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Abstract 
SAGeLogE is the acronym of “Système d’Aide à la Gestion de Logements 
Étudiants” which means student accommodation management support sys-
tem. It’s a multi-criteria decision support system designed to manage ac-
commodation allocation for university students. Within SAGeLogE we de-
veloped the “Minimum of Ranks” (MIRA) aggregation method. MIRA me-
thod involves the application of multi-criteria decision-making methods 
(MCDM) to initially obtain different ranking. Thus, we chose the Weighted 
Sum Method (WSM), Technique for Order of Preference by Similarity to 
Ideal Solution (TOPSIS) and Combined Compromise Solution (CoCoSo) 
methods to be implemented in SAGeLogE. To prioritize the weights of crite-
ria, the Anality Hierarchy Process (AHP) method was used. The interest of 
using the MIRA method was to obtain a compromised ranking coming from 
these three multi-criteria decision-making methods (WSM, TOPSIS, CoCo-
So). So, we know that the accommodation to be allocated to students is al-
ways lower than the number of accommodation requests received by the or-
ganization. Thus, SAGeLogE proposed a technique that makes it easier to se-
lect students ranked by the multi-criteria decision-making and MIRA me-
thods according to a method of calculation of quota of available accommoda-
tions within university residences. Finally, university accommodation man-
agers had a wide choice of student ranking according to the methods imple-
mented in SAGeLogE. The SAGeLogE experiment was carried out on the site 
of Toamasina University in Madagascar for an academic year with 2026 stu-
dent accommodation applications received. The experimentation showed the 
ability of SAGeLogE to achieve the result. 
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1. Introduction 

Student accommodation is one of the subjects that interests stakeholders in the 
field of higher education because it will be impossible to separate it from univer-
sity life [1]. Each academic year, several students apply for accommodation from 
the organizations responsible for managing it to try their luck at living in a uni-
versity residence. Unfortunately, the accommodation rate for students is low 
following the growth in their numbers enrolled in universities. In Australia, only 
3.78% of students are accommodated in university residence in 2016 [2]. In 
France, 12% of students were admitted living in university residences in 2020 [3]. 
In Madagascar, notably in the Université de Toamasina, 15% of students resided 
on Barikadimy’s campus in 2022 [4]. In the United Kingdom, 27% of students 
benefited from accommodation in 2022 [5]. 

Universities commonly choose accommodation allocation criteria and assign 
values to each of these criteria to rank students according to the sum of points 
they obtain. Thus, accommodation will be allocated to students who have had 
the maximum points [6]. There are several accommodation allocation criteria 
used by universities such as the physical capacity of the student, the composition 
of their family, the kilometer distance of the student’s place of residence from 
the university, the level of study, age, teaching registration, admission to the 
exam, etc. [7] [8] [9] [10]. 

Given the multiplicity and contradiction between chosen criteria by universi-
ties, the application of an appropriate method is essential instead of simply add-
ing up the grades obtained by students. The simple method used by universities 
favours students who have the maximum points on all criteria. It is an optimiza-
tion technique, while optimization is generally used for single-criteria problem 
type. 

Faced with multiple and contradictory criteria, multi-criteria decision-making 
methods were created to resolve this type of problem. Consequently, the student 
accommodation allocation problem can be solved by multi-criteria decision 
methodologies. 

This is the reason why we chose to use the “Minimum of Ranks” (MIRA) me-
thod to deal with this student accommodation allocation problem. MIRA is a 
recent ranking aggregating method. It uses at least two multi-criteria deci-
sion-making methods to rank the alternatives from each of the methods. Then, 
the rank correlation of each multicriteria decision-making method will be calcu-
lated in relation to them. If the multi-criteria methods have the same direction of 
correlation, MIRA will then be applied by aggregating the ranks obtained by the 
multi-criteria methods. The purpose of applying the MIRA method is to obtain a 
single ranking resulting from multi-criteria decision-making methods. It will 
simplify the Decision Makers decision if they have only one ranking instead of 
several ranking coming different MCDM. The ranking obtained by the MIRA 
method is easier to be accepted by Decision Makers because it aggregates the 
ranks coming from several multi-criteria decision-making methods. Thus, as the 
application of multi-criteria methods introduces the notion of criteria weight, we 
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chose the Anality Hierarchy Process (AHP) method to obtain these weights. 
Then, the multi-criteria decision-making methods such as Weighted Sum Me-
thod (WSM), Technique for Order of Preference by Similarity to Ideal Solution 
(TOPSIS) and Combined Compromise Solution (CoCoSo) were chosen to clas-
sify the students given their ease of application. We chose these four mul-
ti-criteria decision-making methods as they are widely applied in several fields 
[11] [12] [13] [14] [15] as well as their ability to resolve several cases of mul-
ti-criteria problems [16]-[23]. To study rank correlation, we used Kendall’s rank 
correlation coefficient. This is how we applied MIRA to obtain the final ordering 
of students. 

Thus, this article is structured as follows: first, we will present the MIRA me-
thod algorithm. Then, the second part is devoted to present the mode of selec-
tion of students thanks to the quota of available accommodation at the universi-
ty for an academic year. The third part details the design and operation of the 
SAGeLogE software. The last part will be dedicated to the experimentation of 
SAGeLogE on the site of the Toamasina University follow up the extraction of 
the results. Finally, we will end this research with a discussion and conclusion. 

2. Literature Review 

Over the past two decades, discussion on the subject of student accommodation 
has intensified, focusing on student satisfaction, the way it is built, its supply on 
the market and its management [24]-[30]. These previous studies at various 
universities have shown the importance of student accommodation.  

To provide opinions on the possibility of the best accommodation model, ex-
perts in the field of student housing at four higher education institutions in 
Bauchi State were selected [31]. The study considered student accommodation 
models practiced in many parts of the world. These included university-provided 
on-campus accommodation, off-campus accommodation, school-managed on- 
campus accommodation, and private off-campus accommodation. The selection 
criteria for these types of accommodation are academic proximity, student dis-
cipline, cost of accommodation and student safety. The aim of this study was to 
find out what criteria prompted students to choose their accommodation. The 
results showed that “academic proximity” is the most important criterion when 
choosing student accommodation. 

