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ABSTRACT

Multi-criteria decision making is used in many areas of human activities. Criteria can to be qualitative and quantitative.
They usually have different units of measurement and different optimization direction. The normalization aims at obtaining
comparable scales of criteria values. In the new program LEVI 4.0 version the following normalization methods are
possible: vector, linear scale, non-linear and new logarithmic techniques. This software considers the main positions of
two-sided game problems. The strategic principles are used as follows: Wald's rule, Savage criterion, Hurwicz's rule,
Laplace's rule, Bayes's rule, Hodges-Lehmann rule. This program is demonstrated with a real case study involving 4
evaluation criteria of external walls of the individual residential buildings, now in use.
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1. INTRODUCTION

A review of standard decisions made in engineering,
management and economy, has shown that the
evaluation of all possible actions is not always
sufficient. Each action may lead to several, sometimes
conflicting results. Therefore, multi-criteria decision
making becomes extremely important.
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Any problem to be solved is represented by a matrix,
containing the alternatives (rows) and the criteria
(columns). An alternative in multi-criteria evaluation
is usually described by quantitative and qualitative
criteria. Usually, the criteria have different
dimensions. In order to avoid the difficulties caused
by different dimensions of the criteria, the ratio to
the optimal value is used. There are various theories



describing the ratio to the optimal value. However,
the values are mapped either on the interval [0; 1] or
the interval [0; 00 ] by applying the normalization of
a decision-making matrix.

Vilnius Gediminas Technical University (VGTU) and
Leipzig University of Applied Sciences (HTKW)
have been investigating the application of games
theory principles to civil engineering technology and
management problems for more than 25 years [1], [2],
[31, [4], [5], [6], [7]. The program LEVI 3.0 was a
result of the co-operation between VGTU and
HTKW. All calculations are made with LEVI 4.0 [3],
[41, [8], [9], [10], [11]. The program LEVI 4.0 was
modified for evaluating various processes in
economics, engineering and management.

In the new program version LEVI 4.0 (Fig. 1 and
Table 1) a new logarithmic normalization method [8]
is implemented. This new software allows us to find
a solution under the conditions of risk and
uncertainty and to compare the results by applying
different methods.

2. STRUCTURE AND METHODOLOGY OF
THE PROGRAM LEVI 4.0

In the program LEVI 4.0, the game theory of the
discrete optimization problem solution is used.

Using the Games Theory [12], the two-sided
question aims at finding the equilibrium as a result
of the rational behaviour of two parties having the
opposite interests or searching for the equilibrium in
a game against nature.

Wald’s rule (WA): This method is used to search
for the best of the worst solutions [13]. The
decision-maker acts according to the worst situation
occurring — a pessimistic attitude:
§7=5,/S, €S N inb, M
iS, € miaxml_ln U;
Savage criterion (SA): The aim is the minimization
of the loss of appropriateness, which is the

difference between the greatest and the achieved
benefit [14]:

S,/S, €S
. 1 'l s (2)
§ ={Nnminmaxc,

1 J
Ne; = (maxam)— a

s

where r=1m ands=1n. A disadvantage of the

method lies in the presence of non-optimal strategies
affecting the solution.
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Figure 1. Block-diagram of choosing the best alternative in LEVI 4.0 program
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Table 1. Normalization methods in program LEVI 4.0

Normalization Preferable Preferable
) Notes
method (NM) maxa, mina,
b. = Y b =1-— i . . .
i i = The ratio of the values remains constant for this
1 Vector (VE) 2 ) S .
a; a; type of normalization in the interval [0; 1].
=1
Weitendorf’s linear a; —mina, . maxa;—d; The calculated values are dependent on the size
b. = ! L= : :
2 (E;/gI_:!) ! maxa;-mina, ' maxa,-mina, of the interval |_mj<1xa,./.;minauj
3 Jiittler’s -Korth’s b 1 ma)f A . mina; = d; The application of this type of normalization is
[20], [21] "7 max a; 77 min a; limited to the interval [0; 1].
Peldschus et al. [1 2 ina,\’ _ .

. [ a; iy The values are diminished more than when using

4 non-linear by = . b, = other methods
max a, ; -
(NL) 0
ln(a )
. . Inla, 1—— Y97 . L .
5 New Logarithmic b; = ( ) The sum of normalized criterion values is always
wLN) 8] o T, [ ]e equal to 1.
i=1 —

Hurwicz’s rule (HU): An optimal strategy is based
on the best and the worst results [15]. These values,
calculated from the row’s minimum and row’s
maximum, are integrated into a weighted average
using optimism parameters:

S,/S, €S Nnmaxh,
. ' . 3)
S" =Nh =Amaxb, +(1-1)minb,

J J

N0<A<L1

The value A =1 gives the most pessimistic solution
(Wald’s rule). For the value A=0 only the
maximum values are considered, the greatest risk.

Laplace’s rule (LA): The solution is calculated
under the condition that all probabilities for the
strategies of the opponent are equal [16]:

s :{S,./s,. es mmax(l/anijj}- 4)
! i=1

Bayes’s rule (BA): Given the probabilities for the
strategies of the opponent the maximum for the
expected value can be used [17]:
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S*={Si/Siﬁmax(qubﬁ]r\2qj=1}‘ ®)
ERAVEE j=1

Hodges-Lehmann rule (HL): According to this
rule, the confidence in the knowledge of the
probabilities of the strategies of the opponent can be
expressed by the parameter 4 [18]:

S,/8, €S N

. . : 6
S"= m_ax{qu/b”+(1—i)m_inbi/}m ©
NS R b,

0<1<1

where A=0 (no confidence) gives the solution
according to Wald’s rule, while A =1(great confiden-
ce) gives the solution according to Bayes’s rule.

