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Abstract. The most sophisticated multi-criteria evaluation methods with deep intrinsic logic and wide 
flexibility are transforming values of criteria via so-called preference functions. The PROMETHEE is one 
of such methods. All given alternatives are mutually compared pairwise for each criterion. Choice of pref-
erence functions and their parameters is important, since it has influence on results of ranking, in which 
ranks of alternatives may considerably differ. Various preference functions are analysed, their features de-
scribed and applications are shown for various socio-economical characteristics.  
Keywords: multi-criteria methods, PROMETHEE methods, preference functions, parameters of prefer-
ence functions 
 

1. Introduction 
In sophisticated multi-criteria evaluation methods 
like the PROMETHEE method initial (statistical) 
data or values of criteria are transformed via so-
called preference functions or their substitutes, At 
the next step weights of each criteria are attached. 
Research has demonstrated that computed results 
of evaluation and, accordingly ranking of com-
pared alternatives depend on choice of types of 
preference functions and their parameters. Choice 
of types of preference functions and their parame-
ters is made by a decision-making person (man-
ager) or by an experienced qualified expert. 

Multi-criteria methods are being used in last 
decades, when the need arose to analyse complex 
socio-economical processes and mutually compare 
(Figueira et al. 2005; Brauers, Ginevičius 2009; 
Brauers et al. 2008; Ginevičius 2008; Ginevičius, 
Podvezko 2006a, b, c, 2007a, b, 2008a, b, c, d, 
2009; Bivainis, Drejeris 2009; Podvezko 2006, 
2009; Sarka et al. 2008; Shieg 2009; Sliogeriene et 
al. 2009; Turskis et al. 2009; Ustinovichius et al. 
2006; Zavadskas,Vaidogas 2008; Zavadskas et al. 
2008).  

The PROMETHEE method was introduced by 
a Belgian scientist J.-P. Brans, who together with В. 
Mareschal created several different types of the 
method (Brans, Mareschal 1992, 1994, 1996, 2005). 

The PROMETHEE method is widely known 
and used in many activity areas (Brans, Mareschal 
2005). In the article by Behzadian et al. (2010) 
217 publications are cited, which were written by 
scientists from 39 countries. The article reveals 
that the PROMETHEE method was used in the 
following areas: environment management, hy-
drology and water management, business and fi-
nancial management, chemistry, logistics and 

transportation, manufacturing and assembly, en-
ergy management, social science, computer-aided 
diagnosis, medicine, agriculture, education and 
other. In Lithuania though the use of the method 
just have started very recently (Podvezko, Pod-
viezko 2009, 2010). Only one paper in Lithuania 
with use of the method was published by a Polish 
author (Nowak 2005).  

The main goal of this paper is to describe fea-
tures of different preference functions used for 
description of specific socio-economical proc-
esses, to discern their positive and negative as-
pects, to provide recommendations on choice of 
the type of a function, to propose algorithms for 
defining boundaries of parameters of preference 
functions. 

2. A brief description of the PROMETHEE 
method  
The difference of the PROMETHEE method from 
other multi-criteria methods like the SAW (Simple 
Additive Weighting) method (Hwand, Yoon 1981; 
Ginevičius et al. 2006, 2008a, b; Podvezko 2008) 
is in the fact that the PROMETHEE method reck-
ons differences ( , )i j k ij ikd A A r r= −  between of 
values of the i-th criterion for the j-th alternative 
and the k-th alternative instead of accounting val-
ues of criteria ijr  characterising a socio-
economical process  ( 1,2,...,i m= ; 
, 1,2,...,j k n= ), where m is the number of crite-

ria, n is the number of alternatives compared. At 
the next stage weights iω , are attached to each 
criterion.. Mentioned differences of values of cri-
teria are arguments of preference functions ( )p d . 
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Following from the above the comparative in-
dex ( , )j kA Aπ  of the PROMETHEE method is 
obtained using the following formula: 

1
( , ) ( ( , ))

m
j k i t i j k

i
A A p d A Aπ ω

=

=∑ , (1) 

where iω  is weight of the i-th criterion iR  

(
1

1
m

i
i
ω

=

=∑ ), t –number of type of preference func-
tion proposed for the i-th criterion by experts. 

