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Multiple criteria decision making

Milan Zeleny: Every decision-making process
must have at least two different, conflicting
criteria. If there is only a single criterion (an
objective, purpose), then the “measurement
plus search” procedure will do; this is not
deC|S|on makmg To decide means to deal W|th

"tradeoffs" (among |
criteria). Decision-making
and optimization with
single criterion is clearly
an oxymoron.
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http://www.milanzeleny.com/cs-CZ/stranky/1/-/6/23/publikace

Fathers of MCDM theory

Lofti Zadeh (1921-2017)
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Bernard Roy (1934-2017)
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Classification of discrete MCDM
methods

Preference information on alternatives

aspiration ordinal cardinal
levels information information
utility distance preference | marginal rate of
function of alternative relation substitution
from bazal
or ideal
Methods
PRIAM Lexicographic WSA TOPSIS AHP Compensation
ORESTE PROMETHEE
Permutation ELECTRE

Source: J. Jablonsky, Operacni vyzkum (2002)
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Notation

n alternatives: a;, i = 1,...,n
k criteria functions K;, j = 1,...,k

Values of K; in a; are denoted by y;; and we
call them criteria values.

Y = (¥ij)n xk is called criteria matrix

We assume that all criteria are maximized and
all the criteria values are positive,

yij > 0,i=1,..nj=1..k



TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution)

TOPSIS method was introduced in the 1980s by
Hwang and Yoon. It consists of following steps:

1. normalization of the criteria matrix

2. construction of weighted criteria matrix
3. identification of ideal and basal solution
4

. computing distance of alternatives from ideal
and basal solution

5. computation of similarity of alternatives to the
ideal solution




TOPSIS, step 1:
normalization of the criteria matrix

Construction of normalized matrix

R = (1ij)nxk
using simplified formula of Garcia-Cascalez
Vij . .
rij — ol = 1,...,7’1, ] = 1,...,k,
Yj
where y"** = max y;;.
1=1,..n



TOPSIS, step 2:
construction of weighted matrix

Computation of weighted criteria matrix

Z = (Z;j)n xk using normalized matrix R and
the weights of criteria

W],] — 1,...,k,
In @ way:

Zij=7"ij'Wj, I = 1,...,Tl,j — 1,...,k.



TOPSIS, steps 3-4: distance of
alternatives from ideal and basal solution

We define ideal solution A" = (47,...,A%)

and basal solution A™ = (47,...,A}) as

T — AT = i L] =
A7 = X 2y, A7 = i 2 = ek
Then we compute distance of individual alternatives

a;, L = 1,...,n, from ideal and basal solution
respectively:

k k

di = Z(Zij —AD)?,  di = Z(Zij —A7)%,

j:1 ]:1




TOPSIS, step 5: computation of similarity
of alternatives to the ideal solution

d;
i — )
di +di

computed for every alternative.

The index ¢; = (1 = 1,...,n,is

Alternatives a;,i = 1,...,n, are ranked
according to the values c;. The alternative

a; with maximal value of ¢; is selected as the
compromise alternative a™. It is the one that is
“as far from basal and, at the same time, as
close to ideal as possible”.



Fuzzy extension of TOPSIS

* Definition: Let U be the set called universe of
discourse. Then the fuzzy set A on universe U
is defined by a mapping uz: U — (0, 1), called
membership function of the fuzzy set A. For
every x € U, the value u;(x) determines the
grade of membership of x to fuzzy set A. The

set of all fuzzy sets on universe U is denoted
by F(U).



Triangular fuzzy numbers

Triangular fuzzy number can be written as

C = (¢, ¢y, Cyy), Where its membership function is:
( X — (]

, x € (¢, C
Crm — € ( L m)
~ — C — X
ui(x) =4 Cu , X € (Cpy, Cyy)
Cu — Cm
\ 0, elsewhere

Real numbers ¢}, ¢,,, ¢, represent the smallest likely value,
the most probable value and the largest possible value of a
corresponding fuzzy event respectively.



Standard fuzzy arithmetic

Let C = (¢, ¢y cy), D = (dy, dpyy, dy) be positive triangular
fuzzy numbers. We define:

C +D = (¢;+dy, ¢y +dpy, cy +dy),

C D =(c-dj,cm-dpm,cy-dy),

E _ (Cl Cm Cu)

D \dy ' dn’ d

Distance between fuzzy numbers C , D is defined by the
formula

4(C.0) = [Hlle—d)? + (e — d)? + (e — 7]



Input of fuzzy TOPSIS

The input data consists of fuzzy weights of
criteria V’V]’ = (le,wjm, Wju),j =1,...,k,
and the fuzzy criteria matrix Y = (Vij)n xk-

Its elements are triangular fuzzy numbers 5/’l-j
with significant values (1, ¥ijm» Viju),



Steps of the fuzzy TOPSIS

~ _ [ Yiji Yijm JYiju .
1. rij = max ) wmax’ —max |» L = L...,n,
Yj Yij Yij a

j = 1,...,k, where y; = max y

2 Z="T;-Ww;, i =1,...,nj=1..k

3 A7 =01,11), A7 =(0,00),j = 1,...,k

4. df =Y51d(Z;,A]) df =X 1d(Z, A7),
(I = 1,...,n.