Also, to highlight students’ views about accommodation, a study of a model of 
on-campus student accommodation to guide the provision, adaptation and 
management of student accommodation spaces and services was carried out [32]. 
Thus, for students, spaces considered essential include toilets, sleeping space, 
kitchen, laundry and tumble dryer, infirmary, computer space and study area. 
These elements are all as important as the following: the existence of services 
such as electricity, water, security, fire safety, internet, study furniture, health-
care, generators, ventilation, maintenance, pest control, rubbish collection and 
cleaning. This model of student accommodation remains a challenge for univer-
sities. 
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To be able to manage student accommodation effectively currently, studies are 
focusing on the development of software. On the one hand, a description of a 
system supporting the management of student accommodation has been speci-
fied [33]. This system consists of housing students in special residences, each 
made up of several dormitories. Each building has a single gender destination, so 
that all the dormitories in the same building house students of the same gender. 
In addition, all students in each building, and therefore in each dormitory in that 
building, must be studying at the same undergraduate, postgraduate, or doctoral 
level. A dormitory is shared by several students, with the number of occupants 
decreasing as the level of study increases. For example, an undergraduate dor-
mitory may be made up of 6 to 8 students, compared with 2 doctoral students. 
On the other hand, to solve the problem of allocating student accommodation 
on a university campus and streamline the decision-making process for distri-
buting the accommodation available to each faculty, a presentation of a flexible 
application that performs the allocation taking into account the parameters and 
restrictions imposed by the university was drawn up [34]. To calculate the num-
ber of places allocated to each faculty, parameters and formulas must be entered 
by the user. The parameters represent the number of students, the number of 
places, and the number of students in their first or final year. As far as the for-
mulas are concerned, for example for the campus of the Gheorghe Asachi Tech-
nical University in Iaşi, Romania, the formula for determining the number of 
places in the special-status dormitories allocated to a faculty is as follows: the to-
tal number of places in the special-status dormitories multiplied by the number 
of places allocated to that faculty and divided by the total number of places on 
the campus. In this way, the application can generate various reports and emails 
with the conclusions of these reports, which will be sent to the faculties.  

Next, a proposal for the development of a database model and web portal for 
student residence enrolment management was presented [6]. The application is 
intended for users/students and administrators. In the process of applying for 
student dormitory accommodation, each student must provide data referring to 
academic achievement, study level, university, parents’ status, household mem-
bers, number of siblings and their school age, and monthly household income. 
There are also additional conditions that may guarantee direct allocation of ac-
commodation in a dormitory. Once the deadline for the application process has 
expired, the administrator may accept or reject applications. At the end of the 
application process, the final ranking may be published and made accessible. 
Students are ranked according to the number of points they have obtained in re-
lation to their situation. For example, if the applicant has no parents, he or she 
can obtain 600 additional points. If they are the child of a defender killed in the 
war, they can get 200 extra points. Each brother or sister adds a further 150 
points. The application must also include a certain number of household resi-
dents. For household income, the number of points obtained is reduced until the 
total household income reaches 65% of the prescribed budget base. If the total 
household income is greater than 65% of the prescribed budget base, the appli-
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cant will not be awarded any points in this category. 
Considering the latter case, we found that the data provided by students when 

entering a housing application is none other than the student accommodation 
allocation criteria. This led us to study the accommodation allocation conditions 
of a number of universities [8] [9] [10] [35]-[41]. The results of this study 
enabled us to identify three situations. Firstly, student housing applications are 
assessed according to the accommodation allocation criteria. Secondly, each 
university has one or more criteria for prioritizing students. In addition, the de-
cision to allocate accommodation is made by a committee made up of members 
who are specific to each university. As a result, we can say that the problem of 
allocating student accommodation is a family of problems involving conflicting 
decisions using several criteria to select students. It is a multi-criteria problem. 
Thus, to solve it an appropriate method must be applied. 

3. Research Methodology 

Our aim is to apply the MIRA method to the allocation of student accommoda-
tion to obtain better student rankings. The process of applying the MIRA me-
thod is divided into three stages including the use of MCDM, verification of the 
rank correlation coefficients then calculation of the final ranking [42]. MIRA has 
two variants [42], Minimum of ranks additive (MIRA+) and Minimum of ranks 
subtractive (MIRA−). Throughout this article we will choose the MIRA+ variant 
because the rank correlation coefficient indicates that the used methods are po-
sitively correlated. We successively present below the chosen MCDM, the rank 
correlation coefficient and the MIRA+ method algorithms. 

3.1. Multi-Criteria Decision-Making Method (MCDM) 

MCDM is the process of determining the best possible solution based on estab-
lished criteria and problems that are common in everyday life [43]. As men-
tioned previously, four methods were chosen: AHP, WSM, TOPSIS and CoCoSo. 
We present the algorithm of these methods below. 

3.1.1. Analytic Hierarchy Process (AHP) 
To prioritize the structure, the Saaty scale presented in the following Table 1 will 
be useful to value the priority of the criteria and the alternatives. 

 
Table 1. Saaty scale [44]. 

Intensity of 
importance 

Definition of 
importance 

Explanation 

1 Same Neither of the two alternatives is preferable over the other 

3 Weak One alternative is preferred slightly over the other 

5 Clear One alternative is preferred clearly over the other 

7 Strong One alternative is preferred strongly over the other 

9 Very strong One alternative is preferred very strongly over the other 

2, 4, 6, 8 Compromise Can be used for graduation between evaluation 
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The result of this structure prioritization will get the comparison matrix in-
troduced by Saaty below: 

1 1 1

1 2

2 2 2

1 2

1 2

n

n

n n n

n

w w w
w w w
w w w
w w wA

w w w
w w w
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                     (1) 

where 
1 2, , , is the weights obtained by the comparison
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w a
w



 =




  

Thus, the weight of the criteria will be calculated from this comparison matrix 
following the process below: 

• matrix normalization:  

1

ij

ijj
n

a
B

a
=

=
∑

                         (2) 

ija A∀ ∈  and we have matrixijb B∈  
• Sum of rows of the normalized matrix:  

1i ij
n
jw b
=

= ∑                          (3) 

Now we move on to the logical consistency check. The following calculations 
must be made: 

• medium consistency: 
- matrix A weighting:  

1
n

ij i ijiC a w a A
=

= ∀ ∈∑                      (4) 

- clean vector:  

max 1

1 i
i

i

n c
n w

λ
=

= ∑                         (5) 

• consistency index:  

max

1
nCI

n
λ −

=
−

 where n is the number of criteria (6) 

• consistency ratio:  

CICR
RI

=                            (7) 

where RI is a random index, whose value will be presented in Table 2 below ac-
cording to the number of criteria. 