The index ( , )j kA Aπ  is obtained after mutual 
comparison of all alternatives jA  and kA  (j, 
k=1,2,…,n). Then, preference of alternatives, one 
by one, one over another, is revealed (Brans, 
Mareschal 2005; Podvezko, Podviezko 2009).  

The range of values of preference functions 
falls between zero and one. Values of the functions 
correspond to the level of preference of one alter-
native over another. Shapes of functions depend 
on boundary parameters q and s, which are chosen 
by a decision-maker for each criterion i, namely 

iq  for the lower and is  for the upper boundary of 
the argument so that two alternatives jA  and kA  
are indifferent in respect of the criteria iR  where 
the difference between values of criteria ijr  and ikr  
( , )i j k ij ikd A A r r= −  for these alternatives  is 

smaller than the boundary parameter iq . Or the 
alternative jA  is of the strict preference in favour 
of the alternative kA  where the difference between 
criteria values ijr  and ikr  for these alternatives 
( , )i j k ij ikd A A r r= −  is greater than the boundary 

parameter is . When the difference falls between 
iq  and is , preference index of the alternative jA  

in respect of the alternative kA  varies between 
zero and one. 

The PROMETHEE method adds up all posi-
tive or “outgoing” preferences for each j-th alter-
native jA : 

1
( , )

n
j j k

k
F A Aπ+

=

=∑ ,  (2) 

and all negative or “incoming” preferences:  

1
( , )

n
j k j

k
F A Aπ−

=

=∑ (j=1,2, ..., n). (3) 

Based on the results, the PROMETHEE I 
method reveals the best alternative of the evalu-

ated set of alternatives, while the PROMETHEE II 
method ranks alternatives in accordance with their 
importance, which corresponds to values of differ-
ences of positive and negative preferences: 

j j jF F F+ −
= − .  (4) 
The highest value of the difference corre-

sponds to the best alternative.  

3. Features of preference functions 
Six typical types of preference functions are de-
scribed in scientific literature (Brans, Mareschal 
2005; Podvezko, Podviezko 2009). In spite of dif-
ferences in shapes, their main features are similar: 

− values of preference functions lie in the in-
terval from zero to one: 

− 0≤ ( )p d ≤1; (5) 
− higher value of preference function corre-

sponds to a better alternative; 
− value of preference function ( )p d  is zero 

when the difference of argument d is smaller than 
the lower boundary q set by experts, meaning that 
compared alternatives are regarded to be identical; 

− value of preference function ( )p d  equals to 
one, when the difference of argument d is higher 
than the upper boundary s set by experts, meaning 
that there is strict preference of one alternative 
over another.  

Now we describe frequently used in practice 
typical preference functions. 

3.1. The usual preference function 
The simplest usual preference function makes 
qualitative comparison of alternatives in terms of 
“worse or better”. This function indicates the fact 
that value of criterion of one alterative is higher 
(or smaller) than of another’s. The function does 
not depend on parameters q and s. In other words, 
preference is given to the alternative ( ( )p d =1), 
which has a higher value of criterion. Value of the 
difference d does not matter. For example, it is 
important that a candidate for a job has a longer 
length of work experience or knows more lan-
guages than another candidate (value of the differ-
ence is not accounted). By the other hand, for a 
candidate himself it is important that salary in an 
alternative organization is higher than in a com-
pared one. For a depositor it is important that an 
alternative bank pays higher interest than a com-
pared one. Many other examples exist as well, of 
course. This function is used, when only scarce 
information is available about the criterion or at 
the initial stage of evaluation. 
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Later in this paper some recommendations on 
setting parameters q and s will be given. 

The analytical expression and the shape of the 
first usual function are given on Fig. 1: 
      p 
 
 
 
 

       1 
 
 
 
 
 
 
 
 
 
 
 
 

         d 
Fig. 1. Usual preference function and its graph  

3.2. U-shape preference function 
U-shape preference function differs from the usual 
one by setting the lower boundary value q (here it 
is identical to the upper boundary value s).  

