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Abstract. The social life of students at university has an impact on their educa-
tional success. The allocation of accommodation is part of this aspect. This article
presents our proposal to improve students’ allocation accommodation. We aim
to support university administrative departments for the selection of students for
housing.

Therefore, we propose a decision support system based on multi-criteria de-
cision support methods. To calculate the weights of the criteria, we use the AHP
method. Then, to rank the students, AHP, Weighted Sum Method and
PROMETHEE methods are used.

The aim is to find the most adequate method to rank the students. The result
is achieved because the AHP is able to calculate the weight of criteria and the
AHP, SWM and PROMETHEE are able to rank the students.

Keywords: student housing allocation, decision support system, AHP, WSM,
PROMETHEE.

1 INTRODUCTION

To successful manage universities, the institution must demonstrate its priorities in
providing students housing because sharing accommodation and participating in cam-
pus life are part of the social and intellectual benefits of students [1]. According to
researches carried out by Owolabi, on-campus students are more successful in their
studies than off-campus students [2]. Therefore, following our research, several authors
have been interested in the subject of student housing. Several studies collected the
opinion of the students about their accommodation with the aim of bringing a new era
of living on campus [3] [4] [5] [6] [7] [8] [9] [10]. Then other researches made the
proposal of work tools to help the person in charge of housing within the universities,
as well as the students to facilitate the search for housing [11] [12] [13] [14]. These
works justify the importance of considering the management of student accommodation
within university life.

However, each university has its own procedures for allocating student accommo-
dation. The most common is the consideration of criteria which vary in number accord-
ing to each institution. Thus, we have identified thirteen criteria for the allocation of
accommodation used by universities, namely: dependent children of parents, students
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with scholarships, distance from the place of study, admission to the examination, ed-
ucational enrolment, age, nationality, level of study, date of application for accommo-
dation, physical capacity of the student, orphan of a parent, parent working at the uni-
versity, and year of undergraduate [15] [16] [17] [18] [19] [20] [21].

Our research has focused on Decision Support System (DSS) for students accom-
modation allocation. Let us note that the first DSS appeared in the 1960s [22]. Since
then, several authors have investigated the application of these systems such as Eom et
al. from 1971 to 2001 [23] [24] [25] [26] and Papathanasiou et al. from 1989 to 2019
[27]. Authors like Carlsson and Walden [28] have noted that Decision Support Systems
are currently innovative and among the technological challenges. Keenan [29] has
shown that they are spread over several areas including life sciences and biomedicine,
physical sciences, and social sciences. Nevertheless, we did not find any DSS for stu-
dents accommodation allocation.

Thus, our aim is to propose a decision support system based on AHP, WSM and
PROMETHEE to facilitate the selection of student during the housing allocation pro-
cess.

2 ISSUES

Regarding the criteria for housing allocation, each student is considered as a specific
case. The idea is to select those students who meet them. However, there is much more
demands than offers, but sometimes there are many more students who meet the criteria
than there is housing to be allocated [17]. So, the question which remains is: what hous-
ing applications should be admitted or rejected? And which of these students will be
housing allocated?

To do this, a method needs to be designed to fairly distribute this accommodation.

3 METHODOLOGY

Multi-criteria analysis methods are used to formulate real problems, according to three
basics formulations: the choice problem, noted P,, the sorting or allocation problem
noted P and the ranking problem noted P, [30]. The allocation of accommodation to
students belongs to the ranking problem (P,). This situation led us to choose the follow-
ing three methods: AHP, WSM and PROMETHEE to solve this problem. These three
methods are selected because of their popularity and their usefulness.

3.1  Analytic Hierarchy Process (AHP)

AHP was developed by Saaty in 1970 [31]. According to its founder [32], the method
is based on three concepts: hierarchical structure, priority structure and logical con-
sistency. To find the logical consistency, the following calculations have to be made:

Medium consistency: A, = aij% @
1
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Consistency index: CI = }""n“f"l_" (2)

Consistency ratio: CR = % 3)

Finally, when comparing pairs, the consistency ratio (CR) must be within 0.1.
Otherwise, the results could be inconsistent.

