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Abstract

The decision making process is one of the most important and complicated human activity. The process could be
met during the analysis of different domains. Unfortunately, the algorithms of decision making are defined only for
some kinds of the problems. In more complex and complicated cases the optimal and universal algorithm of decision
making doesn’t exists. All that reasons limits the possibility of decision making process computerisation. From the
other hand the experts of the problem domain makes optimal or suboptimal decision. The quality of the decisions is
high enough to drive sometimes very complicated systems with acceptable efficiency. So, it is possible to solve the
problem of decision making using the human mind. But the human mind is limited for the number of input data point
of view. Additionally the quality of decision depends on the experts’ experience, knowledge and mood. Therefore the
computerised system to support the decision making process is very wanted. The first step of the computerisation is the
considered problem model creation. In the paper the fuzzy model of decision making process is presented. It enables
to model the approximate character of the process. Implementation of the model makes the computerisation of the
considered issue possible.
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ROZMYTY MODEL PROCESU PODEJMOWANIA DECYZJI

Streszczenie

Z problemem podejmowania decyzji mozna spotkaé si¢ w wielu dziedzinach ludzkiej aktywnosci. Podjecie
optymalnej lub suboptymalnej decyzji lezy u podstaw wszelkiej dzialalnosci zaréowno naukowej jak i przemystowej.
Niestety algorytmy pozwalajgce na automatyzacje procesu podejmowania decyzji opracowane sq wylgcznie dla
niewielkiej grupy probleméw charakteryzujgcych sie wzgledna prostotq. Dla zagadnien bardziej ztozonych ogdlny
algorytm podejmowania decyzji nie istnieje. Z tego powodu automatyzacja i komputeryzacja procesu podejmowania
decyzji napotyka znaczgce trudnosci. Nalezy jednak zauwazyé, zZe eksperci z dziedziny problemu sq w stanie podjgc
decyzje nawet w przypadkach systemow zloZonych. Podejmowane decyzje mimo, ze wielokrotnie nieoptymalne,
pozwalajg na rozwigzywanie rzeczywistych problemow z wystarczajgcq efektywnosciq. Niestety decyzje podejmowane
przez ekspertow posiadajg pewne ograniczenia wlasciwe ludzkiemu rozumowaniu i percepcji ludzkich zmystow.
Dodatkowo jakos¢ podejmowanych decyzji zalezy od doswiadczenia, wiedzy i dyspozycji eksperta. W celu
uniezaleznienia procesu podejmowania decyzji od zmiennych czynnikéw ludzkich przydatnym byloby stworzenie
komputerowego systemu wspomagajgcego analizowany proces. Pierwszym i podstawowy krokiem do stworzenia
takiego systemu jest przyjecie modelu procesu podejmowania decyzji. W opracowaniu zaprezentowano model rozmyty
rozwazanego procesu. Dzigki zastosowaniu modelu tej klasy mozliwe stalo sie uwzglednienie przyblizonego
charakteru rozumowania przeprowadzanego w trakcie procesu. Zastosowanie stworzonego modelu umozliwilo
opracowanie oprogramowania wspomagajgcego proces podejmowania decyzji.

Stowa kluczowe: logika rozmyta, modelowanie rozmyte, zbiory rozmyte, proces podejmowania decyzji, analiza
wielokryterialna
1. Introduction

The decision making process can be met at many different domains of human activity. It
applies to technical, medical, economic, planning, management and other problems. Experts of the
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problem domain realise the decision making process. Such way is limited by the human mind
possibilities to process too many data. [1]. Every field of knowledge can be described by the
systems theory. If we understand the set of mutually correlated elements and relations between
them as a system [2], we can say that there is a relation in direct proportion between quantity and
complexity of the system and on the other side the complication of decision process in discussed
system.

We can notice the growing complication of the real systems nowadays [3]. That is why
computerisation of the discussed problem becomes necessary. The computerised systems for
supporting the decision process can particular improve the decision quality in case of many input
data and limited time for taking the optimal or suboptimal decision.

