

at a determined rate. The task takes into account the

8 The dissertation was written by Dr M. Hajdasz. It was

submitted in December 1999. The dissertation has been
granted a special nomination by the Department Council.
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construction design of monolithic silos

following factors: concrete casting time, external con-
ditions, the dynamic character of the construction pro-
cess (the structure grows with time). The objects, in
this case a slip form, silo batteries, cranes, concrete
mixers and teams of workers, form a complex system.
The purpose of the expert system 1is to determine
the set of objects that may provide the optimum value
with respect to many criteria, and therefore a multicri-
terial analysis is called upon.

A general architecture of the expert system in qu-
estion is presented in Fig 4. Within the expert system,
we may distinguish the following units: database, know-
ledge base, inference engine, a user interface. A rule
of knowledge representation has been chosen. Due to
the specific character of the domain, two kinds of ru-

les are now distinguished: microrules, which describe
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Fig 5. State graph (according to [12])

the technological-organisational processes, and macro-
rules that control the design process.

The system is assembled from numerous units.
They are integrally involved in the system. Some of
these units can be used separately, eg the procedure of
accepting a crane, the program analysing the organisa-
tion of work teams, the unit arranging the set of ob-
jects, the programme preparing graphic schedules, the
unit performing the multicriterial analysis.

An interesting unit labelled “choosing the strate-
gies” is presented below (according to [15]). The ex-
pert’s reasoning was followed in the course of desig-
ning the system at hand. The structure of the decision

tree refers to the experts’heuristicc knowledge, but com-

START

Bt Ty
| I chisrag

o\

[Provide valae” [Provics sceae|

"
¥

mon design rules are also included. The state graph
reflects the logical structure of the computer system
and comprises a wide spectrum of problems of various
degrees of detail: from the building strategy of the who-
le construction to such details as the organisation of
the activity of workers’ teams. There are many strate-
gies at our disposal. A specific strategy is chosen fol-
lowing the user’s preferences which are passed to the
system in a dialogue session. A special mechanism was
designed to search over the state space.

An example of the range of problems receiving
attention is shown in Fig 5. Upper levels of the graph
deal with so-called principal strategies in the erecting

a construction. These strategies are, for example,
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keeping to the determined time of completion of vario-
us stages, maximum efficiency in utilising production
resources, work kept within a constant daily rhythm.
On next level of the decision tree there are set ques-
tions concerning the concrete curing time (and it influ-
ences the height of a single concrete layer). Next qu-
estions concern the teams of workers (are their number
and the way they are organised in time or not?). Final-
ly, on the lowest level, a multicriterial analysis is per-
formed, and the optimum variant is found. The buil-
ding process dynamics is inherently dealt with by the
system. The system looks into objectives, resources, re-
garding both the technology and organisation of the
work.

Other research

Presently, other research goes on looking into the
issues of modelling economic phenomena and mana-
ging databases, with a strong stress on utilising compu-
ter sciences. Two subjects related to this research are
discussed below.

The first subject is focused on developing and im-
plementing the knowledge related to multidimensional
analysis of information stored in new generation data-
bases, all within the area of construction engineering,
utilising some elements of optimisation and artificial
intelligence. The research is aimed at arriving at a mul-
tidimensional, multimedial consultation system used in
the so-called on-going investment and building process.
It may be practically applied in managing the mainte-
nance of road networks in urban areas.’

The second subject is closely linked with the pro-
blems of management in engineering and construction
projects. The issue of cash receipts and expenditure,
and their interrelations, have been particularly well high-
lighted. Looking from such a point of view, the way
cash receipts and capital expenditure is distributed, has
become a vital criterion of correctness of the itinerary
(and, in consequently, a true measure of good manage-
ment in a project and in a company). If we look at the
problem from the analytical aspect, it is obvious that
the stress is mainly laid on specialist software used in

managing businesses and companies (time-tabling and

® This research will be concluded with a PhD dissertation to
be submitted by A. Fojud (MSc, Civ. Eng.) [18-20]. Re-
cent publications in the subject area are: [9],[10] and [13].

-

SELECTIVE “LEVELING”

DiSLOCATION OF CASH EVENTS*

according to:
* PRIORITIES
e ASAP/ALAP

(* usual tasks -
# unleveled)

FORECASTING - FUTURE INCOME

-

FuLL “LEVELING” OF TASKS

according to:

* RESOURCE RESTRICTIONS
¢ AVAILABILITY OF MONEY

Fig 6. Idea of capital expenditure and receipts analysis

in CM
designing itineraries), and a calculation spreadsheet
(being the tool which widens the data analysis spec-
trum). The idea reflecting full analysis of cash receipts
and expenses within the computer software is presen-
ted in Fig 6. Three main aspects of accounting for funds
are pointed at in the research:

— periodical accounting,

— accounting and summing up upon conclusion of
construction work,

— accounting in the case of known dates of pay-
ments and amounts. This aspect of accounting is a no-
velty in the research.!

It is well worth noting that this type of research
has also been transferred into the realm of the MSc
degree.

We should note that part of the research work is
related to international collaboration, for example with

France [21], Ukraine!', Denmark'? and first of all with

10 Research in the subject area is carried out by Mr. T. Wiatr
(Msc, Civ.Eng.) [22].

I Dolotov A. and Sadovskij V. Integrated information sup-
port system for design & redlization in housing construc-
tion // MKIL, No 3, 1997, p. 79-87.

2. Anderson T. and Gaarlev A. Priorities in construction IT
research // MKIL, No 4. 1999, p. 35-45.
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our colleagues from Lithuania. We have recently seen
one joint publication [23], and a number of publica-
tions have come out thanks to our colleagues from Vil-
nius [7], [9] [14], [24] and [25]. What highlighted the
Poznan academic circuit was sending a personal invi-
tation to Prof O. Kaplinski to participate in the Inter-
national Seminar on Construction Management, an event
limited by the presence of guests from New Zealand,
Canada, the USA, the UK, and Denmark (c.f. [1]).

5. Conclusion and final remarks

Recent economic changes and the fact that a dif-
ferent kind of market, catering for different economic
needs has emerged, resulted in a different outlook on
the issue of management in technical universities. If, in
the past, subjects related to management were tackled
in this way or another, they were limited to the orga-
nisation of processes on the building site, while com-
pany management issues were taught at the Schools of
Economics. Nowadays, these questions are coming up
at our university, but it is still not possible to write a
“pure” PhD thesis on CM (construction management).
Such dissertations written here are expected to have a
technological bias.

One should express satisfaction of the reinstate-
ment of such courses as Laws of Economy, Construc-
tion Laws, Safety and Security Regulations. Following
a request of the students, we have recently introduced
a course, within the block of optional courses, on ca-
pital markets.

According to the author, in the long range, such
issues as:

— Robotics (and first of all organisation of const-

ruction processes carried out by means of robots),

— Expert Systems (ways of making use of and
ways of gathering data for databases and knowledge
bases) should be introduced into the academic curricu-
la on the CE.

Obviously, the scope and duration of classes de-
voted to “traditional” issues, such as feasibility studies,
tender procedures, contracts, should be made much wi-
der.

All manners of courses related to property valu-
ation have recently become very popular in Poland. The-

se problems of “Ownership Restructuring and Residen-

tial Resources Management” should constitute a new
and separate course in the curriculum.

According to the author, the post-graduate course
on “Estimation of Real Estate”, mentioned above, should
be made into a new specialisation called “Real Estate
Management”. It does not need to be a five-year cour-
se but a 3.5 year course crowned with an engineer
BSc degree. This is how a specialisation counterpart of
such areas of study in the UK as: Estate Management,
Quality Surveying, Building Surveying, can be establis-
hed.

In the context of the above-mentioned suggestions,
the previous, traditional specialisation in the CE&M
should embrace two profiles of final projects and di-
plomas:

— Building Rehabilitation,

— Construction Management and Economics.

Making management less centralised and local aut-
horities stronger has resulted, according to the author,
in a need of establishing a new professional speciali-
sation. It would be called “Communal Engineering”, and
such a specialist would be a mayor’s assistant, profi-
cient in two areas:

— management (including CM),

— technical skills, such as environment protection,
local transport, waste processing, and so on.

Assessing the research carried out directly at the
Chair of CE&M, it should be said that widening the
spectrum of research, ie adding such issues as econo-
mics of building and construction, construction law, or-
ganisation and management in the investment process,
is something quite positive. There is no doubt that we
ought to contribute much more in order to balance this
problem area (and render it acceptable) so that it may
be equal in weight to the traditional scope of promo-
tion work carried out at academic institutions where
Construction and Civil Engineering is taught.

Judging by the assessment to date, the academic
standard of PhD dissertations on modelling and imple-
mentation of computer sciences presented at the Chair
of CE&M is very high.

The form of supporting research by the Commit-
tee for Scientific Research (KBN), indeed, deserves pra-
ise. Too little research work, though (in spite of its
low cost), is directly commissioned by the industrial
sector.
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EFFICIENCY INCREASE IN RESEARCH AND STUDIES WHILE APPLYING
UP-TO-DATE INFORMATION TECHNOLOGIES

E. K. Zavadskas, A. Kaklauskas

Vilnius Gediminas Technical University

1. Introduction

The Department of Construction Technology and
Management at the VGTU has achieved certain results
in the fields of research and studies during the period
of 1997 to 2000. Six Doctoral students (G. Ambrasas,
A. Banaitis, N. Kvederyté, S. Jakucionis, V. Sarka ir
V. Maliené) defended their Doctoral dissertations [1—
6]. A. Kaklauskas defended a dissertation of Doctor
Habilitatis under the guidance of Prof E. K. Zavadskas.
Research activities took place at the Department in the
following five major fields:

1. Development of a model for a complex analysis
of a building life cycle [7-13];

2. Development of methods of multiple criteria ana-
lysis [14-24];

3. Development of multiple criteria decision support
systems [25-37];

4. Total life analysis, modelling and forecasting
construction in Lithuania [38-51];

5. Efficiency increase in of e-commerce systems ap-
plying multiple criteria decision support systems
[52-56].

The study process also experienced changes. They
were related to the implementation of up-to-date infor-
mation technologies [32, 33, 57] in the process of stu-
dies. The following study programmes were available
in the Department within the described period:

* Bachelor degree (Construction Management (spe-
cializations: Construction Technology and Mana-
gement, Construction Economics) and Property Ma-
nagement) study programmes.

* Engineer degree (Construction Economics) study
programme.

* Master degree (Construction Management (specia-

lizations: Construction Technology and Manage-

ment, Construction Economics) and Property Ma-

nagement) study programmes.

Since 1999 the distance (Internet) Master degree
studies “Property Management” have been introduced
in the Department, and Master degree studies “Const-
ruction Economics” from 2000 as well.

245 students will finish the above programmes at
the Department in 2001.

Increasing efficiency of the study process is desc-
ribed from various perspectives in numerous publica-
tions by Prof E. K. Zavadskas [58-82].

Further the article contains a brief description of
the above-mentioned achievement in research and stu-
dies within the period of 1997 to 2000.

2. A model for a complex analysis of a building life
cycle

Research into a building life cycle aimed to inc-
rease its efficiency being achieved in the world may
be classified in different ways:

¢ the investigations aimed at solving relevant pro-
blems of a particular stage of a building life cycle
(ie brief, design, construction, maintenance, facili-
ties management, demolition);

¢ the investigations handling a certain problem
through the whole life cycle of a building;

* the investigations aimed to increase overall effi-
ciency of a life cycle of a building;

* the investigations aimed to increase the efficiency
of a life cycle of a building or its particular stage
by applying recent achievements of IT and the In-
ternet.

The research work carried out by Professors
E. K. Zavadskas and A. Kaklauskas refers to the first
and the third group listed above. It should be noticed

397



that the researchers from various countries engaged in
the analysis of building life cycle and its stages did
not consider the research object being analyzed by the
authors of the present investigation. The latter may be
described as follows: a life cycle of a building, the
parties involved in its design and realization as well as
micro-, meso- and macroenvironment having a particu-
lar impact on it making an integral whole. A complex
analysis of the research object formulated was made
with the help of new methods multiple criteria project
analysis developed for this particular purpose. Today,
the authors, in cooperation with the colleagues, are car-
rying out a research referring to the fourth group of

the classification given above.

In order to design and realize a high-quality pro-
ject, it is necessary to take care of its efficiency from
the brief to the end of service life. The entire process
must be planned and executed with consideration of
goals aspired by the participating the interested parties
and micro-, meso- and macrolevel environment.

In order to realize the above purposes an original
model of a complex analysis of a building life cycle
(see Fig 1) was developed enabling to analyze a buil-
ding life cycle, the parties involved in the project as
well as its micro-, meso- and macroenvironment as one

complete entity.

A research object

Micro-, meso- and macrolevel environment

Financing institutions

Facilities management organisations

State and state organisations

v v v v v v
Briefl Design | Construction | | FM | Demolition
Clients
Users
Designers
Life cycle of a building
Contractors >

A A A

A A A

Micro-, meso- and macrolevel environ

v

‘ Multivariant design of life cycle of a building ‘

v

‘ Multple criteria analysis of life cycle of a building ‘

v

‘ Selection of the most rational version of life cycle of a building ‘

v

Development of rational micro-, meso- and macrolevel environment

v v v

\ v v

Determination of rational processes
and their constituents parts

Brief| Design |

| Demolition

Realization of purposes of the interested parties
(clients, users, designers, economists, contractors,
maintenance engineers, building material

Rational life cycle of a

manufacturers, suppliers, contractors, financing bu]ldlng
institutions, local government, state and state >
organisations) involved in the life cycle of a building

4 4 A A A

Development of rational micro-, meso- and macrolevel environm

Fig 1. A model for a complex analysis of a building life cycle
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A model for a complex analysis of a building life  Development of a complex database based on qu-

cycle was being developed step by step as follows (see antitative and conceptual description of the rese-
Fig 1): arch object;

* A comprehensive quantitative and conceptual desc- ¢ Development of new methods of multiple criteria ana-
ription of a research object; lysis to carry out multivariant design of a building

* Multivariant design of life cycle of a building; life cycle, to determine the utility degree of the al-

* Multple criteria analysis of life cycle of a building; ternative versions obtained and set the priorities;

* Selection of the most rational version of life cycle e Creation of a multiple criteria decision support sys-
of a building, development of rational micro-, me- tems to be used in computer-aided multivariant de-
so- and macrolevel environment. sign of a building life cycle, determining the uti-
A practical realization of a model for a complex lity degree of the alternative versions obtained and

analysis of a building life cycle was being developed setting the priorities;
step by step as follows (see Fig 2): * Analysis of micro-, meso- and macrolevel environ-

* A comprehensive quantitative and conceptual desc- ment factors influencing a building life cycle and
ription of the life cycle of a building, its stages, possibilities to alter them in a desired direction.
the interested parties and environment; The results obtained in the above research may be

found in the authors’ publications [7-13].

Economic Infrastructural Legislative
Technical “4—  Project aspects being evaluated - Social
e v
Technological Quality (architectural, aesthetics, comfortability)

A comprehensive quantitative and conceptual description of the life cycle
of a building, its stages, the interested parties and environment
v

Digital \ T:xt / Formula
Drawings - Presentation of data —> Videotapes

Graphical (diagrams, schemes, graphs, etc)

v

‘ Development of a complex database ‘

v

‘ Development of new methods of multiple criteria analysis ‘
v

Multiple criteria decision support systems developed for a building
life cycle and its stages as follows

v
Development of rational micro-, meso- and macrolevel environment

v v v \ v v

Determination of rational processes
and their constituents parts

Brief | Design | | Demolition
Realization of purposes of interested parties (clients,
users, designers, the economists, contractors,
maintenance engineers, building material Rational life cycle of a
manufacturers, suppliers, contractors, finansing building

institutions, local government, state and state
organisations) involved in the life cycle of a building

A A A s A A

Development of rational micro-, meso- and macrolevel environm

v

Fig 2. Practical realization of a model for a complex analysis of a building life cycle
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3. Proposed methods of multiple criteria analysis

New methods for performing multiple criteria ana-
lysis of the research object chosen have been develo-
ped by the authors: a method of complex determina-
tion of the significances of the criteria taking into ac-
count their quantitative and qualitative characteristics;
a method of multiple criteria complex proportional eva-
luation of the projects; a method for defining the uti-
lity and market value of an object; a method for mul-
tiple criteria multivariant design of a building life cyc-
le; methods of multicriteria decision synthesis.

In order to select the best project, it is necessary,
having formed the grouped decision-making matrix, to
perform the multiple criteria analysis of the projects.
This is done by comparing criteria numerical values
and significances and analyzing the conceptual infor-
mation of the investigated project. The life cycle of an
investigated project can be described only on the basis
of a criteria system comprising many criteria with dif-
ferent meanings and dimensions. Such variety of crite-
ria makes it difficult to compare the projects directly.
One of the major tasks in solving the above problem
is to determine the significances of the criteria. It is
most commonly done by means of expert methods.

Theoretical and practical aspects of expert met-
hods in construction were dealt with in various rese-
arch papers by D. Arditi [83], E. A. Chinyio [84],
A. Gusakov [85], L. G. Evlanov [86] and others. Ha-
ving determined the significances of criteria by expert
methods, we learn how much one of the criteria is mo-
re significant than another one. However, having deter-
mined by these methods the significances of quantita-
tive criteria (cost of plot and building, maintenance
costs, construction time, etc), we do not find out eve-
rything we need. For instance, values of quantitative
criteria in this case are not fully evaluated. A new met-
hod for complex determination of the significance of
the criteria taking into account their quantitative and
qualitative characteristics was developed. This method
allows to calculate and coordinate the significances of
the quantitative and qualitative criteria according to the
above characteristics. In this case all the significances
of qualitative and quantitative criteria are coordinated
exactly at the same time.

V. M. Ozernoy [87] presented a number of multip-
le criteria decision-making methods to be used in sol-

ving discrete alternative problems: weighting methods
(MacCrimon), multiattribute utility theory (Keeney and
Raiffa), measurable value theory (Dyer and Sarin), ana-
lytical hierarchical method (Saaty), weighted-additive
evaluation function with partial information (Kirkwood
and Sarin), multiattribute method with incomplete in-
formation (Weber), pairwise comparison of alternatives
with ordinal criteria (Koksalan, Karwan and Zionts),
simple multiattribute utility method (Einhorn and McCo-
ach), Electre I, I and III (Roy and Vincke). Each of
these methods actually represents a family of methods
with similar characteristics. For example, the family of
weighting methods contains at least nine different met-
hods [87]. A. Goicoechea [88] analyzed the following
multiple criteria decision-making methods: utility func-
tion assessment (Keeney), compromise programming
(Zeleny), Electre (Roy, Duckstein), surrogate worth tra-
de-off (Haimes), multiobjective Simplex (Yu, Zeleny),
method by Zionts, Wallenius, Ariadne (Sage, White),
probabilistic trade-off development, Protrade (Goicoe-
chea, Duckstein) goal programming (Lee, Ignizio). The
researchers as E. K. Zavadskas, A.Karablikovas,
V. Kriukelis, H. Nakas, R. Sakalauskas, J. R. Simkus
[89], G. Geoffrey, P. Goodwin, G. Wright [90] etc also
contributed to the solution of these problems. A new
method of multiple criteria complex proportional eva-
luation of the projects enabling the user to obtain a
reduced criterion determining complex (overall) efficien-
cy of the project was suggested by the authors. This
method assumes direct and proportional dependence of
significance and priority of investigated versions on a
system of criteria adequately describing the alternatives
and on values and significances of the criteria. The
system of criteria is determined and the values and ini-
tial significances of criteria are calculated by experts.
All this information can be corrected by the interested
parties (customer, users, etc) taking into consideration
their pursued goals and existing capabilities. Hence, the
assessment results of alternatives fully reflect the initial
data jointly submitted by experts and the interested par-
ties.

In order to find what price will make an object
being valuated competitive on the market, a method of
determining the utility degree and market value of ob-
jects based on the complex analysis of all their bene-

fits and drawbacks was suggested. According to this
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method, the objects utility degree and the market value
of an object being estimated are directly proportional
to the system of the criteria adequately describing them
and the values and significances of these criteria.

A new method of multiple criteria multivariant de-
sign of a building life cycle enabling the user to make
computer-aided design of up to 100,000 alternative pro-
ject versions was developed. Any building life cycle
variant obtained in this way is based on quantitative
and conceptual information.

The results obtained in the above research may be

found in the author’s publications [14-24].

4. Multiple criteria decision support systems

Construction is characterised by a rather low pro-
ductivity and a high fragmentation compared to other
branches of industry. Much attention, efforts and time
are paid by researchers, engineers and politicians of
various countries to eliminate these disadvantages. Va-
rious researchers [91-99] developing expert and deci-
sion support systems are currently working on these
problems at the levels of construction industry, particu-
lar organisations and projects.

According to the classification of investigations ma-
de in the field of building life cycle, aimed at increa-
sing its efficiency, which was given in Chapter 2, ex-
pert and decision support systems used in construction
may be divided into four groups.

The analysis of expert and decision support sys-
tems used in construction which were developed by re-
searchers from various countries helped the authors to
create multiple criteria decision support systems of their
own. The systems developed by the authors in coope-
ration with their colleagues differ from others in the
use of new original methods (presented in Chapter 3)
and the object of investigation (presented in Chapter
2). Researchers from various countries involved in the
analysis of a building life cycle and its components as
well as handling the problems of their design did not
touch upon the topic making a research object of the
authors, ie life cycle of a building, the parties interes-
ted in the project and micro-, meso- and macroenviron-
ment factors as an integral whole.

Decision support systems developed by the aut-

hors of the present research belong to the first, second
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and third group of the classification of these systems.
Multiple criteria decision support systems developed for
a building life cycle and its stages as follows: multiple
criteria analysis of a building life cycle and its stages,
multivariant design and multiple criteria analysis of re-
furbishment of residential houses, multiple criteria ana-
lysis of construction projects, project total quality ana-
lysis, etc

The results obtained in the above research may be

found in the author’s publications [25-37].

5. Total life analysis, modelling and forecasting
construction in Lithuania

The trends of construction industry development
were investigated by researchers from various countries
in a conceptual form. For example, according to
R. C. Harvey [100, 101], past, present and future const-
ruction is closely connected with major economic indi-
ces of the state, such as total domestic product, state
expenditures, consumer expenditures, fixed investment,
average earnings, retail prices, disposable income, inte-
rest rate, etc To prove this idea R. C.Harvey [100,
101] presents some conceptual material. A. Akintoye
[102] analyzed the relationship between cost of const-
ruction in the UK in 1974-90 and 23 economic factors
(ie rate of pound and unemployment, volume of const-
ruction, total domestic product, actual interest rate, in-
come per capita, company’s taxes, number of private
contractors, etc). The above analysis was made in tex-
tual, numerical and graphical forms, yielding diverse
results. Researchers from Salford university [103] ana-
lyzed (in 1955-94) and predicted (since 1994) the in-
vestment in the UK construction, volume of construc-
tion, number of workers employed in this branch, as
well as investigating the relationships between various
factors. R. H. Barnard [104] and P. H. Hillebrandt [105]
studied the relationship between the demand for const-
ruction products and the economic situation and social
and economic policy of the state. G. Briscoe [106] ana-
lyzed the relationship between interest rate and state
support in dwelling purchasing by the inhabitants, etc
and the investment in construction. R. C. Harvey [101]
studied the effect of amalgamation of building firms
on the increase in construction efficiency. P.H.Hilleb-

randt [105] described some ways of increasing the



export of construction products, while S. Chapman and
C. Grandjean [107] considered the ways of harmoni-
zing the activities of construction specialists in the EU,
publishing some guidelines in this sphere [108-110].
As it can be observed, researchers from various coun-
tries use conceptual and quantitative forms of analysis
while studying the effect of certain factors on the ef-
ficiency of construction industry. However, the papers
mentioned did not deal with a complex approach to
construction industry taking into account economic, tech-
nical, technological, quality, infrastructural, legislative,
social and other factors. The authors of the present
investigation was trying to fill this gap by basing his
work on all of the above factors.

The life cycle process model of efficient construc-
tion industry suggested by this research is based on
presumption that the efficiency of construction industry
depends on many micro-, meso- and macrolevel va-
riables. The presence of specific macro, meso- and mic-
ro-level variable factors right away imposes objective
limitations for efficient activities of construction indust-
ry. The construction industry, in presence of these ob-
jective limitations, tries to perform its functions in their
bounds with utmost efficiency. For instance, organisa-
tions, depending upon certain micro-, meso- and mac-
rolevel environment, would do their best to look for
activities in such fields of construction industry as de-
signing, production of building materials, tools and me-
chanisms, construction of dwelling houses, thermal re-
furbishment of buildings, supply, etc, and in geograp-
hic locations including the capital, various towns and
districts of the country, rural districts, etc as well as
working and with the interested parties the goals of
which would find maximum satisfaction. Advanced or-
ganisations, basing themselves on this assertion, are try-
ing to create for themselves rational environmental and
operating conditions in order to achieve the best satis-
faction of customers’ needs, to win better reputation
and to earn more profit. Therefore, basing oneself on
main development trends of construction industry in ad-
vanced industrial countries, it is possible to issue re-
commendations on the increase of efficiency of transi-
tion construction industry in Lithuania. When rational
variable micro-, meso- and macrolevel factors determi-
nes for Lithuania have been realized, they should cre-
ate better and more favourable conditions for efficient

realization of construction industry’s projects.

The research aim was to produce an analytical mo-
del of the rational construction industry in Lithuania
by undertaking a complex analysis of micro-, meso-
and macroenvironment factors affecting it and to give
recommendations on the increase of its competitive abi-
lity. The research was performed by studying the ex-
pertise of advanced industrial economies and by adap-
ting it for Lithuania, taking into consideration specific
history, development level, needs and traditions. Simu-
lation was undertaken to provide insight into creating
an effective environment for the construction industry
by choosing rational micro-, meso- and macrofactors.

The organisations of construction industry cannot
correct or alter the micro-, meso- and macrolevel va-
riables, but they can go into the essence of their effect
and take them into consideration when realizing vario-
us projects. Organisations, knowing the micro-, meso-
and macrolevel factors affecting the projects being re-
alized, can organise their present and future activities
more successfully.

Based on the above considerations, it is possible
to propose a life cycle process model of an efficient
construction industry on the basis of the performed se-
arch for a rational variable environment for Lithuania
(ie seek to explore ways of harmonising the relations-
hip between Lithuanian construction in transition and
its environment). Upon completion of such a model,
the interested parties by taking into consideration the
existing limitations of micro-, meso- and macrolevel en-
vironment and the existing possibilities, will be able to
use their resources in a more rational manner.

This research seeks to explore ways of harmoni-
sing the relationship between the transitional Lithua-
nian construction and its environment. The research inc-
luded the following stages presented in Figure 3.

The results obtained in the above research may be
found in the authors’publicationss [38-51, 111-113].

6. Efficiency increase in efficiency of e-commerce sys-
tems applying multiple criteria decision support sys-
tems

Many systems of electronic commerce are proces-
sing and submitting just the economic information for
decisions, and applying economic models as well. Ho-

wever, the alternatives under consideration have to be
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Description of the current state of the transition construction in Lithuania

Determination and description of micro-, meso- and macrolevel factors affecting the efficiency of con-
struction industry. Determination of some systems of criteria describing micro-, meso- and macrolevel
factors and their effect on construction industry

v

Analysis of mutual effect of macrofactors and their influence on the efficiency of construction industry.
Description of factors shaping the structural transformation of transition economies

v

A fragment of conceptual description of existing situation of construction industry in Lithuania and
advanced industrial economies

v

A fragment of quantitative description of existing situation of construction industry in Lithuania and

advanced industrial economies

Determination of common regular features of micro-, meso- and macrolevel factors and development
trends in advanced industrial economies

v

Determination of efficient variable micro-, meso- and macrolevel factors in construction industry of
Lithuania, basing oneself on specific conditions of Lithuania

v

Determination of an efficient environment of micro-, meso- and macrofactors

v

Working out an analytical model of Lithuanian construction development

v

Production of recommendations for the improvement of the efficiency in Lithuanian construction in-

dustry by way of economic reform and integration to the EU

Fig 3. Main stages of working out an analytical model of Lithuanian construction development

evaluate not only in economic position, but taking into
account the qualitative, technical and other characteris-
tics, too. For example, the analysis of property is be-
ing usually performed taking into account economic,
quality (architectural, aesthetic, comfortability), infra-
structural, technical, legal, technological, social and ot-
her factors. Therefore, the efficiency of e-commerce may
be increased applying the multiple criteria decision sup-
port systems. This chapter is intended to provide how
application of multiple criteria decision support systems
developed by the authors could increase the efficiency
of e-commerce of construction materials and property.
The suggested systems are better compared with other
online systems, because the intelligent agents here are
comparing a number of alternatives different parame-
ters with each other.

This chapter also includes a short description of
the interested parties that could apply suggested sys-
tems in their activities and capabilities of systems.

6.1. Efficiency increase in e-commerce construction

materials systems

Many e-commerce systems are seeking to find out
the most economic decisions, ie most of all they are
intended only for economic objectives. However, the
alternatives under evaluation have to be regarded not
only in economic position, but taking into considera-
tion the qualitative, technical and other characteristics
too. For example, the analysis of alternative construc-
tion materials is being usually performed taking into
account price, discounts given, thermal insulation, sound
insulation, harmfulness to human health rate, aesthetic,
weight, technical specifications, physical and moral lon-
gevity and other factors. Alternative solutions allow for
more rational and realistic assessment of economic, tech-
nical conditions and traditions and for better satisfac-
tion of architectural, comfort, maintenance and other
customer requirements. Their application also enables

to cut down project costs.
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E-commerce implementation may not be followed
by sales. For example, let’s look at some of the early
Web sites for air ticket sales. They often served only
as information providers for those who shop for the
lowest discount airfares. Such shoppers leave the site,
without any purchase, after collecting the information.
In a sense, the similar situation is in Lithuania at the
moment. There are various reasons (incompletely ar-
ranged legislative base, a comparatively small part of
society uses information technologies, and, in order to
start e-commerce, considerable initial investments are
needed, there is a lack of experience in e-commerce
practical activities) predetermining that at the moment
it is not useful to apply e-commerce in Lithuania, in a
volume being used in the developed countries. For
example, electronic procurement systems, which inclu-
de top-tier features like application programming inter-
faces to existing legacy systems with the ability to hand-
le different communication among multiple suppliers,
can range from $250,000 to $2 million. With such high
start-up costs expected and the current limitations of
software packages, making a decision on buying versus
building is critical. Therefore it is more efficient to
apply search and multiple criteria analysis decision sup-
port systems in Lithuania. Following the mentioned and
other ideas the authors have developed Consumer Mul-
tiple Criteria Decision Support (CMCDS) system.

The proposed CMCDS system can be valuable in
the following important ways: to help customers assess
their needs, to identify suitable offers to fulfil needs,
to compare and evaluate offers, to match a particular
offering with the customer in an attempt to get the
‘best deal’ for the customer, to help customers evalu-
ate the usefulness of the product in the after-purchase
evaluation stage. In general, the proposed system cre-
ates greater convenience and better choices for buyers
in the purchase process.

A general purchasing decision-making model for
consumers includes five principal stages: demand iden-
tification, information search, and evaluation of alter-
natives, purchase and delivery, and after-purchase eva-
luation. Efficiency of some above-mentioned stages may
be increased applying the CMCDS system for e-com-
merce of construction materials, which is suggested by
the authors. How is such a process viewed in cyber-

space?

Now the developed CMCDS system allows per-
formance of the following functions:

1. Search for construction materials. A consumer
may perform a search of alternatives from catalogues
of different suppliers and producers. It is possible ba-
cause the forms of data submission are standardized in
a specific level. Such standardization creates the con-
ditions to use special intelligent agents performing se-
arch of the required construction materials in various
catalogues, and gathering information about them. One
or several regions may limit such search.

