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ABSTRACT. The authors analyse the problem of derelict buildings’ redevelopment by means of multi
criterion decision-making techniques. The aim of the research is to rank derelict buildings’ redevelopment
alternatives from the multiple sustainability approach. Moreover, handling of MCDM techniques is dis-
cussed. The MCDM techniques used are: technique for order preference by similarity to ideal solution
(TOPSIS) and compromise ranking method (VIKOR). A Lithuanian case study is presented to illustrate
similarities and differences of ranking results using these methods in particular situation. The comparisons
of the results after multiple criteria analysis implementation are made in the paper and scientific rec-
ommendations for a sustainable redevelopment of derelict buildings in Lithuanian rural areas are sug-

gested on a basis of calculations.
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1. INTRODUCTION

One of the most perpetual challenges in sci-
ence and engineering is how to make the opti-
mal decision in a given situation. Theories such
as linear programming, dynamic programming,
hypothesis testing, inventory control, optimi-
sation and multi-criteria decision-making
(MCDM) are used in searching for an optimal
solution.

Contemporary decision problems in the field
of construction and engineering are character-
ized by a diversity of structures and processes,
hardly commensurable variables, conflicting
development objectives and constraints. Differ-
ent stakeholders with different interests and
values interacting with each other make the
decision-making process much more compli-
cated. If we are to look for a solution to the
problem, we must face a multi-dimensional
approach. Therefore, multi-criteria techniques

seem to be an appropriate tool in ranking or
selecting one or more alternatives from a set
of available alternatives with respect to mul-
tiple, usually conflicting criteria.

A large number of methods have been de-
veloped for solving multi-criteria problems
(Hwang and Yoon, 1981; Triantaphyllou, 2000).
MCDM frameworks vary from simple ap-
proaches requiring very little information to
methods based on mathematical programming
techniques, requiring extensive information on
each attribute and the preferences of the deci-
sion makers. Complex classification of men-
tioned methods is presented in several publi-
cations (Roy, 1996; Zavadskas, Kaklauskas and
Banaitiené, 2001; Greening and Bernow, 2004;
Guitouni and Martel, 1998). But still it is a
problem of choosing an appropriate method in
a given situation. None of them can be consid-
ered as the best and appropriate to all deci-
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sion-making situations. Handling of MCDM
depends on a particular case, on the aim of
research and, especially, on quality and reli-
ability of the data.

In our case study, revitalization of derelict
and mismanaged buildings in Lithuanian ru-
ral areas is analyzed. A multiple sustainable
development approach is used for finding ra-
tional development trends of abandoned rural
buildings. The economic benefit of revitaliza-
tion of property is combined with the environ-
mental potential as well as social interest for
amount of reasons (Antucheviciené, 2002,
2003a). In this paper, the problem of derelict
buildings’ management is analyzed by means
of multi criterion decision-making techniques.

The aim of the research is to adapt appro-
priate MCDM techniques for ranking of der-
elict buildings’ redevelopment alternatives
from the multiple sustainability approach,
compare the results and discuss the handling
of multi-criteria decision-making techniques in
particular case. The authors made observa-
tions, how much the significance of alterna-
tives and series of priorities changed subject
to changes in decision-making technique in
ranking of buildings’ revitalisation alterna-
tives.

In our case study, the MCDM techniques
used are: technique for order preference by
similarity to ideal solution (TOPSIS) with two
different normalization methods (vector and
linear) (Hwang and Yoon, 1981) and compro-
mise ranking method (VIKOR) (Opricovic and
Tzeng, 2004).

2. DESCRIPTION OF MCDM METHODS,
USED IN THE ANALYSIS

Two multiple criteria decision-making meth-
ods - VIKOR and TOPSIS, represent closeness
to the reference points. But these two meth-
ods introduce different forms of aggregating
function for ranking and they use different
kinds of normalization to eliminate the units
of criterion.

E. K. Zavadskas and J. Antucheviciené

Both methods evaluate the decision matrix,
which refers to n alternatives that are evalu-

ated in terms of m criteria. The member f;

denotes the performance measure of the j-th
alternative in terms of the i-th criterion.