3.2 Weight Sum Method (WSM)

The weighted sum method combines all criteria into one scalar composite objective
function using the weighted sum [33]. The steps to follow are normalisation of all al-
ternatives, normalisation of the weights whose sum must be equal to 1 and implemen-
tation of the weighted sum. The result is obtained by [34]:

R(a;;) = X, wjay (4)

3.3 Preference Ranking Organisation METHods for Enrichement Evaluation

Brans initiated the PROMETHEE method in 1982 [35]. It is a multi-criteria method for
defining the relationships of outranking, indifference, and incomparability between al-
ternatives. Two concepts are to be considered, namely the preference index and the
outranking flows. The method of calculating these flows [36] is presented below. The
result is obtained by comparing the outflows, inflows, and net flows of the alternatives.

w(a,, a,) = Y5 . P:(a,, a,)w;
Preference index:{ (a1,a;) Zf{'l ) (a1,a2); (5)

n(az a;) = Zj:l P]'(a2:a1)Wj
Outflow: d*(a) = ﬁ Yoeam(ax) (6)
Inflow: ®~(a) = ﬁ Yean(xa) (7

Net flow: ®(a) = ®*(a) — P (a) (8)

4 PROTOTYPE

Let us recall that a DSS is structured by three main components which are: the model
management system, the user interface, and the knowledge base [37]. We propose a
DSS prototype based on the architecture defined by Sprague [38]. The DSS will be
composed by a Data Base, a Model Base, and a Human/Interface module.

4.1 Database

The developed DSS consists of allocating housing to students through their applica-
tions. We have implemented a relational database management system using three
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methods AHP, WSM and PROMETHEE. We present in the following figures some
structure of this database.
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Fig. 1. Class diagram
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Matrice de performance
Matrice normalisée
Matrice pondérée
Score et Rang

Fig. 2. Choice of method

4.2 Process

The application concerns a university that has eleven criteria for evaluating students
[17]. These criteria are grouped into two sets, of which the first six are basic criteria
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and the last five are social criteria. The following table 1 describes these evaluation

criteria.
Table 1. Criteria for evaluating students at a university
Basic criteria Adn_1|55|on re- Social criteria Value
guirements
Physical capacity | Normal =5
Age By level (CP) Disability = 10
Year of Bacca- | By  academic Orphan of parent None = 9; F.ather or
laureate year (OP) Mother = 5; Father
and Mother = 10
Administrative Enrolled Parent's place of | University =5 ;
registration work (LTP) Other =0
Examination re- Successful Dependent child of Bv number
sult parent (EC) y
Nationalit According to the Distance from Bv mileage
y case home (DD) y g
Professional si-
tuation Not employed

In relation to these two groups of criteria, the assessment procedure proceeds in two
stages. Firstly, students must meet the basic criteria, otherwise their applications for
housing will be rejected. Then, those who pass the basic criteria will move on to the
second assessment where the social criteria are applied. Each social criterion has its
own value to rank the students. This is where the multi-criteria decision support method
comes in. At this stage, the processing is done by specialty and by level (bachelor/mas-
ter/PhD). The following figure 3 summarizes the procedure for evaluating students by

criteria.
Mandatory L\
tofillin Basic aiteriamet
@ (Collect Switching to
\ information BASIC CRITERIA
Recept for housing
application Appiication M.nl.dlo
rejected basic atera
NO
Selected Student Select MCDA Switching to
students Cuun )é@“"“"’)e( SOCIAL CRITERIA
Alocation of
student housing
Fig. 3. processing applications for student accommodation
4.3  Result

Assessment according to the basic criteria
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This concerns the housing applications of students in the first year of the Computer
Science and Law degrees. The result is shown in Table 2 below.

Table 2. Result of the processing applications for student accommodation

Mention Appll(_:atlon Stuqlent mee_zts App_llcatlon
received basic criteria rejected
Computer science 35 26 9
Law 101 78 23

The following figure 4 and figure 5 shows the extracts of students in the first year of
the Computer Science and Law degrees admitted to the basic criteria.