2. Finding out alternatives and making compara-
tive tables. Consumers specify requirements and const-
raints and the system queries the information of a spe-
cific construction materials from a number of online
vendors and returns a price-list and other characteris-
tics that best meets their desire. The system performs
the tedious, time-consuming, and repetitive tasks of se-
arching databases, retrieving and filtering information,
and delivering it back to the user. Results of search of
a specific construction materials are submitted in tab-
les, which may include direct references to a Web pa-
ge of a supplier or producer. By submission such a
display, the multiple criteria comparisons can become
more effectively supported.

3. Alternatives evaluation stage (multiple criteria
analysis of alternatives and selection of most efficient
ones). While going through the purchasing decision pro-
cess a customer must examine a large number of alter-
natives, each of which is surrounded by considerable
amount of information (price, discounts given, thermal
insulation, sound insulation, harmfulness rate to human
health of materials, aesthetic, weight, technical specifi-
cations, physical and moral longevity, etc). Following
on the gathered information the priority and utility de-
gree (utility degree is directly proportional to the rela-
tive effect of the values and significances of the crite-
ria considered on the efficiency of the alternative) of
alternatives are being calculated. It helps consumers to
decide what product best fits their requirements.

The after-purchase evaluation stage. A consumer
evaluates the usefulness of the product in the after-

purchase evaluation stage.
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6.2. Increase of efficiency of e-commerce property

systems

Property decision support (PDS) system home pa-
ge (http://193.219.145.99) has links to other Web pa-

ges:

e Theory Web page

(http://193.219.145.99/PROJ2/ TEORIJA/teorijal.htm).
It includes the theory suggested by authors follo-
wing on that the models of model-base have been

developed.

e User guide for work with system Web page
(http: //193.219.145.99/proj2/help2.pdf). With assis-
tance of this guide it is quite simple to use system

in practice.

* Description of system aims and capabilities Web
page (http://193.219.145.99/proj2/helpl.pdf). This

Web page includes a short description of the in-

terested parties that could apply system in their

activities and capabilities of system.

* Commercial property Web page
(http://193.219.145.99/PROJ2/PARDUOT/
parduot.htm).

* Dwellings Web page (http://193.219.145.99/PROJ2/
NAMAI/namai.htm).

e Farmer’s homestead estates Web page
(http://193.219.145.99/PROJ2/SODYBOS/sody-
bos.htm).

These links are presented in underline text. See-
king to explore the link, click the underline place. While
further development of PDS system it is provided to
expand a database (above Web pages) with other types
of property.

Presentation of information in commercial proper-
ty, dwellings, farmer’s homestead estates and other ty-
pes of property Web pages may be in conceptual (di-
gital, textual, graphical, photographical, video) and qu-
antitative forms. Thus, quantitative information presen-
tation involves criteria systems and subsystems, units
of measurement, values and initial significances fully
defining the variants provided. Quantitative information
of property is submitted in a form of grouped deci-
sion-making matrix, where the columns mean n proper-

ty under valuation, and rows include quantitative infor-

mation. Conceptual information means a conceptual
description of the property, the criteria and ways of
determining their values and significances, etc Concep-
tual information is needed to make more complete and
accurate valuation of the property considered. In this
way, system enables the decision maker to get various
conceptual and quantitative information on property from
a database and a model-base allowing him to analyze
the above factors and make an efficient solution.

Capabilities to use the PDS system in practice are:

* Property valuation in various aspects (ie determi-
nation of market value, value in use, investment
value, etc).

* Valuation of factors affecting value of property (for
example valuation of property location, property
depreciation, etc).

* Determination of the highest and best use of a pro-
perty.

While further development of PDS system it is
provided to expand a database of property, to create
possibilities to perform property assignment operations
(rent, lease, donation, purchase-sale, etc) and payment,
payment control, to receive information about the state
of personal account of a customer (checking of availa-
bility of the required amount of money in account), to
perform information exchange (announcement board, dis-
cussions forums, advertising, e-mail box, articles, other
information). Since the information on offered property
subject on regular changes, therefore the up-to-date in-
formation should be searched in Web pages of brokers
and other interested in groups. Thus it is envisaged to
submit references to Web sites of the interested par-
ties. Moreover, it is foreseen to place information on
activities of property appraisers, brokers and other in-
terested parties, various announcements, notices, infor-
mation of market situation, its changes and future pro-
spects, information bulletins issued, other up-to-date in-
formation for users’attentionn.

The results obtained in the above research may be

found in the authors’ publications [52—56].

7. Property management postgraduate Internet stu-
dies

Unprecedented and large-scale transformations of
social, economic, legal, political and other spheres are

occurring in Lithuania. Lithuania is seeking a rapid in-
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tegration (harmonisation) with various structures of the
EU. At the same time, one of the most intensively de-
veloping sectors of Lithuanian economy is the real es-
tate market. The property and construction industry, un-
der the effect of these changes, feel a particular need
for property management (PM) specialists, as specia-
lists in a new field, trained according to the highest
standards. In 1999, a distance learning programme (via
Internet) of "Property management" leading to Master
degree was introduced at the Department of Construc-
tion Technology and Management. The present program-
me of distance (Internet) studies is the first of such
kind in Lithuania.

The programme of PM distance studies has been

developed in the following phases:

e To analyse the needs of the market and learners at

national level;

* Alternative curriculum designs prepared and evalu-
ated against market needs. Rational solutions cho-

sen;

* To determine who the learners are likely to be,
what is to be learned, where the learning will take
place, what equipment and tutorial support will be

required;

* To develop appropriate teaching techniques, to set-

up and test technical infrastructure;

* To organise the most effective means of delivering

learning to satisfy the market needs;
* To develop appropriate teaching techniques;
* To test learning material;

* To revise learning materials subsequent to testing.

Some information on the studies can be found on

the VGTU Internet pages (http://www.vtu.lt/dmc01/
index1.htm).

After the programme of distance studies has been
created all potential users — authorities and organisa-
tions were informed about the project and its results
by the following means: advertisements in regional and
national newspapers, journals; meetings with students,
authorities, employees of banks, insurance companies,
retail shopping groups, real estate companies, venture
capitalists, and other interested parties; sending leaflets

to offices of authorities, banks, insurance companies,

retail shopping groups, real estate companies, venture
capitalists, and other interested parties; publication of
the programme materials, use of www, articles in the
journals of the professional organisations representing
the property management disciplines. This dissemina-
tion brings to the attention of a wider audience the
issues facing PM professionals in Lithuania.

Students admitted to the studies are being divided
into two groups: students who have completed the stu-
dies of higher education in this or similar field, and
students who have completed the studies of higher edu-
cation not in this or similar field. The programme for
the students of those groups differs at 25%. The stu-
dents having completed studies of higher education in
this or similar field are improving their knowledge furt-
her. The students who completed studies of higher edu-
cation not in this or similar field are trying to fill gaps
of unavailable knowledge. Duration of studies is 2 years:
three first semesters are intended for studying, and the
fourth semester is for final (graduate) thesis. Students
have to take five examinations within each semester on
average. Duration of a semester covers 16 weeks. The
knowledge obtained by a student is being evaluated by
an examination. Most of all a student must answer three
or four extensive, or ten brief questions within an exa-
mination.

The individual modules (property management, eco-
nomics, valuation, facilities management, real estate in-
vestment and finance, law, decision support systems,
etc) which make up the distance learning programme
are self-contained units of study which can be under-
taken by learners at a time, place and pace which suits
their needs and those of their employers. It is recogni-
sed that the adoption of distance learning can assist
learners and their employers by making available spe-
cialist knowledge throughout the learner's working life.
This enables the concept of lifelong learning to be ca-
tered for by the programme.

Undertaking the programme in a distance learning
mode of study involves learners in various activities
which may initially be unknown to them: induction pro-
gramme, directed learning, independent study, compu-
ting facilities. At the start of the programme, an induc-
tion programme is organised which seeks to integrate
learners into the distance learning environment and to

explain to them the detailed demands. The study ma-
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terial provided for each module seeks to provide lear-
ners with guidance on directed learning. After learners'
induction into the programme, most of their study is
undertaken by them working in their own time and pla-
ce. It is essential for learners undertaking this program-
me on a distance learning basis, to have the right com-
puting facilities available to them.

All programme materials are presented as printed
programme notes which enhance, where appropriate, to
take advantage of modern teaching techniques and de-
livery mechanisms. In particular, the following media
are used in specific modules: electronic format the tex-
tbooks, video, computer software, computer learning sys-
tems, computer conferencing, computer networks, face-
to-face contact. The choice of media is often relative-
ly easy to make because for much of the time, local
constraints, questions of accessibility and of cost virtu-
ally dictate the media through which learners will have
to work. Accessibility is vitally important to any lear-
ners who have to use self-instructional materials.

The module writers utilised electronic technologies
This assisted the

programme team to prepare the material in a variety of

for preparing their module material.

suitable formats for dissemination. Once in electronic
format the material can be made available in paper for-
mat, on CD, over the Internet and by file transfer (FTP).
This ensures the learners to have the material available
in the way which best suits their learning needs. Equip-
ment, such as video-recorders and computers are utili-
sed wherever possible. In addition, face-to-face con-
tact, telephone, fax, surface mail, e-mail are used, too.

The results obtained in the above work may be

found in the authors' publications [32, 33, 57].

8. Conclusions

1. An original model of a complex analysis of a
building life cycle enabling the user to analyze a buil-
ding life cycle and its stages, the parties involved in
the project as well as its micro-, meso- and macroen-
vironment as an integral whole is developed. A buil-
ding life cycle as well as the parties involved in the
project and the environment having a certain impact on
it are described from various perspectives in numerous
publications by the authors in quantitative (a system
and subsystems of criteria, units of measure, values and

significances) and conceptual (text, formula, graphical

(ie schemes, graphs, diagrams and video tapes) forms.

2. The suggested systems and subsystems of cri-
teria relating to a building life cycle and based on
economic, technical, technological, qualitative (ie com-
fortability, architectural, aesthetic, and the like), legis-
lative, social and other factors are described in a num-
ber of publications.

3. A new method for a complex determination
of the criteria significance taking into account their qu-
antitative and qualitative characteristics was developed.
This method allows to calculate and coordinate the sig-
nificances of the quantitative and qualitative criteria ac-
cording to the above characteristics.

4. A new method of multiple criteria complex
proportional evaluation of the projects enabling the user
to obtain a reduced criterion determining complex (ove-
rall) efficiency of the project was suggested. This ge-
neralized criterion is directly proportional to the rela-
tive effect of the values and significances of the cri-
teria considered on the efficiency of the project.

5. In order to find what price will make an ob-
ject being valuated competitive on the market, a met-
hod of determining the utility degree and market value
of objects based on the complex analysis of all their
benefits and drawbacks was suggested. According to
this method, the objects utility degree and the market
value of an object being estimated are directly propor-
tional to the criteria system adequately describing
them and the values and significances of these criteria.

6. A new method of multiple criteria multivariant
design of a building life cycle enabling the user to
make computer-aided design of up to 100,000 alterna-
tive project versions was developed. Any building life
cycle variant obtained in this way is based on quanti-
tative and conceptual information.

7. An original model for a complex analysis of
a building life cycle enabling the user to analyze a
building life cycle and its stages, the parties involved
in the project as well as its micro- and macro- envi-
ronment as an integral whole is developed.

8. Original multiple criteria decision support sys-
tems to be used in construction for a complex analysis
of a building life cycle and its stages, the parties in-
volved and micro- and macro- level environment fac-
tors were created. These systems were used for multi-

variant design and multiple criteria analysis of the life
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cycles and their stages of one-family houses, agricultu-
ral, industrial and in-situ buildings.

9. Formalized presentation of the research shows
how changes in the environment and the extent to which
the goals pursued by various interested parties are sa-
tisfied cause corresponding changes in the value and
utility degree of a building life cycle. With this in mind,
it is possible to solve the problem of optimization con-
cerning satisfaction of the needs at reasonable expen-
ditures. This requires the analysis of building life cycle
versions allowing to find an optimal combination of
goals pursued and finances available.

10. In order to increase the efficiency of a buil-
ding life cycle, a model for analyzing, modelling and
predicting the development of Lithuanian construction
industry was developed enabling the users to achieve
better practical results in designing a more effective
life cycle of buildings. Theoretical conclusions of the
present work were used in scientific research carried
out under PHARE programme as well as in the pro-
jects ordered by the Ministry for Construction and Ur-
ban Development.

11. Starting from 1999, the distance (Internet) post-
graduate studies "Property Management" have taken
place in the Department of Construction Technology
and Management at the VGTU, and "Construction Eco-
nomics" studies from 2000 as well.

12. Now the developed e-commerce construction
materials system allows performance of the following
functions: search of construction materials; finding out
of alternatives and making of comparative tables; alter-
natives evaluation stage (multiple criteria analysis of
alternatives and selection of most efficient ones); the
after-purchase evaluation stage (a consumer evaluates
the usefulness of the product in the after-purchase eva-
luation stage).

13. The main data obtained in the research were
discussed at the scientific conferences and seminars held
in Edinburgh, Glasgow (UK), Gavle (Sweden), Paris,
Lisbon, Athens, Leipzig, Poznan, Zieliona Gura, Riga,
Vilnius, Kaunas, Moscow, Minsk.

14. The theoretical results of the investigation we-
re used in 19 research and budgeted works (1990-1999)

performed both in Lithuania and abroad.

15. The data obtained in the research were used
in the educational process at Vilnius Gediminas Tech-
nical University for:

* Preparing lecture courses on building economy and
investment, total quality management, quantitative
and qualitative methods of analysis, functional va-
lue analysis and contracts at Vilnius Gediminas
Technical University for Bachelor and Master de-
grees as well as for engineers in Civil Enginee-
ring, Construction Management and Property Ma-
nagement;

¢ Compiling the materials for the course of lectures
,»,Multiple criteria analysis of projects" for Docto-
ral students in construction;

* Developing the Internet module of lectures ,,Deci-

sion support systems in construction".
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MOKSLO IR STUDIJU EFEKTYVUMO DIDINIMAS
TAIKANT NAUJAUSIAS INFORMACIJOS
TECHNOLOGIJAS

E. K. Zavadskas, A. Kaklauskas

Santrauka

Pristatomi prof. E. K. Zavadsko ir prof. A.Kaklausko
1997-2000 m. laiméjimai moksle ir studijuy procese. Siuo lai-
kotarpiu 6 katedros doktorantai (G. Ambrasas, A. Banaitis,
N. Kvederyté, S. Jakuéionis, V. Sarka ir V. Maliené [1-6])
apgyné daktaro disertacijas. Prof. E. K. Zavadsko vadovauja-
mas A. Kaklauskas apgyné habilituoto daktaro disertacija. Taip
pat buvo atlikta daug mokslo tiriamyjy uzsakomujy ir biudze-
tiniy darby tiek Lietuvoje, tiek uzsienyje. Moksliniai tyrimai
katedroje buvo atliekami penkiomis pagrindinémis kryptimis:

1. Sukurtas originalus pastato gyvavimo proceso kom-
pleksings analizés modelis [7-13]. Sis modelis leidzia kom-
pleksiskai analizuoti pastato gyvavimo procesa, jo sudétines
dalis, suinteresuotas grupes ir iSoring aplinka kaip visuma.

2. Buvo sukurti nauji daugiakriterinés analizés metodai
[14-24]: kompleksinis kriterijy reikSmingumo nustatymo, atsi-
zvelgiant { ju kokybines ir kiekybines charakteristikas; projek-
ty daugiakriterinio kompleksinio proporcingo ivertinimo; dau-
giakriterinis objekty naudingumo laipsnio ir rinkos vertés nusta-
tymo; pastato gyvavimo proceso daugiakriterinio variantinio
projektavimo; daugiakriteriniy sprendimy sintezés metodai.

3. Sukurtos originalios daugiakriterinés sprendimy pa-
ramos sistemos [25-37] statyboje, sudarancios salygas kom-
pleksiskai analizuoti pastato gyvavimo procesa, jo sudétines
dalis, jame dalyvaujancias suinteresuotas grupes ir $i projekta
veikian€ia iSoring mikro-, meso- ir makrolygmens aplinka. Su
Siomis sistemomis buvo atliktas vienbuéiy gyvenamyjy namy,
zemés ikio gamybiniy, pramoniniy, monolitiniy gyvenamujy
bei kity pastaty gyvavimo proceso ir jo sudétiniy daliy va-
riantinis projektavimas, daugiakriterinis jvertinimas ir naudin-
gumo laipsnio nustatymas.

4. Siekiant padidinti pastaty gyvavimo proceso efekty-
vuma, buvo sukurtas Lietuvos statybos Sakos analizés, mode-
liavimo ir prognozés modelis [38-51], kurj idiegus praktikoje
buty sudarytos salygos racionaliau igyvendinti pastaty gyvavi-
mo procesus. Sio darbo teoriniai rezultatai buvo pritaikyti at-
liekant mokslinius tyrimus pagal PHARE programa bei vyk-
dant Statybos ir urbanistikos ministerijos uzsakymus. Taiky-
damos $i modelj statybos Sakos organizacijos ir kitos suinte-
resuotos grupés, atsizvelgdamos { esamus mikro- ir makrolyg-
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mens aplinkos apribojimus bei galimybes, galés racionaliau
panaudoti savo iSteklius.

5. Kuriamos elektroninés komercijos sistemos [52—56].

Studijy procese taip pat vyko permainos. Jos buvo
susijusios su naujausiy informacijos technologiju diegimu {
mokymo procesa. Jau aprasomuoju laikotarpiu Statybos tech-
nologijos ir vadybos katedroje buvo nemaza studijy progra-
muy: pagrindinés studijy programos (statybos valdymas (pa-
kraipos: statybos technologija ir vadyba; statybos ekonomika
ir verslas) ir nekilnojamojo turto vadyba); specialiyju profesi-
niy studijy programa (statybos ekonomika ir verslas); magist-
rantliros studijy programos (statybos valdymas (specializaci-
jos: statybos technologija ir vadyba; statybos ekonomika ir
verslas) ir nekilnojamojo turto vertinimas ir vadyba). Nuo
1999 m. katedroje vyksta nuotolinés (internetinés) magistran-
taros ,,Nekilnojamojo turto vertinimas ir vadyba®, o nuo 2000
»Statybos ekonomikos ir verslas® studijos [32, 33, 57]. Nu-
matoma, kad minétas programas katedroje 2001 m. baigs 245
studentai. Taip pat prof. E. K. Zavadskas para$¢ daug straips-
niy ir knygu studijy efektyvumo didinimo klausimais [58—
82].
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METHODS FOR RISK MANAGEMENT IN CONCRETING AT LOW

TEMPERATURES

J. Paslawski
Poznan University of Technology

1. Introduction

The notion of risk seems obviously associated with
business activity. Although reduction of risk is enhanced
by such elements as a reduced task complexity, on the
one hand, knowledge of any possible event liable to
occur during the task execution, having complete infor-
mation, all the necessary means required for the task,
execution and the necessary experience to fulfil the task,
on the other, such situation would be exceptional in
business practice. Therefore, the notion of risk must
not be underestimated in business.

The construction industry is a specific kind of
business as regards its exposure to risk [1]. One of the
basic elements of risk involved in the construction
industry is the influence of climate and weather, which
for obvious reasons affect the process of concreting at
low temperatures. Being highly variable, weather con-
ditions are liable to cause serious problems in the
process of concreting, such as demolition of a struc-
ture or element having a poor quality. Therefore, it
seems advisable to investigate the problem for identi-
fying the sources of risk and defining acceptable strat-
egies of risk management.

The notions of risk and uncertainty will be de-
fined in the first place, since these key terms are vari-
ously interpreted by authors. Discussion of methods of
how to proceed in conditions of risk and uncertainty as
well as the applicable strategies of risk management

will follow.

2. Risk and uncertainty

Since the notions of risk and uncertainty are vari-
ously explained due, first of all, to an approach based
on probability and mathematical statistics and, second,
to their informal interpretation, these notions need to
be clearly defined.

In most references [2—4], Knight is indicated as
the first author to have formalized the notion of uncer-
tainty. When examining phenomena connected with
economic competition, Knight noted problems arising
out of our inaccurate knowledge of the future. In his
classification, three categories of probability are involved
[5]:

e a priori probability — entirely known and invari-
able mathematical probability;

* statistical probability — experimentally determined
occurrence of events;

e estimated probability — one that is not based on
any values, whether mathematical or experimental.

The a priori probability is defined by logical rea-
soning and based on the knowledge of possible events
and their identity, ic the chance of their happening.
Therefore, empirical research to determine the chance
of a certain event out of a definite set of events hap-
pening is not required in the case of the a priori prob-
ability. This kind of probability is obviously more typi-
cal of gambling rather than running a business.

The second category of probability in the Knight
classification, the statistical probability, involves the
necessity to find empirically the frequency of certain
possible random events happening. It is not possible to
indicate any set of events with the same probability.
Unlike the a priori probability, the statistical probabil-
ity provides just empirical generalization within a given
group of events, without providing much information
on a specific single event.

Although the statistical probability tends to occur
more frequently in business practice than does the a
priori probability, the type of probability that is typi-
cally encountered in business is one that has no mea-
surable basis for classification of events [3]; it is re-

ferred to as ‘estimated probability’. Association of a
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given estimated probability with an element of a given
set results from one’s knowledge and experience. Ac-
cording to Samecki [3], all three categories of prob-
ability have one characteristic in common: there is a
finite set of alternatives and determination of probabil-
ity results from one’s objective knowledge in all three
cases. The difference is that probability distribution is
objectively expressed in a numerical form in the two
former cases, while in the third case, it is based on a
subjective opinion of a person in his or her probabilis-
tic reasoning.

As regards the question of differentiating between
risk and uncertainty, having examined the works of
Knight and Shackle, Samecki [3] finds that risk re-
quires the possibility of definition according to one of
the three groups of probability indicated by Knight, each
of them is based on objective knowledge. Probability,
the essence of risk, assumes knowledge which, in turn,
excludes uncertainty. The latter is the case whenever
probabilistic reasoning is inapplicable. Under the cir-
cumstances, anticipation of a result may just be an act
of creative imagination while the consequences of the
decision taken can not be accurately indicated. Accord-
ing to the above definition, unexpectedness, a feature
inherent in such decision, is the key element.

On the other hand, in Perrouty and d’Harteville’s
[5] interpretation of the Knight theory, the type two of
risk is most frequently encountered while according to
Knight, risk is connected with the type one (a priori)
probability, while uncertainty is with the type three
(estimated) probability. A notable difference between
the two opinions is the approach to the estimated prob-
ability: some authors (eg Samecki [3], Poptawski [2])
perceive it as a definable value while others (eg
Perrouty and d’Harteville [5]) do to the contrary.

According to Nogalski and Rybicki [4], problems
with determining a univocal approach in the nomencla-
ture of risk and uncertainty may be interpreted as proof
of their complex nature and the necessity of the real-
ization that actions taken in conditions of risk are not
dependable ones. Furthermore, they emphasize an im-
portant difference in various approaches to the issue of
risk: it may be perceived either as a hazard alone
(possibility of loss) or also positively (possibility of
either loss or gain). A similar approach is presented by

Poptawski [2] who refers to profit as a specific form

of remuneration to a businessman for his taking initia-
tive, risk and making the right decision. In the present
paper, risk is referred to as a hazard of incurring a

loss that results from taking a certain decision.

3. Methods to proceed in conditions of risk and

uncertainty

In terms of the conditions the works are carried
out, for instance, in comparison with industrial processes
(which are typical in the latter), the construction indus-
try is a specific kind of business. Consequently, man-
agement in the construction industry requires special
attention due to the diversity and complexity of situa-
tions that may possibly occur. As a rule, any of the
following three basic groups of situations may occur
[6]:

¢ Determined conditions,

¢ Random conditions,

¢ Indeterminacy conditions.

In business practice, determined conditions occur
extremely rarely. They may only be assumed when the
influence of random conditions is insignificant.

Construction processes are usually carried out at
random conditions. Some of the typical random condi-
tions are: project completion time, weather conditions,
equipment failure frequency, etc. A diversity of man-
agement methods are applicable when acting under ran-
dom conditions. As regards weather conditions, avoid-
ance (or holding up the execution of construction works
in adverse weather conditions) is a typical strategy. The
influence of equipment failure frequency may be re-
duced by improving the quality of daily maintenance,
providing a sufficient stock of machine parts, etc.
Another option is to establish a reserve of equipment
in any one of the two possible variants: the cold (or
unloaded) reserve or the hot (or loaded) reserve. Im-
proved supplies will result in keeping sufficient stock.
It should be emphasized that, in management at ran-
dom conditions, appropriate factors have to be mini-
mized in the first place, followed by finding the most
suitable strategy of management in the given situation.
Indeterminacy conditions are ones that do not have the
deterministic nature, while the extent of influence of
random conditions is hard to assess due to the limited
set (or even lack) of statistic data. Management at such

conditions may be based on theory of games. In the
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construction industry, the so-called ‘games with nature’
are especially useful (‘nature’ in this case is under-
stood as the various conditions affecting the conse-
quences of decisions taken; nature is perceived as a
passive player, one not interested in winning the game
at all). Solutions to the games with nature are based
on the following decision-making criteria [6]:

a) Wald criterion, also called the mini-max criterion,
assumes the most cautious strategy of the decision
maker; the choice of such strategy positively means
avoiding risk;

b) Hurwicz criterion, in which the decision-maker’s
pessimistic view of the anticipated natural condi-
tions may be taken into account as the pessimism
factor i (ranging from 0 to 1);

c) Bayes-Laplace criterion, which involves a degree
of probability rather than complete uncertainty of
the occurrence of natural conditions;

d) Hodge-Lehmann criterion, based on the three cri-
teria mentioned above, where: for a=1 it is iden-
tical with the Wald criterion, and for a=0 it is
identical with the Bayes-Laplace criterion.

The choice of management methods should be
based on the character of the specific situation in de-
cision-making. Generally, there is a choice of appli-
cable strategies of risk management [7]:

* impassive strategy — avoiding risk by failure to
take actions burdened with risk;

* conservative strategy — taking risk cautiously, that
is, acting up to certain level of risk only (for in-
stance, holding up the implementation of a new pro-
cess technology because of the risk inherent in it);

* expansive strategy — typical of taking risk in acting
to win higher profits than usual.

The above strategies of risk management are con-
nected with detailed strategies resulting from examin-
ing a specific situation in decision-making, taking into
account the level of risk and the potential consequences

of events (see Table).

Strategies of risk management [7, 8]

Potential consequences
Level of risk
Negligible [Medium Significant
Low Ignoring Retention | Reduction
Medium Retention | Transfer Reduction
High Retention |Reduction |[Avoidance

Transfer of risk means the transfer to another
object of the consequences of a situation burdened with
risk (activities of insurance institutions are a typical
example). Retention of risk means that risk is retained
in an organization. Two variants are applicable to cover
losses connected with risk retention:

* active retention — which means that a special fund

(financial reserve) is established to cover losses;

e passive retention — which means that potential
losses are covered from means other than such
special fund.

The retention strategy may be applied provided that

the following three conditions are satisfied [7]:

the consequences and amount of potential loss are
easily anticipated,
— the amount of a single loss is relatively low,
— the probability of loss accumulation to a signifi-
cant amount is insignificant.
Risk reduction is made possible by implementing
special safety devices, eg in the area of raw materials

quality control or technological process control [9-11].

4. Strategy risk management in concreting at low

temperatures

In the light of the above considerations on various
strategies of risk management, as regards the process
of concreting at low temperatures, the potential risk
factors inherent in such process should be taken into
account. This analysis is focused on technological risk
which seems the key factor in this case. The risk in-
volved in concreting at low temperatures is character-
ized by the following typical elements:

— fluctuations in the prices of raw materials,

— accuracy with which various components are added
to a concrete mix,

— failure frequency of equipment and facilities for
making the concrete mix,

— variability of weather conditions during the trans-
port and application of the concrete mix,

— requirement to provide transport of different dura-
tion and at various weather conditions,

— failure frequency of equipment and facilities for
transporting the concrete mix from the plant to the
construction site,

— fluctuations in the parameters of the process tech-

nology to apply the concrete mix,
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— failure frequency of equipment and facilities for
transporting the concrete mix within the construc-
tion site,

— failure frequency of equipment and facilities for
consolidation of the concrete mix,

— suitability of the methods used for concrete curing,

— failure frequency of heating equipment,

— variability of weather conditions during the con-
crete curing, etc.

The above elements of risk may be classified in
four basic categories, connected with the applicable
strategy of risk management. The following basic strat-
egies were used with regard to the above-mentioned
potential elements of technological risk in the advisory
system for concreting at low temperatures, named
COLCON (after COLd CONcreting):

a) ignoring strategy — applicable to failure of equip-
ment and facilities for concrete mix production,
transport and application;

b) retention strategy — applicable to fluctuations in
the prices of raw materials, accuracy of their ad-
dition to the concrete mix, variability of process
parameters, and the requirement to provide trans-
portation of different duration and at various
weather conditions;

c¢) reduction strategy — applicable to the variability of
weather conditions;

d) avoidance strategy — applicable under unusually bad
weather conditions.

Such strategies were implemented in practice as
follows:

1) failure to take action to modify the risk re-
lated to the situation in decision-making (for item a);

2) establishing a strength reserve to enable com-
pensation of fluctuations in the prices of raw materials
and their levels in the concrete mix, having to trans-
port the concrete mix for periods of different duration
at various weather conditions, and the variability of
the process technology parameters (for item b);

3) establishing a cold reserve in the form of
guards and hot air blowing facilities to heat the con-
crete in the case of a pessimistic scenario for weather
conditions;

4) holding up the construction work in the case
of unusually bad weather conditions (temperature of air

below —5° C or potential drop of temperature to below

—15° C the first night after the concrete mix applica-
tion).

The aim of risk management in concreting, as
discussed above, was to carry out the process while

minimizing the influence of risk.

4. Conclusions

The approach to risk management, as discussed in
the present paper, has emerged as an element of the
COLCON advisory system, developed in order to aid
decision-making in traffic engineering (construction of
engineering structures). It seems that decision-making
in situations burdened with difficulties such as adverse
weather conditions should be based on an analysis of
the costs of holding up construction works (penalties
for delays) versus the costs of going on with the con-
struction works (which involve the risk of insufficient
quality of work or unjustified high costs).

Obviously, there is also the question of providing
the means to carry out the two basic strategies of risk
management in the system (apart from the ignoring and
the avoiding strategies), namely the following:

* Retention strategy — in the form of the strength
Treserve;

* Reduction strategy — by establishing a cold reserve
(guards and hot air blowing equipment).
Although theoretically independent in the condi-

tions the concreting works are carried out, such strat-
egies have a similar function in minimizing the effect
of risk, and the mutual relations between those strate-
gies should be decisive for their contributions in the
risk management system.

The validity of the accepted strategy has been
shown in the construction works on the execution of
the POZNAN BY-PASS A2 project in winter 1999/
2000 — continued practically without any stoppages and

with assured good quality of work.
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BETONAVIMO ZEMOJE TEMPERATUROJE
RIZIKOS VALDYMO METODAI

J. Pastawski

Santrauka

Pirmiausia pateikiami rizikos valdymo teoriniai pagrin-
dai. Antrojoje studijos dalyje analizuojamas sprendimy, susi-
jusiy su betonavimu Zemoje temperatliroje, priémimas. Pateik-
ti tam tikri COLCON patariamosios sistemos sprendimams
priimti betonuojant Zemoje temperatiiroje elementai.

