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In this paper, we propose a simple heuristic algorithm to deal with the Student-Project Allocation problem

with lecturer preferences over Projects with Ties (SPA-PT). The aim of such a problem is to find a maximum
stable matching of students and projects to meet the constraints on students’ and lecturers’ preferences over
projects, and the maximum numbers of students given by lecturers for each lecturer and her/his projects. Our
algorithm starts from an empty matching and iteratively constructs a maximum stable matching of students
and projects. For each iteration, our algorithm chooses the most ranked project of an unassigned student to
assign for her/him. If the assigned project or the lecturer who offers the assigned project is over-subscribed,
our algorithm removes a worth student assigned the project, where a worth student is a person corresponding
to the maximum value of the proposed heuristic function. Experimental results illustrate the outperformance
of the proposed algorithm w.r.t. the execution time and solution quality for solving the problem.

1 INTRODUCTION

The problem of finding a suitable project together
with a desired lecturer has been of great interest to
students at universities. Many university departments
assign a student to a random lecturer for doing the
lecturer’s project without any common interest be-
tween them. To deal with this problem, there are sev-
eral approaches have been proposed over the years.
In 2003, Abraham et. al. studied the problem of al-
locating students to projects called Student-Project
Allocation problem (SPA) (Abraham et al., 2003),
which is a generalization of the classical Hospitals-
Residents problem (HR) (Gale and Shapley, 1962). In
SPA, a lecturer will normally (i) offer a non-empty list
of projects, and (ii) propose a preference list over stu-
dents that he/she wants to supervise in a strict order,
whilst each student proposes a strictly ordered prefer-
ence list over available projects. There is no overlap
of projects among lecturers. Moreover, there are also
limitations on the number of students assigned to a
given project as well as a given lecturer (i.e., capac-
ity constrains). Solving this problem means to find a
matching, which is an assignment between students
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and projects w.r.t. given preference lists so that each
student can only be assigned to at most one project
without violating the capacity constraints for projects
and lecturers. A property for a matching to satisfy is
stability (Roth, 1984). Informally, a matching is stable
(i.e., stable matching) if there are no student and lec-
turer that would both prefer to be matched with each
other instead of their current partners in the matching.

In 2007, Abraham et. al. (Abraham et al., 2007)
presented two optimal linear-time algorithms for find-
ing a stable matching of a given instance of SPA.
The first algorithm is student-oriented, which finds
the best-possible stable matching for all students.
Besides, the second algorithm is lecturer-oriented,
which finds the best-possible stable matching for all
lecturers.

In 2008, Menlove et. al. (Manlove and O’Malley,
2008) considered a variant of SPA, referred to SPA-P
(SPA with preferences over Projects), in which both
students and lecturers have preference lists over
projects in a strict order. The authors also showed
that stable matchings for an SPA-P instance can have
different sizes, and the problem of finding a max-
imum cardinality stable matching, referred to MAX-
SPA-P, is NP-hard (even in the special case that each
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project and lecturer can accommodate only one stu-
dent). Therefore, to solve the MAX-SPA-P problem ef-
fectively, researchers often focus on using the approx-
imation solutions. In (Manlove and O’Malley, 2008),
authors presented a polynomial-time 2-approximation
algorithm for MAX-SPA-P, named SPA-P-approx. In
2012 (Iwama et al., 2012), Iwama et. al. proposed
an %-approximation algorithm, named SPA-P-approx-
promotion, which is a combination of ideas from
Manlove’s algorithm (Manlove and O’Malley, 2008)
and the approximation algorithm of Kirdly (Kiraly,
2011) for MAX-SPA-P. In 2018 (Manlove et al., 2018),
Manlove at. al. proposed %—approximation algorithm
to find stable matchings that are very close to having
maximum cardinality for MAX-SPA-P by using Integer
Programming model. Recently, Viet et. al. proposed
a local search strategy based on the min-conflicts
heuristic, named SPA-P-MCH algorithm, to find a max-
imum weakly stable matching for the SPA-P prob-
lem (Viet et al., 2020).