Etudiant ¥ Age - Sala < Inscrit - Passant - Etudiant - Age - Salarié - Bacc - Notionalilé - Inscrit - Passant -
= 20 NON “ %]
& & 18 NON 1%} %]
& & 19 NON 2 %}
1~ (=} 19 %) %]
|52} & 1 <] 7]
1] =} 18 %] %]
2 talagasy & =] 18 NON %] %]
L1MIA13 2017 Malagasy & & 16 NON %] ]

Fig. 4. : Extract of L1 students in Computer Science Fig. 5. Extract of L1 Law students ad-
admitted to the basic criteria mitted to the basic criteria

The figures 6 and 7 below show the extract of students who did not meet some basic
criteria, and as a result their applications were rejected.

Etudiant -  Age - Salarié - Bacc - Nationalité - Inscrit -  Passant - Etudiant ¥ Age - Salarié - Bacc - Nationalité - Inscrit - Passant -

LIMIAL0 18 NON 2017 Malagasy O & L1DRO11 13 NON %] a
LIMIAL7 23 NON 2016 Malagasy O & LIDRO13 18 NON (%} =]
LIMIA20 18 NON 2017 Malagasy a & L1IDRO18 23 NON 2017 Malagasy %) [m]
L1MIA33 18 NON 2017 Malagasy (] a L1DRO23 19 NON 2017 Malagasy %) a

Fig. 6. Extract of L1 students in Computer Science Fig. 7. Extract of L1 students in Law does
does not meet some basic criteria not meet some basic criteria

Assessment according to social criteria

This second phase will deal with the 26 and 78 students meeting the basic criteria.
We show for each of the three methods chosen, the result for the 26 students of the
Computer Science major. To begin with, the initial judgement matrix and the judgement
matrix normalized to scale 10.
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Code &t¥(CP - (0D - [EC -[LP - [OP - 5 ETUBIANY| CP -] DD -] EC - 1P -] O -

LIMIALE S 100 40 5 Lmiale 5 068 571 0 5
LIMIAOS 5 102 20 3 | LImIACS 5 07 286 0 5
LIMIAOG S 100 30 0 Lmia0e 3 068 4,29 0 0
LIMIAOZ 5 100 50 5 LIMIADT 5 0,68 7,14 0 5
LIMIAOS S 100 40 5 LIMIAOS 5 068 5n 0 5
LIMIALL 5 100 20 0 Tumian 5 068 286 0 0
uMIAL2 S 100 10 0 LIMIALZ 5 0,68 1,43 0 0
LIMIAIZ 5 923 10 10 ymia1z 5 63 14 0 10
LIMIALS 5 100 30 0 Tumials 5 068 4,29 0 0
LIMIAIS 5 100 20 0 Lmias 5 068 286 0 0
LIMIA2L S 100 40 0 LIMIA21 5 0,68 571 0 0
LIMIA22 S 100 10 5 umia22 5 068 143 0 5
LMIA23 5 350 20 10 LIMIA23 5 2,39 286 0 10
LIMIA24 5 100 60 0 LIMIAZ4 5 068 857 0 0
LIMIA2S S 100 50 0 LIMIA2S 5 0,68 7,14 0 0
LIMIA26 S 100 20 0 LMmiaZe 5 068 286 0 0
UMIA27 5 102 10 0 T limiaz7 5 0,7 1,43 0 0
LIMIA28 S 100 40 5 umiazs 5 068 571 0 5
LIMIA29 5 100 50 5 LIMIA29 5 0,68 714 0 5
LUMIA3D S 399 10 0 [ limMiaz0 5 272 1,43 0 0
LIMIA3L 5 100 30 10 LIMIA3] y 068 4,29 0 10
LIMIA32 S 523 as 5 umiaz 5 63 57 10 5
LIMIA34 5 392 20 10 7 imiaze 5 272 2,86 0 10
LIMIA3S S 100 20 °  umiazs 5 0,68 2.8 0 0
LIMIAD2 5 100 50 5 LIMIAD2 5 0,68 7,14 0 5
umiAcd S 100 60 % Lwmiacd 5 068 B57 0 0

Fig. 8. Initial judgement matrix Fig. 9. normalised judgement matrix

Result according to AHP

The application of the comparison scale according to Saaty [40], allowed us to obtain
the criteria judgement matrix and the result of the priorities presented in figure 10. Thus,
the values of the elements of logical consistency are given below.