Pateiktas rizikos ir neapibréztumo — pagrindiniy punkty,
kurie jvairiais poziliriais yra analizuojami nurodytoje literatii-
roje, apibrézimas. Sitlomi metodai ir jy taikymo, atsizvel-
giant | rizika ir neapibréztumo salygas, galimybés. Tuo pa-
gristos suformuluotos rizikos valdymo betonuojant zemoje tem-
peratiroje strategijos. Daug démesio skiriama bendrai kom-
pensuojanciajai dviejy pagrindiniy strategiju: rizikos iSvengi-
mo ir jos mazinimo, charakteristikai. Kaip pagrindinis ele-
mentas priimant sprendimus, susijusius su rizikos valdymu
pasirenkant bendra strategija, iSskirta iSlaidy analizé.
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APPLICATION OF MULTICRITERIA DECISION-AID METHODOLOGY IN

BUILDING PRODUCTION ENGINEERING

T. Thiel

Poznan University of Technology

1. Introduction

In building production engineering, embracing buil-
ding investments management and building maintenan-
ce, building company management, building processes
control, and building materials engineering [1]:

— decision problems occur where various alternatives
are assessed, taking into consideration a specific
number of criteria;

— specific complications occur while those problems
are solved;

— there is a need for accepting such calculation pro-
cedures, which would allow incorporating the de-
cision-maker’s preferences to a maximum extent;

— instances of inaccuracy, imprecision, and vague-
ness must be taken into account while analysing
the decision problems.

The decision-makers feel the need for applying pro-
cedures allowing an extensive comparison and reliable
assessment of the accepted alternatives.

Satisfying those needs is much easier thanks to
the methodology and methods of multicriteria decision-
aid (MCDA).

The article presents a situation whereby the deci-
sion-maker is confronted with a problem of multicrite-
ria assessment and final ranking of the compared alter-
natives of solutions concerning the chosen structures
and designs of a road surface feasible under specific
Polish conditions.

Poland has recently begun the implementation of
the Motorway Construction Programme. For years we
have been hearing debates, whether the road surface of
Polish motorways should be asphalt (yielding, partially
rigid) or concrete (rigid) [2, 3]. In principle, it is im-
possible to give one good answer as to which road
surface type is best. The choice of the construction

type for a specific length of a motorway depends on a

number of factors, such as the intensity of traffic, we-
ather and climate, feasibility of using local building ma-

terials and so on.

2. A short characteristic of the MCDA methodology

and methods of multicriteria analysis

Within the area of the MCDA methodology, a
number of basic notions can be identified, such as:
* aiding decisions,
* participants of the decision process,
* types of problem statements of multicriteria deci-
sion-aiding,
* modelling preferences,
» aggregation of preferences.

All notions have been defined in [4].

Aiding decisions helps designing, building, and
strengthening a conviction, but is not a means for po-
inting at the optimum character of a decision, or a way
of dictating which decision should be taken.

The MCDA methodology clearly identifies the par-
ticipants of the decision-aiding process, and defines their
roles and share in this process. Most often, it is the
decision-maker and the analyst who are participants in
this process. The decision-maker’s role is crucial here:
he defines the targets, gives estimates on possibility
and results, expresses preferences and makes attempts
to adjust the process of surfacing the decision to best
suit those preferences. The analyst, by nature external
to the problem to be solved and to the decision pro-
cess, handles the decision-aiding process. His role is,
among other things, to present a model and use it in
arriving at elements constituting the answer, to explain
the consequences of that or other behaviour or moves
to the decision-maker and, perhaps, to recommend an
action or a series of actions, or even a specific metho-

dology to the decision-maker.
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Another important issue in the decision-aiding is
situating the multicriteria decision problem in relation
to one of the four basic problems statements of aiding
decisions which facilitate the description of decisions as
targets to be aimed at. The following problem areas
have been named: aiding multicriteria choice, sorting,
ordering, and description.

Other important elements constituting the decision-
aiding process are: modelling preferences and formula-
tion of a global model of preferences (preference ag-
gregation).

Modelling preferences in decision-aiding extensive-
ly uses the possibility of occurrence of different deci-
sion related preferential situations. Therefore, the sys
tems of relationa preferences and relationa structures
of preferences that are their counterparts (much richer
than those in the classic decision theory) and are more
varied. A system based on binary outranking relation is
the most typical example of a relational system of pre-
ferences, placing itself within the framework of the dis-
cussed methodol ogy.

The MCDA methodology gave way to introducing
new models of aggregating, for example, a procedure
of aggregating preferences based on the binary outran-
king relation, a procedure of aggregating preferences
based on the local dialogue type assessment.

Within the framework of methodology under dis-
cussion, two basic groups of methods can be identified.
The division stems from the mode of aggregation: glo-
bal aggregation is reflected by multicriteria analysis met-
hods, whereas local aggregation is reflected by dialogue
methods, sometimes called interactive. The same groups
of methods can be identified from the point of view of
the character of a set of aternatives.

Methods of multicriteria analysis are used in sol-
ving multicriteria decision problems when the set of
aternatives is known and well defined at the very be-
ginning of the decision process (the set of aternatives
is discrete). The criteria are also directly defined. Ad-
ditional characteristic notions, typical for methods of
multicriteria analysis, are as follows:

— a potential alternative,

— a coherent family of criteria,

criteria discriminating thresholds,

a concept (a model) of pseudo-criterion,

incomparability of alternatives.
All notions have been defined in [4].

3. The choice problem of an appropriate calculation
methods, classified as one of multicriteria analysis
methods

The selection of an appropriate calculation met-
hod, classified as one of the multicriteria analysis met-
hods, can be based on the procedure of multicriteria
decision-aiding process, proposed in [5]. The procedu-
re in question facilitates the proper collaboration bet-
ween the analyst and the decision-maker in the process
of multicriteria decision-aiding, and helps overcome dif-
ficulties which may come up at the stage of the pro-
blem description, as well as select the right method
and use it in solving the problem. The procedure has
been developed for the type of context in which the
process of aiding decisions is targeted at arriving at
the final order of all alternatives under comparison (ac-
cepting the rank - problem statement of multicriteria
aiding). The accepted rank - problem statement of mul-
ticriteria aiding is most often used in solving decision
problems containing a well defined initial set of alter-
natives (the amount of alternatives is known). The ma-
jority of methods using different items of information
on the preferences of a decision-maker have been ini-
tiated within this problems statements. Therefore, the
selection of the right method in decision-aiding is com-
plicated, the more so that, simultaneously, what needs
to be accounted for, is the suggestions and possible
recommendations of the analyst, the decision-maker’s
requirements, and the possibilities of describing his pre-
ferences. The procedure, which is proposed, consists
of the following stages:

— first stage (I): initial briefing,

— second stage (II): description of the decision-ai-
ding problem,

— third stage (III): selection of the method of multic-
riteria decision-aiding to solve the analysed pro-
blem,

— fourth stage (IV): using the method applied in sol-
ving the decision problem.

The most important stage is stage III, focusing on
the selection of an appropriate calculation method. It is
this stage that is largely decisive about the right solu-
tion of the problem, about arriving at the solution in
the shortest possible time, and about the trust that the
decision-maker places in the analyst, as well as about

the acceptance of the final result by the decision-
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-maker. The basis of selection of the most appropriate
method is constituted by the decision scheme, designed
with that purpose in mind, and by the rapport, based
on that scheme, between the analyst and the decision-
maker [5]. The analyst, at that stage, must help the
decision-maker find the right manner of modelling and
defining preferences. Furthermore, the selected method
should meet certain expectations of the decision-maker
related, for example, to the form of the final results,
or to other factors which may come up during the rap-

port between the analyst and the decision-maker.

4. An example of solving multicriteria decision problem

The decision problem being solved refers to the
multicriteria assessment and final ranking of the selec-
ted alternatives of possible road surface structures and
designs which can be practically implemented in the
course of construction of a particular section of a mo-

torway under Polish conditions.

4.1. Description of the decision problem

Types of road surface construction

Four alternatives of the designed road surface struc-
tures have been used in the analysis. Alternative I and
IT use asphalt concrete in the top layer (the flexible
and semi-rigid construction), and alternatives III and
IV - use a cement concrete construction (the rigid const-
ruction).

The following is a description of layers in the ro-

ad surface alternatives:

Alternative I — a flexible construction:

— 0/20 asphaltic concrete abrasive layer, 5 cm thick,

— 0/25 asphaltic concrete binding layer, 9 cm thick,

— 0/31,5 asphaltic concrete base, 12 cm thick,

— 0/31,5 mechanically stabilised crushed aggregate
bed, 37 cm thick (laid and condensed in two la-
yers),

— technological layer (working platform), cement sta-
bilised soil, R, = 2,5 MPa 10 cm thick.

Alternative II — a semi-rigid construction with an
anti-crack layer:
— 0/20 asphaltic concrete abrasive layer, 5 cm thick,
— 0/25 asphaltic concrete binding layer, 8 cm thick,
— 0/31,5 asphaltic concrete base 5, 12 cm thick,

— 0/31,5 mechanically stabilised crushed aggregate an-
ti-crack layer, 12 cm thick,

- R, = 5,0 MPa cement stabilised aggregate bed,
18 cm thick,

— technological layer (working platform), cement sta-
bilised soil, R,, = 2,5 MPa 10 cm thick.

m

Alternative III — a rigid construction:

— B40 cement concrete slab, 24 cm thick,

— lean concrete layer, 15 cm thick,

- R, = 2,5 MPa cement stabilised aggregate bed,
15 cm thick,

— technological layer (working platform), cement sta-
bilised soil, R,, = 2,5 MPa 10 cm thick.

m

Alternative IV — rigid construction, continuous rein-
forcement:

— B40 concrete slab, continuously reinforced, (rein-
forcement percentage: 4 = 0,67%), 20 cm thick,

— lean concrete layer, 15 cm thick,

— R, = 5,0 MPa cement stabilised aggregate bed,
15 cm thick,

— technological layer (working platform), cement sta-
bilised soil, R,, = 2,5 MPa 10 cm thick.

m

Determination of a coherent family of criteria

The assumed alternatives have certain characteris-
tic attributes which, within the scope of the analysed
problem, play directly the role of evaluation criteria.
The following criteria have been taken into considera-
tion:

¢ the cost of building 1 m? of a given type of road
surface in PLN, criterion 1 — crit. 1,

¢ the cost of work involved in maintaining 1 m? of
motorway surface in good technical condition over
20 years of service (the cost depends on the amount
and kind of maintenance work carried out in this
period of time) in PLN, criterion 2 — crit. 2,

* inconvenience for drivers and traffic delays in the
phase of actual usage of the motorway related to
periodical maintenance work and repair to the mo-
torway surface, criterion 3 — crit. 3,

* calculated durability of the road surface construc-
tion expressed in years, criterion 4 — crit. 4,

e feasibility of using local material in the period of

building the motorway, criterion 5 — crit. 5,
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e road surface resistance to cracks and permanent
deformations, criterion 6 — crit. 6,
e the time of building of 1 m? of a given type of motor-
way surface [machine-hour], criterion 7 — crit. 7,
e environmental impact when the motorway is under
construction, criterion 8 — crit. §,
e traffic noise [dB] (values assumed for a dry surfa-
ce), criterion 9 — crit. 9.
A description of the motorway surface types, inc-
luding all the assumed criteria, has been presented in
Table 1.

Table 1. Data describing the types of compared

There is an interesting aspect of the problem which
has been analysed, namely — within the framework of
the alternatives in question — accounting at the same
time for the criteria related to the phase of actual buil-
ding of the motorway surface, and the criteria related
to the phase of service of the surface.

Due to the character of the criteria themselves, it
is possible to make an evaluation of the road surface
alternatives basing on some quantitative or qualitative
scales assumed for those criteria.

road surfaces on the motorway

Criteria

Alternative I

Alternative 11

Alternative I11

Alternative IV

Criterion 1
(construction costs)

130 PLN/m?

110 PLN/m?

160 PLN/m?

160 PLN/m?

Criterion 2 (cost of
maintenance work)

replacing the abrasive
layer every

5 years

(3%10 = 30 PLN/m?)

replacing the abrasive
layer every

5 years

(3x10=30 PLN /m?)

filling in the cracks
every 5 years

(3x13 = 39 PLN/m?)
and surface retreating
every

8 years

(2x6 = 12 PLN/m?)

filling in the
longitudinal cracks
every 5 years
(50%x3%13 = 19,5
PLN/m?) and surface
retreating every 8
years

(2x6 = 12 PLN/m?)

Criterion 3 (traffic
delays caused by
maintenance work)

temporary closure
of 1 lane (3 times in 20
years)

temporary closure
of 1 lane (3 times
in 20 years)

temporary closure of 1
lane (3 times in 20
years) and temporary
closure of 1 lane (2
times in 20 years)

temporary closure of
1 lane (3 times in 20
years) and temporary
closure of 1 lane (2
times in 20 years)

Criterion 4 20 years 20 years 30 years 30 years
(calculated durability
of road surface)
Criterion 5 (feasibility 0cm /63 cm=0 18 cm / 55 cm=0,33 15 cm / 54 cm=0,28 15 ¢cm / 50 cm=0,30
of using local (0%) (33%) (28%) (30%)
building materials)
Criterion 6 (surface |average resistance average resistance to considerable resistance |considerable
resistance to cracking | to permanent permanent deformation, | to permanent resistance to
and permanent deformation, considerable resistance |deformation, average | permanent
deformation) considerable resistance |to cracking resistance to cracking |deformation,

to cracking considerable

resistance to cracking

Criterion 7 (the time
of building 100 m?of
the road surface)

12,7 machine-hour

9,1 machine-hour

17,0 machine-hour

15,4 machine-hour

Criterion 8
(environmental
impact during the
actual building of the
motorway surface)

occurrence of 3 harmful
factors: dust, aromatic
compounds filtering
through to the air at
high temperatures, soil
and ground water
pollution

occurrence of 3 harmful
factors: dust, aromatic
compounds filtering
through to the air at
high temperatures, soil
and ground water
pollution

occurrence of 1
harmful factor: dust

occurrence of 1
harmful factor: dust

Criterion 9 (traffic
noise; mean values
for dry surface)

77 dB(A)

77 dB(A)

82 dB(A)

82 dB(A)
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Table 2. Evaluation table — an overview of alternatives of the motorway surface structur

Criteria crit. 1 crit. 2 crit. 3 crit. 4 | crit. 5 | crit. 6 | crit. 7 | crit. 8 | crit. 9

Type of road surface [PLN/m?] | [PLN/m?] | [points] | [years] [-] [points]| [m-h] | [points] | [dB]
Alternative I 130 30 3 20 1 3 12,7 4 77
Alternative 11 110 30 3 20 0,67 5 9,1 4 77
Alternative III 160 51 8 30 0,72 3 17,0 2 82
Alternative IV 160 31,5 5 30 0,70 1 15,4 2 82

The qualitative scales (discrete values) should be
properly designed, on the assumption that the separa-
ted states may be equivalent to certain integers.

The grades in the assumed scales (both quantita-
tive and qualitative) constitute a total order reflecting
the character of preferences (where the preferences grow
with the increase in value), we call the scale an incre-
asing scale — a ,,profit” type criterion. And where, on
the other hand, preferences diminish alongside with the
increase of value, we call the scale decreasing one — a
,»cost” type criterion. It has been assumed that the cri-
teria are monotonous, non-decreasing functions. A func-
tion, as defined for the qualitative scales, is a more
arbitrary concept.

Regarding the criteria: the cost of building 1 m?
of road surface expressed in PLN — crit. 1, the cost of
work involved in maintaining 1 m? of motorway surfa-
ce in good technical condition expressed in PLN — crit.
2, the calculated durability of the road surface const-
ruction expressed in years — crit. 4, feasibility of using
local material in the motorway building period — a qu-
antity without denomination — crit. 5, the time of buil-
ding 1 m? of the road surface, expressed by the machi-
ne/hour rate (calculated on the basis of the Catalogue
of Work Loads KNR 2-31 [6]) — crit. 7, traffic noise
[dB] (values for a dry surface have been taken directly
from [3]) — crit. 9, the evaluation of aternatives is
made on the basis of quantitative scales (the scale of
money, of time and of volume — a coefficient of the
percentage share of local building materials with re-
gard to the total amount of building materials in the
total vertical cross-section of the layers of road surfa-
ce, the noise level). This is why the values have been
taken directly from Table 1 and transferred to the eva-
luation table (Table 2), with the only exception being
criterion 5, whose values quoted in Table 2 were
calculated by the formula of: 1 — U, (a quantity

without denomination), where U, signifies a % sha-
re of local building material used in the motorway
construction.

A basis for evaluation of the remaining criteria
shall be the properly defined qualitative scales, which
are described in [7].

Designing an evaluation table

Basing on the assumed solutions regarding the
structure of the motorway surface (selected alternati-
ves), and the criteria (all criteria have been taken into
account), an evaluation table has been compiled (Table
2) which includes the values available for the criteria
in the compared alternatives. The values for the quali-
tative criteria have been arrived at on the basis of Table
1, and on the data in [7]. The following criteria: crit.
1, crit. 2, crit. 3, crit. 5, crit. 6, crit. 7, crit. 8 and crit.
9 are the ,,cost” type criteria, whereas criterion 4 (crit.
4) is a ,,profit” type criterion. The evaluation table rep-
resents the conclusion of the problem and is a starting
point for further analysis related to the full spectrum
evaluation of the compared alternatives of the motor-
way surface structure, accounting for the criteria which
have been originally assumed.

4.2. Selection of the most appropriate multicriteria
decision-aid method

Justification of the feasibility of using the MCDA
methodology in solving the analysed problem

It was only possible to describe the problem, the
way it was done in paragraph 4.1, due to a close co-
operation between the analyst and a decision-maker.
They both are crucial players in the decision-aid pro-
cess. Pointing at their individual roles is part of the
MCDA methodology. What should be stressed is that
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a decision-maker was a technology specialist represen-
ting a prospective investor. There is a set of potential
alternatives within the problem [4]. Each alternative is
described by means of values associated with individu-
al criteria. The assumed family of criteria is coherent
[4]. From the mathematical standpoint, the problem is
poorly defined. Only on the basis of: additional infor-
mation about the preferences of the decision-maker, as-
suming a manner of modelling the said preferences,
and application of a calculation procedure which enab-
les one to carry out a thorough comparison and a final
evaluation of all the alternatives, it is possible to solve
the problem. It has been assumed that a target of the
comparative analysis in question shall be arriving at
the final ordering of the alternatives, from the most to
the least favourite. The data used to define the values
of the criteria for the alternatives are not absolutely
accurate, and this fact is significant in modelling the
decision-maker’s preferences. The values of a number
of criteria are not exactly precise, and this is a result
of lack of precision and arbitrariness of the assumed
qualitative scales that describe the criteria. That is why,
during the comparison of any two alternatives, the de-
cision-maker may want to refrain from expressing an
opinion regarding preferences solely on the basis of
the fact that, regarding certain alternatives, the values
for a criterion may be different (preference) or equal
(equality). The decision-maker may, on the other hand,
want to stress that the compared alternatives are not
equal, and neither of the alternatives is preferred
(a situation of weak preference). In such circumstan-
ces, a concept of a pseudo-criterion may be used [4].
It facilitates modelling the following situations: equali-
ty, weak preference, and ordinary preference by means
of introducing indifference and preference thresholds.

All the issues discussed above are characteristic
of the methodology of multicriteria decision-aid. The
fact that those issues were present in the problem in
question, influenced the decision to assume the metho-
dology and to select an appropriate calculation and com-
putation methods which also constitute a part of mul-

ticriteria analysis.

Selecting an appropriate calculation method

Using the procedure proposed in [5], and basing

on the dialogue with the decision-maker (which in itself

is part of the procedure), the ELECTRE III method
was chosen. This method:

 accounts for the lack of precision and accuracy of
the values describing the criteria;

* gives a decision-maker a degree of freedom in sub-
mitting information on preferences regarding indi-
vidual criteria in the form of indifference and pref-
erence thresholds, using the pseudo-criterion model
and the veto threshold, as well as information re-
garding relative significance of individual criteria;

* allows the presentation of the final result in the
form of an outranking final graph, defining the out-
ranking levels and placing the compared versions

on specific levels.

Description of the selected MCDA method

The ELECTRE III method is based on the binary
outranking relation [8]. In this method, the basic set of
data consists of the following: a finite set of alterna-
tives, a family of criteria, and information submitted
by the decision-maker. This information constitutes in-
difference thresholds, preference thresholds, and veto
thresholds for individual criteria (the thresholds may
be constant or take the form of a linear function [8]),
as well as the relative significance of the defined cri-
teria. The veto threshold facilitates accounting for the
situation of the so-called strong opposition regarding a
given criterion. The result of going above the threshold
is that, while the first of the compared alternatives is
better than the other from the point of view of many
criteria, it is impossible to assume a hypothesis that
the first option outranks the second. The outranking
relation in the ELECTRE III method is built on the
basis of the so-called concordance and discordance tests.
The values of outranking relations, arrived at as a result
of a computation procedure, inform the user about the
degree of credibility of occurrence of those relations
for all pairs of compared alternatives. The final result,
in this method, is an outranking graph which stems
from a cross between two preliminary total orders built
by means of the so-called distillation procedure [8].
Basing on the interpretation of the final result, the
decision-maker may accept the form of the outranking
graph, or modify the initial information about prefer-

ences.
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4.3. Using ELECTRE III in solving the problem

Input data assumed for the calculation constitutes
the basic values displayed in Table 2 (the evaluation
table). All compared alternatives and criteria have been
accounted for during the computation. The information
about the decision-maker’s preferences — the provided
threshold values (threshold functions) and the values of
relative significance of criteria have been compared in
Table 3.

The decision-maker’s experience was a basis for
evaluating the alternatives at hand, and it was imple-
mented by providing the information about the deci-
sion-maker’s preferences, obligatory in the chosen com-
putation method.

It has been assumed that the threshold values shall
be constant for all criteria. Regarding the criteria desc-
ribed by qualitative scales, it has been assumed that
the indifference threshold shall be zero (the decision
stems from the arbitrariness of the assumed grades on
the scale). The values of relative significance of the
criteria indicate that what is most important for the de-
cision-maker: the cost of building 1 m? of motorway
surface, the calculated durability of the motorway sur-
face, and surface resistance to cracking and permanent

deformations.

The computation has been made, basing on the
input data (Table 2), and on the information about pre-
ferences of the decision-maker (Table 3), using the
+ELECTRE Il1"” software.

4.4. The analysis of the final ranking

An outranking final graph was a basis for compa-
rison of the debated alternatives of chosen types of
construction of the motorway surface. The graph pre-
sented in Fig 1 constitutes a final ordering tool in the
ELECTRE I method. The first (top) outranking level
in the graph is taken by the semi-rigid tape of road
surface, with roadway surfaces made from asphaltic
concrete (Alternative II). This alternative outranks all
other alternatives. The second outranking level in the
graph is occupied by the rigid construction, with con-
tinuous reinforcement (Alternative IV), outranked by the
first level solution, and outranks the remaining two al-
ternatives. The last (bottom) second outranking level in
the graph is occupied by the cement concrete construc-
tion (Alternative III), outranked by the remaining alter-
natives. The semi-rigid alternative was so highly rated
because it is inexpensive to build, and economical to
maintain in good technical condition, while the percen-
tage of usage local building material at the time of

actual construction of the motorway is high, and the

Table 3. Information about decision-maker’s preferences required by the ELECTRE III method

Information about decision-maker's preferences| indifference | preference veto relative significance
Criterion threshold threshold | threshold of a criterion
the cost of building 1 m? of the road surface [PLN/m?] 5 15 60 10
the cost of maintenance within 20 years of usage of the road 5 10 30 6
surface [PLN/m?]
assessment of traffic delays during the time of usage due to
periodical repair work done to the motorway surface 0 1 - 4
[points]
the calculated durability of the road surface construction 5 10 20 8
[years]
the feasibility of using local materla.ls in the phase of 0.05 015 0.60 3
motorway construction (no denomination)
surface resistance to cracking and permanent deformation 0 1 7 7
[points]
the time of building 1 m? of the road surface [m-h] 1 2 10 3
environmental impact in the phase of building the motorway 0 1 3 4
surface [points]
traffic noise [dB] 1 3 9 5
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traffic delays at the stage of service of the motorway
related to maintenance are the shortest, and it is the
quickest to build. On the other hand, the low score
given to the cement slab surface resulted mainly from
the high cost of building such a motorway surface, high
maintenance costs, long traffic delays while the motor-
way is in use, it would take the longest to build, and
the traffic on such a motorway would be extremely

noisy.

FINAL GRAPH
Semi-rigid construction (Alt. II)

v

Rigid constr. contin. reinfor. (Alt. V)

v

Flexible construction (Alt. I)

v

Rigid construction (Alt. 1)

Fig 1. The final ordering of the compared solutions of
motorway surface in ELECTRE III method — an out-
ranking graph

Basing on the evaluation table, the credibility mat-
rix, the outranking graph, and information about the
decision-maker’s preferences, the best solution has be-
en selected, namely the semi-rigid asphaltic concrete
construction, as well as the second best, namely the
reinforced concrete road surface alternative, and the sa-
tisfactory alternative, namely asphaltic concrete flexible
road surface alternative and, finally, the worst alterna-

tive has been named, ie the cement concrete surface.

4.5. Sensitivity analysis of the final result

Sensitivity analysis is understood to be the influ-
ence of the change of values quoted with regard to
parameters which include the information about the de-
cision-maker’s preferences on the form of the final re-
sult (various methods use different parameters reflec-
ting the decision-maker’s preferences). It is quite use-
ful in interpreting the results, which have been arrived
at, in the course of modifying the values of the ap-

propriate parameters reflecting the decision-maker’s

preferences, and in estimating the influence of the mo-
difications on the final result.

Within the framework of the analysed problem, the
analyst suggested a sensitivity analysis of the final out-
ranking graph that had been arrived at. The decision-
maker has quoted some changes in values, which he
accepted, with relation to the chosen parameters reflec-
ting his preferences (minimum and maximum values for
a specific parameter). In the course of the sensitivity
analysis, the decision-maker was not interested in ta-
king into consideration simultaneously the influence of
changes in values of relative significance for a single
criterion, or for a number of criteria and the changes
in threshold values, ie the indifference thresholds (q),
preference thresholds (p), and veto preference thresholds
(v) for a single criterion or for a number of criteria.
What follows is the result of the sensitivity analysis
performed depending on the range of changes of the
selected parameters reflecting the decision-maker’s pre-
ferences (the arrangement of the initially assumed pre-
liminary values for all parameters is illustrated in Tab-
le 3). Only selected examples of those changes have
been presented for individual ranges of change, and

the final ranking form.

1. The influence of the change in value of the
relative significance introduced only for individual cri-
teria in the initially assumed arrangement of values
which had been accepted by the decision-maker — see
Table 3 (values of threshold functions: the q, p, and v
thresholds remain unchanged — compare Table 3):

— changes of values of relative significance for the
criterion of feasibility of utilising local materials
(crit. 5), reducing the significance from 3 to 2 or,
regarding crit. 6, the increase in significance from
7 to 8 influenced the form of the final graph of
outranking. The same form of final ordering arri-
ved at in that way in all cases has been presented
in Fig 2.

2. The influence of changes in values of relative
significance introduced simultaneously for a larger num-
ber of criteria in the initially assumed and accepted
arrangement of values of the relative significance of
criteria — see Table 3 (values of threshold functions:
the q, p, and v thresholds remain unchanged — compa-
re Table 3):
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— changes in values of relative significance introdu-
ced for a number of criteria simultaneously, for
example, for criterion 1 decreasing the significan-
ce from 10 to 9, for criterion 2 increasing the
significance from 6 to 7, and for criterion 3 inc-
reasing the significance from 4 to 5. Those chan-
ges have not influenced the form of the final graph
of outranking. The form of the final ranking, ar-

rived at in this case, has been presented in Fig 2.

FINAL GRAPH
Alternative | Alternative IV
Alternative |l
Alternative 11

Fig 2. The form of the outranking graph, part of
ELECTRE III method, derived from sensitivity analysis
within ranges 1 and 2 of changes in values of chosen
parameters regarding information on the decision-maker’s
preferences

3. The influence of changes in threshold functions

(for q, p, and v thresholds), introduced for a single

criterion only, in the arrangement of values of thresh-

old functions, defined separately for each criterion,

initially assumed and accepted by the decision-maker,

see Table 3 (the values of the relative significance for
all criteria remain unchanged — compare Table 3):

— changes in values of threshold functions — for cri-

terion 1 increasing the value for threshold q from

5 to 8, for threshold p from 15 to 18, for thresh-

old v from 60 to 80, have resulted in the form of

the final graph of outranking, as presented in Fig 3.

4. The influence of changes in threshold functions
(for q, p, and v thresholds), introduced for a number
of criteria simultaneously, in the arrangement of values
of threshold functions, defined separately for each cri-
terion, initially assumed and accepted by the decision-
maker, see Table 3 (the values of the relative signifi-
cance for all criteria remain unchanged — compare
Table 3):

— changes in threshold (for q, p, and v thresholds)
introduced for a number of criteria simultaneously,
for example, for criterion 1 increasing the value
for threshold q from 5 to 8, for threshold p from
15 to 18, and for threshold v from 60 to 80, for
criterion 2, reducing the value for threshold q from
5 to 3, for threshold p from 10 to 6, and for
threshold v from 20 to 18, whereas there was only
one change for criterion 5, namely increasing the
value of threshold p from 0.15 to 0.20, for crite-
rion 6 increasing the value of threshold q from 0
to 1, for threshold p from 1 to 2 (with threshold
v remaining unchanged), for criterion 7, increasing
the value of threshold q from 1 to 15, for thresh-
old p from 2 to 2.5, and reducing the value of
threshold v from 10 to 9, for criterion 9, reducing
the value of threshold q from 1 to 0, for threshold
p, reducing the value from 3 to 2, and for thresh-
old v, from 9 to 8, resulted in the form of the

final graph of outranking, as presented in Fig 3.

FINAL GRAPH

Alternativell
Alternative IV

v

Alternative |

v

Alternative 11

Fig 3. The form of the outranking graph, part of
ELECTRE III method, derived from a sensitivity analy-
sis within ranges 3 and 4 of changes in values of cho-
sen parameters regarding information on the decision-
maker’s preferences

After performing sensitivity analysis the decision-
maker relates to obtained results.

Regarding the case of introducing the change of
value of the relative significance only for individual
criteria and in case of change in values of the relative
significance of criteria introduced simultaneously for a
larger number of criteria, in the initially assumed and
accepted arrangement of values of relative significance

of the criteria (see Table 3) which influenced the form
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of the final graph of outranking (see Fig 2), the deci-
sion-maker, basing on the analysis of the evaluation
table and the table containing information on his pref-
erences, did not accept this particular form of the final
result. As to cases of introducing changes in values of
threshold functions, both for a single criterion and for
a number of criteria at the same time (in the arrange-
ment of values of threshold functions defined separately
for each criterion, initially assumed and accepted by
the decision-maker — see Table 3) (compare the ranges
3 and 4 of changes in the sensitivity analysis) which
influenced the final form of the graph of outranking
(the graph which has been arrived at is presented in
Fig 3), the decision-maker, having taken into consider-
ation the values from the evaluation table and the table
containing information about his preferences, has finally
accepted the form of the final result. He agreed with
the fact that, in both cases, the alternatives of solutions
of the design and structure of semi-rigid road surface
with an anti-crack layer, and a rigid surface with con-
tinuous reinforcement may be considered as the best
and equal. Nonetheless, the choice of either of those
will always be a compromise. If alternative II of the
road surface were accepted, economic criteria would
support the choice (crit. 1 and crit. 3), ie the criteria
of time and of noise pollution. On the other hand, if
alternative IV of the road surface were accepted, such
a choice would be supported by the practical usage
criteria (related to the usage of the motorway), ie the
criterion of calculated durability and road surface re-
sistance to cracking and permanent deformation, and
the natural environment related criterion, valid during
the construction stage of the selected section of the
motorway.

