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Decision problems relate to problems of ranking, choice and detection with regards to whether a
decision alternative efficient parameter satisfies some given conditions. The preference ranking
organization method for enrichment evaluation (PROMETHEE) methods of decision analysis are
recognized as being efficient in solving problems involving ranking. Various preference functions have
been established in the literature as being useful in the PROMETHEE methodology. The Gaussian
preference function is preferred when the performance data is continuous. This paper presents a new
logistic preference function, which can be used for continuous performance data. The proposed logistic
preference function was used on telecommunications operators performance data of the National
Communication Authority of Ghana. When used in the PROMETHEE methodology, the proposed
logistic preference function and the Gaussian preference function produced the same order of ranking.
However, the proposed logistic preference function performed more efficiently than the Gaussian
preference function.
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INTRODUCTION

The most fundamental challenge faced by managers in
both public and private sectors is the making of optimal
decisions on problems that are multicriteria in nature. In
recent times, the giant development in computer
technology coupled with advance in theory has made
decision analysis an indispensable tool in both
government and in business as far as the making of
multicriteria decision is concerned (Covaliu, 2001). It is
worthwhile to note that the solution of a multicriteria
problem does not only depend on the fundamental data
employed in the evaluation table, but also on the decision
maker (Brans et al., 1986). There exists only a
compromise solution, which partly depends on the
preferences of each decision maker and as a result
additional information representing these preferences is
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required to provide the decision maker with useful
decision aid.

The preference ranking organization method for
enrichment evaluation (PROMETHEE) methodology is a
family of six outranking methods, which are the
PROMETHEE I to VI (Villota, 2009). PROMETHEE | and
Il were first proposed by Brans (1982). Other multicriteria
decision aids (MCDA), such as the PROMETHEE group
decision support system (GDSS) for group decision-
making (Brans and Mareschal, 2010) and the visual
interactive module, geometrical analysis for interactive
aid (GAIA), for pictorial representation to complement the
algebraic methodology were developed to facilitate the
analysis of more complex decision-making problems
(Brans and Mareschal, 2010). Two extensions of
PROMETHEE have recently been proposed as
PROMETHEE TRI for multicriteria decision-making
problems involving sorting and the PROMETHEE
CLUSTER for problems dealing with  nominal



classification (Figueira et al., 2004).

RELATED WORKS

PROMETHEE II method was used to solve a facility
location problem in which there were eight criteria against
four alternative locations solutions (Athawale and
Chakraborty, 2010). At the end, the most cost-effective
and highest yielding location alternative was identified
and selected. Maragoudaki and Tsakiris (2005) identified
PROMETHEE methodology as one of the most efficient
MCDA outranking techniques that could be used to arrive
at the optimal flood mitigation plan for a river basin. Four
alternative irrigation projects for the East Macedonia-
Thrace district were evaluated using analytic hierarchy
process (AHP) and PROMETHEE multicriteria methods
(Anagnostopoulos et al., 2005). The project goal was the
rational water resources management of Nestos River in
relation to the operation of two recently constructed
dams. A preventive maintenance decision model based
on integrating PROMETHEE method and the Bayesian
approach was developed to help decision makers
establish replacement intervals (Ferreira et al., 2007). A
numerical application example was given to illustrate the
proposed decision model and showed the effectiveness
of the model in terms of the decision maker’s
preferences.

Albadvi (2004) formulated national information
technology strategies: a preference ranking model using
PROMETHEE method. The sole purpose of the research
was to define a national strategy model for Information
Technology (IT) development in developing countries and
to apply the model in a real case of Iran. The model was
a multicriteria decision making and in order to solve it and
select a set of IT application flagships in different
budgeting levels, they used the PROMCALC and GAIA
decision support system.

Zhou et al. (2010) developed a fuzzy based pipe
condition assessment model using PROMETHEE II. This
method was used to calculate pipe breakage risk to
reflect the condition assessment in order to enable them
rehabilitate the deteriorated pipes in a planned and
proactive way. The numerous influential factors they
identified as responsible for pipe breakage included
ground load, pipe material, soil corrosion, pipe age,
construction quality, pipe length, soil condition, breakage
history, etc. The authors argued that the proposed model
was different from the previous model, being used in that
it only required readily usually available data, and that it
gave an insight into the uncertainty and preference
opinion of the expert as shown in the relation between
expert opinion’s uncertainty and preference that had a
pipe breakage risk signification and in each criterion.