A variant of SPA that involves lecturer preferences
over students, which is known as SPA-S (the SPA with
lecturer preferences over Students). SPA-S requires
ranking in strict order of preferences. However, this
might not fair in practical applications. For example,
a lecturer may be willing to rank two or more students
equally in a tie. In 2022 (Olaosebikan and Manlove,
2022), Olaosebikan et. al. studied a variant of SPA-S
with Ties, referred to SPA-ST. The authors also pro-
posed a polynomial-time algorithm to find a supper-
stable matching for an instance of SPA-ST or to report
that no such matching exists.

As far as we are concerned, there is no research
related to the problem of SPA-P with Ties. It is worth
doing further research on the topic because this prob-
lem has many practical applications, especially for the
cases with ties. In this work, we propose a simple
heuristic algorithm to find a maximum stable match-
ing for an instance of SPA-P with Ties, denoted by
SPA-PT. The aim is to find a maximum stable match-
ing of students and projects with the following con-
straints: (i) the ranking in a strict order of students’
and lecturers’ preferences list over projects, and (ii)
the limitations on the number of students assigned to
a given project and a given lecturer.

The rest of this paper is structured as follows. Sec-
tion 2 reminds the SPA-PT problem. Section 3 de-
scribes our proposed algorithm. Section 4 presents
our experimental results, and concluding remarks are
given in Section 5.
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2 SPA-P WITH TIES

In this section, we present the formal notions and
definitions related to the Student-Project Allocation
problem with preferences over Project with Ties, de-
noted by SPA-PT. For convenience, the notions used
for SPA-PT are similar to the ones given in (Manlove
and O’Malley, 2008). An instance of SPA-PT con-
sists of the following sets: S = {s1,s52,...,8,}
of students, P={pi,p2,...,pq} of projects, and
L=A{l1,lp,...,Iy} of lecturers. Each lecturer I} pro-
vides a non-empty set Py of projects and ranks these
projects in a preference list (with ties allowed). We
assume that, there is no overlap of projects among
lecturers (i.e., P, partitions P, where k = 1,2,...,m).
Also, each student s; € § suggests a set of projects
A; C P and ranks A; in a preference list (with ties al-
lowed). Moreover, each [y € L (resp. p; € P) has
an associated capacity to specify the maximum num-
ber of students that /; can supervise (resp. that can be
assigned to p;), denoted by dy € Z™ (resp. ¢j € Z™).

We denote A = {(s;,pj) € S x P} by a set of ac-
ceptable pairs, where p; is given by [y, s; (resp. Ii)
ranks p; in the s;’s (resp. [’s) preference list, de-
noted by rank(s;, p;) (resp. rank(l, p;)). If a student
s; strictly (resp. equally) prefers a project p; to (resp.
and) a project p;, then we denote by rank(s;, p;) <
rank(s;, p;) (resp. rank(s;, p;) = rank(s;, p;)). We use
notations for rank(ly, p;) similarly.

An assignment M is a subset of A. If (s;,p;) € M,
then we say that s; is assigned to p; in M and vice
versa. If s; is assigned to p; in M, then we denote
M(s;) = pj, otherwise, we denote M(s;) = @ (i.e.,
unassigned). Consequently, if j is the lecturer offer-
ing p; and s; is assigned to p;, then we can also say
that s; is assigned to /; and vice versa. Similarly, for
any project p; € P (resp. lecturer [; € L), we denote
M(pj) (resp. M(Ii)) by the set of students assigned to
pj (resp. [t) in M. We also say that, a project p; € P
(resp. lecturer [, € L) is under-subscribed, full or
over-subscribed in M if |M(p;)| < cj, IM(p;)| = cj,
or [M(pj)| > cj (resp. [M(Ix)| < di, |M(lx)| = di, or
|M(1)| > dp), respectively.