Basing on the sensitivity analysis, it is possible to
formulate a following conclusion: the decision-maker is
able to accept also a different form of the final rank-
ing. It is, nonetheless, possible when the influence of
the introduced changes on the final result can be jus-
tified, and when the form of this result changes only
slightly, compared to the final ranking accepted by the
decision-maker before the sensitivity analysis has been
performed (see Figs 1 and 3)

The sensitivity analysis of the final result has

shown that it is very important for the decision-maker

to make sure that his conviction is strong as to the
values provided by him for particular parameters which
include information about his preferences (see Table 3)
and, consequently, that the final result form is credible.

Within the framework of the method accepted, the
decision-maker has made a judgement that the interpre-
tation of the final result, the coherence of the result
with his preferences, the easy availability of identifying
information which may influence the final result, and
the way of modifying this information fully reflected
his expectations. The decision-maker was not interested
in defining the “distances” between alternatives within
the final ranking.

This was the end of the procedure of incorporat-
ing ELECTRE III and using this method for solving of
the analysed decision problem, and the whole the de-

cision-aiding process.

5. Final conclusions

1. Decision-makers tend to fully accept incorpo-
rating multicriteria analysis methodology into the pro-
cess of solving decision problems, notwithstanding the
fact that such methods are not fully formalised from
the mathematical point of view. Nevertheless, they make
room for a variety of information regarding the deci-
sion-makers’ preferences.

2. Thanks to the ELECTRE III method of
multicriteria decision-aid it was possible to make a full
spectrum assessment of the assumed alternatives of
motorway surface layers, simultaneously taking into
consideration certain technological, economical, and
practical usage aspects of the problem, and to point at
the alternatives which may be regarded as the best.

3. The practical usage result is in keeping with
the preferences of the decision-maker. The form of the
final result — an outranking graph — and intermediate
results is comprehensible and clear for the decision-
maker.

4. The solution of the analysed problem is a basis
for the statement that the methods of multicriteria de-
cision-aid should be widely applied in the phase of
investment planning and construction projects in the
building production industry, as well in the phase of

initial design (feasibility study).
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DAUGIATIKSLIU SPRENDIMU METODU TAIKYMAS
PROJEKTUOJANT STATINIUS

T. Thiel

Santrauka

Glaustai pateikiamos pagrindinés daugiatikslés sprendi-
my teorijos taikymo problemos ir klausimai, susij¢ su tam
tikrais daugiakriterinés analizés metodais. Aptarta sprendimy
priémimo, vadovaujantis nagrin¢jamy sprendimy (kelio dan-
gos projektiniai pasitilymai) alternatyvy eiliskumu (nuo ge-
riausios iki blogiausios), problema. Analizei pasirinktos spren-
dimy alternatyvos gali bati pritaikytos, atsizvelgiant | Lenki-
jos ypatybes. Skai¢iavimams buvo pasirinktas daugiakriterinés
analizés metodas ELECTRE III, kurj taikant galima nustatyti
alternatyvy eiliSkuma. Lyginamy alternatyvy galutiné priorite-
tiSkumo eilé nustatoma, atsizvelgiant | jautrumo analizés re-
zultatus, pasirinkto skai¢iavimo metodo rezultatus ir sprendé-
jo nuomong. Sitilomas problemos sprendimo biidas rodo, kad
daugiatikslé sprendimy teorija ir daugiakriterinés analizés me-
todai gali buti taikomi investicijy planavimo ir projektiniy
pasililymy etapais.
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1. Introduction

At the end of the century, when it not the access
to information necessary in taking decisions which is a
prerequisite for success, but the speed of analysing and
processing such information, the significance and scope
of usage of multidimensional information analysis has
increased greatly. Strategic decisions must be taken
quickly, firmly and, at the same time, leaving enough
room for the presentation of accurate arguments sup-
porting a given choice. Possibilities of analysing and
using information stored in data warehouses have now
twofold significance, looking from the standpoint of
strategic decisions [1, 2]. Firstly, fast multidimensional
information analysis facilitates the optimisation of de-
cisions, which are to be taken. It is particularly impor-
tant in the case of decisions being taken in the context
of shortage of budget resources, in the framework of
the so-called minimum budget economy. Secondly, fast
and efficient data analysis quite efficiently supports ar-
guments highlighting the needs, and helps combat the
competition with the arsenal of prospective presenta-
tion of multidimensional data.

Another important quality of multidimensional
analysis is the possibility of obtaining the answer to
»what if...” questions in real time, in the so called ,,on
line” mode. Such a possibility of forecasting change
and the influence of decisions to be taken involving
the object under scrutiny facilitate fast and efficient
assessment of options. In order to fully utilise the
possibilities of multidimensional analysis, we need to
use information technology in modelling the real world
in such a way that the analysed objects or their parts
are represented as multidimensional entities with a re-
flection in a data base. The database itself, as an in-

formation warehouse describing the world we are try-

ing to model, must be closely linked to the tools used
in multidimensional analysis. The set of tools used in
multidimensional analysis, together with the properly
designed information warehouse, has been found ex-
tremely useful in the design aid systems. A similar
arrangement may also be used in building an expert or
advisory system, assisted by an appropriate conclusion
formulating mechanism which would make the most
possibilities presented by the multidimensional analysis
performed in real time. Due to the fact that the subject
area is vast, the problem under discussion has been
narrowed down to the question of designing and main-
tenance of roads and motorways. Due to the editorial
limitations, the subject area will be presented in more
detail and discussed in the papers to follow this one
shortly. This paper is divided into two parts: the first
describes the questions of modelling and multidimen-
sional analysis in view of road design, and the second
part touches upon the module structure of building an
expert system embracing a mechanism of multidimen-
sional analysis of information. How such a system is
built will be shown on the example of a Advisory

System used in road network management [3].

2. Modelling and multidimensional analysis in design

During the process of numerical modelling, the first
element that undergoes analysis is landform (terrain).
Landform is created on the basis if land surveys (geo-
detic measurements) and mapped as a numerical model
of land. The elements constituting a numerical model
of the land form are the strings of graphic data, ie sets
of interrelated points. Each string has its co-ordinates:
X, y, an ordinate, and the point number. Moreover, each
string has an individual name. Such strings are three-

dimensional information strings, called sub-strings.
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Sub-strings help describe the landform (terrain),
defining the characteristic contours, and dispersed picket
points. Such a representation, though, is not an accu-
rate representation of the terrain. Having at our dis-
posal a model consisting of 3D sub-strings represent-
ing, for example, the contours of a road, hard shoul-
ders, ditches, and so on, we can put such a model
through a process of multidimensional analysis. If such
an analysis is performed using a two-stage interpola-
tion (primary and secondary), what we get in effect is
a 36-dimension triangulation model. It is a multidimen-
sional analysis of a simple string model with a result-
ing transformation leading to a triangulation model.

Thanks to such an analysis we obtain an accurate
model of the terrain. Another example of multidimen-
sional analysis and the resulting transformation is the
analysis of a triangulation model going from the 36-
dimension form to a 2.5 dimension form. In effect, we
obtain a layer type model of land surface, which de-
scribes it equally accurately, with a simplified notation
in the data warchouse pertinent to the model.

String type No. of dimensions

Master strings 6 XY Z Chainage Bearing Radius
Geometry strings 12 X, Y, Z, Chainage, Bearing, Radius,
Gradient, M vatue, Heode, Vcode, HName, VName
Contours 2 XY
Sub-strings 3 XYz
Survey stations 4 XY Z Station ID
Sections strings 5 X, Y, Z, Offset,
Label of intersecting string
Sub -strings L
(KERBS) =,
Master — /
String .

Results strings
( Interface String )

Fig 1. Basic types of strings used in modelling and in
multidimensional analysis

Since the route axis is one of the most important
elements in the process of designing linear objects, it
is defined in a very special way by the multidimensio-
nal system. A 6-dimensional string, called a Master
String, having referential links with a 12-dimensional

geometric string generated automatically when the mas-

ter string is built defines it. Performing a multidimen-
sional analysis and a geometrical transformation, we can
generate the whole body of the road on the basis of

the master string.

Triangulation

+ Survey or design models using strings
» Analyses models using a triangular

Medel

Good triangulation result Wrong t.r.

i TeCE

Fig 2. Triangulation — a result of a multidimensional
analysis and transformation

Following the analysis of two models, for exam-
ple, the model of terrain and the model of the desig-
ned road body, it is possible to arrive at a string de-
fining the line where those models come across. It is
particularly useful in modelling slopes. Such an analy-
sis is performed in a forward and backward option,
defining the linking parameters in the two options. In
effect, we obtain a 5-dimensional resulting string, cal-
led the interface string.

It is possible to use a thorough multidimensional
analysis to test a single string model, in order to, for
example, arrive at cross or longitudinal sections of the

terrain only.

The six dimensions stored for each point on a master
string are :

X, Y, Z, Chainage, Bearing, Radius
= Contains points at
— Regular chainage interval
— Horizontal tangent points
— Vertical tangent points

Fig 3. Multidimensional MASTER STRINGS
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* The twelve dimensions stored for each point on a geometry string are:
X, Y, Z, Chainage, Bearing, Radius, Gradient, M value,
Hcode, Vcode, HName, VName

« Contains points at
— primary geometric points only

PAC /

PBT
s

Fig 4. Multidimensional GEOMETRIC STRINGS

Or else, a number of models together arriving at,
for example, a designed road body and the terrain, and
obtaining the results regarding volume of area of fu-
ture earth or surface work.

Therefore, a multidimensional model is a good and
reliable tool, which can be used in modelling and re-
viewing design options of different kinds of linear and
three-dimensional structures. Summing up, it is possible
to adopt the procedure described above to assist and
facilitate modelling and multidimensional analysis in
design. Using geometric strings, we can give a repre-
sentation of contours of an existing road, hard shoul-
der, ditch, pavement, buildings, and so on.

Another element contributing to the information
about the modelled fragment of the real world is a
string of dispersed points. Such a string may represent
a set of point type elements classified into one cat-
egory, such as: characteristic features land, or trees,
lamp-posts, and so on.

This type of string, in contrast to the previous one,
does not have obvious geometric links between the
points and, therefore, the system analyses it as a set of
dispersed points, not accounting for the links between
points as contours.

The terrain represented by means of those two
types of strings forms the so-called primitive numerical
model of the land formation. It is a simplified version
of the terrain because the system, during the analysis,
may represent an untrue reflection of reality due to,
for example, little density of points and contours in the
fragment of terrain under scrutiny.

In order to support the person responsible for
technical drawings, and try to represent more accurately

the numerical model of the terrain, another type of string

has been introduced. This string is generated on the basis

of the analysis of a primitive model of the terrain.

Fig 5. A model of the road body under design together
with the terrain model

The string in such a shape has 36 dimensions and
represents a model of triangulation of the terrain, ie
the representation of the terrain by means of triangular
planes of the same inclination.

The basic benefit of the 36-dimensional triangula-
tion string is an accurate representation of the terrain,
and its drawback is a huge memory demand. In order
to minimise the trouble of having to provide so much
information for each individual point on the string, the
triangulation string itself is regarded as a transition
analysis tool and a basis for generating a string which
unequivocally describes a model of the terrain, and has
a benefit of being 2,5-dimensional. The reason is that
it only has x, y, z co-ordinates, and an ordinate for a
heading of each series of points constituting a string.

Another characteristic type of information is a
string representing a section of the existing terrain
through the modelled body, called an interface. It is a
S-dimensional string, generated automatically as a re-
sult of the analysis of the numerical model of the ter-
rain and of the body (Fig 1).

. Points calculated from triangle edges and faces

. Points on cross sections -

O Points on long section

Fig 6. Sections through triangulation
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Cross sections...

+ Cross sections stored as individual strings

+ Only initial character given, not full string name
- for example,'D’ for design, ‘E’ for existing

‘D’ sections

L A —————————

‘E’ sections

Fig 7. Cross and longitudinal sections resulting from
multidimensional analysis of string model

Yet another element occurring in a technical de-
sign of a road is the road axis. This element is mod-
elled numerically, often as a 6-dimensional element of
the road that, apart from the first four dimensions,
namely: point number, x, y, and z, contains information
about the azimuth, and about picketage. On the basis
of such a string, pending an appropriate analysis, it is
possible to generate simple strings and add to the
designed body, for example, of a road. Using the ele-
ments, so expanded in dimensions, it is possible to make
clear designs of various linear objects. A multidimen-
sional character of such a design facilitates fast and
accurate analysis of a design and becomes a tool to
generate a number of optional solutions. The type of
modelling and multidimensional analysis presented in
Part 1 has been used in many new generation CAD
systems, and the MX family products based on the
MOSS system may serve as a good example of this

statement.

3. Multidimensional analysis in property management

Another example of utilising multidimensional data
analysis in construction industry is applying it to road
maintenance. The awareness of the necessity of plan-
ning the development and maintenance of the network
of roads, defining strategic targets and methods to reach
those targets is a key ability of staff responsible for
road network maintenance. Fast development of infor-
mation technology has resulted in the advisory systems
using multidimensional informational analysis in data
warehouses becoming the basic tool in property man-

agement.

Field
Research

Improvement
of conditions

Data

Warehouse I

\ 4
Multidimensional

Analyses

Decision
Process

Fig 8. An example of a pattern of an advisory system

Results
Transformation

—_—

using a multidimensional analysis module

Proper organisation in data warehouses facilitates
fast, multidimensional analysis of information and its
prospective presentation. Information is made available
and is analysed in accordance with the user’s level of
accessibility. The authorisation level is a consequence
of the role a user of the system plays in the decision-
making process, in other words, is a consequence of
the user’s competence.

The multidimensional character of the advisory
system is not only reflected in the way information is
analysed, but also in its multidimensional presentation.

In presentation, multidimensional systems use both
information displayed as text and graphics. A general
pattern of an advisory system, which uses this type of
analysis, is shown in Fig 8.

As a result, the advisory system, thanks to the
multidimensional analysis of historical information and
current data, facilitates the presentation of the real or
prospective state of the managed property, depending
on the needs of a person taking a decision. The system
enables a spatial presentation of information, as illus-
trated in Fig 9.

A spatial set of information consisting of time,
condition, and types of elements facilitates analysis
within a given range. The ,,A” type of spatial perspec-
tive presents the result of the analysis, thanks to which
we obtain information regarding all objects within a
network of streets in a selected time span. Such an
analysis may provide an accurate answer to the ques-
tion of the state of road network over the time that is

434



interesting for the user. Adding other dimensions, such
as a set of maintenance decisions, we can obtain simu-
lations illustrating the effect of the decisions which have
been taken about the state of managed property.

Condition

Fig 9. Selected examples illustrating multidimensional
features of an advisory system

The ,,B” perspective presents the result of the
analysis which provided an answer to the question as
to which elements still remain in the state assumed for
them in a chosen time span pointing, for example, at
the elements which have not become degraded since
the previous year.

The ,,C” perspective illustrates a possibility of ob-
taining an answer to the question of the state represented
by all the elements categorised as one type. Such an
analysis facilitates the verification of the degradation of
road surface, for example, from SMA on expressways.

Another interesting example of spatial analysis is
the analysis of selected elements which, within the
assumed time span, would reach the assumed qualifica-
tion, for example ,,poor” — perspective ,,D”. Having a
properly designed data warehouse related to the mecha-
nism of multidimensional analysis at our disposal, we
could multiply dimensions and categories of the analy-
sis. In effect, we could obtain fast reporting on the
existing or forecast state of the network. If we state
tasks related to the dimensions we are interested in,
and state masks the user is interested in, the multidi-
mensional analysis can provide quite accurate answers

to fairly complex problems.

These categories of systems, presented in a sketchy
way, have found its way to engineer’s everyday practice.
Such advisory systems using a multidimensional analysis
tool linked with a properly designed data warehouse can
be extended by an addition of a multidimensional eco-
nomic analysis module. The author will present the sub-
ject in forthcoming work. The discussed systems facili-
tate forecasting, and not only with respect to technical
condition of the network, but also with respect to the
risk related to the decisions which have been taken, and
help optimise the distribution of resources necessary to
maintain the road network in good technical condition.
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DAUGIAMACIU DUOMENU ANALIZE STATYBOS
VEIKLOJE

A. Fojud
Santrauka

Siuo metu statyboje vis plagiau diegiamos naujausios
technologijos, kartu kiekvienoje pastato ar statinio statybos
stadijoje atsiranda vis daugiau projektiniy sprendimy. Dél to
kyla ivairiy problemy, susijusiy su sprendimy priémimo pro-
ceso optimizavimu bei tinkamy argumenty, priimant konkrecius
sprendimus inzineriniame darbe, pateikimu. Tod¢l inZineringje
praktikoje labai svarbi sisteminé daugiamatés informacijos
analizé. Straipsnyje pateikiama daugiamaciy duomeny analizés
statybos veikloje galimybiy studija ir pabréziama didéjanti
daugiamatés informacijos analizés svarba kasdieniame inZinie-
riaus darbe, taip pat valdant nuosavybg. Aprasytos projekta-
vimo, pagristo daugiamaciais duomenimis, galimybés ir tokiy,
projektuose naudojamy duomeny, analizé. Antrojoje straipsnio
dalyje pateikiama daugiamatés analizés taikymo sprendimy
priémimo sistemose, skirtose zmonéms, priimantiems nuosa-
vybés valdymo sprendimus, naudingumo ir svarbos analizé.
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CAPITAL EXPENDITURE AND RECEIPTS ANALYSIS IN CONSTRUCTION
PROJECT MANAGEMENT (DESCRIPTION OF THE MODEL)

T. Wiatr

Poznan University of Technology

1. Problem outline

Traditional project planning in construction industry
focuses on the issues of the production process, high-
lighting elements such as rhythm, continuity, and uni-
formity. This situation is reflected in an informal and
unofficial two-stage management structure of many or-
ganisations. It assumes the existence of a higher level
of management, specialising in the issues of economy
and finance, and a lower (separated) level of manage-
ment specialising in the issues of technology and pro-
duction. In this arrangement financial planning is high-
ly general, with little relationship to the complex issues
of technology and engineering. Today, in the age of
integrated information systems, such an approach to ma-
nagement of project seems truly obsolete.

The approach needs changing by integrating the
production planning and the financial planning into one
system of management [1]. Looking at it from the the-
oretical standpoint, the problem can be presented as
the question of optimum technological-economic control.
The article focuses on the relations between what is
spent and received relation to the value of works and
project schedule (Fig 1). These relations may be a sour-
ce of risk, especially in cash flow forecasting [2, 3]. It
is very important problem because the extent of risk
and uncertainty associated with construction projects is

considerable and should not be underestimated [4].

2. Decomposition and systematisation

The project schedule is a basis of the production
process in construction industry. The financial schedule
(schedule of payments and cash flows) closely related
to the schedule of works is a source of integration bet-
ween the production planning and the financial plan-

ning (Fig 1). Cash events (inflows and outflows)

reflecting receipts and expenditure are elements of the
financial schedule. These events define the discrete cha-
racter of distribution of the receipts and expenditure.
Discrete form of expenditure is in the opposition to
actual knowledge [3, 5] because cumulative expenditu-
re are not continuous here (only value of works has a
continued form of an S-curve). Proposed name of the
model is IVO (Inflow-Value-Outflow) according to these

features.
VALUE OF WORK S
PROJECT CONTROL
SCHEDULE ZONE

EXPENDITURE

CONTROL RECEIPTS

POINT (-S)

Fig 1. Ideograph of project control (simplified model)

A discrete distribution reflects the project cash flow
and it is a basis for financial control. The control emb-
races four principal quantitative elements: every sche-
duled receipt should be characterised by quoting the
amount received (Q+) and the time when the amount
was received (T+). Similarly, every scheduled amount
spent should be characterised by quoting the amount
spent (Q-) and the time when the amount was spent
(T-). Taking the four highlighted parameters into con-
sideration, it has been assumed that each one may be
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known (answer = 1), or unknown (answer = 0). Basing
on the above-defined dichotomy, a systematisation of
simple cash flows has been worked out (Fig 2) and
described (Table 1).

Fig 2. Dichotomic systematisation of simple cash flows

The scope of the classification contains fourteen
cases and two extreme cases. The first occurs when
the amounts of receipts and expenditure are precisely
defined and is, therefore, a deterministic case reflected
in the table by four positive answers (1,1/1,1). The ot-
her extreme case refers to the situation whereby the
dates and amounts of receipts and expenditure are un-
known, and it has been reflected in the table by means

of four negative answers (0,0/0,0).

3. Interpretation of the model

In practical terms, the dates of some payments (cash
events) may be defined rigidly by appropriate law regu-
lations (for example, national terms of taxes — vat and
so on) or by contract. In such cases, it must be man-
datorily assumed that the date is known (answer = 1).
A similar situation occurs in case of amounts which
may be fixed at a certain level and, therefore, it should
be assumed that the amounts are known (answer = 1).

Description of the simple cash flows (abbreviations: rec. — receipts, exp. — expenditure)

Q- | T- | Q+ | T+ | Explanation of the simple cash flows
group 1 all parameters known
1 | 1 | 1 | 1 | known amounts and dates of receipts and expenditure
group 2 one parameter unknown
011 1 1 | known amounts and dates of receipts and expenditure dates, unknown expenditure amounts
110 1 1 | known amounts and dates of receipts and amounts of expenditure, unknown expenditure dates
1 11 0 1 | known dates of receipts and amounts and expenditure dates, unknown amounts of receipts
1 1 1 0 | known amounts of receipts and amounts and expenditure dates, unknown dates of receipts
group 3 two parameters unknown
010 1 1 | known amounts and dates of receipts, unknown amounts and expenditure dates
0|11 0 1 | known dates of receipts and expenditure, unknown amounts of receipts and expenditure
011 1 0 | known amounts of rec. and exp. dates, unknown amounts of rec. and exp. dates
1 {0 O 1 | known dates of rec. and amounts of exp., unknown amounts of rec. and exp. dates
1 10f 1 0 | known amounts of receipts and expenditure, unknown dates of receipts and expenditure
1 11 0 0 | known amounts and expenditure dates, unknown amounts and dates of receipts
group 4 three parameters unknown
110 0 0 | known amounts of expenditure, unknown expenditure dates and amounts and dates of receipts
011 0 0 | known expenditure dates, unknown amounts and dates of receipts and amounts of expenditure
010 1 0 | known amounts of rec., unknown amounts of expenditure and dates of receipts and expenditure
010 O 1 | known dates of receipts, unknown amounts of expenditure and amounts and expenditure dates
group 5 all parameters unknown
0 | 0 | 0 | 0 | unknown dates and amounts of receipts and expenditure
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It results from an evident assumption that all
amounts and dates of receipts and expenditure have been
defined by a contract and, therefore, in the financial
schedule (schedule of all payments) which is part of
the contract. This is a basis of a traditional planning
practice included in contract regulations (only in solid,
detailed agreements). In such a case, the contract be-
comes a basis for further analyses targeted at the sen-
sitivity analysis of the plan to changes of parameters
during the life cycle of project. In this case sensitivity
analysis helps finding a searching value in effect of
change of a single variable within a project by analy-
sing that effect on the project plan [4] in day-to-day
management [6] without probability calculations [7] or
with them.

In a wider sense, the simulation may serve the
purpose of optimisation of the plan before the contract
is signed (like a decision support system in strategic
decision-making [6]), like a tool for teaching theoreti-
cal concepts [6] or management game. It corresponds
with all features of simulation in the branch of const-
ruction management [8]. Presented problems are inclu-
ded in general area of the Project Time Management,
Project Cost Management and Project Risk Manage-
ment [9].

4. Simulation and sensitivity analysis

Normally the knowledge of the four above-men-
tioned parameters (amount spent, date of expenditure,
amount received, date of receipt) gives a determinist
model. It must be stated that the opposite lack of know-
ledge of a certain parameter (answer = 0) does not
mean that it is completely undefined. In practice, the
value of each of the listed parameters may differ wit-
hin certain limits (in an estimated range) and it defines
probability of parameters. In this situation we have pro-
bable amounts and dates and a model enabling to cal-
culate the expected risk related to financial schedule.

Moreover, in many cases, a given parameter may
be only relatively constant (answer = 1) by way of its
dependence on other relatively constant parameters
(technical and organisational in particular). The reason
is that, in practice, the amounts and dates of receipts
and expenditure may be directly dependent on the sche-
dule of works (in many cases). The variability of pro-

duction parameters effects in delays of partial amounts

and partial terms, and all those factors define indirec-
tly the variability of the financial schedule. If many
technological and organisational factors come into play,
their influence on the distribution of the cash flows
may be critical. In this situation we are in need of
simulation of work’s schedule. In such a case, the risk
related to the schedule of works combines (multiplies)
with risk of financial schedule according to the proba-
bility rules.

If, on top of this, there is some influence of fac-
tors which are external to a given project organisation
(instability on the construction industry market, infla-
tion etc), the analysis of the variability may be crucial
from the point of view of the project success (for exam-
ple, in lump sum contracts or BOT projects and in
developing firms). In these most complex cases value
of work may be in a probabilistic form but value of
works has a continuous form (cash events are discre-
te). This case is a combination of discrete-event simu-

lation and continuous simulation.

5. Computers and software

Four cash flow parameters have been discussed abo-
ve, constituting a basis of a common denominator for
individual cases, and presenting them as simple cash
flows. Although their number (16 cases) is not big, it
must be stated that, in practice, they never occur in
pure form. In modelling the complex cases, we must
associate (combine) simple cases, using the principle of
superposition and (in such a situation) the number of
existing parameters in the simulation will grow very
fast. Specialist software and a fast computer, with tech-
nical characteristics reflecting the complexity of the mo-
delled (simulated) projects, are necessary for analyses -
especially in connection with complex risk analysis.

At present there is no single software on the mar-
ket, which might serve the purpose of carrying out such
analyses, and therefore, it is necessary to join together
a number of specialist software packages. Good exam-
ple is the proposition of computer program prepared
by Navon [10] but the discussed product is directed
only to contracts based on the detailed bills of quan-
tities (BOQ) [10] and this software is not available.
Similar specialised systems in Poland are used in prac-
tice with the database of cost calculation software. They

are too rigid (not flexible) for general research (in all
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aspects of modelling projects and contracts) because
these systems focuse on automatic integration of the
cost items with the schedule items [10], [11], not on
complex analyses. These systems are very useful for
practical cases of particular contracts but less universal
in all aspects of the research.

In the practice of all types of building and engi-
neering projects (and in the process of real modelling
these projects), the recommended software is the world-
famous Primavera Project Planner+Monte Carlo for Pri-
mavera. What can be used both for theoretical and prac-
tical purposes, is difficult CA SuperProject+Predict, or
popular MS Project+@Risk for Project packages.

A possible alternative for special cases is Polish
program Planista and modules prepared with adoption
of genetic algorithms (GA). Taking into account the
analyses of test schedules/model schedules for research
purposes the recommended software packages is MS
Excel+@Risk in dynamic connection with the latest sof-
tware listed above (and not listed older Pertmaster Ad-
vance) or with the optional usage of the software writ-

ten individually.
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KAPITALO ISLAIDU IR JPLAUKU ANALIZES
VALDANT STATYBOS PROJEKTUS MODELIO
APRASYMAS

T. Wiatr

Santrauka

ApraSytas bendrasis projekty valdymo modelis piniginiy
srauty ir gamybos bei finansiniy plany priklausomybés poziii-
riu. Siame modelyje grynieji pinigai yra diskretaus pobiidzio,
bet darby verté yra testinés S-kreivés formos. Nuomoné, kad
iSlaidos yra diskretaus pobiidzio, prieStarauja nusistovéjusiai
nuomonei. Pagal §ia savybg sitlomas ir modelio pavadinimas
— IVO (angl. Inflow-Value-Outflow). Modelis leidzia anali-
zuoti problemas naudojant specialia programing iranga. Mo-
delis gali buti pagrindu jautrumo analizei atlikti, atsizvelgiant
1 pavienius projekty kintamuosius dydzius. Antra vertus, mo-
delis gali bliti modeliavimo ir galimos rizikos vertinimo jran-
kis. Straipsnyje iSrySkintas gamybos ir finansy planavimo in-
tegravimas { viena valdymo sistema. Si sistema tiesiogiai su-
koncentruota i projekta, bet netiesiogiai i statybing firma (pro-
jekty portfelis).
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MULTIPLE CRITERIA EVALUATION OF CONSTRUCTION TENDERS IN
ACCORDANCE WITH THE LAW ON PUBLIC PROCUREMENT OF THE

REPUBLIC OF LITHUANIA

S. Mitkus, T. Dé&jus
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1. Introduction

In order to select an optimal construction (repairs)
tender one should evaluate at least several criteria. The
problems of the multiple criteria evaluation of tenders
have been examined in literature rather widely [1, 2,
3]. Yet, when organizers of biddings for construction
contracts intend to procure construction contracts for
funds from the government budget, local self-administ-
ration budgets and similar funds such organizers should
act in accordance with the Law on Public Procurement
of the Republic of Lithuania (hereinafter referred to as
the LPP) [4].

The new edition of the PPL came into force on
October 1, 1999. Although the concept of the multiple
criteria evaluation is used neither in this law nor in the
normative by-laws this law provides for the possibility
to choose the criterion of the economically efficient
tender as a criterion of evaluation of tenders. Item 4
of Article 26 of the LPP has charged the Government
of the Republic of Lithuania with the task of appro-
ving the methods of determining the evaluation crite-
rion of the economically efficient tender. On December
30, 1999 Government of the Republic of Lithuania ap-
proved these methods by Resolution No 1503 [5]. The
analysis of the methods approved by this Resolution
allows to maintain that these methods will secure the
possibility of the multiple criteria evaluation.

This paper is aimed at analysing the possibility of
using the multiple criteria evaluation of construction ten-
ders by taking into account the scientific achievements
and principles of the LPP.

2. Algorithm of evaluation of construction tenders

When a bidding for construction contract is orga-
nized in accordance with the LPP, the algorithm of
evaluation of tenders shall be strictly regulated. The

procuring organization should provide for all the requi-
rements concerning contractors and their tenders in the
procurement documents. In the course of evaluation of
received tenders, one should first of all evaluate the
formal requirements for tenders that are stipulated by
the procurement documents and LPP. Let us assume
that the customer has received multitude » of tenders:

B:{Bl,Bz,...,Bn},l’IZ?). (1)

If the number of received tenders is less than two,
the bidding shall be regarded as not taken place.

Matrix A (Table 1) of satisfying formal require-
ments for the tenders received may be formed upon
receipt of tenders from contractors.

Table 1. Matrix A of satisfying formal requirements for ten-

ders
F.
Bi J Fl F2 Fm
B, a1 a2 Am
B, a3 a2 Aom
Bn apl ap2 Anm

where F; — formal requirements for tenders. Some for-
mal requirements are stipulated in the PPL (tenders
should be bound, signed, sealed, etc), other require-
ments are determined by the procuring organization it-
self (mandatory information, requirements for work, etc).

Elements a;; of the matrix of received tenders are
binary, they indicate whether tender B, satisfies requi-
rement F;, ie their values may be set to YES or NOT.

The LPP provides for an imperative principle under
which the tenders not satisfying the requirements as
provided by the law and procurement documents shall
be rejected, ie tender B; shall be rejected if the fol-
lowing condition is satisfied:
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a; = “NO” where at least one j=1,m (2)

Upon rejection of the tenders that do not satisfy
the formal requirements we shall obtain the multitude
of tenders that satisfy the formal requirements:

C:{CI,C2,...,Ck},3SkSn. (3)

The imperative norm of the LLP (Part 1 of Artic-
le 7) requires that the procuring organization should
find out whether the contractor is competent, reliable
and able to fulfil the conditions of the procured const-
ruction contract. Therefore, at a certain stage of the
procuring procedure the procuring organization shall be
entitled to require that the contractor should submit
documents confirming qualification of the latter.