A PROMETHEE based uncertainty analysis of United
Kingdom (UK) police force performance rank
improvement was designed for a periodic comparison of
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the units of the police force in the UK with each other in
terms of performance by both government and non-
government bodies (Barton and Beynon, 2009). The
study demonstrated the employment of PROMETHEE in
an investigation of the targeted performance rank
improvement of individual units of the UK police forces.
The graphical representations presented offered an
insight into the implications of series of such a
PROMETHEE based series of perceived improvement
analysis. The goals of their study were two folds: firstly,
namely to exposit PROMETHEE based uncertainty
analysis in rank improvement and secondly, to show how
the subsequent results could form part of the evidence to
that aided in their performance strategies.

A new sorting method (flow sort) based on the ranking
methodology of PROMETHEE for assigning actions to
completely ordered categories, defined either by limiting
profiles or by central profiles was established by Nemery
and Lamboray (2007). The flow sort assignment rules
were based on the relative position of an action with
respect to the reference profiles in terms of the incoming,
leaving and/or net flows.

Manzano et al. (2011) conducted an economic
evaluation of the Spanish port system using the
PROMETHEE multicriteria decision method. The work
established an ordering relationship among twenty-seven
Spanish port authorities at different strategically
considered time points.

Aburas et al. (2010) conducted call quality
measurement for telecommunication network and
proposition of tariff rates research. The idea of their
research was basically the measurement of call quality
from the end users perspective and could be used by
both end user and operator to benchmark the network.
The call quality was measured based on certain call
parameters as average signal strength, the successful
call rate, drop rate, handover success rate, handover
failure rate and location area code (LAC). The quality
parameters were derived from active calls and the results
were analyzed and plotted for detailed analysis and
benchmarking as well as used as a base for charging the
customer by the operators. The authors suggested
charging rates based on the signal quality and the call
statistics recorded.

Michailidis and Chatzitheodoridis (2006) proposed a
model based on PROMETHEE, a multicriteria decision
aid, to be used to evaluate and rank three tourism
destinations, located in the Northern and Central Greece.
Additionally, innovatory innovative elements were the
incorporation of differing levels of socioeconomic data
(destination image and destination personality) within the
decision frame work and the direct determination of the
PROMETHEE Il preference thresholds. According to
them, the developed methodology provides a user-
friendly approach, promotes the synergy between
different stakeholders and could pave a way towards
consensus. The authors identified the act of describing
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Table 1. Relations between alternatives in PROMETHEE partial preorder ranking.

Preference relation Conditions

Graphical representation
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the design implementation and use of a decision support
system (DSS), which applied new methodological
approaches for the evaluation and ranking of several
tourism destinations as the main focus of their study.

Due to its reach and capability to share information, the
World Wide Web has become an important tool for
business (Villota, 2009). According to the author, there
were some so-called usability criteria, which should be
respected by web designers in order to make websites
useful. As a result, using a multicriteria decision making
approach, they evaluated the performances, based on
seven usability criteria, of five websites from which one
could buy books online. Considering usability as a
subjective  matter, they used two well-known
methodologies that deal with this issue: AHP and
PROMETHEE. Through PROMETHEE, they related the
preference of a decision maker with specially defined
criterion functions.

MODEL FORMULATION AND
ALGORITHM

PROMETHEE

Decision problem statement is stated as follows: given a
finite set of alternatives A = {A}, j =1, ..., m against a set
of criteria, C = {Cj} and weights w; i = 1,..., n what
alternative Ay is the best alternative?

The PROMETHEE algorithm for ranking the
alternatives (Villota, 2009) is given as follows:

Step 1: Input data of performance table and table of
weights: The performance data shows in quantitative
terms the performance value x; of each A; on each
criterion, C;.

Step 2: Calculate deviations of various criteria i :

X, —X, for maximization criteria i
—(x, —X,) for minimization criteria i

di(AUA):{

Step 3a: Select a generalized preference function
P(.)=P(d,(A.,A)): There are currently eight

generalized preference functions from which to choose to
reflect the priorities of the decision maker (Podvezko and
Podviezko, 2010).