The analytical expression and the shape of the 
second U-shape preference function are given on 
Fig. 2: 
      p 
 
 
 
 

       1 
 
 
 
 
 
 
 
 
 
 
 
 

q                    d 
Fig. 2. U-shape preference function and its graph  

U-shape preference function makes compari-
son of alternatives more realistic in certain circum-
stances. For example, a candidate will be of inter-
est in case his work experience exceeds work 
experience of another candidate by two years at 
least (q=2) or he correctly answers at least two test 
questions more than another candidate; the new 
job will have the strict preference ( ( )p d =1) over 
another only in the case if salary differs by no less 
than 200 euros (q=200) and is of no importance to 
the employee ( ( )p d =0), if an offered salary ex-
ceeds by less than 200 euros comparing to another 
offer and so on. 

3.3. V-shape preference function 
V-shape (or linear preference) preference function 
improves the link between the point of identity of 
both alternatives ( ( )p d =0 when  0d ≤ ) to strict 
priority of one alternative over another ( ( )p d =1 
when   d s> ). Instead of a shift the link is linear 
here in accordance with the formula ( )p d = d

s
. 

The analytical expression and the shape of V-
shape preference function are given on Fig. 3: 
      p 
 
 
 
 

       1 
 
 
 
 
 
 
 
 
 
 
 
 

     s             d 
Fig. 3. V-shape preference function and its graph 

Again, we can apply previous examples to this 
type of preference function slightly modifying 
them. Now, a job offer will have a strict preference 
over another in case of salary difference is 200 
euros or more, is of no interest in case a lower sal-
ary is offered ( ( )p d =0, when d is negative) and is 
of some gradually increasing interest in case the 
difference is up to 200 euros (0 200d< ≤ ). Pref-
erence function value is then expressed by the 
formula: ( ) 200

dp d = . Other examples could be 
easily modified in the similar way. 

3.4. Level preference function 
The fourth preference function is called level pref-
erence function. It depends on two parameters p 
and q, thus both boundary values are set: the indif-
ference boundary q and the strict preference 
boundary s. So, in case if the difference d of val-
ues of two alternatives is not greater than q, then 
the alternatives are indifferent ( ( )p d  = 0); when 
the difference d is greater than s, then one alterna-
tive has the strict preference over another 
( ( )p d =1) and whenever the difference d falls be-
tween q and s, then value of the preference func-
tion equals to 0.5. In this case one alternative has a 
medium preference over another. 

The analytical expression and the shape of 
level preference function are given on Fig. 4: 
      p 
 
 
 
 

       1 
 
 
 
 
 
 
 
 
 
 
 
 

q       s             d 
Fig. 4. Level preference function and its graph  

For example, a candidate for a job will have 
no advantage if he knows less foreign languages 
than another candidate ( ( )p d =0, d is negative) 

when d 0( ) when d  0p d 0   ≤  = 1   >

when d q( ) when d  qp d 0   ≤  = 1    >

when d 0
d( ) when 0 d ss

when d  s
p d

0    ≤=    < ≤ 1    >

when d q
( ) 0.5 when q d s

when d  s
p d

0      ≤=    < ≤1       >
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some advantage in case if he knows one language 
more (q =1) than another candidate ( ( )p d =0.5), 
and will have strict preference over another candi-
date in case he knows at least two more languages 
(s=2) than another candidate ( ( )p d =1). In case 
there are more discrete points in between, a uni-
versal level function could be proposed with more 
step gradations.  

3.5. V-shape with indifference preference  
function 
V-shape with indifference preference function is 
the function of linear preference. It is a composi-
tion of previous four preference functions. Like 
level preference function it has parameters q and s. 
But when the difference criteria of values of two 
alternatives falls into the interval from q to s, or 

[ ],d q s∈  , the preference function uniformly line-
arly increases from zero to one in accordance with 
the ratio d q

s q
−

−

 and its value indicates the level of 
preference of one alternative over another.  