In order to evaluate qualification of contractors
one should make up matrix D (Table 2) for evaluation
of contractors’ qualification.

Table 2. Matrix D for evaluation of contractors’ qualifica-
tion

n .
B. 7 Kl K2 K]
1
B, d dip dy
B dr dy;
day
By dr dia di

where K; — qualification requirements for contractors
as provided for in the procurement documents. Ele-
ments d;; of the contractors’ qualification matrix are
binary, they show whether qualification of the contrac-
tor who submitted tender B; satisfies qualification re-
quirement K; provided for in the qualification docu-
ments, ie their values may be set to YES or NO. An
imperative principle is stipulated in the LLP which
maintains that the tenders submitted by all contractors
shall be rejected if they do not meet the requirements
specified in the bidding documents, ic a tender shall
be rejected, if the following condition is satisfied:

dij = “NO” where at least one j=1,/. (4)

A procuring organization may also reject tenders
submitted by contractors in the following cases:
1) the contractor who submitted a tender has infrin-
ged upon the Competition Law;
2) all contractors have offered prices that are too
high and not acceptable for the procuring orga-
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nization. Tenders may be rejected on these grounds
only upon obtaining a permit issued by the Public
Procurement Agency;

3) the offered prices are too low and the contractor
has failed to substantiate them. The procuring or-
ganization may reject a tender on these grounds
only in case where the contractor fails to substan-
tiate it upon receiving a request to substantiate the
price in writing.

Upon rejection of tenders that fail to meet the re-
quirements, we obtain multitude E of tenders to be eva-
luated:

E={E1,E2,...,Ep},pSl. (5)

If there are three or more tenders remaining, the
received tenders shall be evaluated in accordance with
the procedure as provided for in the bidding documents.
If there are three or less tenders remaining after rejec-
tion of a tender, the bidding is regarded as one that
has not taken place, whilst the procurement organiza-
tion may choose to adopt the following resolutions:

1) to organize negotiated tenders if there are two
tenders remaining to be evaluated upon rejection
of tenders;

2) to effect a single-source procurement if upon re-
jection of tenders there is only one tender remai-
ning to be evaluated. If the value of work is in
excess of 500 thousand Litas, realization of such
a procurement will require consent from the Pub-
lic Procurement Agency;

3) to announce a new bidding. In this case all ten-
ders shall be rejected, which also requires consent
from the Public Procurement Department.

3. Multiple criteria evaluation of tenders

The LPP provides for the possibility of using the
criterion of the economically efficient tender during eva-
luation of tenders. This criterion may be used in the
case of procuring a construction contract by open ten-
ders, limited tenders and negotiated tenders if the pro-
curing organization has provided for such kind of ten-
ders in the procurement documentation.

The LPP provides for strict limitations in cases
where the procuring organization may evaluate tenders
using the evaluation criterion of the economically effi-
cient tender, ie when one may use multiple criteria eva-
luation of tenders. Economic usefulness of construction
tenders may be evaluated only if both of these condi-
tions are present:



1) the construction work is being procured in com-
bination with the project services of the procured
object of work. In case when the work is procu-
red under the preliminarily prepared project cove-
ring the constructional and technical solutions, eco-
nomic efficiency cannot be evaluated;

2) determination of limits of technical parameters
(functional parameters and operating costs) of the
procured object in the procurement documentation
does not guarantee the procuring organization a
sufficiently good selection of tenders.

In addition to the price, the evaluation of econo-
mic efficiency may include evaluations of functional
properties and operating costs or one of them. Opera-
ting costs may be evaluated in the following cases whe-
re there is an opinion that:

1) operating costs of the construction object will
amount to not less than 50% of the object’s const-
ruction price within the usual period of operation,
yet, no longer than 10 years;

2) the permissible difference of operating costs in
different tenders may exceed 15%.

Functional properties can be evaluated only if both
of the following conditions are present:

1) improvement of functional parameters of the erec-
ted object is important for the needs of the pro-
curing organization;

2) difference of essential functional parameters in dif-
ferent tenders may exceed 15%.

Analysis of the procedure of determining the eco-
nomically efficient tender [5] approved by resolution of
the Government allows to draw a conclusion that these
methods provide the multiple criteria evaluation of ten-
ders in accordance with the MWSDI1 criterion [2].

When evaluating tenders in accordance with the
criterion of the economically efficient tender, the pro-
curing organization may evaluate the tender’s price,
functional properties of the procurement object and ope-
rating costs of this object. Matrix U of decision-ma-
king in accordance with the above procedure is shown
in Table 3.

Functional parameters may include technical cha-
racteristics of the procurement object (thermal resistan-
ce, stability, durability), aesthetic properties, impact upon
the environment, etc. Operating costs are future costs
associated with the utilization of the erected object. On-
ly those costs may be added which are selected for
evaluation of tenders and specified in the procurement
documents. Index duplication should be avoided while
determining the functional properties and operating costs

Table 3. Decision-making matrix U

Tenders . Functional parameters | Operating
under Price costs
evaluation a1 ) F,
E, a | fu| fin| - | fir €l
E, | S| 2| - | for €
E, cp | for | Ip2 Spr €p

to be evaluated. For instance, if the thermal resistance
of the enclosure is chosen as a functional parameter,
then the heating of the building should not be evalu-
ated as operating costs, and vice versa, because there
is a great inter dependence of these parameters.

The methods of normalizing the decision-making
matrix, which methods are stipulated in the law and
by-laws [4, 5], differ from the methods described in
many scientific papers [1, 2, 3]. The greatest peculia-
rity lies in the fact that a two-level system of coeffi-
cients of importance is used (Table 4).

Table 4. System of coefficients of importance

Levels | Coefficient of Coefficients of Coefficient of
importance importance of importance of
of price functional parameters | operating costs
1 2 1...|R
1 X Yy Y,
2 L | Ly | .. |L,

The procuring organization shall specify the coef-
ficients of importance of the price, functional parame-
ters and operating costs in the procurement documents,

which coefficients shall total up to 100:
X+Y,+Y, =100, 6)

where X,Yr,Y, — coefficients of importance of the
price, functional parameters and operating costs, res-
pectively.

Four methods of determining coefficients of im-
portance are widely analysed in the literature: ie met-
hods of entropy, index value loss, expert test and the
complex method [1, 2, 3]. The peculiarity of all these
methods, with exception of the expert test method, lies
in the fact that they are determined upon formation of
the alternatives to be evaluated and upon determination
of coefficient values of these alternatives, which values
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are to be evaluated. The LPP expressively requires that
the coefficients of importance to be evaluated should
be already specified in the bidding documents, ie prior
to formation of the tender matrix. This requirement do-
es not allow to use many possibilities of the multiple
criteria evaluation so that the procuring organizations
have to resort to the sole opportunity of determining
the coefficients of importance, ie by the expert test met-
hod. Procurement is often carried out by commissions
created by procuring organizations themselves whereof
members are not initiated into the multiple criteria eva-
luation methods. Therefore, having failed to determine
the correct coefficients of importance, they may choose
to proclaim the tender, which is not the most suitable,
the winner, which fact may be considered a drawback
in case of applying this method to public procurement.
By-laws provide further restrictions with regard to
coefficients of importance. In case of procuring construc-
tion work contracts, the coefficient of importance of price
evaluation cannot be less than 70, when the price, func-
tional properties and operating costs are evaluated, and
cannot be less than 80, when only functional properties
or operating costs are evaluated besides the price.
As we can see, irrespective of the fact that there
may be several functional properties to be evaluated,
only one coefficient of importance shall be assigned to
the multitude of them. Therefore, coefficients of impor-
tance L; of the second level whereof total sum equals
to one shall be assigned to each functional parameter.
Taking into account the above-mentioned peculia-
rities the decision-making matrix shall be normalized
in the following way. First of all, normalized values of
generalized functional parameters shall be calculated by
evaluating their coefficients of importance L;:

I =3F )

where F; — evaluation of the i-th functional parameter,
which is calculated in accordance with one of these
formulas:

Fy =P/ Py )i (®)

F; = Poin / B )L, ©)

where P, — value of the i-th functional parameter; Py, ,
P,

nax — respectively, the minimum or maximum value

of the i-th parameter offered by the contractors. For-
mula (8) is used when the best values of technical pa-
rameters are set to maximum, and formula (9) is used
when the best values of technical parameters are set to

minimum.

The offered prices shall be normalized in accor-
dance with the following formula:

(10)

where ¢y, and ¢; — the offered minimum price and

n —
C; =Cmin’/Ci»

the one of the currently considered tender, respectively.
The offered operating costs shall be normalized in
accordance with the following formula:

(11)

where e;;, and e; — the offered minimum operating

n _—
e =emin’€>

costs and the ones of the currently considered tender,
respectively.

Normalized decision-making matrix N (Table 5)
obtained upon normalization.

Table 5. Normalized decision-making matrix N

. Normaliz Normaliz
Tenders Normalized ormalized ormalized
value of value of
under value of . .
. . technical operating
evaluation price
parameters costs
n N n
By a N el
n n n
B, ) /2 €
n n n
B, cp Iy ep

Upon formation of the normalized decision-making
matrix, the economic efficiency of each tender may be
calculated in accordance with the formula:

(12)

A priority queue shall be established in accordan-

Si :Ci DY"'.fl-n [Yf +€;1 [Ye.

ce with the obtained values of economic efficiency. The
procuring organization should propose the contractor
who submitted the economically efficient tender to en-
ter into the contract.

4. Conclusions

1. The Public Procurement Law of the Republic
of Lithuania and by-laws stipulate that public procure-
ment procedures shall be applied in cases where const-
ruction contracts are procured for the money of public
and related funds. The above-mentioned law provides
a possibility to choose contractors by taking into ac-
count not only the minimum price offered but also in
accordance with the criterion of the economically effi-
cient tender. Analysis of the methods of determining
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the economically efficient tender approved by the reso-
lution of the Government shows that by now the pos-
sibility to choose a contractor by application of the mul-
tiple criteria evaluation methods has been legally aut-
horised.

2. Although the possibilities for applying multiple
criteria evaluation to construction in general and to se-
lection of the best tender submitted by contractors have
been widely studied, yet, the application of multiple cri-
teria evaluation by taking into account the currently ef-
fective legal norms, which regulate public procurement
procedures, has not been investigated.

3. Analysis of legal norms regulating public pro-
curement procedures shows that the multiple criteria eva-
luation has been legally approved only in accordance
with one modified criterion known in the literature [2]
under the name of MWSDI.

4. Research into the possibilities of applying met-
hods of multiple criteria evaluation of construction ten-
ders by taking into account the legal regulation of pub-
lic procurement procedures would allow the procure-
ment organizations to prepare procurement documenta-
tion of better quality, the contractors — to bid for const-
ruction contracts with more success, as well as to im-
prove the legal normative base regulating the public

procurement procedures.
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STATYBOS RANGOS PASIULYMU DAUGIATIKSLIS
VERTINIMAS, ATSIZVELGIANT | LIETUVOS
RESPUBLIKOS VIESUJU PIRKIMU ISTATYMO
NUOSTATAS

S. Mitkus, T. Déjus

Santrauka

Norint tinkamai jvertinti statybos rangos pasitilymus, bi-
tina jvertinti bent keleta kriteriju. Nors statybos rangos pasiii-
lymy daugiatikslis vertinimas yra pakankamai placiai iSnagri-
nétas literatliroje, toks vertinimas, atsizvelgiant { Lietuvos Res-
publikos vieSyju pirkimy istatyma iki Siol moksliskai nenag-
rinétas.

Nors nei Siame jstatyme, nei poistatyminiuose normi-
niuose aktuose nevartojama daugiatikslio ivertinimo savoka,
Siuo istatymu yra jtvirtinta galimybé pasiilymy vertinimo kri-
terijumi pasirinkti ekonomiskai naudingiausio pasitilymo kri-
teriju. Straipsnyje atlikta teisés akty analizé rodo, kad verti-
nant rangovy pasitilymus pagal ekonomiskai naudingiausio pa-
sitilymo vertinimo kriterijy yra numatyta daugiatikslio rango-
vy pasitlymy vertinimo galimybé.

Atlikta VieSujuy pirkimy istatymo ir poistatyminiy teisés
akty analizé rodo, kad rangovy pasitlymy daugiatiksli verti-
nima galima suskirstyti { tris stadijas.

Pirmojoje stadijoje yra atmetami pasitilymai, kurie neati-
tinka konkurso dokumenty reikalavimy. Antrojoje stadijoje at-
metami pasitlymai ty tiekéjy, kurie neatitinka perkanciosios
organizacijos keliamy kvalifikaciniy reikalavimy.

Treciojoje stadijoje atliekamas tinkamy pasiilymy dau-
giatikslis vertinimas. Parodoma, kad vertinant rangovy pasiti-
lymus vieSuosiuose pirkimuose gali biiti taikomas modifikuo-
tas daugiatikslio vertinimo kriterijus, kuris literatiiroje yra Zzi-
nomas MWSD1 vardu [2]. Pagrindinis jo skirtumas nuo lite-
ratiiroje aprasyto yra dvieju lygiu svorio koeficienty sistema
(4 lentelé). VieSyju pirkimy jstatymas ir pojstatyminiai teisés
aktai numato ir daugiau daugiatikslio vertinimo galimybiy ap-
ribojimy, kurie ir yra analizuojami straipsnyje.

Tolesnis statybos rangos pasitilymy daugiatikslis vertini-
mas, atsizvelgiant | VieSyju pirkimy istatyma, leisty uzsako-
vams pasirinkti geresnius pasililymus, o rangovams — parengti
konkurencingesnius.
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ANALYSIS OF EFFICIENCY OF SINGLE-FAMILY HOUSE LIFE CYCLE

N. Kvederyté

Vilnius Gediminas Technical University

1. Introduction

An efficient single-family house is a final purpose
of life cycle. It determines the necessity to evaluate
various decisions of life cycle of single-family houses,
and possibilities to satisfy objectives and requirements
of participants of that process. To design and achieve
an efficient process of a single-family house life cycle
it is necessary to take care of the building efficiency
starting from the determination of needs and objectives
and ending to usage of a building. In each stage of the
life cycle of a building many interested parties are in-
volved: clients, designers, contractors, manufacturers and
suppliers of construction materials and products, users,
public and municipal institutions, buildings supervisory
and repair organisations, etc. While designing the life
cycle of a building and making decisions, it is neces-
sary to take into account the interests of these interes-
ted parties. Therefore the life cycle of a single-family
house has to be designed and implemented taking into
consideration its stages, objectives and opportunities of
the interested parties after evaluating the environment
of micro- and macro-level, simultaneously influencing
the efficiency of a single-family house. A variety of
factors describing efficiency of single-family houses po-
ses a question: how to evaluate decisions of the life
cycle of a building in many aspects?

Many research works have been reported for sol-
ving relevant problems of a particular stage of a buil-
ding life cycle (ie brief, design, construction, mainte-
nance) [1-3]. Most systems, such as QM-XPS [4], the
CABMaS research project developed under the heading
of “Cooperative Research” [5], and the tools proposed
by G. Aouad [6], Y. E. Kalay [7], G. Coetzee et al.
[8], use information technology (IT) to support the dif-
ferent decisions of a building life cycle and managing

their associated information.

C. M. Eastman et al. [9, 10] presented a survey
of software programs, IT, expert and decision support
systems used world-wide for solving problems related
to brief, design, construction and maintenance proces-
ses. According to D. Veeramani et al. [11], the transi-
tion of the construction industry to the computer-integ-
rated era requires the development and acceptance of
collaboration technologies for all steps of a construc-
tion project from design, through construction process
planning, as well as project execution and management.
In this context, the growing popularity of the WWW
and Internet-based technologies is creating new promi-
sing approaches to collaborative design, contractor se-
lection, construction process planning and execution, and
project coordination.

This paper proposes a model of complex analysis
of a single-family house life cycle and the possibilities
of its realization. Its purpose is to provide a structure
for development of new capabilities and tools for a
more efficient implementation of objectives and needs

of the interested parties.

2. Analysis and evaluation of efficiency of life cycle

of a single-family house

2.1. Development of a model for a complex analysis

of a single-family house life cycle

In order to design and realize an efficient life cycle
of a building, it is necessary to take care of the buil-
ding efficiency from the inception to the end of servi-
ce life. The entire process must be planned and execu-
ted with consideration of its key stages, objectives and
opportunities of interested parties involved in the pro-
cess and the environment of micro- and macro level.
For complex solving problems and increasing efficien-
cy, a model of analysis of a building life cycle was
developed (see Fig) [12, 13]:
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Analysis of component parts of the building life
cycle (stages, participants and the factors of envi-
ronment influencing the building life cycle).
Multivariant design of life cycle of a building.
Multple criteria analysis of life cycle of a building.
Development of rational micro- and macro-level en-
vironment.

Selection of the efficient variant of life cycle of a
building and realization of purposes of the interes-
ted parties involved.

The life cycle of a building can be divided into
five closely interrelated stages, such as inception, de-

sign, construction, in-use and demolition. At the stage

of inception the client and designers state major requi-
rements and limitations regarding the building in ques-
tion. A single-family house is being designed with an
account of the client’s needs as well as the possibili-
ties of designers, constructors, suppliers, etc. At the
design stage of building life cycle, multivariant design
and multiple criteria analysis should be carried out ta-
king into account the experience gained in realizing
similar projects and seeking to harmonize the activities
of the interested parties. The strategy and means of its
realization related to building maintenance and facili-
ties management should be defined. They should ensu-

re that maintenance and facilities management problems

Inception
Design
I:> Stages Construction
§ In-use
= —
5, ﬁ Demolition
E Clients
$
2 Designers
on
2 Contractors
: <:| Interested
= parties Manufacturers and suppliers of construction materials and products
i Users
] 11 . . . .
P Buildings maintenance and repair organisations
=
T
= . .
Environment | Micro-level environment
factors Macro-level environment
r— - r - - - - - - A
| Decision support system |
I | Multivariant design of life cycle of a building ’4—{ Formation of alternatives | I
| | Multiple criteria analysis of life cycle of a building |«| Multiple criteria evaluation of alternatives ||
[ |Se|ection of efficient variant of life cycle of a building |<—| Selection of efficient aternatives ||
L -
VvV
o - | Development of rational micro- and macro-level environment |
o &
2358 1T
E?C inati i ; i
§ 5 > <:> | Determination of rational stages and their constituent parts |
£ OF 1r
o Efficient redlization of purposes of interested parties,
taking into consideration their opportunities

Fig 1. A model for a complex analysis of a single-family house life cycle
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are continually dealt with, starting from the inception
stage.

A building life cycle may have a lot of alternative
versions. These versions are based on alternative in-
ception, design, construction, in-use and demolition pro-
cesses and their constituent parts. The above solutions
and processes may be further considered in detail. For
instance, varying its three-dimensional planning, as well
as structural and engineering solutions alternative sin-
gle-family house variants may be developed. Thus, do-
zens of thousands of alternative versions can be obtai-
ned.

Since the rationality of the project aspects often
depends on a particular participant, only a complex de-
sign of a single-family house life cycle involving close
collaboration of major interested parties can lead to
good results.

The efficiency of a building life cycle depends on
a number of variables, at micro- and macro-levels. The
efficiency also depends on the influence of many com-
plex macro-level factors (the government policy, legal
and institutional infrastructure, physical infrastructure,
financial sector, environment issues, unemployment, in-
terest rate, inflation, innovations, and exchange rate).
The efficiency level will, therefore, vary depending on
the aggregate effect of these macro-level factors.

The method of multiple criteria multivariant de-
sign [14] is applied for making variants of the single-
family house life cycle. From the standpoint of long-
term prospects, the multivariant design and multiple cri-
teria evaluation of a building life cycle allows the in-
terested parties to make efficient decisions on the
ground of quantitative and qualitative variants analysis.
Methods of multiple criteria analysis (method of com-
plex determination of the significances of the criteria,
method of multiple criteria complex proportional eva-
luation of the projects, method of defining the utility
degree) [14] are applied for complex analysis as well
as evaluation of decisions.

Hence, the life cycle efficiency depends to a great
extent not only on the selected processes and solutions,
the interest level of the parties involved in the project,
expressed as the effectiveness of their participation in
the process, but also on the micro- and macro-level
factors. As Fig shows, the object of investigation is

rather complicated; it involves not only a building life

cycle and its stages but also the interested parties and
micro- and macro-environment factors having impact on
the former. For selecting a rational project a new buil-
ding life cycle complex analysis model was developed.
Using this model, the interested parties are able to de-
sign alternative variants of a single-family house life
cycle (various decisions), to evaluate them and deter-
mine the most efficient point: to find an efficient de-
cision for the existing situation. A variety of decisions
allows to evaluate more exactly the life cycle in eco-
nomic, qualitative, legal, technological and other aspects,

to agree the interests of the interested parties.

2.2. Realization of a model for a complex analysis

of a single-family house life cycle

A practical realization of a model for a complex
analysis of life cycle of single-family houses was being
developed step by step as follows:

* A comprehensive quantitative and conceptual desc-
ription of the life cycle of a building, its key sta-
ges, interested parties and environment by a set of
criteria.

* Development of a complex database based on qu-
antitative and conceptual description of the buil-
ding life cycle.

* Development of a decision support system of the
building life cycle, which would allow to make a
complex analysis of such process, to perform a
multiple criteria multivariant design and evaluation
thereof.

In order to perform a complete study of the buil-
ding life cycle, a complex evaluation of its economic,
technical, qualitative (ie architectural, aesthetic, com-
fortability), technological, social, legislative, infrastruc-
tural and other aspects is needed. The diversity of as-
pects being assessed should result in the diversity of
ways of presenting data needed for decision-making.
Therefore, the necessary data may be presented in nu-
merical, textual, graphical (schemes, graphs, charts), for-
mula, videotape and other forms.

In order to assess fully the influence of the cons-
tituent parts of a building life cycle affecting the total
efficiency of a project, it is necessary to express them
through systems of criteria. The alternatives of life cycle
of the single-family houses (decisions thereof) are eva-

luated on the basis of the following criteria groups:
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price of a land plot, engineering networks — electric
power, water supply, sewerage, etc — telephone, recre-
ational opportunities, roads and access possibilities,
dwelling territory, neighbours, district prestige, oppor-
tunities of district development, configuration of a land
plot, properties of ground, air pollution, etc. Some com-
plex systems of qualitative and quantitative criteria cha-
racterising the life cycle are discussed in the author’s
research [15]. The suggested criteria system allows to
evaluate how economic, architectural, technical, tech-
nological, comfort and other decisions meet the needs
and opportunities of the clients, designers, contractors,
users and other participants of this process.

Conceptual and quantitative description of the com-
ponent parts of a building life cycle provides the infor-
mation on various aspects of a cycle (ie economical,
technical, technological, infrastructural, qualitative, etc).
The conceptual description presents textual, graphical,
visual information about the projects and the criteria
used for their definition, as well as giving the reason
for the choice of a particular system of criteria, their
values and significances. This part also includes infor-
mation about the possible ways of multivariant design.
The quantitative information is based on the criteria
systems and subsystems, units of measurement, values
and initial significances as well as the data on the al-
ternative project development.

The life cycle of a building, influencing factors
and the interested parties are described in qualitative
and conceptual forms. An analysis of component parts
of the single-family house life cycle (stages, partici-
pants and the environment factors influencing a buil-
ding life cycle), conceptual and quantitative description
of them may be found in [12, 15].

Conceptual and quantitative description of a buil-
ding life cycle and its stages is used as a basis for
developing complex databases containing overall infor-
mation and allowing to carry out its multivariant de-
sign and multiple criteria analysis. Since the efficiency
of any project constituent part depends on a particular
part of its execution only a complex design of a buil-
ding life cycle involving close cooperation of all inte-
rested parties can yield good results.

Alternative life cycle versions include different cost

of a plot and a building, maintenance costs as well as

architectural, aesthetic, comfortability characteristics, in-
frastructure and environment pollution. The interested
parties often have their own preferential rating of these
criteria, giving also different values to qualitative cha-
racteristics. Besides, designing a building life cycle al-
lows the development of plenty of alternative versions
of its particular stages. This causes a lot of problems
in determining the most efficient project. To overcome
these difficulties some complex databases were develo-
ped [15]. They contain a complex description of the
alternative versions available in conceptual and quanti-
tative forms. These data taken together can describe
the object to be considered in detail. The application
of complex databases described allows to better satisfy
the needs of the parties involved as well as helping to
choose an efficient life cycle. The problems solved using
a complex database described may be found in some
publications of the author [12, 13, 15].

Interacting with the databases the user can get more
detailed or integral information on the object conside-
red. Given this opportunity and using the data from
complex databases as well as being provided with a
decision support system, the user can find an efficient
project variant in a comparatively short time. In this
way, a project best satisfying the client’s needs may be
found saving the time for the client and designers.

In order to design a number of alternative life cycle
versions as well as to determine the utility degree of
the alternatives obtained and to set the priorities, met-
hods of multiple criteria multivariant design and mul-
tiple criteria analysis [14, 16] were applied.

It is quite obvious that to develop and analyse
thousands of alternative variants based on dozens of
criteria having each specific values and significances
would be hardly possible without the IT tools. Only
development of decision support systems could help sol-
ve this problem. Therefore, to achieve the above-men-
tioned aims an original decision support system ‘“PGP
1.0”, its components (ic database, database management
system, modelbase, modelbase management system and
user’s interface) were developed [15]. The system al-
lows to evaluate the single-family houses life cycle in
complex, ie to take into account different stages of a
cycle, interested parties involved in the process and fac-

tors of environment.
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3. A decision support system of the single-family hou-

ses life cycle

Seeking strategic, economic, technical, social, qu-
alitative and other goals, it is necessary to base on
quantitative and qualitative evaluation criteria describing
objectives and opportunities, alternative decisions of in-
terested parties, and the existing situation of environ-
ment. Seeking to define ground and reach these objec-
tives it is required to apply the methods of multiple
criteria design and analysis. Methods of multiple crite-
ria multivariant design and analysis [14, 16] being ap-
plied in the developed decision support system, assist
to establish in quantitative and qualitative terms an ef-
ficient life cycle of single-family houses (decisions there-
of) as well as to determine the level of projects utility.

The decision support system for solving problems
related to construction activities and the life cycle of a
building can be considered a modern and advanced to-
ol. This tool helps the participants of the building life
cycle to seek successfully their objectives. While ap-
plying the methods of multiple criteria analysis in de-
cision support system it is possible to settle a problem
of optimisation of the intended objectives and sources
required for their implementation.

Using the information gathered in decision support
system database and following the models of model ba-
se, the interested parties (including building owners and
users, architects, engineers, manufacturers of building
materials, contractors, state and its institutions, local go-
vernments, etc) of the process of the single-family hou-
ses life cycle are able to make efficient decisions. The
use of multiple criteria analysis methods in the deci-
sion support system makes conditions for implementing
objectives of interested parties and satisfying their ne-
eds. The solution of sample problems of increasing the
efficiency of a building life cycle or its particular sta-
ges with the use of the multiple criteria decision sup-
port system suggested may be found in the author’s

research [15].

4. Conclusions and suggestions

1. There is an evaluation model of analysis of
the life cycle of the single-family houses developed.
The analysis showed that the efficiency of a building

life cycle depends on adjustment of stage decisions and

interests of parties involved in the process, implemen-
tation of objectives and environment influencing the
project. Implementation of the developed model of com-
plex analysis would allow the interested parties to me-
et more efficiently their needs and objectives, to eva-
luate in detail all expenses relative to implementation
of the project and the results obtained.

2. Conceptual and quantitative description of the
single-family houses life cycle and different alternati-
ves of its decisions is proposed, which allows to eva-
luate in detail the life cycle of a building. Following
the conceptual and quantitative information, which desc-
ribes the life cycle of a building, the interested parties
(taking into account their priorities and the existing si-
tuation) are able to rationalise the decisions made.

3. The proposed methodology allows to evaluate
the single-family house life cycle as a whole, ie to
take into account different stages of a building life cyc-
le, the interested parties and factors of environment.

4. Methods of multiple criteria multivariant de-
sign and analysis being applied in the developed deci-
sion support system may be useful for establishing in
quantitative and qualitative terms the efficient life cyc-
le of the single-family houses (decisions thereof) as
well as to determine the level of utility of projects.
The application of the methods of multiple criteria ana-
lysis in the decision support system predetermines con-
ditions for implementing objectives of the interested
parties (clients, designers, contractors, user, etc) and

guarantee a satisfaction of their needs.
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VIENBUCIU GYVENAMUJU NAMU GYVAVIMO
PROCESO EFEKTYVUMO ANALIZE

N. Kvederyté

Santrauka

Norint suprojektuoti ir igyvendinti efektyvy vienbucio
gyvenamojo namo gyvavimo procesa, bitina jo racionalumu
ripintis nuo poreikiy ir tiksly nustatymo iki pastato naudoji-
mo pabaigos. Kiekvienu pastato gyvavimo proceso etapu da-
lyvauja jvairios suinteresuotos grupés: uzsakovai, projektuoto-
jai, rangovai, statybiniy medziagy bei gaminiy gamintojai ir
tiekéjai, naudotojai, pastaty prieziliros ir remonto organizaci-
jos ir kt. Projektuojant pastato gyvavimo procesa ir priimant
sprendimus, reikia atsizvelgti { $iy suinteresuoty grupiy inte-
resus. Plétojant kompleksini poziiiri, vienbucio gyvenamojo
namo gyvavimo proceso efektyvumas priklauso nuo kity sis-
temos daliy konkre¢iu momentu. Todél vienbucio gyvenamojo
namo gyvavimo procesas turi biiti projektuojamas ir jgyven-
dinamas, atsizvelgiant i jo pagrindinius etapus, dalyvaujanciy
suinteresuoty grupiy tikslus ir galimybes, ivertinant iSoring
mikro- ir makrolygmens aplinka, t. y. { visus veiksnius, turin-
¢ius jtakos vienbucio gyvenamojo namo gyvavimo proceso
efektyvumui.

Straipsnyje pateikiamas vienbu¢iy gyvenamuyjy namy gy-

vavimo proceso efektyvumo kompleksinei analizei sukurtas te-
orinis modelis, kuriame jvairlis veiksniai ir aplinkybés apraSo-
mi kriterijy rinkiniu. Remdamosi §iuo modeliu suinteresuotos
grupés, rengiancios ir realizuojancios projekta, gali projektuo-
ti alternatyvius vienbu¢io gyvenamojo namo gyvavimo proce-
so (ivairiy sprendimy) variantus, juos ivertinti ir nustatyti ra-
cionaliausia: esamai situacijai rasti efektyvy sprendima. Spren-
dimy variantiSkumas padeda realiau ir racionaliau jvertinti pa-
stato gyvavimo procesa ekonominiais, kokybiniais (architekti-
riniais, tlriniais, planiniais, estetiniais), teisiniais, techniniais,
technologiniais ir kitais aspektais, suderinti suinteresuoty gru-
piu interesus. Pagal pateikta modeli sukurta ir sprendimy pa-
ramos sistema. Si sistema pastato gyvavimo proceso daly-
viams padeda sékmingai siekti savo tiksly, didinti pastato gy-
vavimo proceso efektyvuma. Sprendimy paramos sistemoje tai-
komi pastato gyvavimo proceso daugiakriterinio alternatyviojo
projektavimo ir daugiakriterinio jvertinimo metodai leidzia i$-
spresti siekiamy tiksly ir Siems tikslams jgyvendinti reikalin-
gu istekliy optimizacijos uzdavini: iSanalizavus galimus vien-
bucio gyvenamojo namo gyvavimo proceso variantus nustato-
mas racionaliausias §io proceso dalyviy (suinteresuoty grupiy)
sickiamy tiksly ir turimy galimybiy derinys.
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MODEL OF RATIONAL HOUSING IN LITHUANIA

A. Banaitis

Vilnius Gediminas Technical University

1. Introduction

Development of housing takes an important place
in economic, social and technological activities of a
state. At the present moment, among the changes of
public, economic, social situation in Lithuania, problems
of housing are especially urgent. After the decrease in
housing construction and investments in the country,
the lack of dwellings has been revealed, problems of
homeless people become pressing.

