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Introduction

Topicality of the problem

Our life is greatly influenced by the decisions we make. The same can be
said about the structure of the society whom we all constitute because it
depends on the decisions made previously. Some decisions are easy to make
because the problem considered is solved based on one or two criteria.
However, some problems are analysed taking into account a number of
evaluation criteria that may be conflicting or expressed in different units of
measurement. To analyse such decisions multiple attribute decision-making
methods are used.

In the present work, a set of multiple attribute decision-making methods
are analysed where the values and significances of attributes are quantitative
expressions. Decision making in engineering, industry, economics, environment
protection, power generation, medicine and other areas is often associated with
uncertainty caused by various factors, both objective and subjective.

The solution of engineering problems is based on quantitative
measurement. Multiple attribute decision making methods based on quantitative
measurements are used for developing deterministic models, which do not take
into account possible random quality of the values and significances of the
efficiency attributes depending on sometimes irrational behavior of a person.
Then, the questions arise: is the results obtained by using these methods reliable
and are the considered methods sensitive to variation of the initial data? The
analysis of literature shows that the methods of evaluating multiple attribute-
based decisions taking into account the significance values of particular criteria
may be found. However, the methods of analysing sensitivity of MADM
methods based on all attributes values and significances cannot be found.
Therefore, sensitivity analysis of quantitative multiple attribute methods, used
for effective decision making and the analysis of the reliability of decisions
made by using these methods, are the significant research problems.

In the dissertation, the sensitivity analysis of quantitative multiple attribute
decision- making methods with respect to the initial data is performed, and a
model for evaluating decision reliability is offered.

Research object
The research object is the sensitivity of the quantitative multiple attribute
decision-making methods to the initial data biases.



Aim and tasks of the work

The work is aimed at extending the possibilities of multiple attribute
decision- making methods by developing the techniques that allow to evaluate
the stochastic nature of these methods.
To achieve the stated task, the following problems should be solved:

1.

To perform the analysis of quantitative multiple attribute decision-
making methods and to determine the main problems associated with
their sensitivity.

To consider the available methods of sensitivity analysis and
possibilities of using statistical modeling and data analysis in
sensitivity analysis of multiple attribute decision- making methods.

To perform the analysis of quantitative multiple attribute decision-
making methods, based on the attribute values and significances and to
offer the techniques for evaluating their sensitivity and reliability of
decisions made by using these methods.

To analyse sensitivity of a set of multiple attribute decision- making
methods at each step and to suggest an algorithm for improving this set
of methods so that decision errors could be determined with their help.

. To check the validity and practicability of the suggested methods by

developing a prototype software package for their realization and to
make experimental calculations based on the use of one of the
considered methods.

Methodology of research

Statistical modeling and data analysis are used for determining sensitivity
of the considered methods and reliability of the solution obtained by using
them. To realize the methods suggested in the dissertation, the methods of
experimental analysis are used.

Scientific novelty
The following scientifically new results were obtained in the work on the
dissertation topic:

1.

2.

The method TOPSIS is more sensitive than the methods SAW and
COPRAS in respect to both the attributes values and significances.
Multiple attribute decision- making methods are three times more
sensitive to data distribution based on uniform distribution than on
normal distribution law when the attribute values are the same.

The method of sensitivity analysis of multiple attribute decision-
making methods based on the Monte Carlo approach is offered.



4. A method for evaluating the solution obtained by using multiple
attribute decision-making methods, based on the model of evaluating
the solution errors with respect to the attributes values and
significances, as well as the assumptions of a particular method, is
suggested.

5. Based on the developed methods, the prototypes were created and the
experiments were performed and described. These experiments
confirmed the validity of the suggested methods.

Practical value

The research results show that the methods suggested in the dissertation
for evaluating the sensitivity of quantitative measurement- based multiple
attribute decision- making methods and the reliability of the solution obtained
by using these approaches may be applied to the design of decision support
systems, the evaluation of multiple attribute decisions made with their help and
sensitivity of multiple attribute decision- making methods.