Definition 1 (Matching). A matching M is an assign-
ment such that [M(s;)| < 1 foreachs; € S, |[M(p;)| <
cj for each p; € P, and |M(Iy)| < d; for each [, € L
(i.e., each student is assigned to at most one project,
and no project or lecturer is over-subscribed in M). «

Definition 2 (Blocking Pair). An acceptable pair
(si,pj) € (8§ x P)\M is a blocking pair of a match-
ing M, if all the following conditions are fulfilled:

1. pj €A, (e, s; find p; acceptable);

2. Either M(s;) = @ or s; prefers p; to M(s;);
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3. |[M(pj)| < cj and either
(a) si € M(li) and I prefers p;j to M(s;), or
) si ¢ M(Il) and |M (Ix)| < d, or
(c) si ¢ M(ly), IM(Ix)| = dy, and I prefers p; to
I’s worst non-empty project, where I is the
lecturer offering p;. <

We say that a matching M is stable if it admits no
blocking pair, otherwise, it is unstable. Given a stable
matching M, we denote by |M| the number of students
assigned in M. We also say that M is a perfect match-
ing if [M| = n, otherwise, it is a non-perfect matching.

Example 1. To make these definitions clearer, in
this example, we considers an instance of SPA-PT,
which involves a set of six students § = {s1, s2, s3,
4, S5, S¢}, a set of two lecturers £ = {lj,} with
P = {PI»P27P3aP4} and P, = {P57P6}’ and a set of
six projects P = {p1, p2, 3, P4, Ps, Pe}. Further de-
tails are described in Table 1, where ties in students’
and lecturers’ preference lists are presented in round
brackets. In the lecturers’ preference list, let’s con-
sider the first row for the lecturer /;, the meaning of
Ii: p3 psa (p1 p2) is that, [} strictly prefers ps3 to
P4, and py4 to (p1 and p»), also in this case, /| prefers
p1 and p; equally. In particular, rank(ly,p3) = 1,
rank(ly, ps) = 2, and rank(ly, p1) = rank(ly, p2) = 3.
We use the same notations in the students’ preference
list. Rank lists corresponding to the students’ and lec-
turers’ preference lists presented on the left-hand side
of Table 1 are shown on the right-hand side of that ta-
ble. From now on, we use the term students’ list (resp.
lecturers’ list) instead of students’ (resp. lecturers’)
rank list, for short. We say that, s;’s list is empty if
rank(s;,pj) =0forall p; € P.

The matching M = {(s1,p2), (s2,p6). (s3,P5),
(s4,9), (ss,ps), (s6,p4)} is unstable since there ex-
ists some blocking pairs {(s2,p2), (s2,p3), (s4,p2),
(84, p3)} for M. The matching M = {(s1,9), (s2,ps ),
(s3,p3), (s4,p2), (85,p6), (s6,pa)} is stable because
there exists no blocking pair for M, and M is a non-
perfect matching since |[M| = 5. The matching M =
{(s1,p3), (52,P6), (53,P5), (54, P2). (55,P4), (S6,P5)}
is stable since there exists no blocking pair for M. Ad-
ditionally, in this case, M is a perfect matching since
M| =6. <

3 PROPOSED ALGORITHM FOR
SPA-PT

In this section, we propose an algorithm for finding
maximum stable matching of SPA-PT instances using
a heuristic strategy, named SPA-PT-heuristic, which is
described in Algorithm 1. For initialization, we set

Algorithm 1: SPA-PT-heuristic Algorithm.