Housing problems are manifold and no complex
examinations thereof have been made yet. A lot of va-
riable factors of micro- and macro-level determines the
efficiency of housing and trends of its development.
Variable factors of macro-level such as a level of eco-
nomic, social and technological situation of a country,
documents regulating construction industry, monetary
and fiscal system, inflation, situation on the market,
etc, and factors of micro-level such as activities of
construction industry companies, financing building or-
ganizations, qualification improvement of employees,
processes of design, construction and maintenance, etc
have a complex influence on the efficiency and deve-
lopment of housing.

The general regularities of these factors affecting
the efficiency of housing, trends of their development,
mutual dependence are not clear enough. In the present
dynamic situation, a question arises how impartially to
make prognoses of the future volume of housing. One
of possibilities is modelling Lithuanian housing in or-
der to examine the efficient surroundings of housing,
ie to determine variable factors of micro- and macro-
level that could increase the effectual activities of hou-
sing.

The current state of housing and the trends of its
development were analyzed from various conceptual and
quantitative perspectives by a number of scientists. For
instance, P. Balchin [1] studied economic, social and
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political problems related to dwelling acquisition.
M. Ball [2] considered the problems of reducing state
expenditures on dwelling, crediting, long-term loans and
their various economic, social and political aspects.
R. C. Harvey [3] discussed the way the government can
affect the housing market through finances, regulating
documentation and contracts. In particular, he studied
the UK dwelling subsidies, funding and taxes and their
effect on demand and offer. J. Hegedus [4] investiga-
ted housing strategy in Central and Eastern Europe while
P. H. Hillebrandt [5] considered the ways of saving
energy in operating buildings. J. Hills [6] summarized
the cases when the government may intervene into hou-
sing market and the instruments of this intervention.
He also dealt with some social problems related to hou-
sing. J. Sillince [7] studied some economic, social and
political problems of housing. Conceptual and quantita-
tive study of these problems was also performed by A.
von Hoffman [8], P. Malpass [9], C. Zimmermann [10]
and others.

Researchers from various countries use conceptual
and quantitative forms of analysis while studying the
effect of certain factors on the housing efficiency. Ho-
wever, the papers mentioned did not deal with a com-
plex approach to housing without taking into account
economic, quality, social, technological, infrastructural,
legislative and other factors.

The main objective of this research is to present
an analytical model of complex analysis of rational hou-
sing, following the variable factors of micro- and mac-
ro-level surroundings which determine effective selec-
tion of housing, to describe these factors comprehensi-
vely taking into consideration the gained experience and
knowledge in advanced countries and countries of Cen-
tral and Eastern Europe (CEE), to apply methods of
multiple criteria analysis for solving problems of mic-
ro- and macro-level of housing, to prepare comparative



systems of indices comprehensively describing the hou-
sing. Implementation of this purpose allows to reach
the complex increase in housing effectiveness.

2. Main stages of working out a model of rational

housing in Lithuania

This research seeks to explore ways of harmoni-
zing the relationship between the transition Lithuanian
housing and its environment. The research includes the
stages presented in Fig 1.

A model in the research is being considered as
the system of specific rules in presence of which the
housing of Lithuania would apply its potential oppor-
tunities. Prospects of future Lithuanian housing and the
principal trends of development are linked with analy-
sis of experience and knowledge gathered by advanced
and CEE countries, and application thereof having eva-
luated the specific features of Lithuania. Having used
expert methods and analysis of scientific literature, the
micro- and macro-level factors are being determined as
well as the systems and sub-systems of indices descri-
bing them, describing housing in the initial stage. In

accordance with the made systems of indices, a situa-
tion of housing in Lithuania, CEE and advanced coun-
tries is being described conceptually and quantitatively.
Following the gathered information, a data-base is ma-
de describing variable indices of micro- and macro-
level of various countries and their influence on hou-
sing. Inviting the information gathered in the database
to help, the trends of housing development of advan-
ced, CEE countries, differences of these countries and
Lithuania in this field are determined [11].

Having made an analysis of housing differences in
Lithuania, CEE and advanced countries on the micro-
and macro-level, the tendencies of development of hou-
sing of Lithuania are determined.

In order to throw more light on the subject, furt-
her follow more detailed description of the some abo-
ve mentioned stages of analysis.

3. Developing housing indicators

Indicators have been used informally for a very long
time, particularly in economics, to evaluate the state of
the nation and progress towards national objectives.

| STAGE

Determination and description of micro- and
macro-level factors affecting the efficiency
of housing. Development of some systems of
indices describing these factors and their
effect on housing

Il STAGE

Conceptual analysis of
mutual effect of micro- and
macro-level factors and
their influence on the
housing efficiency

[l STAGE

A fragment of conceptual
description (in accordance with th
made systems of indices) of
situation of housing in Lithuania,
CEE and advanced countries

]

—

IV STAGE

A fragment of quantitative description
(in accordance with the made systems
of indices) of housing situation in

Lithuania, CEE and advanced countries

V STAGE

Determination of common
regular features of micro- and
macro-level factors and

development trendsin CEE
and advanced countries

VI STAGE

Determination of housing
development trends in CEE and
advanced countries. Determination
of differences of these countries
and Lithuaniain thisfield

]

—

VIl STAGE

Determination Lithuanian
housing devel opment
tendencies

VIl STAGE

Working out an analytical
model of rational housing
development in Lithuania

Fig 1. Main stages of working out a model of rational housing
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IX STAGE

Presentation of
recommendations for rational
housing development in
Lithuania by an economic
reform and integration into EU




Basically studies on housing indicators have rela-
ted to particular parts of housing policy, such as hou-
sing needs or housing and neighborhood quality rather
than to the housing as a whole [12]. Housing Indica-
tors Program was initiated by World Bank and UN
Centre for Human Settlement (Habitat) in 1990 and
about 150 indicators have been undertaken in several
countries. This model is broadly applicable to all po-
licy areas, including housing. However Lithuanian and
CEE housing has some unique features that are likely
to require special attention.

The performed examinations [11] showed that while
solving the problems of housing it is important to cre-
ate the complex comparative systems of indices desc-
ribing the housing. Two following systems of indices
are suggested in the research:

e Complex system of indices allowing to evalu-
ate the trends of housing policy and activities on a
world-scale and allowing to evaluate the housing in
countries of different economic development. System
of indices allows to determine the problematic fields
of housing and contradicting objectives of politics. The
system includes indices divided into five groups: indi-
ces describing economics as a whole complex (GDP
per capita; registered unemployment rate; inflation; rate
of interest); indices describing the housing construc-
tion, investments and financing (construction of dwel-
lings per 1000 inhabitants, average useful floor space
per dwelling, housing investments as a share of GDP,
house price to income ratio, rent to income ratio, hou-
sing expenditure, mortgage to credit ratio, long term
loans); indices describing the countries of transitional
period (price liberalization, competition policy, banking
reform and interest rate liberalization, governance and
restructuring, securities markets and non-bank financial
institutions, extensiveness and effectiveness of legal ru-
les on investment); indices describing the volume, qu-
antity and density of housing (dwellings per 1000 po-
pulation, average useful floor space per person, avera-
ge household size, occupants per dwelling, dwellings
with piped water, dwellings with fixed bath/shower,
dwellings with flush toilet); indices describing the hou-
sing policy (dwellings by type of tenure, repair, reno-
vation and energy efficiency, reduction of public ex-
penditure on housing, policy must adequately reflect real
situation in country).

e The complex system of housing indices inten-
ded to evaluate housing of Lithuania. A system of such

group of indices shows potential problems of Lithua-
nian housing and assists in finding out methods and
means to improve the current situation. The system co-
vers indices divided into six groups: economic (invest-
ment in housing, potential capacities of housing, public
investment instruments, private investment instruments,
rental policy, systems of housing subsidy); social (po-
licies on social housing, social housing affordability and
time of waiting); qualitative, volume and density (const-
ruction of new dwellings, dwellings by period of const-
ruction, classification of dwellings according to equip-
ment, renovation, energy efficiency, land supply for hou-
sing); institutional structures (Seimas / Parliament, cen-
tral government, counties, local authorities, private sec-
tor, owners associations); legal bases (law on local aut-
hority, law on housing subsidies, law on housing finan-
ce and credits, law on construction and maintenance,
law on housing acquisition, law on rental housing, law
on owners associations, law on restitution of ownership
rights to residential houses, harmonization of the legis-
lation and regulation on construction in conformity with
those used in EU; political priorities (Seimas / Parlia-
ment level, governmental level, county level, local aut-
hority level).

Following the made systems of housing indices, a
comparative analysis of Lithuania, 16 countries of Wes-
tern Europe, 11 CEE countries and the USA is made,
housing of Lithuania evaluated. Following the analysis,
the fields of Lithuanian housing has been determined
where the current situation is corresponding, partly cor-
responding and not corresponding to the practice of
advanced countries and CEE countries [11].

4. A complex description of housing in conceptual

and quantitative languages

An accuracy degree of quantitative description of
the housing largely depends on the availability and
accuracy of the data as well as on the form of its
quantitative presentation. The role of information accu-
racy is growing with time. The highest accuracy de-
gree of information is reached when it can be expressed
in numbers. Therefore, one of the major tasks in cre-
ating a model of a rational housing in Lithuania is
adequate quantitative presentation of housing activities.

The essence of the process is accurate presenta-
tion of system factors in numerical form and indication

of their specific measuring units [13].
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The efficiency of the housing in a country is
largely affected by its economic, political and social
situation as well as by such factors as technological
development, environment protection, etc. Also various
interested parties are involved in housing. Therefore, the
variety of measuring units must correspond to the vari-
ety of criteria reflecting life cycle process of housing.

Quantitative presentation of various micro- and
macro-level factors may be found in literature [14, 15].
Conceptual presentation of housing may also be found
in literature [2, 3, 4, 5, 16].

Under some programmes [17, 18, 19], conceptual
as well as quantitative description (based on the former)
of the present status of Lithuanian and advanced coun-
tries housing were made. This formalized presentation
is given in Table 1. Any 7 factor of j country is given
X, code providing thorough quantitative (system of

factors, measuring units, significances, values, as well
as a minimizing or maximizing criterion) and concep-
tual (text, drawings, graphics, etc) information about
the alternative being considered.

The magnitude of significance indicates how much
in percentage one factor is more significant than the
other in a multiple criteria evaluation of housing effi-
ciency. As an example multiple, criteria evaluation of
alternative loans from different Lithuanian financial
institutions is given in Table 2 [11].

Basing oneself on quantitative description of the
current state of housing in advanced countries, CEE
and Lithuania it is possible to roughly evaluate the
situation in Lithuanian housing in the transition period
of its economic development. The conceptual descrip-
tion of the state of housing in advanced countries, CEE
and Lithuania is also far from being exhaustive. There-

Table 1. A fragment of quantitative and conceptual description of the present state of housing in compared countries

Quantitative information pertinent to compared countries
The factors . Signifi- | Measuring Numerical values of factors of the compared countries
considered cance units
a a, a, a
zZ, q, m, X, X, X, X,

o 7 4, m, Xy Xn Xy X0
Quantitative .
factors z, q, m, X, X, ////()// X,

Zl ql ml Xll XLZ Xli tn
t+1 qH—l ml+1 §t+11 t+12 t+1j t+1n
Qualitative t+2 t+2 m., +21 +22 t+2j t+2n
factors z, q m, X, X, X; X,
z, | q, m,, X X X X
Conceptual information pertinent to compared countries
C, lc | c | c C, C, C C
\ 4
The information provided by code X, of i factor (evaluation of alternative loans from different financial institutions) j country (Lithuania)
M ) Signifi Numerical values of factors of the compared loans
. easuring | . | Signific-
The factors considered units ance BalAEF | Vilnius | Agricultural |Hansabank
Bank Bank
1. Loan repayment and payment of interest Lt/month - | 0,8311 1102 1113 1148 1081
2. Hypothecation bond registration fee Lt - | 0,0028 450 450 450 450
3. A one-off loan administration fee Lt - 0,0025 800 400 80 300
4. Life insurance costs Lt/year - | 0,0115 0 240 240 260
5. Costs of insurance of the real estate to be mortgaged Lt/year - | 0,0146 184 200 320 230
6. A one-off 30% payment (The mortgage loan covers
up to 70% of the value of the housing to be purchased) Lt - | 01371 16000 24 000 24000 24 000
7. Costs of currency exchange transactions Lt - | 0,0004 100 0 100 40
8. Maturity of the loan Years + | 0,2417 10 10 10 10
9. General terms and conditions of the loan Points + | 0,2477 9,47 7,56 7,34 9,25
10. Notification of the Bank's decision to issue the loan Weeks - | 0,0020 3 1 2 1
* — The sign (+ (-)) indicates that a greater (less) factor value is better
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Table 2. Multiple criteria evaluation of alternative loans from different financial institutions

e factors considered Measuring |+ | Signifi- Numerical values of factors of the compared loans
units cance | BalAEF | Vilnius | Agricultural Hansabank
Bank Bank

1. Loan repayment and payment of interest Lt/month - 108311 1102 1113 1148 1081

2. Hypothecation bond registration fee Lt - 10,0028 450 450 450 450

3. A one-off loan administration fee Lt - 0,0025 800 400 80 300

4. Life insurance costs Lt/year - | 0,0115 0 240 240 260

S. Costs of insurance of the real estate to be mortgaged Lt/year - | 0,0146 184 200 320 230

o 20% of the value of the howsing to-be purehasedy | | - [01371| 16000 | 24000 | 24000 24000
7. Costs of currency exchange transactions Lt - | 0,0004 100 0 100 40

8. Maturity of the loan Years 0,2417 10 10 10 10

9. General terms and conditions of the loan Points 0,2477 9,47 7,56 7,34 9,25

10. Notification of the Bank's decision to issue the loan Weeks - 0,0020 3 1 2 1

The sums of weighted normalized maximizing indices of the loans § Y 0,0856 | 0,0763 0,0752 0,0846
The sums of weighted normalized minimizing indices of the loans Sj 0,1606 0,1627 0,1892 0,1658
Significance of the loans Q/ 0,3152 0,3028 0,2700 0,3069
Priority of the loans 1 3 4 2
Utility degree of the loans N] 100% 96,06% 85,66% 97,36%

fore, only a combination of two methods can yield a
complete picture, demonstrating the actual situation in
this field. A quantitative description should be supple-
mented by detailed conceptual explanation [17, 20]. For
more detailed analysis of the housing, with the aim of
giving recommendations concerning the possibilities of
raising its efficiency, fragmentary description of
Lithuanian, advanced industrial countries and CEE
housing were made in quantitative and conceptual forms.

The results of this quantitative and conceptual
analysis may be widely used for identifying and solv-
ing the problems facing Lithuanian housing as far as
ways and methods of raising its efficiency are con-

cerned.

5. Conclusions and suggestions

Basing on the research performed it is possible to
make the following conclusions and suggestions:

1. The performed examinations showed that it is
possible to divide methods and models of construction
industry into two groups: quantitative and qualitative
ones. Therefore seeking for complex analysis of hous-
ing it is necessary to join the qualitative and quantita-
tive evaluations. Only in such a case the complex
housing analysis is possible.

2. An analytical complex analysis model of ratio-

nal Lithuanian housing is developed. The performed

examinations showed that the level of effectiveness of
housing depends on a specific number of two level —
micro- and macro-level variable factors.

3. The performed examinations showed that while
solving the problems of housing it is important to cre-
ate the complex comparative systems of indices describ-
ing the housing. Two following systems of indices are
suggested in the work:

e Complex system of indices allowing to evaluate
the trends of housing policy and activities on a
world-scale, and allowing to evaluate the housing
in countries of different economic development. A
system of indices allows to determine the prob-
lematic fields of housing and contradicting objec-
tives of politics. The system includes indices di-
vided into five groups: indices describing econom-
ics as a whole complex; indices describing the
housing construction, investments and financing;
indices describing the countries of transitional
period; indices describing the volume, quantity and
density of housing; indices describing the housing
policy.

e The complex system of housing indices intended to
evaluate housing of Lithuania. A system of such
group of indices shows the potential problems of
Lithuanian housing and assists in finding out
methods and means to improve the current situa-
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tion. The system covers indices divided into six

groups: 1) economic; 2) social; 3) qualitative,

volume and density; 4) institutional structures; 5)

legal bases; 6) political priorities.

4. The suggested methodology gives an opportu-
nity to solve a lot of objectives of micro- and macro-
level analysis of housing.

5. It is seen out of the examinations performed that
application of multiple criteria analysis methods allows,
on the base of examination of alternative variants, to
select the most efficient decisions, to perform the de-
tailed analysis of decisions made, to adjust decisions.
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RACIONALAUS BUSTO STATYBOS LIETUVOJE
MODELIS

A. Banaitis

Santrauka

Biisto statyba uzima svarbig vieta ekonominéje, sociali-
néje ir technologinéje valstybés veikloje.

Biisto statybos problemos yra daugialypés ir nepakanka-
mai kompleksiSkai tyrinétos. Biisto statybos efektyvuma ir plét-
ros tendencijas lemia daugelis mikro- ir makrolygmens aplin-
kos kintamuyjy veiksniy. Kai yra tokia dinamiska padétis, kyla
klausimas, kaip objektyviai prognozuoti biisto statybos plétra.
Viena i§ galimybiy — buisto Lietuvoje modeliavimas siekiant
istirti efektyvia statybos aplinka.

Straipsnyje pateiktas racionalaus biisto statybos Lietuvo-
je teorinis kompleksinés analizés modelis.

Remiantis {vairiy pasaulyje taikomy bisto rodikliy siste-
my analize, pasililytos kompleksinés biisto statyba apibudi-
nancios lyginamosios rodikliy sistemos. Rodikliai Siose siste-
mose traktuojami ne kaip paprasti statistiniai duomenys, bet
kaip supaprastinti kompleksiniy objekty modeliai. Sudarytos
rodikliy sistemos rodo jvairiy biisto statyboje dalyvaujanciy
suinteresuoty grupiy interesus.

Straipsnyje pateikta biisto statybos apraSymo koncepcine
ir kiekybine forma galimybiy analizé.

Straipsnyje siiloma tyrimy metodika leidzia spresti ivai-
rius blsto statybos mikro- ir makrolygmens analizés uzdavi-
nius. Siems uzdaviniams spresti pritaikyti daugiakriterinés ana-
lizés metodai.
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VALUATION OF COMMERCIAL PREMISES BY THE METHOD OF MULTIPLE

CRITERIA ANALYSIS

V. Maliené

Vilnius Gediminas Technical University

1. Introduction

A number of problems in the valuation of real
property can be eliminated by the methods of multiple
criteria analysis, which came into existence only at the
second half of the 20" century. Currently, they have
become very important in the international practice of
the real property valuation. In most cases they are ba-
sed on market modeling and economic assumptions.
Therefore, sometimes they are referred to as separate
valuation methods, and classified as modern ones.

This article describes a new method of multiple
criteria analysis. This method, based on the market ana-
lysis and valuation principle, is in line with the tradi-
tional comparative value method, therefore it can be
attributed to the group of the indirect comparative va-
lue methods. These methods facilitate the universal and
more extensive multiple criteria analysis of the proper-
ty, since they take account of a number of different
criteria, ie qualitative, quantitative ones, market condi-
tions [1]. The proposed method can meet the demands
and needs of many interested groups since it enables
to estimate not only the market value of the property,
but also other values, e g investment value, value of
use, market value of the current use of the property,
etc. This article describes the theoretical model of the
method, which was used to estimate the market value

of commercial premises.

2. Preparation of the initial data for the multiple

criteria analysis

One of the key stages in preparing the initial data
is to build a decision-making matrix, which is prepared
in the following stages:

¢ All information about the property to be valued is

collected;

e The criteria defining the aims of the multiple cri-
teria analysis are determined,;

¢ Values, significances and units of measurement of
criteria of comparable alternatives are defined;

e Criteria, their value and significances make up the
grouped decision-making matrix (Table 1).

One of the most important stages in multiple cri-
teria analysis of real property is the determination of
the values and significances of the criteria describing
the real property objects. Significances of the criteria
defining the quality and quantity of the objects to be
valued and values of the qualitative criteria for the al-
ternatives are estimated through the application of ex-
pert, social, normative, calculation and analogue met-
hods.

When the calculation is performed in accordance
with the expert method, the qualitative values of crite-
ria can be expressed in a certain number of points.
Criteria can be estimated according to the increasing
or decreasing valuation scale.

To estimate the proportional values of the quantita-
tive criteria, the expert valuation is based on com-
parison. In this case the values of the qualitative
criteria are estimated as follows:

* The best suitable value of the criterion X,y is
selected;

e The value of the best selected criterion is a set
equal to the magnitude of one point (xp., =1);

e The ratio between the best criterion’s value
(Xpes; =1) and the rest values (x;) of the same
criterion is estimated and expressed in percentage
(pi);

* The relative values are attributed to the remaining
values of the criterion (x; =1- p; +100);
Relative values of all the criteria are a set equal

to the magnitude of one point.
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Table 1. The grouped decision-making matrix of the multiple criteria analysis of the objects to be valued

Quantitative information pertinent to objects
Criteria under Signific- | Measuring Real property objects to be valued
consideration ance units -
1 2 j n
z, q, m, " X, X, X,
o z, q, m, X, X, Xy X,
Quantitative . .
criteria z, q; m, X, X, X; X,
Z, q, m, tl Xy th X
Zt+1 qt+1 t+1 Xt+ll Xt+12 Xt+1j Xt+ln
o t+2 G+ m., Xison Xz Xiraj Xisom
Qualitative . .
criteria z, q, m, X, X, 5 X
Zm qm 1’nm Xm] Xm2 ij an
Conceptual information pertinent to objects (texts, drawings, graphics, tapes)
z q m 1 2 j n

The sign z, (+(-)) indicates that a greater (less) criterion value corresponds to a higher demand of the interest party.

Initial significance of the criteria is determined in
a similar way. The market price of a real property
object reflects quality and quantity, supply and demand
for the object, therefore, the significance of the market
price criterion for the given object is equal to the total
sum of significances of all the rest criteria, ie to one
point or 100%. The significances of other criteria are
determined by the expert method.

The decision-making matrix must be prepared in
order to carry out the multiple criteria analysis of real
property. The matrix is prepared through the analysis
of the quantitative and conceptual information of the
objects to be valued, estimation of the criteria values

and significances of the objects.

3. The method of multiple criteria analysis in esti-

mating the property value

The value of the property under valuation is de-
termined by means of re-iteration through several repe-
titive cycles of refinement until the mean deviation £,
of the degree of utility N; of the property a, under
valuation satisfies the condition k&, <%1% . The ini-
tial value of the object under valuation is estimated
according to the purchase prices of the comparable ob-
jects and is equal to the mean of purchase prices of

the comparable objects.

The essence of the method of multiple criteria ana-
lysis in estimating real property value is presented in
Fig 1. The method is composed of a total of 12 stages,
of which two are stages concerned with the preparation

of initial data (for formulas, see [2—7]).

4. Estimation of the market value for commercial

premises

On the basis of the methods described in this ar-
ticle, valuation of commercial premises was carried out.
Two comparable objects were selected for the object
under valuation. All of them are located in Vilnius.
The object under valuation and the comparable objects
contain differences in quality, quantity and market con-
ditions. The description of the object under valuation

and the comparable objects is presented further on.

4.1. Description of the property under valuation

The property under valuation (commercial premi-
ses) is located in Pylimo Street (Vilnius), 2 km from
the city centre, next to the railway and bus stations
(1 km). The Pylimo street is one of the city main stre-
ets of the and serves as a connection between the city
centre and both stations. The premises under valuation

are located on the ground floor and in the dwelling
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house cellar. Currently, those premises are used as a
shop. The total area of the premises accounts for 490 m?
including two salerooms of 115 m? each. The area of
the auxiliary premises amounts to 160 m? There are
two separate entrances to the premises — from Pylimo
street, and from the end of the building with a car
park. The premises on the ground floor are in good
condition, rooms have been renovated, the interior de-
coration is of high quality, the interior of the premises
meet modern standards. Premises in the cellar are not
used. The four-story building where the premises are
located was erected in 1940 and is used as a dwelling
house with commercial premises on the ground floor.
The construction elements of the building: the founda-
tion is made of stone-concrete, walls made of bricks,
plastered, the roof covered with tiles, joist ceilings are
made of reinforced concrete; plastic doors. The physi-
cal depreciation of the building stands at 57%. Func-
tional and economic depreciations have been estimated
by the expert method and make up 37 and 13%,

respectively. The premises, like the whole building, are
equipped with water supply and sewage systems, elec-
tricity, gas, district heating and a telephone line. The
alarm system is absent. The land plot is not included
into valuation as not belonging to the private owners-
hip. There are no restrictions on holding and posses-
sing the property.

There is a great demand for non-dwelling proper-
ties in the part of the Vilnius city where the premises
under valuation are located. The building is not far
from the city centre, next to the busy street with a
heavy traffic flow. In the neighbourhood, there is a lot
of companies and other commercial offices. The pre-
mises under valuation are marketable due to the loca-
tion of the building and characteristics of the premises.
The premises are suitable for commerce, the door and
windows face the main street. The premises are in go-
od repair condition. The cellar contains enough space

for warehousing.

| Stage 1. Formation of a system of criteria influencing the market value of properties |

v

| Stage 2. Determination of the values and significances of the citeria |

r—— " T T o - - — - A
: | Stage 3. Formation of the normalised decision-making matrix D | — :
I Stage 4. Calculation of the sum of the minimising S,; and maximising S.; weighted, I
I normalised indices I
I Stage 5. Determination of the relative significance (effectiveness) Q; of the property a; I
I under valuation and comparable properties I
| Stage 6. Determination of the prioritisation of the property ¢; under valuation and |
I comparable properties I
I Stage 7. Determination of the degree of utility N; of the property ¢; under valuation I
| and comparable properties |
I Stage 8. Determination of the degree of effectiveness E of the property a; under I
| valuation and comparable properties |
| Stage 9. Determination of the mean deviation k, of the degree of utility N; of the |
I property a, under valuation I
| Stage 11. Refinement of the initial value V; of the property |
I under valuation I

_______________________ .|

| Stage 12. Determination of the value V; of the property under valuation |

Fig 1. Flow chart of the method of multiple criteria analysis in estimating the real property value
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4.2. Description of the first comparable object

The comparable object (commercial premises) is
located in Savanoriu Avenue in Vilnius. The premises
are located 4 km from the city centre, and 5 km from
the railway and bus stations. The comparable object is
located in the Naujamiestis district, one of the most
prestigious districts of the city, with high prices for the
property. New buildings are not frequently built in this
part of the city; therefore there is a constant demand
for premises. The premises are located on the ground
floor and the cellar of the dwelling house with a wa-
rehouse in the yard of the building. The total area of
the premises accounts for 334 m? There is one sale-
room with an area of 155 m?

The area of the auxiliary premises amounts to
179 m?. There is a separate entrance to the premises
from Savanoriu Avenue. The interior decoration of the
premises: the interior is painted, one part of the walls
in the saleroom is covered with tiles, the other part is
decorated by decorative planks. The premises need to
be renovated. The four-story building where the com-
parable object is located was erected in 1960 and is
used as a dwelling house with commercial premises on
the ground floor. The construction elements of the buil-
ding: the foundation is made of concrete, inside walls
made of bricks, plastered, partitions made of bricks,
the roof covered with metal sheets, joist ceilings are
made of reinforced concrete; wooden doors and win-
dows. The physical depreciation of the building stands
at 34%. Functional and economic depreciations have
been estimated by the expert method and make up 42
and 24%, respectively. There is a warchouse in the
yard of the building, which was sold together with the
premises. The premises (except the warehouse), like the
whole building, are equipped with water supply and
sewage systems, electricity, gas, district heating and a
telephone line. The alarm system is absent. The land
plot was not sold together with the building. There are
no restrictions on the use or possession of the property.

The district where this property is located is the
conglomeration of many enterprises, offices, and com-
mercial companies. The object is in a busy place next
to the basic transport highways with a heavy traffic
flow. The premises are marketable due to the location
characteristics. The object located on the main street

of the district is suitable for commerce and trade with

entrance and windows facing the street, and good ad-
vertising conditions. There is an auxiliary building in
the yard of the building, which is suitable for ware-
housing purposes. The premises, however, need reno-
vation and modern interior. The selling price for the
premises stands at 186 000 Lt.

4.3. Description of the second comparable object

The comparable object (commercial premises) is
located ion Gostauto Street, Vilnius, and also belongs
to the Naujamiestis district. The location of the premi-
ses is especially good, in the city centre, in between
the most prestigious districts of Vilnius — Gediminas
Avenue and Zverynas. The premises occupy the cellar
of the Institute and cover the total area of 308 m?
There is one saleroom with an area of 216 m?, and the
auxiliary premises with an area of 92 m? There are
two entrances to the premises — an entrance from the
Institute and a separate entrance from the yard. There
is a big car park outside the premises. The interior
decoration of the premises: the floor is covered with
linoleum; walls are covered with paint, plaster, in so-
me places with wallpapers. The main room has recent-
ly been renovated — repainted, windows furnished with
jalousies. The auxiliary premises have not been repai-
red. The building, where the object is located, was erec-
ted in 1965 and is a four-story building used as an
Institute. The construction elements of the building: the
foundation made of concrete, outside walls made of
bricks, plastered, partitions made of bricks, plaster, joist
ceiling made of reinforced concrete, plastered, door is
solid-core, double windows. The physical depreciation
of the building stands at 29%. Functional and econo-
mic depreciations have been estimated by the expert
method and make up 52 and 33%, respectively. The
premises, like the whole building, are equipped with
water supply and sewage systems, clectricity, gas, di-
strict heating and two telephone lines. There is a local
alarm system in the premises. The land plot was not
sold together with the building. There are no restric-
tions on the use or possession of the property.

The site of the object is widely used for commer-
cial activities. Public enterprises, banks, commercial
companies, shops are located in this part of the city.
The buildings are in a considerably good condition,

made of long-lasting building materials, therefore they
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are being actively repaired, their interior is being reno-
vated, the ground floor premises are being rearranged
into administrative and commercial offices. These pre-
mises are in the cellar, entrance and show cases are
facing the behind of the building. Besides, the premi-
ses need to be renovated. Therefore, as commercial pre-
mises, they have lower value. The selling price for the
premises is 130 000 Lt.

5. Investigation process and summary of the results

With account to qualitative, quantitative and mar-
ket description of the property under valuation and com-

parable objects, the grouped decision making matrix was

formed (Table 2). The market value of the commercial
premises was estimated in 6 cycles of refinement until

the mean deviation k,, of the degree of utility of the

X

property under valuation, calculated in stage 9 of the

k

this article illustrates the change in the mean deviation

method, satisfies the condition <1%. Table 3 of

ax

of the degree of utility of the property under valuation
and the refined value of commercial premises throug-
hout all the six cycles of refinement. In the last (sixth)
cycle of refinement the afore mentioned condition was
satisfied and the market value of the premises was es-
timated to be 157 000 Lt (Table 3).