Defended propositions

1. A new method of sensitivity analysis is developed, which may be used
for determining sensitivity of multiple attribute decision- making
methods based on quantitative measurements.

2. A new method for evaluating decision reliability is developed which
may be used for evaluating the reliability of decisions made with the
help of multiple attribute decision — making methods, based on
quantitative measurements.

The scope of the scientific work

The scientific work consists of the general characteristic of the
dissertation, four chapters, conclusions, the list of literature (114 items), the list
of publications and the addenda. The total scope of the dissertation — 122 pages,
34 pictures, 33 tables and 3 addenda.

1. The analytical study of the multiple atribute decision-making methods

The application of multiple-atribute decision- making methods, based on
quantitative measurements, carried out in deterministic calculations, does not
consider the possible performance indicator values and the significance of
chance, which are caused by irrational reasons. Decision-makers without regard
to possible inaccuracies in the initial data, make decisions using already
existing deterministic ~mathematical models, which apply strictly



mathematically based methods. The human irrational decision-making tasks,
quantitative criteria values are determined with some errors. If the original data
is not accurate — the result is doubtful.

In the case of decision-making is concerned, not one, but several individuals
may be in disagreement about determining the initial data. The question then
arises: Does in such a situation the result of using a quantitative multiple criteria
decision making methods are sensitive to input data?

A number of scientific works exist describing the multiple attribute
decision-making techniques and sensitivity analysis of the obtained solutions of
the individual indicators in respect of the significance of values, but there is no
method for multiple attribute decision-making methods of sensitivity analysis.

Some works discuss using an alternative rationality multiple attribute
decision-making methods of the complexes, but these works do not address data
uncertainty problems, neither the sensitivity of the results or reliability of the
resulting solution.

Medical decision-making methods prefer methods having a greater
sensitivity to input data. Examined economic, engineering, social decision-
making prefers methods more stable and less susceptible to errors.

There are works dealing with the reliability of the decision, but the decisions
are based on the probability of occurrence of an event. Multiple attribute
decision-making methods are deterministic. Evaluation methods for reliability
solutions, with deterministic decision-making methods, evaluation methods
have not been found in the literature.

A literature review has shown that there isno single method for multiple
attribute decision-making techniques and sensitivity analysis to assess the
reliability of the multiple attribute solution. Thus, the thesis is to propose
techniques and algorithms, the sensitivity of such methods and multi-decision
reliability with regard to the initial deflection of the data and the methods used
assumptions that assessment.

This work focuses on the popular multiple attribute quantitative
measurement-based decision-making methods: TOPSIS — (Technique for Order
Preference by similarity to Ideal Solution) proximity ideal point method,
SAW — (Simple Additive Weighting) simple additive weighting method and
COPRAS — (Complex Proportional Assessment), an integrated approach of
proportionality. During the question of methods of sensitivity analysis of input
data, the hypothesis of the method sensitivity and reliability of decisions is
formulated that may be true for all multiple attribute decision-making methods
based on quantitative measurements and class methods.



2. The methods for sensitivity and statistical analysis

As seen in literature, there is no method for multiple attribute decision-
making methods of sensitivity analysis, the values of attribute and targets in
respect of materiality, to perform. Analysis has not found methods to obtain the
perspective of deterministic calculations multiple attribute decision reliability.
Thus, this work proposes methods for multiple attribute decision-making
methods to determine the sensitivity and resolution obtained using these
methods for reliability estimation.

Multiple attribute decision-making methods, which are dealt with in this
work, are based on quantitative measurements, and thus a method of sensitivity
analysis, reliability analysis or decision, has to work with samples. Thus,
multiple attribute decision-making methods and solutions obtained by this
method of analysis use these statistical methods:

1) Non-parametric assumptions about the distribution control;

2) The hypothesis of a two-sample averages of equality;

3) The average confidence intervals;

4) The rules of stochasic dominance.