Comparaison - CP - DD - |EC ~|LTP - |OP ~ & Critéres ~ |Poids - hé logi

| 0 B n 4 3 oo DT Cohérence logique
DD 0,33 al 2 2 al EE 0,1 Amax 5029
EC 0,25 0,5 1 1 05 LTp 0,1 . A

TP 035 05 1 e oD 0,18 Indice de cohérence
op 0,33 1 2 2 1y op 0,18 Ratio de cohérence | 0,0054

Fig. 10. Priority of criteria
Subsequently, establish the student judgement matrices for each criterion from the

normalized judgement matrix. After various calculations, the students' priorities for
each criterion are shown in Figure 11 and the ranking of students in Figure 12 below.
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L L L L L L L L L L L L L L L L L L L L L L L L L L
w1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
e M M M M MMM MM MI MM MMM M M MMM/ M M M|M|M|M
i I | 1 | | I ! | I I | I 1 1 I I I | 1 | | I | 1 | I
g A A A A A A A A A A A A A A A A A A A A A A A A A A
t 0 o 0 0 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 3 3 3 3 3 0 0
h 5 6 7 8 1 2 3 5 6 8 1 2 3 B S 6 7 8 9 0 1 2 - 5 2 4
CP | 0,04| 0,04/ 0,04) 0,04| 0,04| 0,04/ 0,04 0,04 0,04| 0,04| 0,04 0,04 0,04 0,04| 0,04 0,04 0,04] 0,04/ 0,04/ 0,04/ 0,04 0,04| 0,04] 0,04] 0,04 0,04
DD | 0,04| 0,02/ 0,02 0,02| 0,02| 0,02 0,17 0,02] 0,02| 0,02 0,02 0,02| 0,06] 0,02| 0,02| 0,02| 0,04] 0,02] 0,02 0,06| 0,02] 0,17 0,06 0,02/ 0,02 0,02
EC | 0,02| 0,03] 0,07, 0,05| 0,02| 0,01| 0,01] 0,03 0,05| 0,02 0,05 0,01 0,02] 0,10/ 0,07| 0,02| 0,01| 0,05 0,07| 0,01| 0,03] 0,05 0,02 0,02} 0,07] 0,10
LTP | 0,03] 0,03] 0,03/ 0,03| 0,03| 0,03| 0,03 0,03 0,03] 0,03| 0,03 0,03 0,03] 0,03/ 0,03| 0,03/ 0,03| 0,03/ 0,03| 0,03| 0,03| 0,17| 0,03] 0,03 0,03| 0,03
OP | 0,05/ 0,01] 0,05] 0,05| 0,01| 0,01/ 0,11] 0,01} 0,05 0,01 0,01 0,05/ 0,11] 0,01| 0,01| 0,01} 0,01| 0,05 0,05| 0,01| 0,11] 0,05 0,11 0,01/ 0,05/ 0,01

Fig. 11. priority of student
5 L3 T T T | T T T T T 1 3 . T T T T L T T T T T T T T T
t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
u M M M M L M M M M M ™M M M M M M M M M M LY M M M M M
d 1 ! | 1 | 1 ! | 1 I | ! I ! I 1 1 ' | 1 1 1 ' 1 1 1
e A A A A A A A A A A A A A A A A A A A A A A A A A A
n 3 1 3 2 3 o 2 0 0 0 1 2 2 0 3 2 2 2 2 0 1 1 1 2 3 1
t 2 3 E 3 1 7 9 2 S 8 6 8 4 4 0 2 5 1 7 6 5 1 8 6 5 2
Note | 0,076 | 0072 | 0,054 | 0,053 | 0,047 | 0,039 | 0,039 | 0,039 | 0,037 | 0.037 | 0,037 | 0,037 | 0,036 | 0,036 | 0,035 | 0,033 | 0,033 | 0,031 | 0,030 | 0,029 | 0,029 | 0,028 | 0,028 | 0,028 | 0,028 | 0,027
Rank| 1 ] 2 [ 3] al s el 6 6|9 10/ 20 1323 15]16 17 181922 [22[22]22[2]z2
Fig. 12. AHP student ranking
Result according to SWM