Table 2. Initial data for the multiple criteria analysis of commercial premises. Grouped decision-making matrix

Measurement Significance | The object Comparable objects
Criteria to be considered unit under Savanoriu | Gostauto
valuation Avenue Street
1. Selling price - | Thousand Lt 100 X 186 130
Evaluation of the building
2. Construction design + Points 35 0.85 0.80 1.00
3. Physical depreciation - Per cent 3.0 57 34 29
4. Functional depreciation - Per cent 2.5 37 42 52
5. Economic depreciation - Per cent 35 13 24 33
6. Number of auxiliary buildings + Units 4.0 0 1 0
Quantitative assessment of premises
7. Total area + m? 5.5 490 334 308
8. Number of salerooms + Units 1.5 2 1 2
9. Area of salerooms + m? 35 230 150 216
Qualitative assessment of premises
10. Interior + Points 4.0 1.00 0.60 0.55
11. Exterior + Points 2.5 0.75 0.80 1.00
12. The need for renovation - Points 3.5 0.15 0.70 0.50
13. Trading equipment + Points 4.5 1.00 0.75 0.00
14. Number of entrances + Units 1.0 2 1 2
15. Entrances with respect to the street + Points 5.5 1.00 0.95 0.60
16. Position of showcases + Points 4.5 0.90 1.00 0.50
17. Advertising possibilities + Points 4.0 0.90 1.00 1.00
18. Location with respect to the parts of the world + Points 0.5 0.60 0.80 1.00
Assessment of communications
19. Engineering communications + Points 35 1.00 1.00 1.00
20. Number of telephone lines + Units 1.5 1 1 2
21. Assessment of the alarm systems + Points 5.0 0.00 0.00 1.00
22. Assessment of the air conditioning + Points 2.0 0.75 1.00 0.25
Estimation of the place
23. Distance from the city centre - km 5.5 2 4 1
24. Public transport + Points 5.0 0.80 1.00 0.75
25. Distance from the bus stop - km 1.5 100 200 50
26. Car park + Points 5.0 0.70 0.50 1.00
Other criteria
27. Prestige of the locality + Points 7.5 0.90 0.80 1.00
28. Assessment of market conditions + Points 6.5 0.95 0.95 1.00
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Table 3. Estimation of the change in the mean deviation of the degree of utility, the refined value and the market value of the

property under valuation

Cycle of Refined value of the object | The mean deviation of the degree of | Market value of the object under
refinement under valuation V_ utility of the property under valuation V_(thousand Lt)
(thousand Lt) valuation

1 156.00 [8.83] > 1

2 171.95 [3.86] > 1

3 165.31 [2.11] > 1

4 161.82 [1.14] > 1

5 159.98 [1.03] > 1

6 158.33 [0.58] <1
158.33 (1 - 0.58 + 100) = 157.41

6. Conclusions

1. The proposed method of multiple criteria ana-
lysis for estimating the property value enables to esti-
mate not only the real property market value but other
values as well. Application of this method allows to
perform a complex analysis of real property, the utility
of the given objects and their prioritization in terms of
one another and the significance of criteria affecting
the real property value and marketability of the given
objects.

2. The method of multiple criteria analysis can
be applied not only as a separate method for estima-
ting the value but also as composite method in the
traditional valuation methods: in the comparative value
method — to evaluate specific criteria influencing the
market value (eg local infrastructure, location of a pro-
perty under valuation, etc), in the value replacement
method — to evaluate the depreciation of a building
under valuation.

3. The method of multiple criteria analysis is ba-
sed on the market and real property analysis and on
the application and evaluation of the qualitative and
quantitative criteria and market conditions influencing
the real property value. Therefore, this method allows
to carry out a complex analysis of the property with
not only qualitative and quantitative differences but al-
so different market conditions.

4. The proposed method is flexible and can be
made available to all interested parties (market partici-
pants: buyers, sellers, investors, valuers and others) se-
eking to satisfy their needs and different demands. Be-

sides, in evaluating the property for different purposes,

the criteria influencing the value differ as well. The
number and significances of these criteria can be easily
changed when applying these methods.

The system of typical criteria for the estimation of
the market value of commercial premises has been built
on the basis of the analysis of the property market.
This system can be used in the property valuation by

different interest groups in Lithuania.
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KOMERCINIU PATALPU VERTINIMAS DAUGIAKRI-
TERINES ANALIZES VERTES NUSTATYMO METO-
DU

V. Maliené

Santrauka

Daugeli problemy, su kuriomis susiduriama vertinant ne-
kilnojamaji turta, galima iSspresti daugiakriterinés analizés me-
todais. Sie metodai pradéti taikyti tik XX a. antrojoje puséje.
Siuo metu jie uzima labai svarbia vieta pasaulingje nekilno-
jamojo turto vertinimo praktikoje. Daugeliu atveju tarptauti-
néje praktikoje jie yra pagristi rinkos modeliavimu ir ekono-
miniu vertintojy mastymu, todél kartais pateikiami kaip atski-
ri vertinimo metodai ir vadinami $iuolaikiniais.

Siame straipsnyje sifilomas naujas daugiakriterinés ana-
lizés vertés nustatymo metodas. Jis yra pagristas rinkos ana-

lize bei vertinimo principu ir atitinka klasikinj lyginamosios
vertés metoda. Ji galima priskirti netiesioginiy lyginamosios
vertés metody grupei. Sie metodai daugiakritering nekilnoja-
mojo turto analizg¢ leidzia atlikti placiau ir universaliau, nes
remiasi daugelio skirtingy kriterijy, t. y. kokybiniy, kiekybiniy
bei rinkos konjunktiiros ivertinimu. Sitilomas metodas gali pa-
tenkinti daugelio suinteresuoty grupiy tikslus bei poreikius,
nes juo remiantis galima nustatyti ne tik nekilnojamojo turto
rinkos vertg, bet ir kitas vertes, pvz., investicing, naudojimo,
esamo naudojimo rinkos verte ir t. t. Siame straipsnyje pateik-
tas metodo teorinis modelis, kuriuo remiantis buvo nustatyta
patalpy, skirty komercijai, rinkos verté.
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A DECISION SUPPORT SYSTEM APPLYING MULTICRITERIA SYNTHESIS

METHODS IN CONSTRUCTION

V. Sarka
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1. Introduction

The construction industry, compared to other in-
dustries, is distinguished by a small productivity of work
and large fragmentation. This is a complex system con-
nected by close ties, still being quickly developed, and
sensitively reacting to environmental effects. A great
number of projects are being constantly implemented
there (new construction, building reconstruction and he-
ating renovation, attraction of investment, etc) distin-
guishing one from another by purposes, volumes and
other features.

In investigating any problem connected with certain
construction fields: new residential, industrial, commer-
cial, administration building construction, reconstruction
or renovation, bridge building, installation of the utility
networks, infrastructure creation, the construction mate-
rials industry, etc, tremendous problems are encounte-
red. Solution of these problems requires a great deal of
time and financial resources. This research enumerates
the largest elements describing the construction process.
After a deeper investigation, we will see that it is pos-
sible to separate each of these processes into several,
even quite a few, smaller processes or projects.

Having such a variety of elements participating in
the construction process, the necessity araises to recip-
rocally co-ordinate these activities, to collaborate on
various issues, exchange information, and share the ex-
perience possessed.

A new decision support system (DSS) using the
latest information technology is being developed to im-
plement joint projects. The decision support system is
designated to accumulate and process initial data using
various mathematical and logical models including mul-
ticriteria assessment methods. The DSS then provides
the decision-maker with the information necessary to

analyse, create, assess, and make a decision concerning

alternatives to possible decisions. At last there was a

possibility to obtain and store the results obtained.

2. The work aim and research subject

Describing the preconditions set forth after making
assertions clarifies the investigation problem connected
with the possibility of applying certain multicriteria de-
cision selection methods in the field of construction
technology.

The author’s purpose was to investigate the cur-
rent decision support systems and the mathematical mo-
dels used in them as well as to improve them by in-
troducing several multilevel, multicriteria decision synt-
hesis methods. The proposed methods must corres-
pond to the nature of the problems being resolved and
take into consideration the modern view applied to mul-
ticriteria decision-making. Based on this, the primary
assertion of this research is the following.

Applying corresponding methods according to a
procedure assuring a correct course for this process must
solve problems of multicriteria decisions by construction
technology engineers, with the group of variants known
and defined in the decision selection process in the be-
ginning. According to the assertion set forth above in
this research, the following aims are being pursued:

¢ to select those methods, which are the newest and
most representative, taking into consideration va-
rious viewpoints applied in the multicriteria deci-
sion method according to the problems in organi-
sing many indexes;

* to investigate once and for all and to apply many
indexes for solving a task, three new multilevel,
multicriteria decision synthesis methods (for the
first time synthesis methods were mentioned in 1991
in the work of Prof E. K. Zavadskas [1], however
no final analysis and adaptation were provided);
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e to combine 3 new multicriteria decision syntheses,
several multicriteria decision-making methods (for
separate stage decisions) and expert methods in a
newly created decision support system applying
multicriteria synthesis methods (DSS_MS) for
construction software work;

* to prepare an initial database devoted to DSS MS
for construction.

The subject of the research is multicriteria deci-
sion theory and decision support system. Theoretical
multicriteria assessment and expert methods are used
in pursuing the aforementioned aims.

A thorough description of the scientific research
performed and the results obtained is presented in the
author’s thesis [2].

3. Contents of the research

The primary focus of this research is to clarify
the possibilities of using multicriteria decision selection
method in an effort to solve the problems of decision-
making connected with the construction industry. The
development of the multicriteria decision-making met-
hods is presented here. Also, there are briefly presen-
ted the connections and problems of the multicriteria
decision-making method. The development of the in-
vestigation method and the existing single level multic-
riteria decision-making manner in the construction tech-
In the first chapter [2],
there is a brief review of several decision support sys-

nology field is investigated.

tems DSS used abroad and in Lithuania.

In the second chapter [2] are presented the funda-
mental aspects of the new decision support system cre-
ated by the author. Here are described the principal
two main structural elements of the decision support
systems: data (databases and their control system) and
the principal elements of the model base structure (the
structure of the multicriteria assessment and expert met-
hods used in the system).

Besides the aforementioned assertion, an initial da-
tabase for the decision support system in construction
and structural schemes for decision-making have been
created. A thorough description of the proposed data-
base structure (DBS) and the multicriteria decision-ma-
king structure scheme are presented by the author [2].

The structure of the decision support system ap-
plying multicriteria synthesis methods (DSS MS) in

construction is based a systematic-technical assessment
of the projects (PSI) [3, 4], expert assessment [4, 5],
and the multicriteria decision synthesis methods propo-
sed by the author [2]:

e a method of project synthesis by a compromise
compensation model (SKK3) [2, 6];

* a method of project multicriteria decision synthe-
sis (DSS1) on the basis of decision success crite-
rion (PSS1) [2, 7];

¢ a method of project multicriteria decision synthe-
sis (DSS2) according to average weighted deci-
sion-making success (VSPSSI1) [2].

The aim of a decision by these methods is to com-
bine for the investigated construction complex, the al-
ternatives of the several analysed construction proces-
ses or projects into a general construction system de-
cision tree (DT) (Fig).

By this it is sought to avoid possible errors ari-
sing in future construction, which is already in the sta-
ges of the establishment of its future purposes and in
the design stage. Then investigating also properly and
complexly the design questions related to future const-
ruction, performing a complex analysis of possible
construction materials and equipment used for const-
ruction, analysing the possibilities of the construction
labour market, and resolving many of the quantity qu-
estions connected with construction, it is possible to
accumulate a large amount of time and material re-
sources connected with construction processes. These
questions were and are very important at the level of
each state, each firm, and each individual person. For
the solution of these questions, a great deal of time
and force is allocated worldwide. Thus, the author, af-
ter investigating current situation, has noted a tendency
in the creation of the existing and newly created deci-
sion support systems that most of DSS created systems
in Lithuania and the world are developed to pursue only
one or another specific aim. Huge expenditures of time
and funds are allocated to create every DSS system.

The created systems work only in very concrete,
specific areas of construction, economics, environmen-
tal protection, etc. Mostly solve questions at one level
of the area being investigated. A solution can be made
only in a concrete and so assigned direction of DSS
activity. It is not foreseen in the system to perform

complex, multilevel decision except the existing variant
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design methods and practical application examples found
in the work of E. K. Zavadskas and A. Kaklauskas
[3], C. L. Hwang and K. Yoon [4].
The author, through his three multicriteria deci-
sion synthesis methods, has sought:
e to investigate the possibilities of multilevel deci-
sion execution and the problems connected with it;
* to eliminate the gap created in the system of mul-
ticriteria decision methods and to create three mul-
tilevel multicriteria decision synthesis methods in-
tegrated into a DSS;
¢ to adapt the system being created together with the
integrated synthesis methods to the solution of as

great a diversity of complex questions as possible.

4. Practical application of the scientific research

In order to check the reliability of the newly cre-
ated system, there was created a decision support sys-
tem computer model, applying multicriteria synthesis
methods (DSS_MS), which is designated to solve equip-
ping design problems of component parts of a buil-
ding, combining them into a general totality with the
assistance of synthesis methods. In this system addi-
tional programming measures are used for solving un-
defined questions: methods of expert assessment and
pair comparison. Various methods for project system
technical assessment are proposed for solving single le-
vel multicriteria assessment tasks.

DSS MS in construction is designated for engine-
ers, experts, construction technology-management stu-
dents, and other users. As a teaching aid, this system
should assist students to better understand as well as
to independently master and learn new concepts and
the methods connected with the multicriteria decision
methods that are becoming ever more popular. As an
applied system, the programme can analyse multilevel
tasks for the most complex structures, which frequently
arise in the complex construction industry. The control
of the software system part as well as the creation and
filling of the database structure is simple and do not
need a large additional expenditure of labour. The sys-
tem has an internal control mechanism for self-control
with certain author assigned parameters.

The packet provides the possibility of:

¢ systematically storing the initial data connected with
various technical decisions;
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» performing an analysis of the initial data posses-
sed and processing it;

* solving problematic questions of the management
of undefined data by the expert method;

* according to the analysis performed, making effec-
tive decisions in both single level (proximity to
the ideal point, multicriteria complex proportion
assessment methods for projects) and multilevel
(multicriteria decision synthesis methods) systems
created from multicriteria decisions;

* protecting the results of realised projects in a da-
tabase and providing this data for repeated analy-
sis as well as for the creation of other initial da-
tabases;

e printing the initial data and results in the shape of
forms specially prepared for it.

By applying the DSS MS computer model crea-
ted by the author, there are presented 2 actual exam-
ples, solved by the author with the assistance of mul-
ticriteria analysis synthesis methods, of several const-
ruction elements and construction processes as well as
of ongoing construction:

1. The selection of the most effective construction
elements of Polish Houses using the method of
synthesis and compromise compensation models
(SKK3). By this method the most effective const-
ruction solution variant was calculated. It inclu-
des exterior walls, foundation, roofing, windows
and partitions. An initial DSS MS construction ba-
se was also created.

2. The selection of the most efficient construction
elements and the construction process of a 6-flo-
or administration building in Vilnius were made
using the multicriteria decision synthesis (DSS1)
method.

With this specific case were solved the questions
of investigation projects, 4 constructive elements (buil-
ding skeleton, glass partitions and automatic doors, ven-
tilation and air conditioning system, building facade
finishing) as well as the selection of a contractor.

3. The selection of the most efficient construction
variant for a one-flat residential house using the
project of the multicriteria decision synthesis met-
hod (DSS2) according to average weighted deci-

sion-making success (VSPSS1) criterion was made.



5. General conclusions

1. A new decision support system management pro-
cedure in construction was created. It assures a cor-
rect decision selection process, especially taking into
consideration a selected explanation method for deci-
sion multitask problems.

2. Three multicriteria synthesis methods were cre-
ated:

a) a method of project synthesis, using a compromi-
se compensation model (SKK3) was improved,
b) a method for project multicriteria decision synthe-

sis (DSS1), on the basis of decision success crite-
rion (PSS1) was created;
¢) a method for project multicriteria decision synthesis

(DDS2), according to average weighted decision-

making success (VSPSS1) criterion, was improved.

3. The method of proximity to the ideal point was
improved by introducing the absolute mutual signifi-
cance of single level of aternatives (TOPSIS_A).

4. A new term was introduced: single level, alter-
native absolute mutual significance.

5. A theoretical and computer model for a deci-
sion support system applying multicriteria synthesis met-
hods (DSS_MS) with the aforementioned system ele-
ments integrated were created.

6. The reliability of all three synthesis methods
was tested by calculated experiments. The results of
the assessment of two methods were applied in the
concrete projects actually implemented.

All this allows one to assert that multicriteria de-
cision synthesis methods are theoretically fully descri-
bed and mathematically grounded. All three synthesis
methods created are part of the classification scheme
of project technical assessment methods and are desig-
nated to solve problems through multiple level multic-
riteria decisions.
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SPRENDIMU PARAMOS SISTEMA, TAIKANT DAUGIA-
KRITERINIUS SINTEZES METODUS STATYBOJE

V. Sarka

Santrauka

Autorius savo moksliniy tyrimy pagrindu pasirinko dau-
giakriteriniy sprendimy priémimo metodika, Sios metodikos
problematika ir tyrimo metody plétra.

Nagrinéjami esami vienpakopiai daugiakriteriniy sprendi-
my priémimo biidai statybos technologijos srityje bei auto-
riaus sitlomi daugiapakopiai daugiakriteriniy sprendimy sinte-
z¢s metodai.

Atskiry struktliry sujungimo i bendra sistema kartu spren-
dziant skirtingose pakopose esanciy alternatyvy tarpusavio rySiy
suderinamumo problemas nagrinéjimas yra labai svarbus dau-
giakriteriniy sprendimy srityje. Sprendimo Siais metodais tikslas
yra nagrinéjamame statybos komplekse sujungti keliy analizuo-
jamy statybos procesy ar projekty alternatyvas | bendra staty-
bos sistema. Tuo yra siekiama dar tiksly nustatymo bei projek-
tavimo stadijose iSvengti galimy klaidy biisimoje statyboje.

Autoriaus patobulinti ir sukurti projekty daugiakriteriniy
sprendimy sintezés metodai yra nauja daugiakriteriniy spren-
dimy metody $aka. Pagal sukurty daugiakriteriniy sprendimy
sintezés metody algoritmus parengti kompiuteriniai metody mo-
deliai yra integruoti { naujai sukurta sprendimy paramos sis-
tema statyboje SPS DS.

Pagal SPS DS sistema atlikti praktiniai tyrimai. Pateikti
autoriaus iSspresty dvieju realiai pastatyty pastaty keliy kon-
strukciniy elementy bei statybos procesy daugiapakopés dau-
giakriterinés analizés sintezés metodais pavyzdziai. Taip pat
sukurta pradiné SPS DS statyboje kai kuriuos konstrukcinius
elementus (pastato karkasa, iSorines sienas, pertvaras, fasado
apdaila, langus, stoga ir t. t.) bei statybos procesus (projekto,
rangovo parinkima) aprasanti duomeny bazé¢ (DBS).
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MULTICRITERIA ANALYSIS OF THE VARIANTS OF THE OLD TOWN
BUILDING RENOVATION IN THE MARKETING ASPECT

S. Jakudlionis, L. Ustinovi¢ius

Vilnius Gediminas Technical University

1. Introduction

In the literature of economy there is no unified
opinion concerning the stage of every investment pro-
ject as well as for the whole project estimation. The
majority of the authors [1, 2] evaluate social, ecologi-
cal and technical indicators separately and do not inc-
lude them into the general system of the indicators of
the investment estimation while considering the domi-
nating economic result as the priority.

One of the most difficult problems of the modern
urbanism is the combined estimation of the old town
building renovation according to technical-economical
and social-economical indicators. This estimation is clo-
sely related to social requirements and perspectives of
city development. One of the best models in the eva-
luation of investment projects is used by the USA com-
pany Continental Group. The projects are being esti-
mated in two aspects: commercial attractiveness and pro-
ject realization in the enterprise [3].

The system of old town building renovation that
investigates variants of building usage and helps defi-
ning the most effective ones could help speeding up
renovation and expand the volumes of old town rege-
neration, also would positively influence the construc-
tion companies’ and investors’ activity.

One of the principal targets while renovating old
towns is the adaptation of architectural monuments to
contemporary necessities so as the monuments of the
past could continue their active existence as part of the
developing town and the historical centre.

At the optimisation of the building use, a variant
calculation of investment needs is being executed [4].

Under the nowadays conditions the possess of the
big practical experience and good engineering intuition
is not enough for the building renovation. Well-foun-

ded decisions can only be taken after the variant pro-

jection is done evaluating projects realized earlier and
after the main directions of the decisions are defined.
The methods of multi- criteria analysis play the main
role when solving the real life tasks [5]. These met-
hods are being applied more and more often. There
are no absolutely reliable methods of multicriteria ana-
lysis; nevertheless, they can help the consumer to avoid
main contradictions in the analyzed sphere.

The application of methods of multicriteria analy-
sis for reviving an old town expands the possibilities
of its regeneration planning and marketing, also lets to
quicken reviving work.

A complex of methods of multicriteria analysis was
created (Fig 1). It is aiming at finding the way of how
to raise the efficiency of the investments for the old
town revival, also at increasing fidelity to the calcula-

tions.

2. The marketing principle of renovation of old town
buildings

Before the purchase of buildings their estimation
is being done. The first step is to define the technical
status of the building. The dimensions are gotten du-
ring this process and they serve for evaluating parts of
the building. The next step is the estimation of the
value of the whole object. It is possible to define the
market price of the building according to its real estate
value. The market price evaluates the market juncture,
which is determined by factors of supply and demand.
The estimation methods are based on the analysis of
factors that define the building value, in general. These
factors are: features of the object, comparable value of
the object, real money power of the purchase. Besides
it is a must to estimate heaps of additional factors —
area, appearance, the character of the use of the ob-

ject, legal rights of ownership, etc.
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Several variants of the building use are being pro-
jected. For example, the apartments, café or the hotel
can be fitted out. The estimation of expenditure is
being made up for every variant. When the expenses
for all variants are known, marketing calculations are
performed: which variant is cheaper, what profit is pos-
sible after the sales or rent of the building, what price
of the sales should be ensured for getting the invested
means back and receipt of the planned profit. Using
the way of comparison, possible price of the sales is
being carried out. If crediting is part of the plan, the
stages of credit taking and investment are prospected
taking into consideration the growth of interests.

According to the system of efficiency indicators
and applying methods of multicriteria analysis the best
variant is chosen. Then the building is being renova-
ted and sold.

3. Complex of the multicriteria analysis methods

The theory of multicriteria analysis is applied for
the decisions while evaluating indicators that are most
often contradicting each other. The problems of mul-
ticriteria analysis are very different, though all these
tasks have some common features [6]: the problems
have several indicators, the estimation criteria usually
contradict each other, the estimation indicators have
different measuring units. The solution result of such
a problem is to find the best alternative or to choose
the one of the alternatives. The methods of multicri-
teria analysis create or search for the variant that cor-
responds to all criteria in the best way. Because of
the contradictions of the indicators to each other, a
smart compromise must be found.

The decision-making consists of 3 stages:

Making the list of alternatives;

Preparing alternatives,

Choosing alternatives [7].

During the first stage the alternatives are defined
and they will be used while solving tasks. These alter-
natives are called the solution variants.

In the second stage, variants of the solutions are
analyzed.

The choice of the best variants is based on the
differential estimation of variants according to the re-
sults of the second stage.

As the methods of management and the technique
of the determination are growing modern, the methods
of multicriteria analysis are becoming more important in
management spheres. There are no possibilities to solve
problems while investigating difficult systems of techno-
logy and marketing using just the one-time estimation
methods. Only the multicriteria analysis, which takes in-
to account diverse efficiency indicators, alows to create
effective methods for solving difficult problems.

Several methods of multicriteria analysis are desc-
ribed in literature. However, there is no sense in using
only one method of multicriteria analysis for solving
sophisticated problems. Grouping, linking of the met-
hods, also applying them in turn becomes a must. The
offered complex of the methods of multicriteria analysis
is presented in Fig 1.

First of all, the potential variants of the building
renovation are carried out. The efficiency indicators are
made up and they will make the ground for comparing
the analyzed variants. After questioning the experts, sig-
nificances of the indicators are defined, using the met-

hod of the expert pair comparison.
Numerical values of weights ¢;(j :1,_71) are de-

fined by solving the optimization problem:

min[] Z@uq/ q, (1)

=1 =1

when unknown quantities ¢ ; ﬁ/ =1, HE satisfy limitations:

ginI,qRO;Eﬂ,_nﬁ @)

where b; i values of criteria pairwise comparison
given by experts.

The problem is solved in a traditional way —
Lagrangian function is determined. The optimal propo-
sition is got by solving a set of (n+1) linear equations

with (rn+1) unknowns:
ClP=m, 3
q; — weights of criteria;

m :(0,0,...,0,1>T; n —

n times

where 0 =(q1,q2..qp M) s

Al — Lagrangian multiplier;

amount of criteria.

C=[l;], i,j=1,..,n,n+1 matrix with elements [j;;
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The pair comparison method is useful because the
experts have the possibility to compare the indicators
in couples, what is really important when comparing
big amounts of indicators. The group estimation can be
considered to be reliable only when the opinions of
the experts interrogated are reconciled. Therefore sta-
tistical processing the information supplied by the ex-
perts, conciliation of their opinions should be apprai-
sed and the reasons for multivaluation of the informa-
tion should be defined.

The pair comparison method, presented by T. Sa-
aty, does not include the test for conciliation of the
experts’opinionss. Therefore the offered expert method
to test the conciliation of the experts’opinionss is the

one that was presented by L. Evlanov.

In order to avoid accidental mistakes, three met-
hods of variants usefulness function are offered: TOP-
SIS (Technique for Order Preference by Similarity to
Ideal Solution) [8], SAW (Simple Additive Weighting)
[9, 10] and LINMAP (Linear Programming Techniqu-
es for Multidimensional Analysis of Preference) [11,
12]. LINMAP method for construction problems was
applied for the first time.

Using this method, the values of every indicator
are constantly increased or constantly reduced. Then
we can have the possibility to define the “perfect” so-
lution, which is made up of the best values of the in-
dicators, and the “negatively perfect” solution, which is
made up of the worst values of the indicators.

The relative closeness of each alternative in res-

pect of the ideal solution is defined as follows:

Kor = =Lm, when Kg [0, 1], (8)

where Li+ — separation of each alternative from the

ideal one, L;

the negative-ideal one, m — number of alternatives.

— separation of each alternative from

A set of alternatives can now be preferebly ranked

according to the descending order of Kpr.

Establishment of options  —»|

Establishment of criteria
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Fig 1. Complex of multicriteria analysis methods
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SAW is probably the best known method of
multiattribute decision-making. Attribute values must be
numerical. There are two steps of analysis:

1) Matrix is normalised;

2) The decision-maker can then obtain a total sco-
re for each alternative simply by multiplying the scale
rating for each attribute value by the importance weight
assigned to the attribute and then summing these pro-
ducts over all attributes. The alternative with the hig-

hest score is the one prescribed to the DM:

n . n
A= QA:‘ max 3 g;x;/ Y q;0 )
g1t = =1

where ¢ — importance weight of the attribute, X; —
the outcome of the i alternative about the ;" attribute
with a numerically comparable scale, » — number of
alternatives.

In LINMAP method, m alternatives composed n
attributes (decision matrix with elements X;;) are rep-
resented as m points in the n-dimensional space. The

weighted Euclidean distance, d;, of the 4; from the

i
ideal point is given by

0, ) |j/Z
d; = Eijﬁxij —xjﬁzg Li=12,.,m,  (10)
Ehs O

where x; is the ideal value for the j* attribute. The
square distance, s; :dl.2, is given by
n
Si =7 4% (1
=)

where X;; are at least intervally scaled, and the larger
Xj; , the larger preference.

Let Q={(k,/)} denote a set of ordered pairs
(k,I) where k designates the preferred alternative on
a forced choice basis resulting from a paired compari-
son involving &k and /.

Then we have

§; =S = qu(x/q-—x!]-). (12)
=
zg = max{0,(s; —s;)}. (13)

Now the corresponding model is:

min ZZH S
k170
" 0
when qu(xkj —xlj)+zkl 20, when (k,))0Q;5
J=1 O
n 1l
9 Y (g=x)=h B(14)
= g
q;2 0,j=12,..,n 0
zyy 20, when (k,[)0Q. H

The existence of several methods of the research
implies a question, which of these methods should be
used. The question “which method suits the problem
best” is the most important but again it is difficult to
answer. It is much harder to evaluate the quality of the
methods of multi-criteria analysis that examines limited
discrete mathematically described figure of the variants
in comparison with the methods of the finite element
mathematics. As every method of multicriteria analysis
has its own advantages as well as disadvantages, there
is no absolute answer to this question.

The choice of methods in a common case is de-
termined by:

1) physical value of the indicators;

2) level of the mathematical and program mainte-
nance;

3) subjective circumstances of a different level.

Besides, there is a possibility to get different re-
sults of the calculation (the line of priority) when rec-
koning by different methods.

The model of the estimation of multicriteria met-
hods is based on the average use of the Borda and
Copeland methods [13, 14]. The common conclusions
can be made out after the multicriteria analysis has
been fulfilled.

The risk of the renovation variants is determined
in matrix way. Let’s assume that the investor wants to
evaluate the risk level for each variant. That requires
to calculate the standard deflection and the coefficient
of the variation for each variant.

The standard deflection for every case is determi-
ned by the formula:

S; :\/;zl gsi _S0)2 Ebig,

where §; — the solution result, conforming the i situ-

(15)
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ation development scenarios, Sy — expected result of
the probability, p; — the probability of situation devel-
opment scenarios, ¢ — the figure of scenarios of situa-
tion development.

The risk level of the assets is expressed as a func-
tion of liquidity, profit level and income stability:

R=LIDIC, (16)
where L — level of liquidity, D — level of profitability
of the assets, C — levell of the income stability.

On the ground of the system of multicriteria ana-
lysis methods, the authors have developed the compu-
ter program WinDeterminator for solving the multicri-
teria tasks. The program should be useful for students
of various specialties, scientists and manufacturers.

Usually the work with the program is processed in
two stages: first of all the values of efficiency indica-
tors are determined, later the variants priority row is
being defined using the values of efficiency indicators
based on SAW, TOPSIS or LINMAP methods.

The programmed block of the experts opinions pair
comparison is assigned for determining the efficiency
of indicators estimation (Fig 2). The program allows to
save and to load again the data of separate tasks:
experts’ forms and solution matrixes. All the data, which
consist of the values of efficiency indicators of all va-
riants that are examined, the values of weights of cri-
teria, the information showing whether the efficiency
indicator is minimized or maximized, are included into
the matrix. Data are saved on the special format used

by the program.

A - ol
File  Mfeights of Criterias  VGTU Methods
Garne Theory

About ] Input Questionary lTesting ]

MNumber of criterias [4 Change Name of expert
| | | |

Append | Select | Delete | go |

Fig 2. Form for filling in questionary results

o - lofx]
File  “eights of Criterias VGTU Methods

Game Theory

About

l Questionar}l] Testing ]

Mumber of options {3 Mumber of criteriaz |4 Change

E ntropy | |deal paint meth0d| Save
Criteria 1 Criteria 2 |Enteria3 |Eriteria4 |
Option 1
[ption 2
[ption 3

Fig 3. Form for filling in values of criteria

The definition of the variant priority to the TOP-
SIS, SAW and LINMAP methods is also programmed.
To make the system control more primitive for the con-
sumer, decision matrix for the determination using TOP-
SIS, SAW and LINMAP methods, are filled in the sa-
me form (Fig 3).