Because of the initial data there can be errors, which may change the result
of a decision, so there is a need to model more similar situations in the light of
possible input data errors. The Monte Carlo method is a convenient simulation
and analysis tool.

There are situations where the application of multiple atribute decision-
making methods for the two alternative claims to be the first priorities in line
position. To determine which alternative to the dominant, it is proposed to
apply stochastic dominance rules. The attributes by which alternatives can be
compared with those rules, it is proposed to take an alternative vector of values
of rationality.

3. The proposed method for the sensitivity and reliability assessment

The third chapter details the methods performed TOPSIS, SAW COPRAS
and sensitivity analysis. The sensitivity analysis methods for evaluating the
sensitivity of the methods and reliability of the decisions are proposed. The
proposed sensitivity analysis methods for the sensitivity and resolution methods
for validating the significance of values in respect of the attributes and
attributes of measurement uncertainty associated with possible errors of the
experts.

Sensitivity analysis based on statistical modeling method Monte Carlo,
which help generate attributes of pair-wise comparison matrix, carried out by



using an rationality of the alternative evaluation of the method and results of
statistical analysis. Statistical characteristics, providing the sensitivity and
resolution of the reliability of numerical expressions, are based on dispersion
estimates.

The coefficient of variation attributes the percentage of alternative

rationality average other alternatives to the rationality of the following values:
1) Calculated by the following numerical characteristics: mean, standard

deviation, median, first and third quartiles, coefficient of variation (cvp),
the difference of quartiles (/QR), which is less sensitive to the outliers.

2) The coefficient of variation attributes the percentage of alternative

rationality average deviated other alternatives to the rationality of the
following values

evpy =<2 100%, (i=1,m) G.1)
X

1
where s, (i =m) — I-th alternative to the standard deviation of the values

of rationality. When the coefficient of variation is greater; the calculation
method used is more sensitive to changes in input data.

3) Determine what the best law of distribution of the results taken. Determines

the selected distribution sufficiently well represented by the sample in
question, calculating in Anderson-Darling criterion.

4) The results of statistical analysis of the findings depicted graphically used a

“box-Whisher” and “ScaterPlot” types of charts.

5) Reliability assessment of the decision. If an alternative rationality values

6)

A; and 4; distributed according to the normal law, the averages are
calculated confidence intervals. If the confidence intervals are intersecting:

PI(4;) N PI(4;,,) =D . (3.2)

Alternatives to the averages of the confidence intervals Connections event,
check the hypothesis of two independent samples of average equity, the
standard deviation is unknown (Cekanavicius 2004). If the =zero
hypotheses are accepted, then the difference between the average values of
an alternative rationality is statistically insignificant. Otherwise, an
alternative rationalization of average values considered statistically
significantly different. Such decision is reliable.
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7) Decision of the reliability analysis of a case, the availability of alternative
values of rationality, the alternatives given rank values. Determine the
most common rank value of each alternative and calculate the ranking
values of repetition rate:

p(4,)= o 100% (3.3)

where p(A4i) — assigned to an alternative known as A4i-level estimate of the
reliability of K — the number of iterations n(/) — the most frequent grade
alternative values of the frequency /.

4. The proposed method for evaluating the biases of the methods and
decisions

To evaluate the biases of a decision made with the help of multiple
attribute decision making methods, when the biases of the initial data are given.

The decision bias depending on the biases of the attribute values 4, (i =l,_m),
(j =1,_n) is denoted by A% (M ); the decision bias depending on the attribute
significance biases A‘ﬁ,(j =1,_n) is denoted by AZ(M); the joint bias of
decision, depending on the biases of the attribute values and the attribute
significance biases is denoted by A" (Mm).

The total optimality bias A’ (M ) of the alternative, which obtained the
highest rank (one), is calculated for the variances of the results obtained by the
applied method M, where M € {TOPSIS, SAW, COPRAS} .