Input : An instance of SPA-PT with

S= {Sl,SQ,...,Sn};

P= {p17p2a"' apq};

L= {l]aIZa cee 7lm}’

M = @,

active(s;) :=1,Vs; € §;

h(ly,si) =0,V € L and Vs; € S;
Output: A maximum-size stable matching M

for SPA-PT

while 3s; such that active(s;) > 0 do
if IsEmpty(s;’s list) then
active(s;) == 0;
continue;
end
Al-Jr := argmin(rank(s;, p;) > 0), Vp; € A;;
pj:= argmax(c, — |[M(p,)|), Vp: € AT
Iy := lecturer offering p;;
M= MU{(s3,p)):
10 | active(s;) :=0;
1 y(v) := number of projects of rank v in s;’
list(v=1,2,...);
12 h(l,si) == rank(lg, pj) + (q*sum(y) +
max(y))/(q*q+q+1);
13 if p; is over-subscribed then

AR I L D NI

14 sy := argmax (h(lx,s,)), Vs, € M(p;);
s || M=\ {5k

16 rank(sy,pj) := 0;

17 active(s,) == 1,

18 h(ly,sy):=0;

19 end

20 if [, is over-subscribed then

21 sy := argmax(h(ly,s,)), Vs, € M(L);
2 pri=M(s,);

w || =M\ (G

24 rank(s,,p;) :=0;

25 active(s,) == 1,

26 h(ly,s,) :=0;

27 end

28 end

29 return M;

M = &; active(s;) = 1 for all s; € § with the meaning
that all students are active for the first time; and an
array h(l,s;) =0, forall [, € L (1 <k<m)ands; €
S (1 <i< n), to store a heuristic value for the pair
(Ix,s;) at each iteration.

When there exists an active student s;, if there is no
more project in s;’s list, then s; becomes inactive for-
ever (i.e., active(s;) = 0, line 3), and therefore in this
case s; is unassigned in M. Otherwise, s; is assigned
to the project p; with the minimum value of rank, and
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Table 1: An instance of SPA-PT.

Students’ preference list

Lecturers’ preference list\

Students’ rank list Lecturers’ rank list

Ii: p3 pa (p1 p2)
l: ps ps

stz (p1 p2) (p3 ps)

st po p3 (ps Ppe)

s3: (p1 pa ps) p2 D3
s4: (p2 p3) ps

ss: (pa ps) p1 (P2 pe)
6. D5 D4

s;:1 12020 L:33 1200
5:0 1 20 3 3 L:0 000 2 I
s:1 23110
5420 1 1020
5:2 301 1 3
5:0 00210

Lecturers’ capacities: dj = 3,d = 3;

Projects’ capacities: c; =c3 =ca = 1,cp = c5 =2,c6 =3

the maximum remaining capacity on the s;’s list (i.e.,
the pair (s;, p;) is added to M, lines 6-9). In this case,
s; becomes inactive (line 10), and the heuristic value
h(ly,s;) is updated based on the following heuristic
function, where y is an array and each y(v) stores the
number of project of rank v in s;’s list (i.e., the fre-
quency of rank v in s;’s list with v =1,2,...):

h(lk,si) = rank(ly,p;) + (q*sum(y) +

max(y))/(q*q+q+1).

The intuition behind the heuristic function (I, s;)
is that, the student s;, who has the most opportuni-
ties to choose his/her projects based on s;’s list, will
be selected to remove from M for the cases either p;
is over-subscribed, or I, is over-subscribed. Particu-
larly, instead of choosing an arbitrary assigned stu-
dent s; to remove, the heuristic function is used to
eliminate the student with the most opportunity and
keep the students in M who have the least opportunity
to be reassigned to some project in their lists at the
next iterations.

In the case p; is over-subscribed, the student
sr € M(p;) corresponding to the maximum value of
h(l,s,) is removed from M (lines 14-15), where I
is the lecturer offering p;. Also in this case, p; is
deleted from s,’s list (line 16) and s, is now active
again (line 17).