We can often meet the automatic decision making systems in the area of the industrial process
control and operation processes of the exploitation systems [4]. But this decision-making is limited
to the control range means as conscious and purposeful influence on industrial process control to
obtain the supposed effects [5]. In order to create universal decision - making support system,
problem analysis has been curry out and the decision-making process model has been created.

2. Sharp model of decision making process

The first step of computerised expert system creation is the decision-making process
description. The decision-making could be defined as a mental process, where the decision maker
analyses input information, limitations, criteria and its weights based on his experience, knowledge
and intuition. Chosen decision is the result of the process (Fig. 1).

Input . Weights of
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Decision
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Fig. 1. The decision making process schema

In fact during the decision making process the expert of the domain assess the variants of the
decision according to his knowledge, experience and intuition taking into consideration input
information, limitations and criteria. So the diagram of the considered process could be
transformed. On the base of knowledge, experience, intuition, limitations and input criteria the set
of criteria and their weights could be formulated (Fig. 2.). The input information defines variants
of solution. So, the considered problem is the multi-objective issue defined as assessment of finite
set of variants from the finite set of criteria point of view [6]. Each criterion could be described by
equation or inequality. Therefore the set of equations or inequalities is received. In particular cases
the set could have more than one solution or could have not any one. In such cases it is not
possible to receive an unambiguous solution [7].
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Fig. 2. Decision making as the multi-objective analysis issue

To solve this problem the decision making process was described using the SMART method.
According to the implemented method, the domain of each criterion was defined on base of the
criterion argument extent. The domain was divided into six intervals. The size of interval increases
according to the geometric series as a distance from the optimum value. The quotient of the series

equals to 2 [8].

Different types of the criteria were expressed by different functions. The criterion where the
optimal value is the smallest one and the most important differences in level of criterion fulfilment
are around the minimum point of the criterion domain was expressed by the function (1). The
criterion where the optimal value is the biggest one was expressed by the function (2). For the
function values corresponding to the arguments from the formula (3) for the criterion (1), and
formula (4) for the criterion (2) the scale from 4 to 10 was introduced according the formula (5).
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v=Ilo &64’
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where:

L - value of criterion function,

P, - argument of criterion function,

P.in - minimal value of the criterion function argument,
Pa - maximal value of the criterion function argument.
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8= 10— v, (5)
where:
g - the level of the criterion fulfilment.

For the (1) criterion with desirable the biggest value [9] a scale from 4 to 10 was introduced
according the formula (6).

g=4+v. (6)
Weights of particular criterions were specified by AHP method (Analytic Hierarchy Process)
[10]. It allows specifying the expert knowledge in a natural for human mind way. The method is

based on the system of particular criterion comparison between each other. The scale for assigning
linguistic comparisons to their values is specified (Tab. 1).

Tab. 1. Relative preference scale used to compare the criteria

Variants comparison Preference of variant Value
a is much more significant than b Strong preference of a 6
a is more significant than b Preference of a 4
a is little more significant than b Weak preference of a 2
a is as significant as b No preference 0
a is little less significant than b Weak preference of b -2
a is less significant than b Preference of b -4
a much less significant than b Strong preference of b -6

Based on assigned preferential values g, additional variable is calculated according to formula
(7). gwjx value symbolises the appearance preferential values g, between criterion wj and k
numbers.

1 &
hwj = _ZQij’ (7)
n, r=
where:
ga» - number value of preference.

This variable is determining the importance grade of particular criteria according to the (8):

oy =2] (®)

Sk

where:

¢y - criterion weight,
h - criterion’s importance grade.

The total grade of the variant has been calculated based on formula (9):
ki
Ski :zcigi’ )
i=1

where:

Sk - complete variant grade.

322



Fuzzy Model of Decision Making Process

The end estimation value comprised from 4 to 10 range. It allows the linguistic interpretation
(Tab. 2). This fact is used in case of variants estimated usually in a qualitative way.
Simultaneously, the linguistic interpretation of the results of the analysis allows the consideration
of the variant total grade inaccuracy in automatic way [11].