TOPSIS (the Technique for Order Prefer-
ence by Similarity to Ideal Solution) was de-
veloped by Hwang and Yoon (1981). The basic
concept of the TOPSIS method is that the se-
lected alternative should have the shortest dis-
tance from the ideal solution and the farthest
distance from the negative-ideal solution, in a
geometrical sense.

The first step of the procedure of every
multiple criteria decision-making method is to
calculate the normalized decision matrix. Con-
sidering the opinion, that there are normal-
ization procedures with effects on the final
MCDM result (Opricovic and Tzeng, 2004), two
normalization methods were used in TOPSIS
technique. The classical TOPSIS uses vector
normalization (Hwang and Yoon, 1981;
Triantaphyllou, 2000; Zavadskas, Kaklauskas
and Banaitien¢, 2001):

ﬁ:_;&__, (1)
X fi

Jj=1

<

where 7; is normalized value, i=1...m

j=L..,n
Lai and Hwang (1994) introduced linear
normalization into the TOPSIS:

7= / I , i€ I' (benefits) ,

i 2
Fo= 1__,ie I" (costs),

Ji =i

where f =max f;;, f; =min

Technique forJOrcier Prefei“ence by Similar-
ity to Ideal Solution is well known and applied
for engineering problems. Zavadskas have been
applying TOPSIS method for construction so-
lutions since 1986 (Zavadskas, 1986;
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Zavadskas, Fiedler and Peldschus, 1986). See-
ing that TOPSIS method is widely applied
(Triantaphyllou, 2000; Zavadskas, Kaklauskas
and Banaitien¢, 2001; Opricovic and Tzeng,
2004; Tsaur, Chang and Yen, 2002; Vilutiené
and Zavadskas, 2003; Cheng, Chang and
Huang, 2003; Tong et. al., 2004; Montanari,
The compromise ranking method (called
VIKOR) was newly developed and presented
by Opricovic (Opricovic, 1998; Opricovic and
Tzeng, 2004). It is used for engineering goals
one of the first times by the authors of this
paper.

The VIKOR method is also based on an ag-
gregating function, representing closeness to
the ideal point. The distinction of this method
is, that it determines a compromise solution
and considers the relative importance of dis-
tances to ideal and negative solutions.

The first step of the compromise ranking

algorithm is to determine the best f;" and the

worst f;” values of all criterion functions,

i=1,...,m. If the i-th function represents a ben-
efit then:

i = max fy, f; = min fj. 3)

The following step after the determination
of the best f: and the worst f,” values of cri-
terion functions is computation of the values

S;, R; and Q;(Opricovic and Tzeng, 2004):

%=§m@“ﬁww?ﬂ) @)
Rj :maij, (5)
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where §* =minS;, §” =maxS;, R =minR;,
J J J
R™ =maxR;, w; is the weight (or significance)
J
of the i-th criterion, v is introduced as weight

of the strategy of "the maximum group util-
ity". Here v=0,5, and it means, that compro-
mise solution is stable within the decision
making process by consensus. (When v >0,5,
’voting by majority rule’ is needed; when
v <0,5, solution is stable within the decision

making process 'with veto’).
After this, alternatives should be sorted

by values S, R and Q in increasing order.

The best alternative A" is the one with the
minimum value Q if two complementary con-
ditions are satisfied (Opricovic and Tzeng,
2004):
C1. ’Acceptable advantage’:
0(a")-0(a)= Do,
where A” is the alternative with second posi-
tion in the ranking list by Q; DQ=1/(J-1);
J 1is the number of alternatives.

C2. ’Acceptable stability in decision
making’: 4’ must also be the best ranked by
S or/and R.

If one of the conditions is not satisfied, then
a set of compromise solutions with the advan-
tage rate is proposed instead of the only best
alternative, which consists of alternatives A’

and A” if only condition C2 is not satisfied, or
alternatives A’, A”,..., AW) if condition C1 is not

satisfied; and 4(¥) is determined by the rela-

tion Q(A(N ))— 0(A")< DQ for maximum N (the

positions of these alternatives are ’in close-
ness’).