5. ¢; = il

+ —_—
d}+d;




Aplikace na rozhodovaci problém

Vlybér prostor pro slavnostni zahajeni 85.
mezinarodniho zasedani Evropského parlamentu
mladeze - Brno 2017 http://eyp.cz/is17brno/

Varianty predstavovaly Ctyri brnénské prostory:

- Besedni dum (a.),

- park Luzanky (az),

- Akademické kino Scala (as),

- Aula Masarykovy univerzity (as)


http://eyp.cz/is17brno/

Struktura rozhodovaciho problému

Cil Kritéria Subkritéria Varianty
._{ Vhodnost velikosti a kapacity prostoru (V) }-
_[ Urover a kvalita vybaveni prostoru (V) }—
Vybaveni prostory | 1. Flexibilta prostoru a jeho vyzdody (V) |
v — Moznasti vyuiti technického vybaveni (V) —
[ Mo2nosti vyu2iti dalsino pliskubenstvi (Vs) =
L { Moznosti vyu2i dalich prostor (V) H
= Renomé prostoru (L ;) —
Lidsky faktor '
: — qu-mmug - .
'"“'u',' ’ — Spolehlivost personalu (Lg) — (an)
L Forma a Uroven komunikace personalu (Lo H
| | Park Luzanky
} _ Celkové cena prondjmu prostor (Fy) — (a3
Najit vhodny prostor na Finanéni a smiuvni Cena za techniku, vybaveni a plisiuenstvi (F2) —
mezindrodni studentské podminky prondimu
A Cena za personal (Fs) — ———
onierence Restrikce v prondjmu prostonu (Fg }—_ Scala
(az)
Vhodnost prostoru pro (el pouiti (D) —
Aula Masarykovy
Dopad na zésitek Vzhied interiéru prostoru (D) — univerzity
%) Vzhied exteriéru a okoli prostory (D) — (24
Dopravni dostupnost prostoru pro hosty a mo2nosti parkovani (D)
. Dostupnost od mista pledchoziho a nasledujiciho programu (Sy)  +—
konlerence Soulad prostoru s ostatnimi prostory kontorence (S —
(&) }_

Mnozstvi lidskych zdrojo nutnych k phiprave a Glddu (Sg)
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Stupnice fuzzy hodnot pro hodnoceni variant

Lingvisticky termin

Fuzzy cislo
T = (1,1,3) varianta naplfiuje subkritérium velmi malo
3 = (1,3,5) varianta napliuje subkritérium malo
5 = (3,5,7) varianta napliuje subkritérium stredné
7 =(5,7,9) varianta napliuje subkritérium dobfe
9 = (7,9,9 varianta napliuje subkritérium velmi dobre

10
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Kriterialni matice a vysledny index

14

Vi Vo Vo Vi Vo W Ly Ia Ly Ly Fi Fo Fs Fy Dy Ih Iy Dy 5 5 5
(9 9 3 6 7 O % & 9 9 9 9 F 4 9 9 T 4 5 7 7%
|9 3 9 5 ¥ ¥ 5 7T 7T 3 % 7 3 4@ 7 3 9 3 5 7 3

9 7 5 9 T & ¥ 9 9 9 9 7T v 5 7T 5 v 9 7T 7 3

3 7 3 7 5 9 ¥ 3 7T 9 5 9 9 3 9 o0 T 9 9 T 5

Alternativa df d; c;
aq 1,372841 1,2127350 0,4690387
a, 1,501998 0,9879444 0,3967740
as 1,360780 1,2210642 0,4729426
Ay 1,398845 1,1658255 0,4545713

Kolacek, Matulova: Vyuziti hybridni metody vicekriteridlniho rozhodovani za nejistoty, Robust 2018



Vysledné poradi

Kolaéek, Matulova: Vyuziti hybridni metody vicekriteridlniho rozhodovani za nejistoty, Robust 2018 21



Reference

CHEN, Chen-Tung. Extensions of the TOPSIS for
group decision-making under fuzzy environment.
Fuzzy sets and Systems, 2000

GARCIA-CASCALES, M. Socorro a M. Teresa
LAMATA. On rank reversal and TOPSIS method.
Mathematical and Computer Modelling, 2012

HWANG, Ching-Lai a Kwangsun YOON. Multiple
attribute decision making: methods and
applications a state-of-the-art survey

ZADEH, Lotfi A. Fuzzy sets. Information and
control, 1965



Dékuji za pozornost !