The application of the method of evaluating A’ (M ) involves three stages:
stage I — the calculation of the variances of the results obtained by the applied
method M S2(M), depending on the biases of the attribute values i,

(i =l,_m), (j = l,n); stage Il — the calculation of the variances of the results
obtained by the applied method M S§ (M ), depending on the attribute
significance biases Afl- , (j = I,_n), stage III — the calculation of the joint decision

bias A" (M ) is based on the variances of the results S3(M), S2(M).
The actions of the stages I-II are performed by using the algorithm (Fig. 1).
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The coefficients of variation, expressed as a percentage, given as the bias
of efficiency values of the alternatives AZ(M) and A (M). These calculations
are performed by using the algorithm (Fig. 1).

e

|:' Selecting of a multiple attribute decision making method |

- 0
| Determining of a number of the alternatives m and a number of the attributes n |

|" Filling of a decision matrix | [Are the experts' pairwise matrices usina?l
- ¥ Na | Making of a vector of the same values |
[Arethe decisioimatrices generating?] v b of the attribute significances
¥ Mo ) es "
Ye; ;E | Caleulating of the attribute significances by each expert |
- \ h '\llr o
Generating of P
decigion matrices | adatastores
S———’ P vectors of the attribute significances
adatastores
; A -
P decision matrices [Are the means of the %mbute mgnlﬂcances calculating?] .
T ¥ Mo Taking of k-th vector of
( Taking of k-th | Yes I | the attribute significances | =
-,dECiSiD" (i | ( Calculating of the means of the | '*b

| significances of each attribute

|:' Calculating of the efficiency of the alternatives by applying the selected method
) W
atatastores
The matrix of the results of the calculations

Are the unusmidecision matrices?
fes W

MNa
Are all vectors of the@ribute significance used?

s Mo
Yes\\l‘f

| The mean and variance of each alternative's efficiency are calculating ]

I
The alternative which the mean is maximum is determining to be the most efficient )

®

Fig. 1. The algorithm of the calculation of the decision biases
depending on the initial data
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The actions of the stage 111
In the light of the property of variance: if two variable X and Y are
independent, the variance of their sum is given by D(X +Y)= DX + DY , then

the standard deviation of variable (X +Y) is given by S =4/D(X +Y).

The coefficient variation (cv) is defined as the ratio of the standard deviation
to the mean is given by:

A.1)

Ccy =

=l

The coefficients of variation, expressed as a percentage, given as the bias of
efficiency values of the most efficient alternative

eve(M JS*A +S*B M) (4.2)

Xx

where x — is the mean of the efficiency estimates of the most efficient
alternative given by stage I and stage II.

The bias of the method M, is denoted by A" . The calculation of this bias

consists of the three stages:
1) Using the decision matrixes X [/fnxn], (k =1,_P) and taking the vectors of
the attributes’ significances ¢, = (qfk, Goprenos q;k), (k = I,_P), the

efficiency of the alternatives is calculated by applying each methods M,
M € {TOPSIS, SAW,COPRAS} . P xP variants of efficiency estimates of

the alternatives are obtained
G'(M)= (ng, o eees oy l (t =1,Px P), by each method M, using
the algorithm (Fig. 1).

2) Using data G! (M ), (t = I,P—XP), the mean efficiency values of each

alternative G(M)= (§ s &anrs s &m M) are calculated and the matrix

R= {rz-/ }, (i =1,m,j=1, Mt) is composed, where m — is number of
alternative, Mr — is number of methods, {r,j } — is the mean values of i-th
alternative by applying j-th method.

3) The elements of matrix R are normalized using formula:

13



~ r//’

rz-/ =m—. (43)
Zrlj
i=1

4) A normalized matrix is denoted by I~€={7IJ }, (izl,_m, j=1,Mt). The

mean values ;,,(jzl,Mt) of the rows’ elements of the

matrix R = {7,/ }, (i =1,m, j=1, Mt) are determined to be the real values of

alternatives efficiency.