3. RANKING OF BUILDINGS’
REDEVELOPMENT ALTERNATIVES

A Lithuanian case study is presented to il-
lustrate similarities and differences of rank-
ing results using the both methods in particu-
lar situation. Revitalization of derelict and
mismanaged buildings in Lithuanian rural
areas is analysed in the paper. These objects
were built in the time of Soviet occupation,
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mostly for farming and partly for rural infra-
structure. Due to political, economical changes
and reorganization of the agricultural sector,
they are derelict and mismanaged at present.

Some results of previous authors’ research
in the field of deteriorated property redevelop-
ment have been published already. They in-
cluded observations of rural buildings territo-
rial distribution peculiarities and establish-
ment of factors, determining distribution and
revitalisation perspectives of abandoned build-
ings, using methods of mathematical statistics.
It was estimated that the peculiarities of der-
elict and mismanaged buildings territorial dis-
tribution are statistically different in various
zones of development activity as presented in
the conception of Lithuania’s spatial develop-
ment (Antucheviciene, 2002, 2003a, 2003b).

Sustainable development approach was
used for identifying rational development
trends of abandoned rural buildings. Revita-
lisation of buildings should be a contribution
towards sustainable construction, incorporat-
ing protection of natural and social environ-
mental, improvement of life quality and imple-
mentation of economic goals. Therefore, exist-
ing sustainability indicator systems and theo-
retical recommendations were analysed and a
system of criteria was developed according to
the common principles of sustainable develop-
ment and to explored local peculiarities
(Antucheviciené, 2003a).

In this paper, the above-mentioned indica-
tor system is fitted for multiple criteria deci-
sion-making and calculations are performed,
determining redevelopment priorities of build-
ings. In our case study, there are three alter-
natives and fifteen criteria. The alternatives
include reconstruction of rural buildings and
adapting them for production (or commercial)
activity (alternative A,), using them for farm-
ing purposes (alternative A,) or demolition and
recycling of demolition waste (alternative A,).
Criteria consist of mainly three conflicting
types of interest: economic, ecological and so-
cial. The criteria are based on sustainability
indicators and represent three typological
groups in sustainable decision-making, pro-
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posed by the authors in preceding research:
current state abandoned buildings and their
environment, development (or revitalization)
possibilities and impact after the implementa-
tion of particular redevelopment alternative
(Antucheviciené, 2003a). The following fifteen
criteria (or sustainability indicators) in evalu-
ating building revitalization alternatives have
been taken into consideration, including the
average soil fertility grade in the area f;
(points), quality of life parameters of the local
population f, (points), population activity in-
dex f; (%), GDP in proportion to the average
GDP of the country f, (%), material invest-
ments in the area f; (Lt / resident), foreign in-
vestments in the area f (Ltx103 / resident),
building redevelopment costs f, (Lt x109), in-
crease of income of the local population f;
(Ltx108 / year), increase of sales in the area fo
(%), increase of employment f;, (%), state in-
come from business and property taxes f;,
(Ltx108 / year), business outlook f;5, difficul-
ties of purpose-built changes f; ;, degree of con-
tamination f,,, attractiveness of the country-
side (i.e. image, landscape quality and the like)
fis- f» [ f;3 and f;, are associated with cost
criteria (their less value is better), while the
remaining attributes are associated with ben-
efit criteria (their greater value is better). The
choice of indicators is limited by the available
data, but their use demonstrates the procedure
of the proposed model.