Finally, when comparing pairs, the consistency ratio (CR) must be less 0.1. 
Otherwise, the results could be inconsistent. 
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Table 2. Random index. 

n 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 

3.1.2. Weighted Sum Method (WSM) 
The weighted sum method combines all criteria into one scalar composite objec-
tive function using the weighted sum [45]. As a starting point, assume a judg-
ment matrix A composed of m alternatives and n criteria. 

( )ij m n
A a

×
=                            (8) 

Now, the process is as follows.  

• matrix normalization: 
1

ij

ijj
n

a
B

a
=

=
∑

 ija A∀ ∈  and we have  

matrixijb B∈                           (9) 

• normalized matrix weighting:  

1i i iji
nc w b
=

= ∑  where iw  is the criteria weight (10) 

3.1.3. Technique for Order Preference by Similarity to  
the Ideal Solution 

TOPSIS is based on the concept that the chosen alternative should have the 
shortest geometric distance from the best solution and the longest geometric 
distance from the worst solution [46]. We always start with a judgment matrix A 
composed of m alternatives and n criteria cited in the formula (8). To achieve 
the solution, following steps must be followed [47]:  

• matrix normalization:  

( )2

1

ij

ij
m
i

a
B

a
=

=
∑

                       (11) 

ija A∀ ∈  and we have matrixijb B∈  
• normalized matrix weighting:  

ij ij iX b w=  where iw  is the criteria weight (12) 

• best alternative:  

1maxb m
j i ijX X==                       (13) 

• worst alternative:  

1minw m
j i ijX X==                       (14) 

• Euclidean distance  
- compared to the best alternative: 

( )2

1
b b
i ijj

n
jd X X

=
= −∑                     (15) 

- compared to the worst alternative:  
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( )2

1
w w
i ijj

n
jd X X

=
= −∑                    (16) 

• similarity to worst alternative:  
w
i

i w b
i i

dS
d d

=
+

                       (17) 

3.1.4. Combined Compromise Solution (CoCoSo) 
CoCoSo is based on an integrated simple additive weighting and exponentially 
weighted product model [48]. After having determined the alternatives and the 
associated criteria with the judgment matrix 𝐴𝐴 cited in the formula (8).To 
achieve the solution, following steps are to be followed [48]: 

• matrix normalization:  
- for benefit criteria:  

min
max min

ij ij
ij

ij ij

a a
b

a a
−

=
−

                    (18) 

- for cost criteria:  

max
max min

ij ij
ij

ij ij

a a
b

a a
−

=
−

                    (19) 

• matrix weighting:  
- weighted comparability sequence:  

1i ii
n

j iS b w
=

= ∑                        (20) 

- power weight of comparability sequences:  

( )1
iw

i iji
nP b
=

= ∑                       (21) 

• assessment scores: 

( )1

i i
ia

i i
m
i

P Sk
P S

=

+
=

+∑
                    (22) 

min min
i i

ib
i i

P Sk
P S

= +                    (23) 

( ) ( )( )
( )
1

max 1 max
i i

ic
i i

S P
k

S P
λ λ

λ λ
+ −

=
+ −

 with 0 1λ≤ ≤         (24) 

• final score:  

( ) ( )
1
3 1

3i ia ib ic ia ib ick k k k k k k= + + + + +             (25) 

3.2. Kendall’s Rank Correlation 

Kendall’s rank correlation is used to test similarities in the order of data when 
ordered by quantities. It uses pairs of observations and determines the strength 
of the association based on the pattern of agreement and disagreement between 
the pairs. For our case, consider two random ranks of methods (u, v) observed 
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on a sample of size i with i pairs of observations ( iu , iv ). An indication of the 
correlation between u and v can be obtained by ordering the values iu  in in-
creasing order and by counting the number of corresponding values iv  not sa-
tisfying this order. Kendall’s rank correlation is given by the formula below [49]: 

( )
( )

2
1

c d
k

N N
r

n n
−

=
−

                       (26) 

where: 
Nc: total number of concordant pair 
Nd: total number of discordant pair 
n: number of alternatives 
The correlation coefficient rk is a unitless value between −1 and 1. The closer r 

is to zero, the weaker the linear relationship. Positive values of rk indicate a posi-
tive correlation when the values of both variables tend to increase together. Neg-
ative values of rk indicate a negative correlation when the values of one variable 
tend to increase and the values of the other variable decrease. The values 1 and 
−1 each represent “perfect” correlations, positive and negative respectively. 

3.3. Minimum of Ranks Additive (MIRA+) 

Consider the judgment matrix of the correlated ranks coming from the follow-
ing multi-criteria decision-making methods [42]: 

11 12 13 1

21 22 23 2

1 2 3

h

h

m m m mh

r r r r
r r r r

R

r r r r

 
 
 =
 
 
 





    



                   (27) 

where mhr  is the rank of alternative m for method h. 
MIRA additive (MIRA+) is based on the sum of the ranks obtained by each 

alternative for all the chosen multi-criteria decision-making methods. 

1m mhh
nM r+
=

= ∑                          (28) 

This sum of ranks will form the new score allowing to reorder the alternatives. 
Thus, the best alternative is the one with the minimum score. As we have the 
score, we can then rank the alternatives ( )1 2, , , nA a a a=   by prioritizing those 
with minimum scores in lower rank. This prioritization respects the following 
conditions: 

• 1 2 1 2;M M Rank a Rank a+ +< <  
• 2 1 2 1;M M Rank a Rank a+ +< <   
• Else 2 1Rank a Rank a=  

3.4. Selection of Students by the Accommodation’s Quota 

Once the students are ranked using the MIRA+ method, we proceed to the selec-
tion of students by the accommodation quota. 