The weights of the criteria considered are those calculated according to AHP. Figure
13 shows the application of the weighted sum to the normalized judgement matrix and
Figure 14 gives the final result.

Vo P =T
coP =T mem
NOP ~Z -
o> =T
o
[
[ e

B> =T

L R
I S
P 1

I . L

e e

N e

B
R A

NP =T

PR

N e

Cw» =T r

- o R -

Nw» = e

R e

VWP =T e

NO> —Z

BOP - mr

2,262] 2,262 2,262| 2,262| 2.262| 2.262| 2,262,

2,262

2,262|2,262| 2,262

2,262

2,262

2,262,

2,262| 2,262

2,262

2,262

2,262

2,262

2,262

2,262

2,262

2,262

2,262

2,262

0,124/0,121/0,121/ 0,121/ 0,121/ 0,121/ 1,118

0,121

0,121/0,121| 0,121

0,121

0,424

0121

0,121/ 0,121

0,124

0,121

0,121

0,483

0,121

1,118,

0,483

0121

0,121

0,121

EC 0,276] 0,414 0,688/ 0,551| 0,276/ 0,138| 0,138

0,414

0,551/ 0,276 0,551

0,138

0,276

0,826

0,688| 0,276/

0,138]

0,551

0,688

0,138

0,414

0,551

0,276

0,276,

0,688

0,826/

4 0,000 0,000/ 0,000 0,000] 0,000} 0,000| 0,000}

0,000

0,000| 0,000/ 0,000/

0,000

0,000

0,000

0,000/ 0,000

0,000]

0,000,

0,000

0,000

0,000

0,964] 0,f

0,000

0,000] 0,

oP 0,887| 0,000 0,887 0,887| 0,000 0,000| 1,774

0,000

0,887| 0,000 0,000/

0,887

1,774

0,000

0,000 0,000

0,000

0,887

0,887

0,000

1,774

0,887

1,774

0,000

0,887,

0,000

Fig.

13. implementing the weigh

ted

sum

t e N
T T
OND =

L
1
M
1
A
[
2
9

L
1
M
1

A

wlon > =2 u -

L
1
M
1
A
1
6
3

0
8
3.

N e

AanDP=Twr

R R
BNP =T

P

Blow > =T~

PO P> =D

R T

WP =T~

e L 2N o

b~ o~

NP P =Zer-

£
=
afS|lwn> =2~

&
Y
IR S S

]
w
ofglve > -2 wr

%

Wi Wy -2~
iy

N w

yz
HiH

w

3,958/ 3,958 3,820 20| 3,820
6 9 9

lw
Rglne> =2 wr

9|

3,407

3,208

13

14

3,208/ 3,071
14 16

2,933 2,882
17 18

2,796,

2,796

g§~->-z_,—

~
Nl -2 n-

£
:IEon»-:u.-

19

19

Flg

658] 2,524
2

g

Z.Ti

Fig. 14. WSM student ranking

Result according to PROMETHEE

For the preferences: all the criteria are to be maximised, the weights applied are
always those calculated according to AHP and the preference function for all the criteria
are of the same Usual type. After setting the preferences and considering the assess-
ments, the result will be given in figure 15.
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HEHE

| 10 | 18 |

Fig. 15. PROMETHEE student ranking

4.4  Discussion

In 2018, Saare et al. were designing a mobile system for managing and mitigating
the accommodation problems at the Universiti Utara Malaysia [12]. In 2019, Podu-
navac et al. proposed a web portal managing registration for student accommodation in
a dormitory [13]. In 2020, Magambo et al. have created an online portal for locating
Students’ private rental Accommodation in Tanzania [14].