The values of the criteria are estimated ac-
cording to official statistical data and on the
basis of the previous research made by the
authors. The ratings of qualitative attributes
f12 13 f14 and f; 5 are expressed with the help
of linguistic variables, used in fuzzy decision-
making (Li and Yang, 2004). For example, the
performance ratings of alternatives on quali-
tative attributes could be expressed using lin-
guistic variable such as very poor, poor, fair,
good, very good, etc. Such linguistic values can
be represented using numbers 0,1; 0,3; 0,5; 0,7;
0,9, respectively. The initial data of the per-
formance measure of the j-th alternative in
terms of the i-th criterion is presented in
Tablel.
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Table 1. Initial data for derelict buildings’ revitalization multi-criteria analysis implementation

Crite-  Value of criteria, fi/’
ria, f; Area of active development Area of regressing development  'Buffer’ area

w; A, A, A, w; A, A, Ay w; A, A, A,
f; 0.9 40.3 40.3 40.3 1.11 36.7 36.7 36.7 0.83 39.5 39.5 39.5
f 1.09 314 314 314 0.92 29.2 29.2 29.2 0.85 30.0 30.0 30.0
f; 1.12 532 53.2 53.2 0.94 56.4 56.4 56.4 1.25 54.8 54.8 54.8
fy 0.94 1032 1032 1032 0.92 103.8 103.8 103.8 0.83 78.6 78.6 78.6
fs 1.01 1805.7 1805.7 1805.7 1.11 1559.6  1559.6 1559.6 1.12 806.2 806.2  806.2
fs 0.94 1754.0 17540 1754.0 1.01 14639 14639 14639 1.12 284.1  284.1  284.1
15 1 3584 776 14.4 1 3123 589 12.6 1 3783 714 15.2
fs 1 1140 274 0.6 1 99.4 23.8 0.6 1 120.4 289 0.7
fo 1 18.5 2.5 0.0 1 1002  13.7 0.0 1 113.1 155 0.0
fi 1 5.0 1.5 0.0 1 3.8 1.2 0.0 1 12.5 1.7 0.0
i 1 26.9 5.9 0.3 1 24.5 51 0.2 1 29.6 6.2 0.3
fi 1 0.9 0.3 0.7 1 0.3 0.5 0.1 1 0.5 0.3 0.3
fis 1 0.9 0.1 0.7 1 0.5 0.1 0.1 1 0.9 0.1 0.5
fia 1 0.7 0.5 0.1 1 0.5 0.1 0.1 1 0.3 0.1 0.1
fis 1 0.7 0.5 0.3 1 0.7 0.7 0.5 1 0.9 0.5 0.7

Weights (or significances) of criteria are
determined according to previous research.
While calculating by the ideal point methods,
the sum of significances shall not be limited
by any value. So weights of criteria, represent-
ing current state of buildings and their envi-
ronment, were estimated in proportion to mea-
sured correlation relationship (Antuchevidieng,
2002, 2003Db). Criteria, representing revitaliza-
tion possibilities and impact after the imple-
mentation of particular redevelopment alter-
native, were considered to be of equal impor-
tance, and significances of these criteria were
equated to 1.

Abandoned buildings’ management is
analysed separately in three zones of develop-
ment activity (area of active development, area
of regressing development and ’buffer’ area) as
presented in the conception of Lithuania’s spa-
tial development (Juskevicius, 1999). For de-
scription of areas, see (Antuchevi¢iené, 2002,
2003a, 2003b) with reference to (Juskevicius,
1999).

Calculations are made according to two
main strategic goals for the regional policy as

presented in the Comprehensive plan of the
territory of the Republic of Lithuania, namely
maintenance of existing potential in a region
and equilibration of salutatory evolution of re-
gions.

4. COMPARISON OF RANKING
RESULTS

Three MCDM techniques were used for
ranking of alternatives in the case study: tech-
nique for order preference by similarity to ideal
solution (TOPSIS) with two different normal-
ization methods (vector and linear) and com-
promise ranking method (VIKOR) (for descrip-
tion of methods see chapter 2). Partial results
of ranking rural buildings’ redevelopment al-
ternatives, using TOPSIS method, were an-
nounced at international conference on
sustainability indicators and intelligent deci-
sions (Antuchevic¢iené and Zavadskas, 2003c,
2003d). The comparison of the results after
multiple criteria analysis implementation
showed that there were some ranking differ-
ences between the methods. Significance of al-
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ternatives and series of priorities changed sub-
ject to changes in decision-making technique
in ranking of buildings’ revitalisation alterna-
tives. We can conclude, that the normalization
method has a rather strong influence on rank-
ing results, because ranking lists, obtained
using technique for order preference by simi-
larity to ideal solution with vector and linear
normalization, differ. VIKOR has more simi-
larities with TOPSIS that uses linear normal-
ization. According to Opricovic and Tzeng
(2004), the normalized values by vector nor-
malization may depend on the evaluation unit.
Moreover, these two methods introduce differ-
ent aggregating functions for ranking. The
compromise ranking method introduces the
relative importance of the criteria and a bal-
ance between total and individual satisfaction
(weight v in Eq. (6)). While the distances from
the ideal point and from the negative-ideal
point in technique for order preference by