Similarly, in the case [y is over-subscribed, the
student s, € M(l;) corresponding to the maximum
value of h(ly,s,) is removed from M (lines 21-23).
Also in this case, p; is deleted from s,’s list (line 24)
and s, is now active again (line 25), where p; is the
project assigned to s, in the earlier step. We set the
heuristic value h(l,s,) to zero when a student s, is
remove from M (lines 18 and 26). If there is no stu-
dent in the active state, the algorithm terminates and
returns a maximum stable matching in M.

Example 2. This example illustrates the running of
Algorithm 1 by using the SPA-PT instance given in Ta-
bles 1. Algorithm 1 starts with M = @, active(s;) = 1,
Vs; € S (i.e., all students are assigned to active), and
h(ly,s;) = 0, VI € L and Vs; € S. The i iteration of
running Algorithm 1 is performed in detail as follows:
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(1) sp is assigned to p; since p, has the minimum
value of rank with the maximum remaining ca-
pacity on the s;’s list (there are two projects p;
and p, with rank(sy, py) = rank(s1,p2) = 1, and
the current capacity for p; is 1, whilst p; is 2).
Consequently, M = {(s1,p2)} and s; is now inac-
tive (i.e., active(s;) = 0).

(2) s; is assigned to pp since p, is the unique min-
imum value of rank on the s;’s list and p; is
under-subscribed. As the result, M = {(s1,p2),
(s2,p2)} and s; is now inactive.

(3) s3 is assigned to ps since projects pi, psa and ps
have the minimum value of rank on the s3’s list,
but ps has the maximum current capacity. Conse-
quently, M = {(s1,p2). (s2,p2). (s3,ps)} and s3
becomes inactive.

(4) Similarly, s4 is assigned to his/her most preferred
project p3 and becomes inactive. Consequently,
M ={(s1,p2). (s2,p2), (53,P5), (54, P3)}-

(5) ss is assigned to his/her most preferred project p4
and becomes inactive. However, in this case [ is
over-subscribed and h(l,s;) is maximum, there-
fore the pair (s, p2) is eliminated from M, s, is
now active again. As the result, M = {(s2, p2),
(53,P5), (52, P3), (55,Pa) }-

(6) Similarly, s¢ is assigned to ps and becomes
inactive. Consequently, M = {(s2,p2), (s3,ps),
(s4,p3), (s5,p4), (s6,ps)}. After this step, we
have only s; in active state.

(7) sy is assigned to p; and becomes inactive since p;
is the unique minimum value of rank on the s1’s
list. However, in this case [; is over-subscribed
and A(ly,s;) is maximum, therefore the pair
(s2,p2) is eliminated from M, s, is now active
again. As the result, M = {(s1,p1), (s3,p5),
(s4,P3), (85, p4), (56,P5)}-

(8) 7 is assigned to his/her most preferred project p3
and becomes inactive. However, in this case p3
is over-subscribed and the pair (s2,p3) € M has
the maximum value of A(l;,s,), therefore the pair
(s2,p3) is eliminated from M, and s, is now ac-
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Table 2: The step-by-step of running Algorithm 1 for the instance given in Table 1.

# si opj I Matching M (M =M U (s;,p;)) M\ (sr,pr)
L s1 p2 &L {(s1,p2)}

2 s pr b A(Gs1,2),(52,2)}

3 53 ps b {(s1,02),(52,02),(s3,p5)}

4 sa p3 L {(s1,2),(s2,p2), (53, P5), (54, P3) }

5 ss pa b {(s2,p2),(s3,p5), (54, p3): (55, pa) } {(s1,p2)}
6 s6 ps b {(s2,02),(53,P5), (54,P3), (55, P4), (56, P5) }

7 stopr b A{Gs1,01),(53,p5), (54, 3), (55, P4), (S6,P5) {(s2,p2)}
8 so p3 L {(s1,p1),(53,p5),(54,3), (55, P4), (56, P5)} {(s2,p3)}
9 s pe b {(s1,p3),(s2,P6). (53,P5), (54, P2), (55, P4), (56, P5) }

tive again. As the result, M = {(s1, p1), (s3,p5),
(s4,P3), (s5,P4)s (s6,P5)}-

(9) Finally, s; is assigned to his/her most preferred
project peg and becomes inactive. After this step,
all students are inactive, the algorithm termi-
nates and returns a stable matching M = {(s1, p3),
(s2,P6)s (53,P5) (s4,P2), (S5,P4), (S6,P5)}. <

The running steps of Algorithm 1 in Example 2
are summarized in Table 2.

