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Abstract: The paper aims to suggest a methodology able to support the analyst in the assessment process of items 
on the base of a criterion inspired to the maintainability parameter and in the successive assignment phase of the 
items in the predefined classes. The maintainability involves the continuous improvement of a system in order to 
improve the ability to maintain or improve the reliability of the analyzed system. In particular, the last one is the 
probability that a failed system will be restored to specified conditions within a given period of time when 
maintenance is performed according to prescribed procedures and resources. The faced case in this research regards 
the software maintenance, field in which the maintainability can be defined as the probability that a program will be 
restored to working conditions in a given period of time when it is being changed, modified or enhanced. 
Furthermore, the maintainability can be subdivided into diverse sub criteria as Analysability ( how easy or difficult is 
to diagnose the system for deficiencies or to identify the parts that need to be modified), Changeability (how easy or 
difficult is to make adaptations to the system), Stability (how easy or difficult is to keep the system in a consistent 
state during the modification process), Testability (how easy or difficult is it to test the system after modifications). 
Thus, with respect to aforementioned sub criteria the present research wants to propose the ELECTRE TRI method 
in order to assign the different analyzed items, with relation to the maintainability criterion, into the different 
predefined classes. With the aim to illustrate the method validity, a numerical application is shown with relation to 
the classification, under the maintainability criterion, of different modular Enterprise Resource Planning software 
systems. 

Keywords: Maintenaibility; Electre TRI, Enterprise Resource Planning.

1. Introduction 

The theme treated in this research regards the assignment 
of elements, with relation to different criteria, into 
predefined classes. Zopounidis and Doumpos (2002) 
propose a literature review about different models able to 
classify/sort alternative by means of multicriteria decision 
aiding (MCDA) tools. The Authors distinguish four 
different kinds of analyses that can be performed in order 
to provide a significant support to decision-makers: to 
identify the best alternative or select a limited set of the 
best alternatives, to construct a rank ordering of the 
alternatives from the best to the worst one, to 
classify/sort the alternatives into predefined homogenous 
groups, to identify the major distinguishing features of the 
alternatives and perform their description on the base of 
the features. The three approaches (choice, ranking, 
classification/sorting) lead to a specific evaluation 
outcome. In deriving this outcome, both choice and 
ranking are based on relative judgments and consequently 
the evaluation result depends on the considered set of 
alternatives. As before said, the topic herein faced 
concerns classification/sorting decisions. Since the groups 
are usually specified independently of the alternatives 
under consideration, the classification/sorting of the 
alternatives requires their comparison to some reference 
profiles that distinguish the groups. Authors specify that 
both classification and sorting refer to the assignment of a 

set of alternatives into predefined groups, but they differ 
with respect to the way that the groups are defined. In 
that sense, classification refers to the case where the 
groups are defined in a nominal way. On the contrary, 
sorting refers to the case where the groups are defined in 
an ordinal way starting from those including the most 
preferred alternatives to those including the least preferred 
alternatives. The present research aims at proposing 
ELECTRE TRI (Yu, 1992; Roy and Bouyssou, 1993) as 
method able to support the decision maker/s during the 
process of assignment of the items, in the predefined 
classes on the base of a criterion inspired to the 
maintainability parameter (Pham, 2007). The 
maintainability involves the continuous improvement of a 
system in order to improve the ability to maintain or 
improve the reliability of the system. In particular, it is the 
probability that a failed system will be restored to 
specified conditions within a given period of time when 
maintenance is performed according to prescribed 
procedures and resources. In other words, the 
maintainability is the probability of isolating and repairing 
a fault in a system within a given time. With respect to the 
software maintenance the maintainability can be defined 
as the probability that a program will be restored to 
working condition in a given period of time when it is 
being changed, modified or enhanced.  
Furthermore, the maintainability can be subdivided into 
diverse sub criteria (Heitlager et al., 2007) as Analysability 
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(how easy or difficult is to diagnose the system for 
deficiencies or to identify the parts that need to be 
modified), Changeability (how easy or difficult is it to 
make adaptations to the system), Stability (how easy or 
difficult is it to keep the system in a consistent state 
during the modification process), Testability (how easy or 
difficult is it to test the system after modifications). Thus, 
the present research wants to propose the multi-criteria 
decisional method ELECTRE TRI in order to assign the 
different analysed items, as modular software systems, 
with relation to the maintainability criterion, into the 
different predefined classes and successively to improve 
those that belong to the worst classes.   
The present paper is organized as follows: in the next 
section the ELECTRE TRI method is described, in 
section 2, with the aim to illustrate the method validity, a 
numerical application is shown with relation to the 
classification of modular software systems (Gupta et al., 
2013) in section 3, finally, the conclusions close the work. 
 