The facilities of the method created were shown
solving a real comparison task of the old town buil-
ding renovation. The method was applied to the invest-
ment project of the building in Vilnius old town. Va-
rious variants of this building renovation were exami-
ned according to this method, the most perspective
ways of utilizing this building were defined. This pro-
ject now is implemented and economical indices are
similar to calculated ones. More information about ca-
se studies will be published in next number of STA-
TYBA (Civil Engineering).

4. Conclusions

1. A new system of efficiency indicators and met-
hods was built up for solving the old town building
renovation tasks. It helps define the rationality of the
investment projects for the old town buildings renova-
tion.

2. The offered scheme presents the way of the old
town building renovation. Several variants of utilizing
the building have been developed. For example, apart-
ments, café or the hotel can be arranged in the buil-
ding. An estimate of expenditure is done for each
variant. When the necessary expenses are clear for a
variant, marketing calculations are performed: which
variant is cheaper, what profit is possible after the buil-

ding is sold or rented, what price of the sales must be
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for getting back the invested money and ensuring the
planned profit. Possible price of the sales is defined in
a comparison way. If the crediting is part of the plan,
the stages of the credit taking, investment itself and
the growth of the interest are foreseen. The best va-
riant is chosen in accordance to several criteria. Furt-
her stages of the process: the building is being reno-
vated and sold, rented or put in service.

3. A system for estimating the investment variants
of the old town building renovation was built up in a
marketing aspect. The variants are estimated according
to: profitability, durability, maintenance expenses, busi-
ness perspectives, location of the building, period from
the start of the renovation till realization, parking place
existence, appearance of the building.

4. The improved expert method of pair compari-
son is used to determine the values of efficiency indi-
cators. The method of pair comparison is useful becau-
se it allows to compare indicators in couples, what is
important when comparing a big amount of indicators.
The group estimation can be considered to be reliable
only when the opinions of the experts interrogated are
reconciled. Therefore statistical processing the informa-
tion supplied by the experts, conciliation of their opi-
nions should be appraised and the reasons of multi-
valuation of the information should be defined. The
pair comparison method, presented by T. Saaty, does
not include the test for conciliation of the experts’ opi-
nions. Therefore the offered expert method to test the
conciliation of the experts’opinionss is the one that was
presented by L. Evlanov.

5. Recommendations regarding the definition of 12
calculated values of efficiency indicators were presen-
ted.

6. For the first time the LINMAP method was as-
signed to solve building investment tasks.

7. The complex of multicriteria analysis methods
was made up. It is used to solve the analytical tasks of
the investments for the old town renovation.

8. The computer program WinDeterminator was
created and is used for solving multicriteria tasks. It is
useful for students of various specialties, scientists and
manufacturers. The program computes the values of ef-
ficiency indicators using the expert pair comparison met-
hod, solves the multicriteria tasks on the basis of TOP-
SIS, LINMAP and SAW methods.

9. The facilities of the method created were shown
solving a real comparison task of the old town buil-
ding renovation. The method was applied to the invest-
ment project of the building in Vilnius old town. Va-
rious variants of this building renovation were exami-
ned according to this method, the most perspective wa-
ys of utilizing this building were defined.

10. The methods of multicriteria analysis are to
be applied for examining variants of the old town re-
novation in marketing aspect; they make the process
more effective and reliable.
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SENAMIESCIU PASTATU RENOVACIJOS VARIANTU
DAUGIAKRITERINE SELEKTONOVACIJA RINKO-
DAROS POZIURIU

S. Jakudionis, L. Ustinoviius

Santrauka

Nustatytas senamiesCiy pastaty renovacijos rinkodaros
principas. Senamies¢iy pastaty renovacijos investiciniams uz-
daviniams spresti sudaryta ir pasitilyta nauja efektyvumo ro-
dikliy sistema ir metodai. Patobulintas ekspertinis porinio ly-
ginimo metodas, taikomas efektyvumo rodikliy reikSmingu-
mams nustatyti. Pirma karta statybos investiciniams uzdavi-
niams spresti pritaikytas LINMAP (Linear Programming Tech-
niques for Multidimensional Analysis of Preference) metodas.
Pateiktas selektonovacijos metody kompleksas (1 pav.), skir-

tas investicijy i senamiesCiy pastaty renovacijg analizés uzda-
viniams spresti. Sukurta programiné iranga WinDeterminator
(2, 3 pav.) selektonovacijos uzdaviniams spregsti. Metodo ga-
limybés buvo parodytos sprendziant realy senamiesCio pastato
renovacijos varianty lyginimo uzdavinj.
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CHRONICLE

Dr Audrius Banaitis

On 28 August 2000, at the Vilnius Gediminas
Technical University (VGTU) Audrius Banaitis defended
his doctoral thesis “Model of Rational Selection of
Housing”, technological sciences, civil engineering. This
research presents an analytical model of complex analy-
sis of selection of efficient housing, following the vari-
able factors of micro- and macro-level surrounding
which are settling effective selection of housing, de-
scribes them comprehensively taking into consideration
the gained experience and knowledge in advanced coun-
tries and countries of Central and Eastern Europe
(CEE), invites the methods of multiple criteria analysis
to help in solution of problems of micro- and macro-
level of housing, presents comparative systems of indi-
ces comprehensively describing the housing.

A. Banaitis was born on 21 May 1971 in the town
Akmené. After finishing eight grades in the local sec-
ondary school, he entered in 1986 the Panevézys Poly-
technic School. In 1990 he finished it with the quali-
fication of civil technician/engineer and for almost half
a year worked in a construction firm. In the same year
he entered the Vilnius Technical University (from 1996
VGTU) and in 1994 graduated from it with a
Bachelor’s degree in civil engineering (BSc). The same
year he started his Master degree studies in the VGTU
Department of Construction Technology and Manage-
ment and in 1996 graduated with a Master degree in
construction science (MSc). From 1996 to 2000, he
continued his studies for a Doctor’s degree (head of

Dstinrad Fhass st

the Doctoral studies committee was Prof Dr Habil
Edmundas Kazimieras Zavadskas).

At the moment A. Banaitis works in the VGTU
Department of Construction Technology and Manage-
ment where he holds the position of an Associate Pro-
fessor and a vice-dean of the Faculty of Civil Engi-
neering.

The trend of his scientific research is building
economics and policy, management of construction,
multiple criteria complex analysis of construction in-
dustry.

A. Banaitis is member of the International Council
for Research and Innovation in Building and Construc-
tion (CIB) as well as member of the editorial board of
the international journal “Property Management” (until
2000 “Real Estate Valuation and Investment”). Together
with co-authors he has published a number of articles
in the international journals “Statyba”, “Real Estate
Valuation and Investment” and presented his scientific
research reports at a number of international and na-
tional conferences in Aachen, Belgrade, Vienna, Ath-
ens, Timisaora, Vilnius, Kaunas, etc. In cooperation with
his colleagues A. Banaitis has written 4 ordered scien-
tific reports aimed at enhancing the efficiency of the
complex construction.

A. Banaitis was a member of steering committees
of the following international scientific conferences ar-
ranged by the VGTU: “Property Valuation and Invest-
ment in Central and Eastern Europe during the Transi-
tion to free Market Economy” (1997), “Facilities Man-
agement in Central and Eastern Europe and Common-
wealth of Independent States” (1998), “Modern Build-
ing Materials, Structures and Techniques” (1999). He
is a secretary of the steering committee of the cur-
rently organised 7" international conference “Modern
Building Materials, Structures and Techniques”.

In 1999 — 2000, A. Banaitis obtained a scholar-
ship granted by the Lithuanian State Science and
Studies Fund.

We wish the young vice-dean and scientific de-
gree holder further enhancement of his knowledge and
success in pedagogical work.

Prof Dr Habil Artiras Kaklauskas
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Dr Nerija Kvederyté

On August 28, 2000 at the Vilnius Gediminas
Technical University Nerija Kvederyté defended her
Doctoral thesis “Efficiency of single-family houses in
harmonisation of interests of participants of their life
cycle” (technological sciences, civil engineering). This
is a research aimed at complex solving problems of the
single-family house life cycle and efficiency with the
help of a model, the methods of multiple criteria ana-
lysis and decision support system. Having discussed an
international experience gained in this sphere, the aut-
hor proposed a methodology allowing a complex valu-
ation of the single-family house life cycle, ie by taking
into account the entirety of different stages of a buil-
ding life cycle together with the interested parties in-
volved in the process and factors of environment. The
suggested model of analysis has been realised by deve-
loping an original decision support system of the sin-
gle-family house life cycle. Having applied the deci-
sion support system, the participants of a building life
cycle are able to make efficient decisions. The system
provides the user with all the necessary support that is
required to argue upon the decisions taken: in informa-
tion terms — receipt of quantitative and conceptual in-
formation describing a building life cycle, gathering and
use thereof, in terms of selection of efficient variants —
management and processing of such information apply-
ing methods of multiple criteria analysis.

Nerija Kvederyté was born on April 15, 1970 in
Marijampolé town. In 1988, after finishing the
J. Ziugzdos Secondary School with the gold medal, she

entered the Civil Engineering Faculty of the Vilnius
Civil Engineering Institute (from 1996 VGTU) where
she studied industrial and civil engineering and in 1993
acquired the qualification of a civil engineer. The same
year she entered the VGTU Department of Construc-
tion Technology and Management and in 1995 gradu-
ated with a MSc degree. From 1995 to 2000 she con-
tinued her studies for a Doctor’s degree (Chairman and
work supervisor of the Doctoral Committee was Prof
Dr Habil Artiras Kaklauskas).

In 1999-2000, N. Kvederyté obtained a scholars-
hip granted by the Lithuanian State Science and Stu-
dies Fund.

At the moment, N. Kvederyté works in the VGTU
Department of Construction Technology and Manage-
ment where she holds the position of an Associate Pro-
fessor and delivers lectures to BSc and MSc students
(project management, quality management systems).

Together with co-authors N. Kvederyté has publis-
hed a number of articles in the research journal “Sta-
tyba” and presented her scientific reports in a number
of international and national conferences in Aachen,
Minsk, Kaunas, Vilnius, etc. In cooperation with her
colleagues N. Kvederyté realised her theoretical rese-
arch results by implementing 2 ordered research pro-
jects.

The trend of her research is building life cycle,
multiple criteria decision-making, decision support sys-
tems.

N. Kvederyté combines her scientific work at the
University with her organisational activities. In 2000,
she was a member of the steering committee of the
“Construction” section of the 3% conference of Young
Lithuanian Researchers “Lithuania without Science is
Lithuania without Future”. She is also a member of the
steering committee of the currently organised 7™ inter-
national conference “Modern Building Materials, Struc-
tures and Techniques”.

We wish the young and promising researcher N.
Kvederyté luck and success in her scientific and peda-

gogical activities.

Prof Dr Habil Artiras Kaklauskas
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Dr Vida Maliené

Vida Maliené was born in Vilnius on 13 July 1971.
In 1989, upon finishing the secondary school No 16
Vida Maliené entered Vilnius Civil Engineering Institu-
te, the specialization of the applied geodesy. In 1994,
she graduated from Vilnius Technical University, Fa-
culty of Urban Engineering, and was granted the qua-
lification of a geodetic engineer. In the same year she
started the MSc geodesy studies, the specialization of
geo-information systems (GIS). During her MSc stu-
dies V. Maliené¢ got interested in property valuation
and by the way of exception she was allowed to de-
fend her thesis statement for the MSc degree, titled
Analysis of the Land Market in Lithuania. In 1996,
upon completion the MSc studies at Vilnius Technical
University, V. Maliené continued her research work by
publishing different articles and participating in the in-
ternational and Lithuanian scientific conferences. In
1997, she started Doctoral studies at Vilnius Gedimi-
nas Technical University and became a Doctoral stu-
dent at the Department of Building Technology and
Management (Civil Engineering Faculty). During her
PhD studies V. Malien¢ for one year learned and wor-
ked in the field of property valuation at Bonn Wil-
helm-Friedrich University (Germany). Having learnt
about the German and Western European legal frame-
work, valuation methodology, she practiced in the Com-
mittee of Property Experts of the Bonn City, the Agen-
cy for Land Management and Territorial Planning in
Bonn, Land Management Agency and private property
company in North-Rein Westphalia. V. Maliené also

made a research visit to the Leipzig Higher School of
Technology, Economics and Culture (Germany) where
she studied the market changes in the former Eastern
Germany and the application of the valuation methodo-
logy in the transitional economies. During her Doctoral
studies V. Maliené¢ was an active participant at Lithu-
anian and international scientific conferences; she pub-
lished twelve scientific articles in most prestigious pub-
lications of scientific conferences and other publica-
tions.

Alongside with her research activities, V. Maliené
has been permanently engaged in professional activi-
ties, which were closely interrelated with the scientific
work. Since 1994, she has been working as a senior
engineer-property valuer at the State Land Management
Institute. She has passed the qualification exams of the
property valuer and has been granted the certificate of
the valuer’s qualification, which gives the right to en-
gage in property valuation in Lithuania. In addition to
the practical work, she has also had a teaching prac-
tice. She worked as an assistant at Lithuanian Univer-
sity of Agriculture and offered an academic course in
property valuation. She also taught land management
at Vilnius Construction College.

Vida Maliené acquired extensive scientific and
practical knowledge and prior to the end of her Doc-
toral studies, on 1 December 2000, defended Doctoral
dissertation Property Valuation by the Methods of Mul-
tiple Criteria Analysis. Theoretical and practical results
of the dissertation were included into the curricula of
the BSc and MSc degree studies, as well as in the

international property valuation practice.

Prof Dr Habil Artiras Kaklauskas
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Dr Vaidotas Sarka

Vaidotas Sarka was born on June 29, 1970 in
Birstonas. In 1988, he was enrolled on Vilnius Civil
Engineering Institute and in 1993 completed the civil
engineering programme with honours.

For three months in 1993, V. Sarka did research
at Glamorgan University, Wales. There he collected ma-
terials for his MSc thesis. In 1995, he was awarded
MSc degree in construction at Vilnius Technical Uni-
versity. For a month and a half of 1995, he continued
research at Glamorgan University. He studied project
management, construction management, and construc-
tion technology, was interested in software for solving
construction technology and organisation tasks, and im-
proved his knowledge of English. From 1995 to 2000,
at Vilnius Gediminas Technical University (VGTU), he
worked on Doctoral thesis “The multicriteria decision
synthesis when selecting rational technological-organi-
sational variants of buildings” (research adviser Prof
E. K. Zavadskas). In 2000, he was awarded Doctor’s
degree (technological sciences). His research area is de-
cision support systems, multicriteria decision methods,
project management, and computerised design.

V. Sarka is broadly interested in information tech-
nologies. In 1993, he created a flow sheet computeri-
sed design system, in 1993 participated in creating the
computer model “Rodiklis” (“Index”), designated for
solving multicriteria variant tasks. In 2000, he prepa-
red a computerised model and initial database for a

decision support system, applying multicriteria synthe-

sis methods (DSS MS) in construction. The VGTU stu-
dents are using the system as a teaching aid. The sys-
tem has been also used by two real practical construc-
tion projects for selecting basic construction elements
(foundations, frameworks, exterior walls, roof, windows,
etc) and several construction processes.

In addition, V. Sarka worked: from 1991 to 1992,
at Vilnius Technical University as an operator for the
Department of Construction Technology and Manage-
ment (CTM), from 1992 to 1994, as an assistant for
the CTM department. From 1994 to 1995, he was he-
ad of laboratory at this department. Besides his Doc-
toral studies, he won in 1996 a competition for the
position of a construction supervision engineer at the
UAB “Bit¢ GSM” base exchange and is still working
there at present. In this way he has also acquired prac-
tical work experience. He has been certified as a su-
pervision manager for the construction of especially im-
portant structures.

While studying by the Doctoral programme, V. Sar-
ka delivered lectures and guided practicums for Bache-
lor students and engineers in construction. He guided
final theses for future engineers. Since 2000, he has
been an assistant at the CTM. He has lectured on ad-
ministration fundamentals, the organisation of construc-
tion, construction business and economics for CTM Ba-
chelor students and engineers and has guided final the-
ses for Bachelor students and future engineers.

V. Sarka is co-author of 7 publications in some
Lithuanian and foreign research work collections and
in the prestigious publication “Construction”. He has
also presented his research results at international and
national conferences. He has compiled, together with
joint authors, the methodological instructions in low-
rise building construction for students “The possibility

of using paroc rock wool in Lithuania”.

Assoc Prof Dr Leonas Ustinovicius
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Dr Sigitas Jakucionis

Born September 14, 1972 in Vilnius, he was a
student at Vilnius Technical University from 1990 to
1996, Civil Engineering Faculty. At secondary school
and university he took part in a folklore company Kod-
ravas. In 1994 he obtained BSc degree at Vilnius Tech-
nical University. Preparing his final paper “Trade Cen-
tre in Vilnius” he used computer calculations and he
has got interested in programming and IT application
in construction since. In 1996 he obtained MSc degree
at Vilnius Technical University. During 1995-97
S. Jakucionis was working as a site manager at const-
ruction company UAB Repetys, in 1997-98 as a
manager in International Office at Vilnius Gediminas
Technical University. In 1997-98 he was working as
Information and Analysis Department director at Envi-
ronment Ministry (former Construction Ministry) of Lit-
huania.

In 1998-2000 he held the position of an estimator
(site manager) in construction company UAB PROME-
NADO STATYBA (former UAB PROMENADAS).

From 1996 to 2000, he was Doctoral student at
Vilnius Technical University. In 1998 he participated
in training program INTERNATIONAL CONSTRUC-
TION MANAGEMENT at the Lund Centre for Habitat
Studies (Lund University), Sweden. During his Docto-
ral studies, he had also several training programs at
Leipzig University of Applied Sciences. In 2000 at Vil-
nius Gediminas Technical University he obtained Doc-
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tor’s degree of technological sciences (civil engine-
ering). The subject of dissertation was “Multicriteria
analysis of old town buildings restoration in the aspect
of marketing” (scientific advisor Prof Dr Habil
E. K. Zavadskas). A system for estimating the invest-
ment variants of the old town building renovation was
built up in marketing aspect. A complex of multicrite-
ria analysis methods was made up. It is used to solve
the analytical tasks of the investments to the old town
renovation.

The computer program WinDeterminator was cre-
ated and used for solving multicriteria tasks. It is use-
ful for students of various specialties, scientists and ma-
nufacturers. The program computes the values of the
efficiency indicators using the expert pair comparison
method, solves multicriteria tasks on the basis of
TOPSIS, LINMAP and SAW methods.

The created method was applied to the investment
project of the buildings in Vilnius old town. Different
variants of this building renovation were examined ac-
cording to this method, the most perspective ways of
the utilization of this building were defined.

S. Jakucionis is the author of 9 publications in
different Lithuanian scientific journals and proceeding
works of the international conferences.

His research interests include problems of old town

regeneration, IT in construction, multicriteria analysis.

Assoc Prof Dr Leonas Ustinovicius
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ABSTRACTS

O. Kaplinski. Changes and achievements in CM research and CM education at the Poznan University of
Technology // STATYBA (Civil Engineering). Vilnius: Technika, 2000, Vol VI, No 6. P. 385-396.

A review of problems, conditions and trends in changes in construction management education and research is pre-
sented in this paper. It describes a typical cause and effect chain (financing, programme of studies and research) in
Poland. This paper also presents certain aspects of specialisation in Construction Engineering and Management. A new
tendency in education in the Chair at Poznan University has appeared within the profile of post-graduate courses in
real estate estimation and management. The PhD dissertations reach towards the field modelling of construction pro-
cesses, and are tied to a research database, using some elements of artificial intelligence.

Refs 32. Figs 6. Tables 2.

E. K. Zavadskas, A. Kaklauskas. Efficiency increase in research and studies while applying up-to-date
information technologies / STATYBA (Civil Engineering). Vilnius: Technika, 2000, Vol VI, No 6. P. 397-414.

The article contains the description of achievements of Prof E. K. Zavadskas and Prof A. Kaklauskas in the field
of research and studies within the period of 1997 to 2000. The following major researches have been carried out
during this period: development of a model for a complex analysis of a building life cycle; development of methods
of multiple criteria analysis; development of multiple criteria decision support systems; total life analysis, modelling
and forecasting of construction in Lithuania; efficiency increase in e-commerce systems applying multiple criteria decision
support systems. Changes carried out in study process have been mostly connected with development of two post-
graduate distance (Internet) study programmes and implementation thereof in the Department of Construction Technol-
ogy and Management at the VGTU. The article includes a brief description of the above-mentioned work.

Refs 113. Figs 3.

J. Paslawski. Methods for risk management in concreting at low temperatures / STATYBA (Civil Engineering).
Vilnius: Technika, 2000, Vol VI, No 6. P. 415-419.

The theoretical background of risk management is firstly presented. In the second part, a cause study concerning
decision-making in concreting at low temperatures is analyzed. Some elements of the COLCON advisory system for
making decisions in concreting at low temperatures are presented.

Definitions or risk and uncertainty, which are key terms variously approached in references, are provided. Methods of
procedure specific for application in conditions of risk and uncertainty are proposed, based on which strategies of risk
management in concreting at low temperatures are formulated. The mutually compensating character of two key strat-
egies: risk retention and risk reduction, is pointed out. Cost analysis as the key element in making-decisions concerning
their contribution to the general strategy is indicated.

Refs 11. Table 1.

T. Thiel. Application of multicriteria decision-aid methodology in building production engineering //
STATYBA (Civil Engineering). Vilnius: Technika, 2000, Vol VI, No 6. P. 420-430.

The article presents a concise approach to the basic issues of the MCDA methodology, and the issues related to the
group of methods of multicriteria analysis. A decision problem as such has been discussed, leading to the final ranking
of the chosen alternatives of a solution of road surface structure and design (from the best to the worst). The chosen
alternatives of a solution can be implemented in practice, under specific Polish conditions. An appropriate method of
calculation has been selected, the method classified as a multicriteria analysis method which made the solution of the
problem feasible (the ELECTRE III method). A sensitivity analysis has been carried out with regard to the final
ranking of the compared alternatives, arrived at by means of the chosen calculation method and accepted by the
decision-maker. The solution of the problem under analysis proves that it is possible to use the MCDA methods and
methodology at the stage of investment planning, and at the stage of initial design (feasibility study).

Refs 8. Figs 3. Tables 3.
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A. Fojud. Multidimensional data analysis in construction industry / STATYBA (Civil Engineering). Vilnius:
Technika, 2000, Vol VI, No 6. P. 431-435.

We have recently seen an impressive development of advanced technologies in construction industry, and a multiplicity
of designs and solutions, which are available at every stage of erecting a building or structure. In consequence, a
problem has emerged, regarding the optimisation in decision-making, and presenting appropriate arguments to support
certain solutions in the engineering work. Therefore, in the engineer’s practice, one of the tools available is a system
using multidimensional analysis of the information in store. This paper aims at presenting a spectrum of possibilities
of using multidimensional data analysis in construction industry, and is meant to stress the increasing role of multi-
dimensional information analysis in the daily work of an engineer, as well as its role in property management. The
paper presents modelling which uses multidimensional data, and the analysis of such data used in technical design. The
second part of the paper presents the usage and significance of the multidimensional analysis in advisory systems
supporting people involved in taking decisions about property management.

Refs 3. Figs 9.

T. Wiatr. Capital expenditure and receipts analysis in construction project management (description of the
model) / STATYBA (Civil Engineering). Vilnius: Technika, 2000, Vol VI, No 6. P. 436-439.

The article describes the general model of project control in aspects of cash flows - in relation to schedule of pro-
duction planning and schedule of financial planning. In this model, cash events have discrete character, but value of
works has a continued form of an S-curve. Discrete form of expenditure is in the opposition to actual knowledge.
Proposed name of the model is IVO (Inflow-Value-Outflow) according to this feature. The model enables to analyse
problems using special software. In a narrow sense, the model may be a base of sensitivity analysis in effect of change
a single variable within a project. In a wider sense, the model may be a simulation tool. In the widest sense, the model
with probability calculations may be a tool for risk analysis. The article promotes integrating of production planning
and financial planning into one system of management. This system concentrates directly on project but indirectly on
construction firm (firm like a portfolio of projects).

Refs 11. Figs 2. Table 1.

S. Mitkus, T. Déjus. Multiple criteria evaluation of construction tenders in accordance with the law on
public procurement of the Republic of Lithuania / STATYBA (Civil Engineering). Vilnius: Technika, 2000,
Vol VI, No 6. P. 440-444.

At least several criteria should be taken into account in order to properly evaluate construction tenders. Despite of the
fact that methods of multiple criteria evaluation of tenders have been widely analysed in scientific papers, such evalu-
ation according to the Public Procurement Law of the Republic of Lithuania has not been researched as yet.

The term “multiple criteria evaluation” is not used in the law, but research shows that one of the allowed criteria of
evaluation according to the law of “economic usefulness” in principle represents the method of multiple criteria evalu-
ation.

Studies of the law and further government decisions show that the process of tender evaluation may be divided into
three stages.

The article deals with possibilities of using multiple criteria evaluation of tenders, according law on public procurement
and normative by-laws.

Refs 5. Tables 5.

N. Kvederyté. Analysis of efficiency of single-family house life cycle // STATYBA (Civil Engineering). Vilnius:
Technika, 2000, Vol VI, No 6. P. 445-450.

To design and achieve an effective process of life cycle of a single-family house it is necessary to take care of the
house’s efficiency starting from determination of its needs and objectives and ending to its usage. In each stage of the
life cycle of a building many interested parties are involved: clients, designers, contractors, manufacturers and suppliers
of construction materials and products, users, etc. While designing the life cycle of a building and making decisions
it is necessary to take into account the interests of all interested parties. The life cycle of a single-family house has
to be designed and implemented taking into consideration its stages, objectives and opportunities of the interested
parties involved in the process.

The paper proposes a model for complex analysis of efficiency of the single-family house life cycle, in which various
factors and circumstances are described by a set of criteria. Following that model, the interested parties involved in
design and realisation of a project are able to design alternative variants of a single-family house life cycle, to evaluate
them and determine the most efficient decision for the existing situation. On the basis of the model, a decision support
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system is developed. This system helps the participants of the building life cycle to seek successfully their objectives,
to increase efficiency of the life cycle. While applying the methods of multiple criteria analysis in decision support
system, it is possible to settle the problem of optimisation of the intended objectives required for their implementation.
Refs 16. Fig 1.

A. Banaitis. Model of rational housing in Lithuania // STATYBA (Civil Engineering). Vilnius: Technika, 2000,
Vol VI, No 6. P. 451-456.

The current state of housing and the trends of its development have been analyzed from various conceptual and
quantitative perspectives by a number of scientists. Researchers from various countries use conceptual and quantitative
forms of analysis while studying the effect of certain factors on the efficiency of housing. However, the papers men-
tioned did not deal with a complex approach to housing when discussing economic, quality, social, technological,
legislative and other factors.

The main objective of this paper is to present an analytical model of complex analysis of rational housing. A model
in the paper is considered as the system of specific rules in presence of whose the housing of Lithuania would apply
its potential opportunities. Prospects of future Lithuanian housing and the principal trends of its development are linked
with analysis of experience and knowledge gathered by advanced and CEE countries, and application thereof evaluated
the specific features of Lithuania. Having used expert methods and analysis of scientific literature, the micro- and
macro-level factors are being determined as well as the systems and sub-systems of indices describing them, describing
housing in the initial stage. In accordance with the made systems of indices the situation of housing in Lithuania, CEE
and advanced countries is being described conceptually and quantitatively. Following the gathered information, a data-
base is made describing variable indices of micro- and macro-level of various countries and their influence on housing.
Inviting the information gathered in the database to help, the trends of development of housing of advanced, CEE
countries, differences of these countries and Lithuania in this field are determined.

Refs 20. Fig 1. Table 2.

V. Maliené. Valuation of commercial premises by the method of multiple criteria analysis / STATYBA
(Civil Engineering). Vilnius: Technika, 2000, Vol VI, No 6. P. 457-463.

A number of problems in the valuation of real property can be eliminated by the methods of multiple criteria analysis,
which came into existence only at the second half of the 20" century. Currently, they have become very important in
the international practice of the real property valuation. In most cases they are based on market modeling and economic
assumptions. Therefore, sometimes they are referred to as separate valuation methods, and classified as modern ones.
This article describes a new method of multiple criteria analysis. This method, based on the market analysis and
valuation principle, is in line with the traditional comparative value method, therefore it can be attributed to the group
of the indirect comparative value methods. These methods facilitate the universal and more extensive multiple criteria
analysis of the property, since they take account of a number of different criteria, ie qualitative, quantitative ones,
market conditions. The proposed method can meet the demands and needs of many interested groups since it enables
to estimate not only the market value of the property, but also other values, eg investment value, value of use, market
value of the current use of the property, etc. This article describes the theoretical model of the method, which was
used to estimate the market value of the commercial premises.

Refs 7. Fig 1. Table 3.

V. Sarka. A decision support system applying multicriteria synthesis methods in construction // STATYBA
(Civil Engineering). Vilnius: Technika, 2000, Vol VI, No 6. P. 464-468.

The subject of the research is multicriteria decision theory and decision support system. The author’s purpose was to
investigate the current decision support systems and the mathematical models used in them as well as to improve them
by introducing several multilevel, multicriteria decision synthesis methods.

A new decision support system applying multicriteria synthesis methods (DSS_MS) is being created to implement joint
projects. The decision support system is designated to accumulate and process initial data using mathematical and
logical models including multicriteria assessment methods. The primary focus of this research is to clarify the possi-
bilities of using multicriteria decision selection method in an effort to solve the problems of decision-making connected
with the construction industry.

The structure of the DSS MS in construction is based on a systematic technical assessment of projects, expert assess-
ment, and the multicriteria decision synthesis methods proposed by the author. The aim of a decision by these methods
is to combine the alternatives of several analysed construction processes or projects into a general construction system
decision tree.
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In order to check the reliability of the newly created system, there was created a decision support system computer
model, applying multicriteria synthesis methods (DSS_MS), which is designated to solve equipping design problems of
complex parts of a building, combining them into a general totality with the assistance of synthesis methods. In this
system are used additional programming measures for solving undefined questions: methods of expert assessment and
pair comparison. Various methods for project system technical assessment are proposed for solving single level multicriteria
assessment tasks.

DSS _MS in construction is designated for engineers, experts, construction technology management students, and other
users. As a teaching aid, this system should assist students to better understand as well as to independently master and
learn new concepts and the methods connected with the multicriteria decision methods that are becoming ever more
popular. As an applied system, the programme can analyse multilevel tasks for the most complex structures, which
frequently arise in the complex construction industry. The control of the software system part as well as the creation
and filling of the database structure is simple and do not need a large additional expenditure of labour. The system
has an internal control mechanism for self-control with certain assigned parameters.

Refs 7. Fig 1.

S. Jaku¢ionis, L. Ustinovic¢ius. Multicriteria analysis of the variants of the old town building renovation in
the marketing aspect / STATYBA (Civil Engineering). Vilnius: Technika, 2000, Vol VI, No 6. P. 469—475.

A new system of efficiency indicators and methods were built up for the purpose of solving the old town building
renovation tasks. The way of the old town building renovation was offered. An improved expert method of pair
comparison is used to determine the values of efficiency indicators. For the first time the LINMAP method was
assigned to solve building investment tasks. The complex of methods of multicriteria analysis was made up. It is used
to solve the analytical tasks of the investments to the old town renovation. The computer program WinDeterminator
was created and it is used for solving the multicriteria tasks. It is useful for students of various specialties, scientists
and manufacturers. The program computes the values of the efficiency indicators using the expert pair comparison
method, solves multicriteria tasks on the basis of TOPSIS, LINMAP and SAW methods. The facilities of the method
created were shown solving the real comparison task of the old town building renovation.

Refs 14. Figs 3.
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