4 EXPERIMENTS

In this section, we present several experiments to eval-
uate the performance of our SPA-PT-heuristic algo-
rithm. We implemented our algorithm and the com-
pared algorithms by Matlab R2019a software on a
laptop computer with Core i7-8550U CPU 1.8 GHz
and 16 GB RAM, running on Windows 11.

Datasets. To run experiments, we extend the ran-
dom problem generator algorithm for SMTI prob-
lem (Gent and Prosser, 2002) to generate random
SPA-PT instances. Specifically, we generated random
SPA-PT instances with four parameters (n,m,q,T),
where n is the number of students, m is the number
of lecturers, and ¢ is the number of projects, and 7 is
the probability of ties in both preference lists of stu-
dents and lecturers.

4.1 Experiments for SPA-P

In this section, we chose the well-known SPA-P-
approx (Manlove and O’Malley, 2008) and SPA-P-
approx-promotion (Iwama et al., 2012) (for short, we
call it SPA-P-promotion) algorithms to compare their
solution quality and execution time with those of SPA-
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Figure 1: Percentage of perfect matchings found by SPA-
PT-heuristic, SPA-P-promotion, and SPA-P-approx algo-
rithms for the Experiment 1.

PT-heuristic algorithm. Since SPA-P-approx and SPA-P-
promotion algorithm are used for SPA-P, so we chose
T = 0.0, meaning that SPA-PT becomes SPA-P.
Experiment 1. In this experiment, we chose n €
{200,400, - --,2000}. For each value of n, we gener-
ated 100 instances of SPA-PT of parameters (n,m,q),
where m and g are random integer numbers bound
by 0.02n < m < 0.1n and 0.1n < g < 0.5n, respec-
tively. This means that the student-to-lecturer ratio is
from 10 to 50, the student-to-project ratio is from 2
to 10, and each lecturer offers from 1 to 25 projects
randomly. In each instance, we let each student ran-
domly rank from 1 to 20 (i.e., |A;| € [1,20]) projects in
the set © of projects offered by all lecturers. Besides,
we generate the capacity c; of each project p; € P
such that2 <¢; < 11 and Z?Zl cj = n. Finally, we set
the capacity dy of each lecturer /i to the total capac-
ity of projects offered by I, i.e. dy =} c;, where ¢; is
the capacity of project p; € P;. These conditions mean
that the total capacity of the projects proposed by all
lecturers is the same as that with the total number of
students (i.e., the total capacity of the projects is just
enough to assign to the given number of students n).
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Figure 2: Execution time of SPA-PT-heuristic, SPA-P-
promotion, and SPA-P-approx algorithms for the Experi-
ment 1.

Figure 1 shows the percentage of perfect
matchings found by SPA-PT-heuristic, SPA-P-promotion,
and SPA-P-approx algorithms. SPA-PT-heuristic finds
from 75% to 83% of perfect matchings, SPA-P-approx-
promotion finds from 60% to 74% of perfect match-
ings, while SPA-P-approx finds only 1% of perfect
matchings at n = 200.

Table 3 shows the average of unassigned students
found by SPA-PT-heuristic, SPA-P-promotion, and SPA-P-
approx algorithms. For every n from 200 to 2000, SPA-
PT-heuristic finds a smaller number of unassigned stu-
dents in non-perfect matchings than SPA-P-promotion
and SPA-P-approx do. Especially, when n is larger, the
average of unassigned students in non-perfect match-
ings found by SPA-PT-heuristic is much smaller than
that found by SPA-P-promotion and SPA-P-approx. This
means that the stable matchings found by SPA-PT-
heuristic are larger than those found by SPA-P-promotion
and SPA-P-approx in terms of size.