The accommodation quota is a technique for equitable distribution of ac-
commodation available within the organization responsible for allocating stu-
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dent housing to the establishments that make up a university. An establishment 
can be a faculty or an Institute within a university. The objective is to give a 
proportional share to each establishment of a university according to the level of 
study and discipline available there. This involves dividing the total number of 
student accommodation available for an academic year at each level of study and 
each existing discipline within the establishments of a university. 

During our literature review, we encountered two cases of processes for cal-
culating student accommodation applications. The first case concerns the 
processing of accommodation requests in a single step who use a single group of 
criteria. The mode of selection of students is carried out using a group of criteria 
allowing the students to be ranked. The second case processes accommodation 
requests in two stages. First, a filtering of students necessarily following basic 
criteria and then ranking of the latter according to social criteria. 

To do this, we first need to know the overall accommodation quota (AQo) for 
an academic year which represents the accommodation available to distribute. 
This involves subtracting the university’s accommodation capacity (ACA) by the 
accommodation occupied (ACO) for an academic year. The formula below gives 
the overall accommodation quota: 

oAQ ACA ACO= −                       (29) 

Now we can obtain the housing quota by discipline and level of study accord-
ing to the two cases cited above. 

3.4.1. Single Group of Criteria  
To calculate the accommodation quota by discipline and level of study (AQtl) of 
these organizations (universities), we need the total number of accommodation 
requests received (AR) and the number of accommodation requests broken 
down by discipline and level of study (ARtl). The formula below allows you to 
obtain the accommodation quota by discipline and level of study (AQtl) for an 
organization who uses a single group of criteria: 

tl o
tl

AR AQAQ
AR
×

=                       (30) 

3.4.2. Two Groups of Criteria 
To calculate the accommodation quota by discipline and level of study (AQtl) for 
an organization (universities) who uses two group of criteria, we need the total 
number of students admitted to the first criterion group (SA) and the number of 
students admitted to the first criterion group by discipline and level of study 
(SAtl). The following formula presents the calculation method: 

tl o
tl

SA AQAQ
SA
×

=                       (31) 

Once we obtain this accommodation quota by discipline and level of study, we 
can proceed to the selection of students. This involves selecting the students 
ranked by the MIRA+ method in relation to this number of accommodation qu-
ota by discipline and level of study. To support all these algorithms, SAGeLogE 
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was created. Thus, subsequently we will present how SAGeLogE selects the stu-
dents receiving accommodation according to the ranking obtained by the 
MIRA+ method and the accommodation quota by discipline and level of study. 

4. SAGeLogE Software 

The AHP, WSM, TOPSIS, CoCoSo and MIRA+ methods are implemented in 
SAGeLogE, accompanied by the technique for calculating accommodation quota 
by discipline and level of study. SAGeLogE was developed for several reasons: 

• store information regarding student accommodation requests in a single da-
tabase, 

• give the decision-maker the free choice of criteria for awarding student ac-
commodation, 

• prioritize criteria using the AHP method, 
• rank students using multi-criteria decision-making methods like WSM, 

TOPSIS and CoCoSo, 
• aggregate the ranks of MCDM using the MIRA+ method, 
• select students according to the accommodation quota by discipline and lev-

el of study, 
• edit the list of students receiving accommodation according to the preferred 

method (WSM, TOPSIS, CoCoSo or MIRA+), 
• view the accommodation request statistics and the different results obtained. 
Thus, we present below step by step its possibilities of SAGeLogE. 

4.1. Component, Design, and Development of SAGeLogE 

According to the definition of a decision support system (DSS) which was men-
tioned by Sprague [50], a new architecture of DSS was proposed which consists 
of three elements including the user interface, the Database Manager System 
(DBMS) and the Model Base Manager System (MBMS). In 2003, a generalized 
architecture of DSS was proposed by Marakas [51] composed of five distinct 
parts including the Database Management System (DBMS), the Model Base 
management system (MBMS), the Knowledge Engine (KE), user interface, and 
users. 

SAGeLogE is a software to improve the allocation of student accommodation. 
It is a multi-criteria decision support system (MCDSS). A MCDSS can be de-
fined as a computerized system that helps decision makers resolve various 
semi-structured and unstructured decisions involving multiple attributes or 
multiple objectives using data, models, and multi-criteria decision support me-
thods [52]. 

Thus, to keep the specificity of a MCDSS compared to a classic DSS, we pro-
posed a structure [4] of a MCDSS taking into account of the one proposed by 
Marakas [51] and the definition proposed by Eom and Lee [52] by integrating a 
Multi-criteria Decision-making Methods Management System (MCDMMS) to 
classic DSS. This means that a MCDSS has six components including: Database 
Management System (DBMS), the Model Base management system (MBMS), 
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the Knowledge Engine (KE), Multi-criteria Decision-making Methods Manage-
ment System (MCDMMS), user interface, and users. Therefore, the composition 
of SAGeLogE is presented in Figure 1 below. 

The SAGeLogE design work was carried out with the “Unified Modelling 
Language” tool which includes use case diagram and class diagram. 

The use case diagram represents the possibility of users interacting with the 
system. SAGeLogE offers three possibilities to users: enter or import data, view, 
or display the processing results and print the various reports. The following 
Figure 2 shows us this use case. 

 

 

Figure 1. SAGeLogE architecture. 
 

 

Figure 2. SAGeLogE use case diagram. 
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On the other hand, the class diagram describes the internal structure of SA-
GeLogE. In object-oriented modelling, this class diagram is considered the most 
important because it is a model that represents classes and their associations. For 
SAGeLogE, its diagram is made up of 17 interconnected classes. Considering the 
student accommodation allocation management rules, we present the SAGeLogE 
class diagram in the following Figure 3. 

Following the generation of the script compared to the previous class diagram, 
the following Figure 4 presents the different tables of the database. 

 

 

Figure 3. SAGeLogE class diagram. 
 

 

Figure 4. Relationship between SAGeLogE tables. 
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4.2. SAGeLogE Description 

To secure data in SAGeLogE, there are four types of users including Adminis-
trator, Operator, Preparer and Decision maker. Which means, whatever the 
number of SAGeLogE users, they will have to group themselves into one of these 
four types of users. The number of members of each group is not limited. There 
are only four types of user groups. 