For our part, we developed a DSS focusing on student housing allocation using three
multi-criteria decision support methods (AHP, WSM and PROMETHEE) to better
compare the results obtained. And to make a choice between the method used by the
university, we illustrate in the following figure 16 the comparison of the results ob-
tained and in terms of number percentage in the table 3 the similarity of student ranks.

1 L L
1 1 1 1 1 1
" LS M MM MM M]|A M IMIMIMIM I MMM
| ' | | | | ' 1 | 1 | ! ' | | ' 1 | | | |
A|lA|lAalAalA|A|lAlA|A AlAalalalala AlAalalalalAalala
C o|lojo|o|o]| o]« 0 C ojlolo|o|o0 y»jo|o oo |c¢ [
3 3 1 o o C 2 0 1 ) 2 2 2 2 2 4] 1 1 2 3 1
. 12143 3 5 1121 | |816 |8 1a] l2lslzls]e6lsil1|s|lels]z]
AHP 'l'!‘2_4‘9'5.6‘b.6'10_10.10.H‘U_ll‘lb'U_19‘l'.IO'tD_H.ll.II'lZ'Zt_
WSM Illl\l‘l'llz_l.ll": 6_6.6' .9‘9vll‘“AII'I!v16‘2S.l7.19'l9_llIll'll'll‘li_
PROMETHEE 1 2 3 4 S 6 7 7 7 10 /10 (10 |13 |14 14 (16 |17 |18 |19 |20 (20 22 |22 |22 22 2%

Fig. 16. comparison of results

From the comparison of these three results, we can draw the following three situations:

e 7.69% of students have the same rank on the three methods: two students;
e 15.38% have different ranks on the three methods: four students;
e 76.92% have the same rank on two methods: the remaining twenty.

To make a choice between the method used by the university, we illustrate the two-by-
two comparison of the results obtained.

Table 3. similarity of student ranks on two methods

WSM PROMETHEE

Num- 0 Num- 0

ber % ber &

AHP 8 30.77 13 50
WSM 4 15.38
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5 CONCLUSION AND PERSPECTIVE

To decide is certainly to take risks but it is to be in reaction to a strategic choice to be
made. The same applies to the person in charge of university work when receiving re-
quests for student accommodation, a decision must be made whether to accept or reject
an application. But, in any case, the question must always be asked: why was it accepted
or rejected?

This is the reason for our analysis, which proposes the use of multi-criteria decision-
making methods to classify students in relation to their situation, regarding the criteria
for allocating housing. Three methods were studied: AHP, WSM and PROMETHEE.

The result showed us that each method was able to rank the students. And after com-
paring the results, we found that the rankings of the students are different for each
method. First, the ranking carried out by AHP showed us that compared to WSM the
similarity of ranks is 30.77%, and compared to PROMETHEE, it becomes 50%. Sec-
ondly, as for WSM, this similarity of ranks with PROMETHEE is 15.38%.

However, since the purpose of the decision analysis is to clarify the choice of the
decision maker and not to replace the decision maker, the manager of university ser-
vices has the choice of the method to use according to the analysis of the results that
we carried out.

Nevertheless, we can report that a difficulty was encountered when using the AHP
method. This being when the criteria or the alternatives are more numerous. For exam-
ple, in the case of the 78 students in the Law stream and the other applications accepted
in the other streams, the students are even more numerous. It will be difficult to handle
such a large square matrix.

So, in our future research, we will use the AHP method only to calculate the criteria
weights. On the other hand, WSM and PROMETHEE for ranking students. And in
addition, we will look for another method that is easier to handle and combine with
these two methods for storing students. Then, we will not stop with a simple application
of the methods, but we will look for a trick allowing to recover all the ranks of the
students carried out by the methods implemented in the system and to reorder the stu-
dents from all their ranks.

Finally, our objective in this first analysis is then to integrate all these ranking meth-
odologies into the developed prototype, offering end users the possibility of having
several methodologies to use. And in the perspective, it will be to find the possibility
of using all the results of these methods to obtain a new ranking of the students.
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