SMART method is very useful in case of considered decision-making process because it
enables to build coherent assessment system made from the criteria defined for completely
different domains.

Tab. 1. Interpretation of complete variant estimation value

Complete variant estimation Interpretation
10 Ideal
9 Very good
8 Good
7 Sufficient
6 Acceptable
5 Bad
4 Very bad

3. Fuzzy extension of created model

Unfortunately, during the studies, presented above method prove insufficient. The problem is
related to the approximate characteristic of the decision making process.

The criteria of the decision making process could be divided into two groups. The first group
consists of the criteria defined for the domain described by the measured values. The second one
consists of criterion defined for parameters estimated in a discrete way. This discrete estimation is
made by determination the degree of meet the criteria (criteria for particular attributes). In case
when attributes values are estimated based on measurement, received value is defined with the
measuring equipment accuracy [12].

It is not possible to define this value precisely. It is only possible to define its range.

X, (6)e(X,(0=5,,X,(0)+6,)), (10)

where

Xo - analytical value,
Xp - measured value,
Oy - measuring equipment error.

This value has also the measuring method error in case of indirect measurement. This fact
impact in taking the tolerance interval that has to be considered during the analysis of received
results. That is why the representation of considered tolerance range is taken as a fuzzy set.

Presented above approximation was modelled by the fuzzy sets implementation [13]. In case of
the measurements with the insensitive zone the tolerance interval was modelled by the /7 type
fuzzy set. In the remaining cases of measurements the tolerance interval was modelled in form of
the A type fuzzy set. As a modal value of the fuzzy set the measured value was admitted. The
support of the fuzzy set was equal to the sharp interval of the considered tolerance.

The similar situation is in case of the criterion defined for the domain described by the
linguistic values. The value is estimated by scale implementation. The result of the estimation is of
course approximated. The level of approximation depends on the distance between the grades of
the scale. In this case the inaccuracy was modelled using the A type fuzzy sets. The modal value of
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the fuzzy set was equal to the chosen grade and the extent of the fuzzy set support was equal to the
distance between the discreet values of the assessment scale.

The second place where the inaccuracy appears is the fulfilment level of criterion assessment.
To model this kind of inaccuracy the criteria was expressed in form of the fuzzy sets. The fuzzy set
member function for criterion where the optimal value is as big as possible (MAXINV type of
criterion) was determined according to equation (3) and equation (6). The shape of the member
function is presented on (Fig. 3).
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Fig. 3. Fuzzy set for criterion where the optimal value is as big as possible

The fuzzy set member function for criterion where the optimal value is the biggest one
(MAXSIMP type of criterion) was determined according to equation (4) and equation (6). The
shape of the member function is presented on (Fig. 4).
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Fig. 4. Fuzzy set for criterion where the optimal value is the biggest one
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The fuzzy set member function for criterion where the optimal value is the smallest one
(MINSIMP type of criterion) was determined according to equation (3) and equation (5). The
shape of the member function is presented on (Fig. 5).
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Fig. 5. Fuzzy set for criterion where the optimal value is the smallest one

The values for the criteria fulfilment level, calculated according to Equation 5 and 6, are in
range from 4 to 10. The regular fuzzy sets member functions have the values from 0 to 1. To
receive regular fuzzy sets for each criterion the normalisation process was carried out. Calculated
values were divided by ten.

The third place of inaccuracy appearance is the criteria weights determination. The
implemented method (AHP) is a subjective one, so the weights are estimated in approximated
way. To model this kind of fuzziness the weights were expressed as A type fuzzy sets. The support
of the weight fuzzy set was the sharp set in range <0,1>. The modal value of the set was equal to
the estimated weight value. So the fuzzy set could be asymmetric one.