5) The biases of the methods for each alternative are calculated by the
formula:

= =T = 13). &

The authors for paper are offered to calculate the biases of the methods by
the formula:

- 1 m j ( —)
A =;_ZIA,, j=1,Mt). 4.5)
=

A multiple attribute decision making problem is composed to present the

proposed method. A multiple attribute decision making problem, aimed at
determining the best of three alternatives, evaluated based on four attributes, is
stated. The values of the attributes are given in Table 1.

Table 1. Decision matrix

X1 X2 X3 X4
Al 50 0,214 571 193
A2 78 0,213 665 299
A3 50 0,222 690 191
Max/min | Max Min Min Min

A group of 13 experts, who helped to determine the attribute significance
values, is formed. Based on the assumption that the biases of the attribute
values are equal to 5% and following the normal distribution, 13 decision

14



matrixes were generated. According to the methods TOPSIS, SAW and
COPRAS, the best alternative was A/. The real efficiency value of alternative
Al is 0.455. Using the proposed method for the calculation of the decision
biases, the values of the biases are given (Table 2).

Table 2. The biases of decisions

TOPSIS-Al | SAW-Al | COPRAS-AI
A (M) 0,123 0,026 0.017
AB (M) 0,034 0,002 0.002
A" (M) (%) 10,2% 2.5% 1.8%
AM 0.077 0.039 0.038

According to the method TOPSIS, the total efficiency bias of this
alternative reaches 10,2%, while that obtained by using the method SAW is
2,5%, the method COPRAS — 1,8%. Based on the obtained decision biases, it is
concluded that the decision yielded by COPRAS has the smallest bias and is
more reliable (efficient) than the decision obtained by the method TOPSIS or
the method SAW.

General conclusions

After developing the modification of sustainable multiple attribute
methods’ complex and after performing a computer experiment based on this
model and after verification the following scientific and practical conclusions
have been formulated:

1. Both indicators of value and significance of the set of human
characteristics and human behavior may be irrational caused by
subjective reasons. Thus, when such data influence deterministic
calculations, the decision result may raise doubts.

2. A review of methods of sensitivity analysis has shown that there are
sensitivity analysis techniques for mathematical models of the
sensitivity of the parameters in respect to multiple attribute decisions
and sensitivity to the rate in respect to which is the most sensitive
solution. For assessing the reliability of the multiple attribute decision,
we can rely on the results of averages, confidence intervals and
hypothesis of equality of averages, the statistical findings.

3. Sensitivity analysis techniques based on the Monte Carlo method
enable multiple attribute decision-making methods for sensitivity

15



analysis of the significance of attribute and values of attribute.
Multiple attribute decision-making methods are more sensitive for the
distribution of values of the attribute under the law of uniform than the
normal distribution, the significance of the attributes being the same.

4. The bias ofmultiple attribute decision-making method TOPSIS is twice
higher than the biases for methods SAW and COPRAS. SAW and
COPRAS biases are the same.

5. The software package based on the proposed method allows the
prototype to perform the calculation using the set of decision matrices
at the same time, which is convenient for performing the sensitivity,
reliability and decision analysis.
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KIEKYBINIU DAUGIATIKSLIU SPRENDIMO PRIEMIMO
METODU JAUTRUMO ANALIZE

Mokslo problemos aktualumas

Kiekvieno i§ miisy gyvenimas priklauso nuo priimty sprendimy, taip kaip
ir visos socialinés erdvés, kurios dalimi esame, struktiira priklauso nuo anksc¢iau
priimty sprendimy. Vienus sprendimus priimti paprasta, nes nagrinéjama
problema sprendziama atsizvelgiant | viena ar du rodiklius. Taciau yra
problemy, kurios nagriné¢jamos daugelio rodikliy atzvilgiu, kai vertinimo
kriterijai prieStarauja vieni kitiems, kai vertinimo rodikliai matuojami
skirtingais matavimo vienetais. Tokiy sprendimy analizei taikomi daugiatiksliai
sprendimo priémimo metodai. Siame darbe analizuojama daugiatiksliy
sprendimo priemimo (Multiple attribute decision making — MADM) metody
klase, kurioje rodikliy reik§més ir reikSmingumai yra kiekybiniai jver¢iai.