Figure 2 shows the average execution time of
found by SPA-PT-heuristic, SPA-P-promotion, and SPA-
P-approx algorithms. We see that SPA-PT-heuristic runs
faster than SPA-P-promotion, but slower than SPA-P-
approx. As mentioned above, the problem of finding a
maximum cardinality stable matching is NP-hard. By
using the approximation solutions, these algorithms
run approximately in 3 seconds with n = 2000. That
is, they are possible for using in practical applications
w.r.t. the execution time.

Experiment 2. In this experiment, we chose val-
ues of parameters n, m, and ¢g as in Experiment 1.
In each instance, we let each student randomly rank
from 1 to 10 (i.e., |A;| € [1,10]) projects in the set P
of projects offered by all lecturers. Besides, we gen-
erate the capacity c¢; of each project p; € P such that
2<c¢;j<1landn<Y?  c; < 1.5n. Finally, we set
the capacity dy, of each lecturer /i to be a random inte-
ger number such that 0.8 x Y. c; < di < Y c¢;, where ¢;
is the capacity of project p; € Py. This means that each
lecturer I;, chooses from 80% to 100% students in the
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Table 3: Average of unassigned students found by SPA-PT-
heuristic (A1), SPA-P-promotion (A2), and SPA-P-approx
(A3) algorithms for the Experiment 1.

Number of students n
200 400 600 800 1000 1200 1400 1600 1800 2000
Al 132 164 239 426 77.0 624 551 914 97.8 868
A2 141 17.1 264 444 79.0 650 593 951 1029 965
A3 292 493 757 1074 1519 157.0 170.1 210.6 240.1 255.2

Table 4: Average of unassigned students found by SPA-PT-
heuristic (A1), SPA-P-promotion (A2), and SPA-P-approx
(A3) algorithms for the Experiment 2.

Number of students n
200 400 600 800 1000 1200 1400 1600 1800 2000
Al 94 19.6 278 33.0 435 368 676 640 760 782
A2 9.7 198 28.6 33.7 43.6 375 67.6 66.1 773 79.0
A3 17.1 36.0 50.8 649 81.1 82.7 1243 130.2 149.8 151.8

©® - SPA-PT-heuristic - ®-SPA-P-approx - P»-SPA-P-promotion

& 100 . . . . . ! ! !

£

<

o

T 80 i

=

© ([ 3

3 60k = =

= B 4 ° o i SO 4

a8 LaREY SELE S h--g

G 40 1

(4]

% n

£ 207> - g
———y - - - L

SO s UL SEET it S

a 0

200 400 600 800 1000 1200 1400 1600 1800 2000
Number of students
Figure 3: Percentage of perfect matchings found by SPA-
PT-heuristic, SPA-P-promotion, and SPA-P-approx algo-
rithms for the Experiment 2.
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Figure 4: Execution time of SPA-PT-heuristic, SPA-P-
promotion, and SPA-P-approx algorithms for the Experi-
ment 2.

total of capacities of projects offered by her/him.

Figure 3 shows the percentage of perfect match-
ings found by SPA-PT-heuristic, SPA-P-promotion, and
SPA-P-approx algorithms. Again, we see that SPA-PT-
heuristic finds many perfect matchings than SPA-P-
promotion and SPA-P-approx do.

Table 4 shows the average of unassigned students
found by SPA-PT-heuristic, SPA-P-promotion, and SPA-P-
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Figure 5: Percentage of perfect matchings found by SPA-
PT-heuristic algorithm for the Experiment 3.

approx algorithms. Again, we see that SPA-PT-heuristic
finds a smaller number of unassigned students in non-
perfect matchings than SPA-P-promotion and SPA-P-
approx. This means the stable matchings found by
SPA-PT-heuristic is larger than those found by SPA-P-
promotion and SPA-P-approx.