In the next steps of the multi-objective analysis the levels of the criteria fulfilment and weights
of the criteria are treated as fuzzy digits. It enables to take into consideration the approximated
character of the determined values. To calculate the total grade of the assessed variant the fuzzy
digits should be accumulated into one value. To do it the LR notation of the triangular fuzzy digits
was used [14]. The level of the criterion fulfilment is modelled in form of triangular fuzzy digit
where the modal value is equal to the sharp value of the criteria fulfilment level and the support is
sharp set in range <0,1>. Such triangular fuzzy digit is expressed in LR notation according to
equation (11).

g, = (x:pu, (x)=hgt(g,),min(x:x esup p(g,)),max(x:x €sup p(g;))) (11)
where:
gx - the value of the criterion fulfilment level,
X - domain of the fuzzy set,

hgt - height of the fuzzy set,
supp - support of the fuzzy set,
k - number of the criterion.

325



M. Pajgk

In case of the criterion weight the value is already the triangular fuzzy set which could be
treated as a fuzzy digit. So, we can transform it to LR notation according to equation (12).

¢, = (x:u,, (x)=hgt(c, ),min(x : x € sup p(c; ), max(x : x € sup p(¢; ))) x> (12)

where:
ck - weight of the criterion.

Defined above LR fuzzy digits are the input values of the total variant grade calculation. The
calculation is carried out according to equation (13).

SZ'(Gk')(gk ®c;)), (13)

where:

s - total grade of the criterion,
& - T-norm operator,

@ - S-norm operator,

e - defuzzification operator.

As an S-norm operator the maximum operator was used. As a T-norm operator the MIN or
PROD operation could be used [15]. As a defuzzification operator the centre of gravity operator,
mean of maximum operator, first of maximum operator and last of maximum operator [16] could
be used. During the carried out studies the centre of gravity operator (14) implementation gives the
best results. The results of the studies are analysed from the indiferention point of view. The
results of the defuzzification operator implementation are assessed as good when for different
variants of solution the assessment system gives different grades.

[ a5 ()

SC(FS)= s
() _[ﬂFs(x)dx

(14)

where:

FS - fuzzy set,
Ups - member function of fuzzy set,
x - the domain of fuzzy set support.

To calculate the total grade of the analysed variant the height operator was also
implemented (15):

S (x: 15 (x) = hgt(FS,) - hgt(FS,)
S(FS) ="+ ; (15)

Z": hgt(FS.)
i=1

where:

S - height operator,

FSi - fuzzy set number i,

n - amount of criterion,

Ues - member function of each fuzzy set,

x - the domain of each fuzzy set support,
hgt - height of each fuzzy set.

In case of height operator implementation the accumulation process consisted only from T-norm
and height defuzzification operation. After T-norm operator implementation the n fuzzy sets were
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received. The height operator implementation joins all fuzzy sets and determines sharp grade of
the variant.

Fuzzy extension of the multi-objective analysis gives as a result the considered variant grade.
The grade is interpreted the same way like the results of SMART method implementation.

4. Summary

On the base of the designed fuzzy model of the decision making process the computerised
assessment system was created. The system was implemented in different domains of knowledge
as an expert system to support the decision-making issues.

Presented method was implemented in the area of maintenance scheduling of power plant
devices. In this case the criteria formulated in approximate way were modelled in from presented
in the paper. Thanks to combine the assessment system with optimisation techniques the quality of
the decisions made in the power plant maintenance system increase of about 18% [17].

The quality assessment of the transport system was the next application of the method. In this
case the method enables to create the coherent system which takes into consideration the discrete
and continuous criteria. Thanks to the system it is possible to assign the unique grade for each
analysed exploitation strategy variant [18].

In case of sailing yacht skipper decision-making during storm conditions the method taken into
consideration the fuzzy character of the criteria, their weights and the approximation of the criteria
arguments values estimation. The method implementation was the base of computerised expert
system that helps the skipper to make the safety decision [19].

The computerised assessment system was also implemented in case of commercial issues. It
was put into practice as a choice support system in tourist agency, car showroom or estate agency.
It helps to choose the best offer for individual client.

On base of theoretical considerations and practical implementations it is possible to notice that:
- the decision making process could be transform to the form of the multi - objective issue,

- known multi-objective analysis methods in most cases are insufficient because they don’t
consider the inaccuracy of the process,

- the fuzzy character of considered analysis exists in different steps of the process,

- to take into consideration the fuzzy character of the process the fuzzy logic elements should be
implemented,

- each kind of inaccuracy needs to be modelled in different way,

- fuzzy model of decision making process enables to implement the computerised support in
width range of the problems,

- the method implementation brings good result especially in case of complex systems where the
decisions are made on base of the criteria formulated in approximate way.