Sprendimy priémimas inZinerijoje, pramonéje, ekonomikoje, aplinkos
apsaugoje, energetikoje, medicinoje ir kitose srityse yra daznai susijes su
neapibréztimi, salygojama ivairiy priezasciu, tiek objektyviy, tiek subjektyviu.
Inzineriniy  problemy sprendimas remiasi kiekybiniais matavimais.
Daugiatiksliai, kiekybiniais matavimais pagristi sprendimo priémimo metodai
taikomi determinuotiems modeliams, kuriuose nevertinamas galimas
efektyvumo rodikliy reik§miy ir reik§Smingumu atsitiktinumas, salygojamas
asmens neracionalumo priezaséiy. Tuomet kyla klausimai: ar gautas rezultatas,
taikant $iuos metodus yra patikimas, ar §ie metodai jautrlis pradiniy duomeny
pokyc¢iams? Nagrinétoje literatiiroje yra metody vertinan¢iy daugiatiksliy
sprendimy jautruma atskiry rodikliy reik§mingumo reik§miy atzvilgiu. Taciau
neteko rasti jautrumo analizés metody, kurie vertinty MADM metody jautruma
atzvilgiu visy nagrinéjamy rodikliy reikSmiy, atzvilgiu visy rodikliy
reikSmingumy. Todél kiekybiniy daugiatiksliy sprendimo priémimo metody,
naudojamy racionaliy sprendimy prémimui, jautrumo analizé ir sprendimy
gauty taikant Siuos metodus patikimumo analizé, yra aktualiis mokslo
uzdaviniai.

Disertacijoje numatoma atlikti kiekybiniy daugiatiksliy sprendimy
priémimo metody jautrumo analize atzvilgiu pradiniy duomeny, bei pasitlyti
metoda skirta daugiatikslio sprendimo, gauto taikant S§iuos metodus,
patikimumo vertinimui.

Tyrimy objektas

Disertacijoje tiriamas daugiatiksliy, kiekybiniais matavimais pagristy
sprendimo priémimo metody jautrumas ir sprendimy, gauty taikant $iuos
metodus, patikimumas.
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Darbo tikslas

Sio darbo pagrindinis tikslas — praplésti daugiatiksliy sprendimo priémimo
metody galimybes, sukuriant metodus, leidziancius ivertinti daugiatiksliy
sprendimo priémimo metody stochastika.

Darbo uZdaviniai
Siekiant realizuoti suformuluota tiksla, reikia i§spresti §iuos uzdavinius:

1.

Atlikti kiekybiniy daugiatiksliy sprendimo priémimo metody analizg ir
nustatyti kokios pagrindinés problemos susijusios su $iy metody
jautrumu.

. I8nagrinéti esamus jautrumo analizés metodus ir statistiniy

modeliavimo ir duomeny analizés metody panaudojimo galimybes
daugiatiksliy sprendimo priémimo metody jautrumo analizei.

. Atlikti daugiatiksliy, kiekybiniais matavimais pagristu sprendimo

priemimo metody jautrumo analizg: rodikliy reikSmiy, rodikliu
reikSmingumy atzvilgiu ir pasitlyti metodus daugiatiksliy sprendimo
priémimo metody jautrumui ir sprendimo gauto taikant §ios metodus
patikimumui vertinti.

. I3analizuoti  selektonovacijos  metody komplekso jautruma,

kiekviename §io komplekso zingsnyje ir pasitlyti algoritma leidziantj
patobulinti §i metody kompleksa, taip, kad bity galima jvertinti
sprendimo paklaida.