Step 3b: Calculate preference (criterion) value using
P(d,)=P(d,(A., A)). This measures the intensity of the

decision maker's preference for the alternative
A, over A; on the same criterion C;.

Step 4. Calculate the aggregate preference index of
alternative A, over A; for all criteria C; by using the

relation: (A, 4;) = X%, w.P, (A, A,) , where w; is
the weight of criterion i.

Step 5: Perform partial ranking (PROMETHEE 1):

i. Calculate the positive outranking flow of alternative, A,
over all other alternatives Ay with A=A

Ay L s .
# (M) = 2L (ALA)  j=123.m

ii. Calculate the negative outranking flow of all
alternatives, A over alternatives A; with A ;tAj and

using, ¢~ (A,) =ﬁ2leﬂ(Ak,Aj) j=12,3.m

iii. Determine the outranking relation existing between
various alternatives by using Table 1 where A, P4,

and using,

signifies the preference of the alternative A4, over 4;,
A, 14, signifies the indifference between alternatives A4,
and A4; and A R A, indicates the incomparability of the
two alternatives A, and A; over all criteria.

If the resulting incidence table | of the resulting directed
graph from column 3 of Table 1, satisfy the condition that:
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Table 2. Relations between alternatives in complete ranking.

Preference relation Cases

Graphical representation
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Table 3. Performance table of five telecom networks in the Greater Accra region as of June, 2010.

N T  criteri Alternative

Criteria ype of criteria ™ A A Iy A
C Min 15.12 12.09 11.67 13.86 15.28
C Max 80 96 41 81 88
Cs Min 17 3 27 12 10
Cy Min 3 1 32 8 2

Zlij +Zli; =m-1 foralli=123..m
]

j

with I’ being the transpose of I. Then, the alternatives are
completely ranked, stop. The alternative represented by
the row with the highest sum of entries is the decision.
Otherwise the alternatives are partially ranked, go to step
6.

Step 6: Perform complete ranking (PROMETHEE II):
Compute the net outranking flow ¢{4,) for each

alternative Ay such that

Gb(ﬂkj = ¢+(Akj — @ (Ay):

i. The alternative A, is preferable to 4; if and only if
¢(4) = ¢(4))
ii. The alternative A, is indifferent to 4, if and only if

Gb(ﬂ‘lk:] = Gb(ﬂ::]

This is illustrated as shown in Table 2.

PREFERENCE FUNCTION

Podvezko and Podviezko (2010) categorized eight
generalized preference functions found in the literature.
These include multistage, c-shape and Gaussian
preference functions. Villota (2009) suggested that for
continuous performance data, the Gaussian preference
function is preferred. The Gaussian preference function is
given by:

0 d. <0

P(di) =

¢

1—e[“g d >0

where d; is deviation of over criterion i over respective
pairs of alternatives, Ay, A o-i2 is the variance of the data

for criterion i.

We introduce a new preference function which we call
the logistic preference function. It performs better than
the Gaussian preference function. The logistic preference
function P(x) is the difference of logistic probabilities for
success p(x) and failure g(x).

PXx=p-g=p-(-p)=2p-1
:2( 1)_1:2—1—e:[1—e]
1+e™” 1+e™ 1+e™

where p=

=X

1+e

2
Put X = —'2 to obtain:

O
0 d, <0
Pd = 1—(—,‘[‘3? g >0
1+e[_"'2]

COMPUTATIONAL EXPERIENCE AND RESULTS

Our preference function was tested on data of
performance measure of the National Communications
Authority (NCA) of Ghana. Five mobile
telecommunications network operators in Greater Accra
were selected. Table 3 displays the data and indicates
whether a criterion is minimizing or maximizing criterion.
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Table 4. The mean and standard deviation of the four criteria.

Criteria Mean (L) Standard deviation (o)
C 13.60 1.67
Co 77.20 21.23
Cs 13.80 8.93
Ca 10.20 15.22

Table 5. Aggregated preference indices T (A, A; ) .