2. ELECTRE TRI method 

The ELECTRE TRI is a multi-criteria decisional method 
that permits to assign each element to classify, with 
relation to different criteria, into different predefined 
classes. As highlighted by Lourenςo and Costa (2004), the 
ELECTRE TRI method (Yu, 1992; Roy and Bouyssou, 
1993) belongs to a group of methods called ELECTRE 
(„„ELimination Et Choix Traduisant la REalit_e‟‟), which 
have their foundations in the outranking relation (Roy, 
1990) as a mean to aggregate different criteria. 
The concept of outranking relation is very important: an 
alternative outranks another one if sufficient reasons exist 
to assert that the first is as good as the second and good 
reasons to reject such assertions do not exist. The 
outranking relation is based upon a 
concordance/discordance principle. This principle 
consists of the verification of the existence of a 
concordance of criteria in favour of the assertion that one 
alternative is as good as another and that a verifiably 
strong discordance among the score values that may reject 
the previous assertion does not exist. 
ELECTRE TRI method is based on the outranking 
relation to assign each alternative to a class. This method 
requires several preference parameters typical of 
ELECTRE III method:   
• q indifference threshold; 
• p preference threshold; 
• v veto threshold. 
and the criteria weights, representing the relative 
importance assigned by the decisions maker/s to the 
aspects respect to evaluate. 
In particular, the veto threshold is a strong peculiarity that 
differentiates ELECTRE methods from other multi-
criteria methodologies as the AHP (Saaty, 2000). In fact, 
since it makes the method not compensative, that is a very 
bad score in one criterion is not compensated by good 
scores in the others. In other words, the decision maker 
will not choose an alternative if it is very bad compared to 
another one, even on a single criterion. 
The ELECTRE TRI method starts by considering a set of 
alternatives, evaluated by means of quantitative and/or 

qualitative criteria and a set of classes and, as said before, 
it is based on outranking relation to assign each alternative 
to a class.  The classes (C1;.C2;..Cn). are defined in an 
ordered way; in particular Cn and C1 are the best and 
worst class respectively. The classes are characterized by 
two reference profiles. Each reference profile represents 
the upper reference profile of a class and simultaneously 
corresponds to the lower reference profile of the next 
class.  
 
The methodology consists of two phases: the first one 
establishes an outranking relation among the elements to 
classify and the reference profiles. In particular, being the 
Pi the generic element and Pj the generic reference profile, 
the first phase consists in: 

 computation of the concordance indexes for 
each criterion Ck(Pi,Pj) and Ck (Pj,Pi) and 
determination of the global concordance indexes 
C(Pi , Pj) and C(Pj , Pi) by aggregating by means of 
∑       

 
          and ∑       

 
          

being pk the weight of the generic criterion k 
belonging to the set of K criteria. Computation 
of the discordance indexes for each criterion 
Dk(Pi , Pj) and Dk (Pj , Pi); 

 computation of the outranking credibility 
indexes δ(Pi, Pj) and δ(Pj, Pi); 

these steps have to be carried out by following the 
procedure provided by ELECTRE III. 

The last step of the first phase consists in 
establishing the outranking relation through the 
cutting level λ, as shown in the following figure 
1. 

 

 

Figure 1: outranking relations 

in which, on the base of the Indifference (I), Preference 
(S) and Incompatibility (R) relations, the following 
assertions mean that:  

Pi I Pj: “Pi outranks Pj and Pj outranks Pi ”; 
Pi S Pj: “Pi outranks Pj and Pj does not outrank Pi”; 
Pj S Pj: “Pj outranks Pi and Pi does not outrank Pj ”; 
Pi R Pj: “Pi  does not outrank Pj and Pj does not 
outrank Pi ”. 

The second phase consists in an assignment procedure of 
the elements to classes on the base of a rules set. Aiming 
at establishing a complete order relation among the 
classes, they have to be arranged in a ordered and 
hierarchical form. If an element profile (that is the set of 
values corresponding to element scores under the 
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different criteria) falls back inner the two reference 
profiles associated to a class, then such an element will be 
assigned to the class characterized by the two reference 
profiles. If the last condition is not verified, the 
ELECTRE TRI method proposes two possible 
procedures based on the systematic comparison among 
the element to be assigned and the reference profiles in 
both directions. The element will be assigned to the first 
class for which a preference condition is satisfied. This 
step can be implemented by means of a pessimistic or 
optimistic procedures. 

The pessimistic procedure is founded on the following 
idea: to assign an element to a class is necessary that the 
scores under all the criteria overcome the lower reference 
profile of the class. It consists into compare successively 
the generic element Pi with the reference profiles (from 
the best to worst). Being Pj the first reference profile 
outranked by Pi (Pi S Pj), then Pi will be assigned to the 
class for which Pj represents the lower limit. 