Figure 4 shows the average execution time of
found by SPA-PT-heuristic, SPA-P-promotion, and SPA-P-
approx algorithms. We see that when # is larger, SPA-
PT-heuristic runs much faster than SPA-P-promotion, but
equally fast as SPA-P-approx.

In brief, in the two above experiments, SPA-PT-
heuristic not only outperforms both SPA-P-promotion
and SPA-P-approx in terms of solution quality but also
the execution time.

4.2 Experiments for SPA-PT

In this section, we present two experiments to con-
sider the behavior of SPA-PT-heuristic for SPA-PT when
the probability of ties T varies from 0.0 to 1.0.

Experiment 3. In this experiment, we let all the
settings be the same as in Experiment 1. However,
we allow ties to appear in the preference lists of
both students and lecturers with the probability of ties
t€{0.0,0.1,---,1.0}.

Figure 5 shows the percentage of perfect match-
ings found by SPA-PT-heuristic algorithm. For n from
200 to 2000, SPA-PT-heuristic found more than 70% of
perfect matchings. Moreover, as n increases from 200
to 2000 the percentage of perfect matchings found by
SPA-PT-heuristic decreases. As T increases from 0.0 to
1.0 the percentage of perfect matchings found by SPA-
PT-heuristic increases.

Figure 6 shows the execution time of SPA-PT-
heuristic algorithm. As 7T increases from 0.0 to 1.0,
the execution time of SPA-PT-heuristic decreases. As
n increases from 200 to 2000, the execution time of
SPA-PT-heuristic increases. As mentioned earlier, with
n = 2000, our algorithm runs approximately in 3 sec-
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Figure 6: Execution time of SPA-PT-heuristic algorithm for
the Experiment 3.
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Figure 7: Percentage of perfect matchings found by SPA-
PT-heuristic algorithm for the Experiment 4.

onds, thus, it can be applied easily in practical appli-
cations.

Experiment 4. In this experiment, we let all the
settings be the same as in Experiment 2 and T €
{0.0,0.1,---,1.0}.

Figure 7 shows the percentage of perfect match-
ings found by SPA-PT-heuristic algorithm. As T in-
creases from 0.0 to 1.0 the percentage of perfect
matchings found by SPA-PT-heuristic slightly increases.
As n increases from 200 to 2000 the percentage of
perfect matchings found by SPA-PT-heuristic decreases.

Figure 8 shows the execution time of SPA-PT-
heuristic algorithm. As T increases from 0.0 to 1.0, the
execution time of SPA-PT-heuristic slightly increases.
As n increases from 200 to 2000, the execution time
of SPA-PT-heuristic increases.

S CONCLUSIONS

In this paper, we proposed a heuristic algorithm to
find maximum stable matching of SPA-PT instances.
Starting at an empty matching, our algorithm itera-
tively constructs a maximum stable matching of stu-
dents and projects. At each iteration, our algorithm
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Figure 8: Execution time of SPA-PT-heuristic algorithm for
the Experiment 4.

chooses the most ranked project of an unassigned stu-
dent to assign for her/him. If the assigned project or
the lecturer who offers the assigned project is over-
subscribed, instead of choosing an arbitrary assigned
student to remove, our algorithm removes the stu-
dent corresponding to the maximum value of the pro-
posed heuristic function (i.e., we want to keep the
students who have the least opportunity to be reas-
signed to some project in their lists at the next it-
erations). Experiment results showed that our algo-
rithm not only outperforms the SPA-P-approx and SPA-
P-approx-promotion algorithms for the SPA-P problem
w.r.t. the execution time and solution quality, but also
efficient for the SPA-PT problem.
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