In relation to these types of user’s groups, there are two different functionali-
ties: the tasks common to all users, these are the visualization and printing of the 
data, the results obtained and the tasks specific to each user which is the entry or 
data import. 

The intervention of each type of user in SAGeLogE follows the protocol order 
that we have called “ADOP” (Administrator-Decision maker-Operator-Preparer). 
This means that each academic year, it is the Administrator who begins the first 
intervention in SAGeLogE. He enters or imports generic data such as the exist-
ing universities in a country, the existing discipline within the universities, the 
academic year concerned, the levels of study, the different accommodation allo-
cation criteria in general. 

Once this data is present in SAGeLogE, the Decision maker can now carry out 
these specific tasks including the choice of accommodation allocation criteria to 
be applied for an academic year and the comparison of these criteria by the AHP 
method to obtain their weight. 

It is during the third intervention that the Preparer can enter or import the 
data concerning the student’s situations where the identities, the discipline fol-
lowed, and the accommodation requests of the students are considered. 

Now we have the data that will be useful. This is how the Preparer intervenes 
to enter or import data concerning the study levels of each existing discipline 
and the different university residences followed by their accommodation capac-
ity. 

This is the reason why when using SAGeLogE, it is essential to follow this 
ADOP protocol order. 

In relation to this situation, each user type will have to log in with their user 
account and password to access the specific main menu depending on the user 
type. Figure 5 below shows the user authentication screen. 

Once access is validated, one of the main menus shows on the figures below is 
displayed depending on the type of user group connected (Figures 6-9). 

These main menus showed the different possibilities offered by SAGeLogE. 
Generally, there are thirty of them and are divided into three activities, namely 
entering, or importing data, displaying, or visualizing the results and printing 
the results. The difference between these main menus is the data entry, these are 
tasks specific to each type of user. On the other hand, visualizing and printing 
results are common tasks. 

Now, we will present in several figures some SAGeLogE screens allowing each 
type of user to enter or import data to be able to use it. Also, we present a screen  
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Figure 5. SAGeLogE authentication. 
 

 

Figure 6. Administrator main menu. 
 

 

Figure 7. Decision Maker main menu. 
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Figure 8. Operator main menu. 
 

 

Figure 9. Preparator main menu. 
 
allowing you to visualize the rank result of the students from each multi-criteria 
decision-making method installed there and the rank obtained by the MIRA 
method. At the same time, this last screen also gives the possibility of selecting 
students receiving accommodation according to the accommodation quota 
technique by discipline and level of study using multi-criteria decision-making 
methods and the MIRA method. Let’s share through the screens presenting data 
entry for each type of user. Figure 10 below shows us the screen allowing the 
Administrator to enter the different criteria for allocating existing student ac-
commodation according to the literature. 

Once the different accommodation allocation criteria are entered into SAGe-
LogE, the Decision Maker can select the criteria to apply and assign values to 
each criterion. The following Figure 11 shows this possibility. 
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Figure 10. Entering accommodation allocation criteria by the Administrator. 
 

 

Figure 11. Choosing accommodation allocation criteria by the Decision 
Maker. 

 
When the allocation criteria are entered into SAGeLogE, the Operator can 

now enter data concerning the students’ situation. Figure 12 below shows this 
input screen. 

As we have almost all the data, the Preparator can enter information con-
cerning university residences managed by universities or organizations re-
sponsible for allocating student accommodation. Figure 13 below shows this 
screen. 
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Figure 12. Entering the student situation by the Operator. 
 

 

Figure 13. Entering university residences by the Preparer. 
 

All data are currently available. It is possible for all users now to visualize the 
processing of the students’ ranking result by the multi-criteria decision support 
methods and then by the MIRA method. Also, the visualization of students re-
ceiving accommodation selected by the quota calculation technique by discipline 
and level of study is available from Figure 14 below. 

5. Experimentation and Research Results 

The SAGeLogE experiment was carried out on the site of Université de Toama-
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sina. In Madagascar, student accommodation is normally managed by an organ-
ization under technical supervision and attached to the Ministry responsible for 
higher education and Scientific Research called Regional Center for University 
Works (CROU). However, the CROU exist only in the capital of Madagascar. 
Thus, for all other Regions, a department or service attached to the University 
Presidency manages student accommodation. So, in the case of the Université de 
Toamasina, student accommodation is the responsibility of a directorate of uni-
versity works (DOU) attached to the Presidency of the university. 

We noted that the tasks of the leaders at the University Presidency are heavy 
accompanied by this management of student accommodation allocation caused 
by the absence of a CROU. So, it is the reason why we chose the Université de 
Toamasina as the first SAGeLogE experimentation site. The aim is to recom-
mend the use of SAGeLogE to support decision-makers at the Université de 
Toamasina during their decision-making process for the student accommoda-
tion allocation. 

For this experiment we will present the processing accommodation requests, 
the experiment data and the results according to SAGeLogE. 

5.1. Processing Accommodation Requests 

The Université de Toamasina is one of the organizations that processes student 
accommodation requests in two stages. Firstly, students are tested against basic 
criteria. At this point, they will need to meet all these criteria to move on to the 
second treatment process. If one or more criteria are not met by students, their 
applications will be rejected. Only students who have fulfilled all the basic crite-
ria will move on to the next stage. Table 3 below presents these basic criteria and 
the admission requirement. 
 

 

Figure 14. Ranks screen and student selection. 
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Table 3. Basic criteria and admission requirement. 

Basic criteria Admission requirement 

Admission to exam Admitted 

Educational registration Registered 

Nationality Malagasy 

Professional situation Unemployed 

Age according to level of study L1 ≤ 24; L2 ≤ 26; L3 ≤ 20; M1 and M2 ≤ 30 

 
The second stage of processing accommodation requests concerns the appli-

cation of social criteria. This involves ranking students according to the values of 
social criteria by implementing multi-criteria decision-making methods. Firstly, 
the AHP method to hierarchize the criteria. Secondly, the WSM, TOPSIS and 
CoCoSo methods to rank the students according to the specificity of each me-
thod. Thirdly, the MIRA method to aggregate the ranks obtained by the mul-
ti-criteria decision support methods. Table 4 below presents the social criteria 
and their values. 