3. A CASE STUDY OF EXTERNAL WALL
ALTERNATIVES EVALUATION USING
VARIOUS SOLUTION METHODS AND
NORMALIZATION TECHNIQUES

The number of residential houses in Lithuania is
increasing every year. Introduction of various thermo-
insulation systems in the contemporary civil
engineering practice is caused by the major expansion



of energy resource prices at the world market. For a
non-insulated building, which could be situated in
different climate conditions, these particular heat-
losses can vary between 10-20% (through floors), 25-
30% (through outer walls), 25-30% (through attic
slabs and roof plates) and 30-40% (through windows)
of the total heat-loss. Therefore, the thorough and
professional selection of an optimal building thermo-
insulation system represents one of the most
important technical and economical goals for both the
Designer and the Investor. The benefit obtained from
effectively heating up the external walls could be
defined by indices as shown in Figure 2.

3.1. Multi-layered external walls

There is usually not enough attention paid to the fact
that multi-layered facade structures are made as
composite sections of heterogeneous materials with
different physical-mechanical properties.

For multilayer walls, three basic material
configurations were considered: insulation either
inside or outside the massive layer, and insulation
located between two massive layers. The results of
extensive parametric analysis have shown explicitly
that walls with the insulation outside (Figure 3)
always performed better than those with the
insulation inside.

3.2. Model of problem

The aim of this investigation is to create a technique
for the choice and selection of different and effective
versions of the construction of external walls.

Different variants of external wall construction are
being formed by using various materials with thermal
insulation as well as different kinds of decoration
masonry and thin daub layer. A system of indicators for
wall construction effectiveness’ evaluation has been
established. These indicators define positive and
negative  characteristics of an object under
investigation.

Indicator values were calculated according to valid
standardizing documents. The selection of a wall
construction determines technical, exploitation, etc
indicator of a building. One of the most important
factors of a wall partition is its aesthetic view;
however this factor is not an objective one.
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Figure 2. Advantage of thermal insulation of external
walls
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Figure 3. Main alternatives of multi-layered external walls

The price of partitions is calculated by including all the
expenses of materials that a partition is composed of.
The price of a three-layer masonry wall embraces the
following: silicate bearing walls, thermal and wind
insulation, decoration masonry, and grout. The price of
walls with thin daub layer consists of: silicate bearing
walls, thermal insulation and the price of thin daub
layer system. In order to establish the importance



indicators a survey has been carried out and 39 experts
have been questioned. These experts, basing their
answers on their knowledge, experience and intuition,
had to rate indicators of effectiveness starting with the
most important. The rating was done on a scale from 1
to 4 where 4 meant “very important” and 1 “not
important at all”. The importance of indicators (e.g. 3)
was established according to the rating methods [6] of
these experts and also demonstrated the priorities of the
user (owner).

The data of the external walls’ alternatives under
investigation are given in Table 2.

Table 2. The ranked alternatives

Var. ___ Descr%ption of wall Rank
Finishing material Thermal
vy Brick Rock wool 3
v, Brick Polystyrene 1
V3 Thin external Rock wool 4
Vy Thin external Polystyrene 2
There is a wide variety of external wall

constructions which are defined by many different
indicators of effectiveness (A closer look at the most
commonly used outer-wall building systems is given
in figure 3). According to opinion of building
experts, these alternatives of walls can be
characterized by following factors as shown in table
2. Efficiency of the variant was evaluated by the
following effectiveness indices: estimated cost of m?
(€), weight of m* (kg), thermal insulation (m*’K/W)
and durability of walls (cycles).

The task of the selection of different versions of the
effective external walls construction is solved by
applying LEVI 4.0 software.

A special feature of the model is the determination
of attributes weights [22]. To determine the weights
of the criteria, the expert judgment method proposed
by Kendall [23] was used [24]. Zavadskas [6]
discussed the application of this method in the
construction field.

In the present investigation, the vector, linear, non-
linear and new logarithmic methods of initial
decision-making matrix normalization were used. A
number of different problem solution methods, such
as Wald’s rule, Savage criterion, also Laplace’s rule,
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and Bayes’s rule were applied. Tables 4 and 5
provide the solution results and comparative
analysis. When the criteria weights are taken into
account, the priority order of the alternatives is
presented as “y, -y >y, ~v,” (implying that the
"second" alternative is better than the "first" one, the
"first" alternative is better than the "third" one, the
"third" alternative is better than the "second" one
and the "fourth" one). A similar set " V= =V, -V, ”

is obtained when the criteria weights are not taken
into account in the process of alternative assessment.
Finally alternatives ranks V, =V, =V -y and are

presented in table 6.

Under analysis of the problem decision results it has
been established, that wall with a brick external
layer are the most effective. Furthermore, it is
possible to ascertain, that application of a 175 mm
layer of rock wool more effectively than application
of a 200 mm layer of Polystyrene.

4. CONCLUSION

It is hardly possible to evaluate the effect of various
methods of normalization of a decision-making
matrix on the numerical results obtained. These
problems can be solved by applying the program
LEVI 4.0.

Some modules of the program LEVI 4.0 can be used
for creating decision-making systems.

Logarithmic normalization of a decision making
matrix yields more stable results in solving multi-
criteria decision problems.

The logarithmic normalization method used in
solving the problems segregates more normalized
values than the other ones.

A comparison of results obtained by different
solution methods is needed because it is not always
possible to apply the games theory equilibrium to
economics, engineering and management. It can be
stated that:

1. The multiple attribute assessment model of
multi-layer external walls was developed.
2. This model and solution results has as practical

as scientific interest. It allows to investor to
make decision evaluating multiple criteria.



Walls with a brick external layer are the most
effective.

This model of the external walls efficiency
analysis of can be applied to the assessment
others discrete alternatives problem in
construction.
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