. Patikrinti pasitlyty metody igyvendinamumo galimybes ir nauda —

sukuriant programinio paketo prototipa, kuriame jie biity realizuoti ir ji
naudojant atlikti eksperimentinius skai¢iavimus.

Tyrimy metodika

Metoduy jautrumas ir gauty sprendimy patikimumas analizuojamas
pasitelkiant statistinio modeliavimo ir duomeny analizés metodus. Darbe
pasitilyty metody praktinei realizacijai naudojami eksperimentinés analizés

metodai.

Mokslinis naujumas
Rengiant disertacijg buvo gauti §ie informatikos inzinerijos mokslui nauji
rezultatai:

1.

Nustatyta, kad artumo idealiajam taskui metodas yra jautresnis tiek
rodikliy reikSméms, tiek rodikliy reik§mingumams lyginant su SAW ir
COPRAS metodais.

Nustatyta, kad daugiatiksliai metodai Zymiai jautresni pradiniy
duomeny pasiskirstymui pagal tolyguji désni nei pagal normalyji, kai
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rodikliy reik§mingumai vienodo dydzio. Kai rodikliy reik§mingumai
skirtingi, metodai jautresni rodikliy reik§miy pasiskirstymui pagal
normalyji désnj nei pagal tolygyji.

3. Pasitilytas daugiatiksliy sprendimo priémimo metody jautrumo
analizés ir sprendimo patikimumo vertinimo metodas, sukurtas Monte
Karlo metodo pagrindu.

4. Pasitlytas daugiatikslio sprendimo, gauto taikant daugiatikslius
sprendimo priémimo metodus, paklaidy skai¢iavimo metodas.

5. Sitlomy metody pagrindu buvo sukurti prototipai, atlikti ir apraSyti
eksperimentai. Eksperimentai patvirtino pasitilyty metody nauda.

Praktiné verté

Tyrimo rezultatai parodé, kad disertacijoje pasitlyti daugiatiksliu,
kiekybiniais matavimais pagristy sprendimo priémimo metody jautrumo
analizés ir gauty sprendimy patikimumo vertinimo metodai gali biiti naudojami
projektuojant sprendimo paramos sistemas, vertinant daugiatiksliu sprendimy
patikimuma bei daugiatiksliy sprendimo priémimo metody jautruma.

Ginamieji teiginiai

1. Sukurtas naujas jautrumo analizés metodas padeda parinkti daugiatiksli
sprendimo priémimo metoda atsizvelgiant i jo jautruma ir jvertinti
sprendimo, gauto taikant daugiatiksli sprendimo priémimo metoda,
patikimuma.

2. Sukurtas naujas sprendimo paklaidos vertinimo metodas padeda
ivertinti sprendima, gauta taikant daugiatikslius, kiekybiniais
matavimais pagristus sprendimo priémimo metodus, ir paklaida.

Darbo apimtis

Darba sudaro ivadas, 4 skyriai, i§vados, literatiiros saraSas, publikacijy
saraSas ir priedai. Darbo apimtis yra 121 puslapiai, neskaitant priedy, tekste
panaudotos 83 numeruotos formulés, 34 paveikslai ir 30 lenteliy. RaSant
disertacija buvo panaudota 111 literattiros $altiniy.

Pirmajame disertacijos skyriuje analizuojami kiekybiniai daugiatiksliai
sprendimo priémimo metodai ir nustatomos pagrindinés problemos, susijusios
su $iy metody jautrumu ir sprendimy, gauty taikant Siuos metodus, patikimumu.
Skyriaus pabaigoje detalizuojami mokslinio darbo uzdaviniai.