References

[1] Coad, P., Yourdon, E., Object-Oriented Analysis, Prentice Hall, 1991.

[2] Mazur, M., Pojecie systemu i rygory jego stosowania, Materiaty Szkoty Podstaw Inzynierii
Systeméw No 2, Komitet Budowy Maszyn PAN, Orzysz 1976.

[3] Pajak, M., Woropay, M., On the possibility of genetic algorithms implementation in the
exploitation domain, Journal of KONES Powertrain and transport, Vol. 13 No. 4,
Warsaw 2006.

[4] Kalotka, J., Latalski, T., Wagner-Kalotka, K., Optymalizacja parametrow sitowni - nowoczesne
systemy automatyki przemystowej warunkiem poprawy ochrony srodowiska, 111 International
Scientific Conference nt. Problemy prawne, techniczne i1 ekonomiczne zagospodarowania
odpadow, pp. 68 - 76, Radom 2001.

[5] Seta, Z., Wprowadzenie do zagadnien sterowania, MIKOM, Warszawa 2002.

327



M. Pajgk

[6] Lootsma, F. A., Fuzzy logic for planning and decision-making, Kluwer Academic Publishers,
Dordrecht 1997.

[7] Pajak, M., Kalotka, J., Koncepcja zastosowania logiki rozmytej w dziedzinie eksploatacji
elektrowni systemowej, V1 Scientific Conference PIRE 2003, Karpacz 2003.

[8] Winterfeldt, D., Edwards, W., Decision Analysis and Behavioural Research, Cambridge
University Press, Cambridge 1986.

[9] Lootsma, F., A., A Model for the Relative Importance of the Criteria in the Multiplicative
AHP and SMART, European Journal of Operational Research no 94, pp. 467-476, 1996.

[10] Saaty, T., L., The Analytic Hierarchy Process, Planning, Priority Setting and Resource
Allocation, McGraw-Hill, New York 1980.

[11] Kalotka, J., Pajak, M., Gospodarka remontowa elektrowni cieplnych, ITEE, Radom 2006.

[12] Piegat, A., Modelowanie i sterowanie rozmyte, EXIT, Warszawa 1998.

[13] Muslewski, L., Pajak, M., Fuzzy interpretation of systems operation evaluation, Journal of
KONES Powertrain and transport, Vol. 13, No. 3, Warsaw 2006.

[14] Oussalah, M., Schutter, J., Approximated fuzzy LR computation, Information Science: an
International Journal Valume 153, Issue 1, Elsevier Science INC. New York, NY, USA 2003.

[15] Sobol, W., Korwin, M. J., Goraczko, M., Balazinski, M., Fuzzy logic control of industrial
heat treatment furnaces, Fuzzy Information Processing Society, NAFIPS. 18th International
Conference of the North American, pp. 839 - 843, 1999.

[16] Chandramohan, A., Rao, M. V. C., Arumugam, A. S., Two New and Useful Defuzzification
Methods Based on Root Mean Square Value, Soft Computing - A Fusion of Foudations,
Methodologies and Applications, Vol. 10, No. 11, Berlin / Heidelberg 2006.

[17] Pajak, M., Optymalizacja harmonogramow remontow blokow energetycznych, PhD thesis,
Politechnika Radomska, Radom 2004.

[18] Pajak, M., Muslewski, L., Transport system operation quality assessment as a multi-objective
analysis issue, Journal of KONES Powertrain and transport, Vol. 13, No. 2, Warsaw 2006.

[19] Pajak, M., Fuzzy multi-objective model of the sailing yacht skipper decision making during
the storm conditions, 12" International Congress of the International Maritime Association of
the Mediterranean, IMAM, Vol. 2, pp. 1023 - 1031, Varna, Bulgaria 2007.

328