The analytical expression and the shape of the 
fifth V-shape with indifference preference function 
are given on Fig. 5: 

 

      p 
 
 
 
 

       1 
 
 
 
 
 
 
 
 
 
 
 
 

            q        s             d 
Fig. 5. V-shape with indifference preference function 
and its graph 
Another example described above again could be 
easily transformed to this particular case. An 
employee will be indifferent ( ( )p d =0) if salary 
between two job offers differs by less than 100 
euros (q =100). The new job will be of strict 
preference ( ( )p d =1) in case if salary in the new 
job offer exceeds 500 euros (s=500) and the new 
job will be of some preference over another in case 
if salary in the new job offer exceeds by a number 
between 100 and 500 euros; the level of preference 
is calculated by the formula 

100 100( ) 500 100 400
d dp d − −

= =
−

. 
Other examples can be easily transformed 

similarly. 

This function is the most valuable and it at-
tracts the largest number of theoretical and practi-
cal applications for evaluations carried out by 
PROMETHEE methods.  

3.6. Gaussian preference function 
The sixth Gaussian preference function (Brans, 
Mareschal 2005; Podvezko, Podviezko 2009) is 
used in case initial statistical data is consisting of 
random values with the normal distribution. 

Preference at low differences of criteria values 
increases slowly by increase of d, starting from 
zero. The same applies also at large differences 
( , )i j kd A A  of criteria values: the preference func-

tion in this case is gradually slowly approaching 
one never reaching this value.  

This function requires a parameter σ  of stan-
dard deviation of given random data, and is in-
creasing most rapidly at values of differences d 
close to σ . The analytical expression and the 
shape of Gaussian preference function are given 
on Fig. 6: 

 

      p 
 
 
 
 

       1 
 
 
 
 
 
 
 
 
 
 
 
 
 

                      σ             d 
Fig. 6. Gaussian preference function and its graph 

4. Setting boundaries of parameters 
Choice of parameters q and s is a crucial, not an 
easy task especially at the initial stage of proba-
tions of use of the PROMETHEE method. This 
task becomes easier, when borders of possible val-
ues of parameters are drawn forth in advance. We 
propose here the following algorithm for obtaining 
borders of parameter values. 

1) For each criterion modules of highest and 
smallest differences between values of criteria 
must be obtained: 

1 ,
min ( , )i j kj k n

d A A
≤ ≤

 and 
1 ,
max ( , )i j kj k n

d A A
≤ ≤

. 

2) Highest differences of values of criteria are 
computed using the following formula: 

1 ,
max ( , ) max mini j k ij ijjj k n j

d A A r r
≤ ≤

= − . 

This is the difference between the highest and 
the lowest values of the i-th criterion.  

when d q
d-q( ) when q d ss-q

when d  s
p d

  0    ≤=   < ≤  1     >

2

2

when  0
( ) exp( 2

when   0

d
dp d

d
σ

0   ≤  = 1− − )   >
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3) In order to find 
1 ,
min ( , )i j kj k n

d A A
≤ ≤

 criteria 
values must be sorted in the decreasing order, dif-
ferences of values standing nearby calculated and 
the smallest of the differences taken. This will be 
1 ,
min ( , )i j kj k n

d A A
≤ ≤

. 
4) The interval of possible values of q and s is 

thus set: 

1 , 1 ,
min ( , ) max ( , )i j k i j kj k n j k n

d A A q s d A A
≤ ≤ ≤ ≤

≤ ≤ ≤ . 

This algorithm was successfully implemented 
in evaluation of economies of Lithuania, Latvia, 
Estonia and Poland (Podvezko, Podviezko 2009). 
The PROMETHEE I method yielded the best al-
ternative.  

In other paper dependence of ranking result 
on choice of preference functions and their pa-
rameters was demonstrated (Podvezko, Podviezko 
2010). 

5. Conclusions 
1. Sophisticated multi-criteria methods like 

the PROMETHEE method evaluate alternatives 
using values of so-called preference functions. 

2. Results of evaluation and ranking depend 
on choice of type of preference function and its 
parameters. Choice of type of preference function 
and its parameters is an important theoretical and 
practical task. 

3. Different types of preference functions are 
analysed, recommendations on making choice of 
types of preference functions are given. 

4. Algorithms for drawing forth borders for 
parameters of preference functions are proposed 
for using PROMETHEE method. 
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