Antrajame disertacijos skyriuje nagrinéjami esami jautrumo analizés
metodai. Analizuojami statistiniy modeliavimo ir duomeny analizés metody
taikymo galimybés daugiatiksliy sprendimo priémimo metody jautrumui
analizuoti.
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Treciajame disertacijos skyriuje atliekama daugiatiksliy, kiekybiniais
matavimais pagristy sprendimo priémimo metody jautrumo analizé: rodikliy
reikSmiy ir rodikliy reik§Smingumuy atzvilgiu. Taikant antrame skyriuje
iSanalizuotus metodus pasiiilyti metodai daugiatiksliy sprendimo priémimo
metody jautrumui rodikliy reikSmingumams ir rodikliy reik§méms analizuoti ir
sprendimo patikimumui vertinti.

Ketvirtajame disertacijos skyriuje pasitilytas metodas sprendimo, gauto
taikant daugiatikslius sprendimo priémimo metodus, paklaidoms skai¢iuoti.
Aprasyti eksperimentiniai skaiciavimai, pasitelkiant siiloma metoda.

Bendprosios isvados

1.

Atlikus daugiakriteriniy sprendimo priémimo metody analizg,
nustatyta, jog $ie metodai yra jautriis rodikliy reikSméms ir rodikliy
reik§mingumams. Tiek rodikliy reik§més, tiek rodikliy reikSmingumai
nustatomi Zmogaus, o Zzmogaus elgesys gali biti neracionalus,
salygojamas subjektyviy priezas€¢iy. Tad su tokiais duomenimis
atliekant  deterministinius  skaiiavimus, sprendimo  rezultato
patikimumas kelti abejoniy.

. Jautrumo analizés metodai yra taikomi siekiant nustatyti matematiniy

modeliy jautruma parametrams ir daugiatiksliy sprendimy jautruma.
Tiriant pastaraji ieSkoma rodiklio, kuriam sprendimas yra jautriausias.
Nagrinéty jautrumo analizés metody pagrindas —  statistinis
modeliavimas ir statistiné analizé, todél kiekybiniy daugiatiksliy
sprendimo priémimo metody tyrimui tikslinga taikyti statistinius
metodus.

. Atlikus daugiatiksliy sprendimo priémimo metody jautrumo analize

rodikliy reik§miy atzvilgiu nustatyta:

3.1.  Kai rodikliai vienodai reik§mingi, daugiatiksliai metodai jautresni

rodikliy reik§miy pasiskirstymui pagal tolyguji désni nei pagal
normalyji. Kai rodikliai ne vienodai reikSmingi, metodai jautresni
reik§miy pasiskirstymui pagal normalyjj désni.

3.2. Daugiatikslio sprendimo rezultatai reik§miy nuokrypiy atzvilgiu

pasiskirste pagal normalyji désnj, todél vertinant daugiatikslio
sprendimo patikimuma, galima remtis rezultaty vidurkiy
pasikliautinyjy intervaly ir hipoteziy apie vidurkiy lygybe
statistinémis iSvadomis.

3.3. Daugiatikslio sprendimo rezultatams rodikliy reik§mingumuy,

kurie priklauso nuo eksperty nuomonés, atzvilgiu negalima
apibrézti konkretaus pasiskirstymo désnio.
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4. Monte Karlo metodo pagrindu sukurti jautrumo analizés metodai
leidzia atlikti daugiatiksliy sprendimo priémimo metody jautrumo
analiz¢ rodikliy reik§mingumy ir rodikliy reikSmiy atzvilgiu, bei
fvertinti  nagrinégjamo  sprendimo  patikimuma.  Stochastinio
dominavimo taisyklés gali biiti taikomos alternatyvu dominavimo
nustatymui, kai kiekybiniai daugiatiksliai sprendimo priémimo
metodai pateikia nevienoda alternatyvy rangavima.

5. Taikant pasililyta paklaidy skai¢iavimo metoda, buvo jvertinta, jog
metodas TOPSIS alternatyvy racionalumo rezultatams suteikia
dvigubai didesn¢ paklaida nei metodai SAW ir COPRAS. Metody
SAW ir COPRAS paklaidos yra vienodo dydzio.
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