5.2. Experiment Data 

The data relates to the 2018-2019 academic year, for which the number of stu-
dent accommodation requests received is 2026. These accommodation requests 
are distributed by discipline and level of study within the Université de Toama-
sina over this academic year. The following Figure 15 presents the distribution 
of accommodation requests in SAGeLogE.  

All these 2026 accommodation requests are entered into SAGeLogE with stu-
dent information for each request. From the “Status of requests” object in the 
users’ main menu, it’s possible to view the status of accommodation requests. 
Once choosing this object, the screen in Figure 16 below is displayed to access 
the various information on the housing request. 

Thus, this screen provides two viewing possibilities: the general situation (to 
view all request situation) and the situation by discipline and level of study (to 
see the details of request situation). For example, for accommodation requests 
received, if we click on button number 5 in the general situation column (see 
Figure 13), we obtain the list of 2026 housing requests received. The following 
Figure 17 presents the extract from the list of these 2026 housing requests re-
ceived. 

For the second possibility of viewing the list, it is a matter of choosing the dis-
cipline and the level of study from Figure 16 below. Then in the Discipline Level 
column, choose button number 1 and the list is displayed. For example, the cho-
sen discipline is Law and the level of study is M2, the list of thirty requests is dis-
played as shown in Figure 18 below. 

As the data available in SAGeLogE, we can move on to the different results 
obtained. 
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Table 4. Social criteria and value. 

Social criteria Value 

PC1 Normal = 5; Disability = 10 

OP2 None = 5; Father or Mother = 10; Father and Mother = 15 

PW3 University = 10; Other = 5 

DR4 By mileage 

DC5 By number 

 

 

Figure 15. Accommodation requests distributed by discipline and level of study. 
 

 

Figure 16. Status of requests. 
 

1Physical capacity of student. 
2Orphanage situation of the student’s parent. 
3Parent’s workplace. 
4Distance of student’s main residence from university. 
5Number of dependent children of the parent. 
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Figure 17. Extract from the 2,026 accommodation requests received in SAGeLogE. 
 

 

Figure 18. List of 30 accommodation requests received in M2 Law. 

5.3. Experiment Results 

We successively present the results obtained during the SAGeLogE experimenta-
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tion namely the result of the test for the basic criterion, the hierarchy of social 
criteria by the AHP method, the ranking of students by the WSM, TOPSIS and 
CoCoSo methods according to the social criteria, the final rank by the MIRA+ 
method, the accommodation quota by mention and level of study and the selec-
tion of student beneficiaries of accommodation. 

5.3.1. Result of the Test for the Basic Criterion 
After applying the test to the basic criterion (see Table 3), two situations are ob-
tained including admitted students to the basic criterion and rejected accom-
modation requests. Thus, of the 2026 accommodation requests received, 1804 
students met all the basic criteria, therefore their accommodation requests are 
received, and 222 students did not meet one or more basic criteria, therefore 
their accommodation requests were rejected. Table 5 below presents these situa-
tions. 
 

Table 5. Summary of requests by discipline and level of study. 

Discipline Level Received Accepted Rejected Discipline Level Received Accepted Rejected 

Economic 
Sciences 

L1 95 80 15 
Anthropology 

L1 8 8 0 

L2 131 121 10 L2 11 10 1 

L3 76 71 5 

Law 

L1 101 79 22 

M1 116 101 15 L2 68 62 6 

Environmental 
Sciences and 
Sustainable  

Development 

L1 34 29 5 L3 48 43 5 

L2 19 18 1 M1 90 77 13 

L3 5 5 0 M2 30 28 2 

M1 10 9 1 

Management 
Science 

L1 156 143 13 

French studies 

L1 13 10 3 L2 147 143 4 

L2 42 34 8 L3 70 61 9 

L3 9 7 2 M1 83 81 2 

M1 6 5 1 
Mathematics, 

Computer 
Science and 
Applications 

L1 35 27 8 

M2 6 6 0 L2 29 26 3 

Geography 

L1 51 49 2 L3 12 11 1 

L2 66 47 19 M1 21 16 5 

L3 44 40 4 Medicine L1 4 3 1 

M1 16 14 2 

Philosophy 

L1 43 41 2 

M2 14 11 3 L2 42 39 3 

History 

L1 42 36 6 L3 35 31 4 

L2 44 39 5 M1 39 37 2 

L3 45 41 4 M2 10 9 1 

M1 51 48 3 TOTAL 2026 1804 222 

M2 9 8 1 
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Now, let’s take the case of M2 Law students who are among the thirty requests 
received. The previous Table 4 shows us that 28 requests for student accommo-
dation are accepted compared to 2 requests rejected. We will present in succes-
sive figures the list of the 2 students who did not fulfil the basic criteria (Figure 
19) and the list of the 28 students who fulfil them (Figure 20). 

We noticed that these 2 students did not meet one of the basic criteria because 
they are not registered in M2. This is why their requests for student accommo-
dation are rejected because all the basic criteria must be met for the requests to 
be accepted. 

28 accommodations applications were accepted because the students meet all 
the basic criteria. 

 

 

Figure 19. Students in M2 Law not admitted to basic criteria. 
 

 

Figure 20. Students in M2 Law admitted to basic criteria. 
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We noticed that these 28 students met all the basic criteria including age less 
than 30 years, Malagasy nationality, admitted and registered in M2, non-employed 
and they obtained their baccalaureate in 2013. This is why they are admitted to 
the basic criterion test. Now, as we have the situation of the students admitted to 
the basic criteria, we can proceed to rank the students using multi-criteria deci-
sion-making methods. 

5.3.2. Ranking of Students Admitted to Basic Criteria by MIRA+ Method 
To be able to rank admitted students according to the basic criteria, we need the 
performance matrix and the weight of social criteria. This is how we will succes-
sively present how to obtain the decision matrix and the weights of the criteria to 
rank the students. 

• Performance matrix 
Generally, we have 1,804 accepted accommodation requests broken down by 

discipline and level of study. As the processing of files is done by discipline and 
level of study, each discipline and level of study has its own decision matrix de-
pending on the number of requests accepted (see Figure 16). The decision ma-
trix is obtained from the social situation of the students. At this stage, it is the 
social criteria that are implemented. Remember that there are five social criteria 
(see Table 4). As sample, the following Figure 21 presents the social situation of 
the 28 students in M2 Law admitted to the basic criteria. 