Analogously, the optimistic procedure is based on the 
following concept: an element can be assigned to a class 
only if no element score under the different criteria 
overcomes the superior limit of the class. Concretely, this 
process consists into assign the element to the class in a 
way to assure that the superior reference profile of the 
class is preferred to the element. It consists into compare 
successively the generic element Pi with the reference 
profiles (from the worst to best). Being Pj the first 
reference profile outranked by Pi (Pi S Pj), then Pi will be 
assigned to the class for which Pj represents the superior 
limit. The two procedures necessarily do not lead to the 
same results. The results diverge only if an element is 
incomparable with some reference profiles. 

3. Case study 

In order to show the validity of the ELECTRE TRI 
method into support the decision makers, a case study is 
proposed with relation the classification of four modular 
software systems, related to an Enterprise Resource 
Planning (ERP) system. The numerical assessments under 
the different criteria are reported in table 1, the other 
input parameters in table 2. The preference versus is 
decreasing for changeability criterion and increasing for 
stability criterion. Table 3 shows the features of classes. 
The cutting level λ has been chosen equal to 0.5. 
 

Table 1: modular software systems assessment matrix  

Software 
modules 

Changeability 
(min.) 

Stability (%) 

Accounts (  ) 55 70 

Inventory (  ) 65 90 

Sales order (  ) 25 40 

Sales 

Promotion(  ) 

40 75 

Table 2: input parameters  

Sub criteria  Changeability  Stability  

weight  0.6 0.4 

Indifference 
threshold 

5 5 

Preference 
threshold 

15 10 

Veto 
threshold 

30 15 

 

Table 3: reference profiles  

Reference 
profiles  

 A B C 

Chang.(min.)   30 60 80 

Stability (%)  80 60 40 

  

Table 4: classes definition 

Reference 
profiles  

 Class 
1 

Class 
2 

Class 
3 

Class 
4 

Chang.  0-30 30-60 60-80 >80 

Stability   > 80 80-60 60-40 40-0 

 

The following tables shown the steps of first phase. 

Table 5: global concordance indexes 

C(Pi,Pj)       

   0 1 1 

   0.4 1 1 

   0.6 0.6 1 

   0.7 1 1 

 

Table 6: discordance indexes  

DChang.(Pi,Pj)       

   0.667 0 0 

   1 0 0 

   0 0 0 

   0 0 0 
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Table 7: discordance indexes 

DStability.(Pi,Pj)       

   0 0 0 

   0 0 0 

   1 1 0 

   0 0 0 

 

Table 8: outranking credibility indexes 

δ(Pi, Pj)       

   0 1 1 

   0 1 1 

   0 0 1 

   0.7 1 1 

 

Table 9: global concordance indexes 

C(Pj,Pi)       

   1 0.6 0 

   0.6 0.6 0 

   1 0.4 0.4 

   1 0 0 

 

Table 10: discordance indexes  

DChang.(Pj,Pi)       

   0 0 0.667 

   0 0 0 

   0 1 1 

   0 0.333 1 

 

Table 11: discordance indexes 

DStability.(Pj,Pi)       

   0 0 1 

   0 1 1 

   0 0 0 

   0 1 1 

 

 

 

 

Table 12:  outranking credibility indexes 

δ(Pj, Pi)       

   1 0.6 0 

   0.6 0 0 

   1 0 0 

   1 0 0 

 

Table 13: outranking relations 

δ(Pj, Pi)       

   PA S P m1 Pm1 I PB Pm1 S PC 

   PA S P m2 Pm2 S PB Pm2 S PC 

   PA S P m3 Pm3R PB Pm3 S PC 

   Pm4 I PA Pm4 S PB Pm4 S PC 

 

Table 14: classification 

                        

   Class 2 Class 2 

   Class 2 Class 2 

   Class 3 Class 2 

   Class 1 Class 1 
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4. Conclusions 

One more time the multi-criteria decision methods 
represent a structured and valid tool able to assist the 
decision maker/s in complex processes as that one herein 
faced. This process regards the assignment, on the base of 
numerical assessments, of the elements to ordered classes. 
This type of process could present difficulties regarding 
the modalities of classes construction, the choice of 
elements representing the different classes, the definition 
of the rules set on the base of which to assign the 
elements to the classes. Obviously, these choices strongly 
influence the results. Since the features of a such type of 
process, the ELECTRE TRI method has been chosen as 
decisional support and specifically it has been proposed 
for the classification of modular software systems with 
relation to systems maintainability assessment. In this way, 
it is possible to monitor, under the maintainability aspects, 
the elements, that is the modular software systems, in 
order to improve those that belong to the worst classes. 
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