Table 2. Results obtained by TOPSIS and VIKOR
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similarity to ideal solution are simply summed,
without considering their relative importance.

The results of applying a multi-criteria
analysis are presented in Table 2.

In spite of some ranking differences, scien-
tific recommendations for a sustainable revi-
talization of derelict buildings could be pre-
pared on a basis of calculations. One ought to
make renovations and use buildings not for
farming in the areas of active development. In
regressing or other localities these buildings
can be effectively used for farming purposes
and there are less possibilities of changing
their functions successfully. Damaged and not
useful for farming objects should be dis-
mantled, recycled and reused.

5. CONCLUSIONS

1. Multiple-criteria analysis of abandoned
buildings’ redevelopment alternatives in

MCDM Area Strategy The Redevelopment alternatives ~ Ranking
method relative
factor 1 4, A;
TOPSIS Active MEP* c 0.61 0.41 0.36 A=A, A,
vector | development  pops c 053 049 036 A=A,
normalization 17402733
Regressing MEP* C 0.50 0.56 0.46 Ay-A; -A,
development  pops C 061 045 046  A=A,~A,
'Buffer' MEP* c 0.59 0.43 0.38 A=A, =A,
ESE** c 0.61 0.47 0.36 A=A, =A,
TOPSIS Active MEP* Cc 0.62 0.42 0.37 A, A, A,
linear =~ development  pgps c 049 054 037 A»A, A
normalization 2077173
Regressing MEP* C 0.46 0.64 0.48 A,>A; =A,
development g C 0.62 046 048  AA,~A,
'Buffer' MEP* c 0.47 0.37 0.53 A=A, ~A,
ESE** Cc 0.64 0.55 0.35 A=A, =A,
VIKOR Active MEP* 0] 0.38 0.36 1.00 A,=A; ~A;
development g 0 065 000 100 A=A, A,
Regressing MEP* (0] 1.00 0.00 0.64 A, =A; A,
development  pgps 0 000 100 045  A-ApA,
'Buffer' MEP* Q 0.67 1.00 0.00 A;=A, A,
ESE** 0 0.00 0.17 1.00 A, = A,-A,

* Maintenance of existing potential in a region.
** Equilibration of saltatory evolution of regions.
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Lithuanian rural areas was performed and dif-
ferent priorities of sustainable redevelopment
alternatives were determined in areas of ac-
tive, middle and regressing development. It has
been found that the same solution is hardly
applicable to any object and over the whole
territory of a country.

2. Two MCDM methods, representing close-
ness to the reference points, have been used.
Multiple-criteria analysis indicated that there
were some ranking differences between the
used methods. However, the results were con-
sistent enough to prepare some scientific rec-
ommendations for a sustainable revitalization
of derelict buildings.

3. The utility degree of the best redevelop-
ment alternative compared to the worst one
ranged from 18 % to 45 % (Topsis method) or
from 64 % to 100 % (VIKOR method), depend-
ing on the particular terrain and the strategic
goals of regional development.

4. No unambiguous answer was offered
about the best multi-criteria technique. Han-
dling of MCDM depends on a particular case.
In a case of ranking of sustainable buildings’
redevelopment, the type of uncertainty related
to sustainable development must be consid-
ered. Consequently, we should apply a less sen-
sitive method, obviating false series of priori-
ties due to quality of the data in this case.
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