 

 

Figure 21. Social situation of students in M2 Law admitted to the basic. 
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In relation to this social situation, the following Figure 22 presents the social 
situation in value. This is the performance matrix. 

Now, we will move on to the process of calculating the weight of social criteria 
before proceeding with the application of multi-criteria decision-making me-
thods. 

• Weight of criteria by the AHP method 
Comparing the criteria is the task of the decision-maker. This involves apply-

ing the AHP multi-criteria decision-making method. Here, the decision-maker 
uses the Saaty scale (see Table 1) to compare the social criteria against them. 
The following figure presents two screens: on the left gives the comparison of the 
criteria carried out by the decision-maker and on the right the result of the 
comparison which shows the weight of the criteria followed by the verification of 
consistencies. Once the comparison has been made by the decision-maker, 
simply click on the “Weight” button on the screen on the left to view the result 
of the weight of the criteria on the screen on the right of Figure 23. 

 

 

Figure 22. Performance matrix of the 28 students in M2 Law. 
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Figure 23. Comparison of criteria by AHP and its weights. 
 

We now have all the necessary elements to rank the students. According to the 
MIRA+ method, the ranking of students using multi-criteria decision-making 
methods begins the process. 

• Rank of students according to MCDM 
As previously mentioned, we always consider the case of M2 Law students. 

Figure 24 below summarizes three different screens of SAGeLogE which gives 
the ranks obtained respectively by the WSM, TOPSIS and CoCoSo methods. 

We note that the ranks obtained by these three methods are different depend-
ing on their specificity. Before applying the MIRA+ method, we first check the 
correlation of the ranks resulting from these WSM, TOPSIS and CoCoSo me-
thods. The following Figure 25 presents the result of Kendall’s rank correlation 
coefficient. 

As the correlation coefficients are all positive and tend towards 1, those which 
mean that the WSM, TOPSIS and CoCoSo methods have the same meaning. 
Thus, we can apply the MIRA+ method. 

• Rank of students using the MIRA+ method 
The MIRA+ method will now aggregate the different ranks obtained by the 

WSM, TOPSIS and CoCoSo methods. This is a satisfactory rank compared to 
the difference produced by the three multi-criteria decision-making methods. 
The following Figure 26 presents the rank of students in M2 Law. This rank is 
followed by its Kendall correlation coefficients compared to the WSM, TOPSIS 
and CoCoSo methods to validate the rank obtained. 

• Selection of students according to the accommodation quota 
Remember that we have received a total of 2026 student accommodation re-

quests, including 222 requests rejected and 1804 requests accepted (see Figure 
16). For the 2018-2019 academic year, the availability of accommodation to be 
distributed to students is 1249. However, 1249 students must be selected from 
among the 1804 students admitted according to the basic criteria. This is why we 
recommend the accommodation quota technique by discipline and level of study 
to fairly distribute these accommodations available to existing discipline and le-
vels of study within the university. Thus, the following Table 6 presents the ac-
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commodation quota by discipline and level of study in relation to the requests 
accepted for this academic year. 

 

 

Figure 24. Rank of students by WSM, TOPSIS and CoCoSo methods. 
 

 

Figure 25. Kendall’s rank correlation coefficient for WSM, TOPSIS 
and CoCoSo. 
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Figure 26. Rank of M2 Law students by the MIRA+ method and its Kendall’s correlation. 
 

Table 6. Student accommodation quota by discipline and quota. 

Discipline Level Accepted Quota Discipline Level Accepted Quota 

Economic 
Sciences 

L1 80 55 
Anthropology 

L1 8 6 

L2 121 84 L2 10 7 

L3 71 49 

Law 

L1 79 55 

M1 101 70 L2 62 43 

Environmental 
Sciences and 
Sustainable 

Development 

L1 29 20 L3 43 30 

L2 18 12 M1 77 53 

L3 5 3 M2 28 19 

M1 9 6 

Management 
Science 

L1 143 99 

French studies 

L1 10 7 L2 143 99 

L2 34 24 L3 61 42 

L3 7 5 M1 81 56 

M1 5 3 Mathematics, 
Computer 

Science and 
Applications 

L1 27 19 

M2 6 4 L2 26 18 

Geography 

L1 49 34 L3 11 8 

L2 47 33 M1 16 11 

L3 40 28 Medicine L1 3 2 

M1 14 10 

Philosophy 

L1 41 28 

M2 11 8 L2 39 27 

History 

L1 36 25 L3 31 21 

L2 39 27 M1 37 26 

L3 41 28 M2 9 6 

M1 48 33 TOTAL 1804 1249 

M2 8 6 
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Now in relation to the rank of students obtained by the MIRA+ method, SA-
GeLogE will select the students receiving accommodation according to this ac-
commodation quota. If we take the case of M2 Law students, the accepted re-
quests number 28 while the quota of available accommodation is 19. Thus, SA-
GeLogE extracts the list of the first 19 students according to the ranking carried 
out by the MIRA+ method. Figure 27 below presents the list of these students for 
the case of M2 Law. 

 

 

Figure 27. Selection of M2 Law students receiving accommodation by MIRA+ method. 
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6. Discussion and Conclusion 
6.1. Discussion 

Following our literature review, universities are using the classic technique to 
rank students to select them. This technique is simply the sum of the marks ob-
tained by each student according to the value of the criteria chosen by the univer-
sity. This means that the students with the highest marks are placed at the top. In 
the case of M2 Law students, we will rank them using the classic technique used 
by the university. Table 7 below shows the student performance matrix followed 
by their rankings using the classic method, and MIRA+. 
 
Table 7. Performance matrix and students’ ranks. 