Ay Az As Aq As
Al 0.00 0.00 0.61 0.01 0.00
Az 0.52 0.00 0.74 0.33 0.33
Az 0.24 0.01 0.00 0.12 0.25
As 0.11 0.00 0.67 0.00 0.09
As 0.09 0.00 0.73 0.04 0.00

Figure 1. Graph of ordered complete ranking of network operators at partial ranking step of the algorithm when the

logistic function is used.

A={A}for j=1,..,5are the set of alternativesand C =
{C}fori=1,...,4 are the set of criteria. Table 4 presents

the mean (g, ) and the standard deviation (g;) for each of

the four criterion ;.

Going through steps 1 to 4 of the PROMETHEE
algorithm, Table 5 shows the aggregate preference
indices of pairs of alternatives A and A,. From step 5 of
partial ranking, we obtain the directed graph as shown in
Figure 1 with the network operators represented as
nodes. The resulting incidence matrix of the directed
graph satisfies the condition that:

Zlij+ZIi}=m—1 foralli,j=12.5 and m=5
J J

Thus, the alternatives are completely ranked. From

Figure 1, the network ranking order is A,, A4, As, A; and
Az and the ranking is done based on the number of
directed arcs that is recorded by each alternative, such

that the best alternative [ﬁl:] is the one with the highest

number of directed arcs and the alternative A3 with no
directed arc becomes the worst one.

DISCUSSION

The new logistics preference function is the difference
between the success and failure probabilities of the
logistic function. Applying the proposed preference
function in the PROMETHEE algorithm, we had a
complete ordered ranking at the partial ranking step 5 of
the algorithm.

The same data was used to rank the five network
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‘

Figure 2. Graph of partial ranking of network operators when Gaussian function is used.

operators using the Gaussian preference function. In this
case, step 5 of the algorithm produced partial ranking of
the network operators. The directed graph of the partial
ranking is as shown in Figure 2, which shows that, the
condition,

Zlij+ZIi;:m—1 foralli,j=12..5 and m=5
] J

is not satisfied for nodes Azand A;.

The number of directed arcs terminating on node A; of
Figure 2 is less than the required number, 4, and node A;
is missing a directed arc. Complete ranking was achieved
at the last step with the ordered ranking A,, A4, As, A; and
Az being the same as the solution using the logistic
preference function.

The PROMETHEE algorithm was also applied to data
provided in Villota (2009) as shown in Table Al of the
Appendix. We assigned minimization and maximization
characteristics to the criteria of Villota (2009) data as
shown in Table A2 of the Appendix. The Gaussian and
logistic functions were used for the PROMETHEE
calculation and the rankings were the same. Both
reached the step of complete ranking and produced the
same ranking order of As, A,, As, A; and Aa.

Conclusion

The new Logistic preference function and the Gaussian
preference function yielded the same ordered ranking for
the five telecom networks in our case study. The ranking
order was Ay, As, As, A; and Az under the PROMETHEE
methodology. The logistic preference function was more
efficient than the Gaussian preference function, in the
sense that complete ordered ranking was achieved at
step 5 (partial ranking step) for the logistic preference
function, while complete ordered ranking was achieved at
step 6 (complete ranking step) for the Gaussian

preference function. For the decision problem presented
in Villota (2009), the Gaussian and logistic functions
produced the same ranking order. Both reached the step
of complete ranking and produced the same ranking
order of As, Az, A4, A; and Az. The results suggest that for
all continuous data for which the Gaussian preference
function is applicable, our proposed logistic preference
function is equally applicable and can be a perfect and
more efficient substitute for the Gaussian preference
function.
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APPENDIX
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Table Al. Villota (2009) performance table of five websites (Al - A5) and seven usability criteria (C1 to C7).

Characteristic A1 Az Az As As
Ci1 19 23 6 13 39
Co 27 28 5 16 24
Cs 12 24 29 26 10
Ca 32 10 15 11 32
Cs 29 25 11 13 21
Ce 11 19 13 11 46
Cs 34 11 7 9 39
Table A2. Villota (2009) performance table with added maximization/minimization characteristics.
Characteristic A Az As As As
Ci1 (max) 19 23 6 13 39
C, (max) 27 28 5 16 24
Cs (max) 12 24 29 26 10
Cs (min) 32 10 15 11 32
Cs (min) 29 25 11 13 21
Ces (max) 11 19 13 11 46
C; (max) 34 11 7 9 39
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