Student 
Performance matrix Rank 

PC DR DC PW OP University MIRA+ 

M2DRO13 10 1465 2 5 5 1 1 

M2DRO07 5 1436 2 5 10 2 2 

M2DRO23 5 923 2 10 5 3 2 

M2DRO02 5 923 2 5 5 4 5 

M2DRO06 5 923 2 5 5 4 5 

M2DRO10 5 923 1 5 5 6 11 

M2DRO03 5 605 2 5 5 7 9 

M2DRO05 5 399 2 5 5 8 11 

M2DRO30 5 399 2 5 5 8 11 

M2DRO22 5 100 5 5 10 10 7 

M2DRO18 5 100 3 5 10 11 8 

M2DRO28 10 100 2 5 5 12 4 

M2DRO11 5 100 1 5 10 13 10 

M2DRO09 5 102 3 5 5 14 18 

M2DRO15 5 102 3 5 5 14 18 

M2DRO17 5 100 5 5 5 14 14 

M2DRO16 5 100 4 5 5 17 15 

M2DRO24 5 100 4 5 5 17 15 

M2DRO29 5 100 4 5 5 17 15 

M2DRO01 5 100 3 5 5 20 20 

M2DRO14 5 100 3 5 5 20 20 

M2DRO19 5 100 3 5 5 20 20 

M2DRO21 5 100 3 5 5 20 20 

M2DRO25 5 100 3 5 5 20 20 

M2DRO27 5 100 3 5 5 20 20 

M2DRO04 5 100 2 5 5 26 26 

M2DRO12 5 100 2 5 5 26 26 

M2DRO26 5 100 2 5 5 26 26 
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The DR criterion relates to the distance by kilometer that the student lives from 
the university. We note that the ranking technique used by the university means 
that only students who live a long way from the university are placed at the top of 
the list, regardless of the value of the other criteria. However, a problem arises 
because the university’s policy is to give priority to students with physical disabil-
ities. In this table, this criterion is presented by CP. Normally, according to this 
policy, students with a CP value of 10 are given priority. However, here we see 
that the M2DRO28 student is ranked 12th according to the university’s method. 
We can therefore say that this technique does not achieve the university’s policy. 
On the other hand, using the MIRA+ method, it is not only students who live far 
from the university (the most important DR) who are ranked first. For example, 
MIRA+ was able to recover the M2DRO28 student in 4th place even though he 
lives close to the university (DR = 100) compared to the other students. We can 
say that MIRA+ is more favorable than the method used by the university because 
the student M2DRO28 has a physical disability (CP = 10) was prioritized. The 
main difference between the technique used by the university and the MIRA+ 
method is that the university method aggregates the value of the criteria and ranks 
the students, whereas MIRA+ first applies the multi-criteria decision-making me-
thods and aggregates the ranks obtained by the MCDM. The advantage of using 
the MCDM is that it allows the criteria prioritization management policy to be 
applied using the criteria weighting technique. This is why MIRA+ applies 
MCDM to prioritize the weight of the criteria and then the value of the criteria. 

SAGeLogE offers the freedom to the decision-maker to choose the method to 
use among those installed there. Thus, based on the accommodation quota by 
discipline and level of study, the decision-maker has the choice of selecting the 
students receiving accommodation according to the WSM or TOPSIS or CoCoSo 
or MIRA+ method. However, this choice of method must be decided at the start 
of each academic year. In this article we have just presented and recommended 
the selection by MIRA+ method. 

6.2. Conclusions 

The SAGeLogE experimentation showed us its capacity to handle the case of ac-
commodation allocation for the case of 2026 accommodation requests received 
from the University of Toamasina for the 2018-2019 academic year. These re-
quests come from different discipline and levels of study. Two steps are applied 
when processing accommodation requests, including testing the basic criteria and 
ranking according to social criteria. The first step gave us the results that 1804 
students met the basic criteria. This is how SAGeLogE begins the second stage of 
processing accommodation requests with the aim of ranking these 1804 students 
using the MIRA+ method. To do this, calculating the weights of social criteria by 
applying the AHP method is essential. Then, SAGeLogE ranks these 1804 stu-
dents using the multi-criteria decision-making methods WSM, TOPSIS and Co-
CoSo. We obtained different ranks according to each of these methods. So, a cor-
relation test of these ranks was carried out applying the Kendall’s rank correlation 
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coefficient. The result gave us coefficients of 78% to 90%, which means that the 
WSM, TOPSIS and CoCoSo methods have the same direction of correlation. 
Subsequently, the MIRA+ method was applied to aggregate these different ranks 
to obtain a new compromise rank between these three methods. We then checked 
the correlation of the MIRA+ ranks compared to WSM, TOPSIS and CoCoSo by 
the Kendall rank correlation coefficient. Respectively, the coefficient is 93%, 89% 
and 90%. Thus, the rank of the MIRA+ method is validated. 

Note that for this academic year, 1249 accommodations are available, while the 
number of students meeting the basic criteria is 1804. So, the accommodation 
quota technique by discipline and level of study was applied to share equitably 
these 1249 student accommodations with different discipline and levels of study 
at the University of Toamasina. Once the accommodation quota by discipline and 
level of study is calculated, SAGeLogE will select the 1249 students receiving 
housing according to the rank obtained by the MIRA+ method. Throughout this 
article, we have presented the case of M2 Law students to illustrate the capacity of 
SAGeLogE. To facilitate the reading of this processing, SAGeLogE can extract 
summaries in the form of diagrams to provide a visualization of the results to de-
cision-makers (Figure 28, Figure 29). 

 

 

Figure 28. Summary of requests received, accepted and accommodation quota by level. 
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Figure 29. Summary of requests received, accepted and accommodation quota by discipline. 

 
During this application, we noted the limit of the CoCoSo multi-criteria deci-

sion-making method. However, when one of the social criteria has the same value 
for all students, it is impossible to calculate the decision matrix. Also, when a 
student takes minimum values on all social criteria, it is impossible to obtain the 
assessment score kib. If one of these two cases exists, therefore the CoCoSo me-
thod can’t rank the students. Thus, in the next research we will propose to correct 
the algorithm of the CoCoSo method. 

Thus, in its future version, the newly developed method will be installed in 
SAGeLogE to introduce an extended version the CoCoSo method. Also, recom-
mendation algorithms will be installed in SAGeLogE to recommend the student 
selection method based on the Kendall correlation coefficient. 

Another prospect will be to allow decision-makers to choose the quota of stu-
dent accommodation by discipline and level of study.  
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