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Abstract :  University Scheduling is a way of allocating students, lecturers, and rooms, which is
used for lectures in the available time slots. The common problems are that a lecturer is scheduled
in the same time slot, or several courses are scheduled in the same room and the same time slot.
For this reason, scheduling needs to be made in such a way that it can optimize the use of
resources. We use simulated annealing as an approach to solve that problem. The results showed
that the higher the initial temperature value used and the greater the iteration value would reduce
the violation constraints in scheduling problems.

Keywords: university timetable problem, simulated annealing, optimization.

Abstrak : Penjadwalan di Universitas merupakan cara untuk mengalokasikan waktu bagi
mahasiswa, dosen dan ruangan yang digunakan untuk kegiatan perkuliahan. Permasalahan
umum yang sering ditemui adalahbahwa seorang dosesn dijadwalkan pada waktu yang sama atau
beberapa mata kuliah dijadwalkan diruangan yang sama dan pada waktu yang sama.
Berdasarkan kondisi tersebut, perlu dibuat sistema penjadwalan sedemikain rupa sehingga dapat
mengoptimalkan penggunaan sumber daya yang ada. Dalam penelitian ini, digunakan
pendekatan dengan metode Simulated Annealing untuk memecahkan masalah tersebut.Hasil
Penelitian menunjukkan bahwa semakin tinggi nilai pengukuran awal yang digunakan dan nilai
iterasi yang lebih besar akan dapat mengurangi kendala dalam masalah penjadwalan.

Kata Kunci: Masalah Penjadwalan , simulated annealing, optimasi.

1. INTRODUCTION availability of classrooms, lecturers, and courses.

Based on observation, we have found that

Scheduling allows various activities to be
carried out regularly and does not interfere with
each other. According to [1] scheduling is an
activity carried out to allocate existing resources
or machines to run a set of tasks within a certain
period of time. Research on scheduling has been
widely discussed in various studies, including
University Timetable Problem (UTP) [2,3,4,5,6].

Preparation the schedules is part of routine
learning activities were done every semester at a
college. Each college manages several
departments with a number of students. The

process of learning activities requires the
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classroom utilization is less than 70%. It means
there is a possibility to be optimized. In addition,
the number of lecturers available is limited, and
the teaching time preferences of lecturers are
very diverse because they have to carry out
various other activities besides learning
activities. It causes limited time allocation from
lecturers for learning activities.

Lecture scheduling is prepared by each
department, after obtaining information on the
lecturers' time preferences to be scheduled. After
that, the schedules of each department will be

combined. The problems that can be arise in this
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process are: (1) It often happens that the same
room is scheduled for two or more different
subjects at the same time, (2) sometimes a
lecturer who has been scheduled in a department
is also scheduled for other departments at the
same time, (3) the students cannot take up to the
maximum number of credits because courses that
can be taken are scheduled at the same time, so
that only one subject can be taken, and (4) we
found that courses in the same semester in a
department are scheduled at the same time. This
causes students in the semester to only be able to
take one of the courses.

The problems mentioned above were
found when the class schedules of each
department were combined, and some were even
discovered during the period of filling out the
study plan by the students. These problems cause
the schedule repair process to be very difficult to
do, because changing the schedule of one course

will affect the overall schedule.

2. EXPERIMENTAL SECTION

2.1 University Timetable Problem

University Timetable Problem (UTP) is a
classic problem in educational institutions that
has attracted many researchers in the past two
decades [2]. Scheduling in higher education can
be divided into scheduling lectures and
scheduling examinations [7]. There are many
models that have been proposed in various
studies. Jat & Yang [8] mentions UTP as a
multidimensional allocation problem, where
students and lecturers are allocated in courses,

subject classes and time preferences (both
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lecturers and students) are allocated in
classrooms and timeslots. UTP is a type of time
allocation problem that is resolved by evaluating
the limitations given. Every educational
institution has different characteristics. This
causes the boundaries made to be different for
each institution. In general, the limitations often
encountered in lecture scheduling problems are
as follows [9]: (1) edge constraint, two events
may not occupy the same time slot, (2) ordering
constraints, limits that govern the sequence of
events, (3) event spread constraints, limits that
govern the spread of events in a scheduling, (4)
preset specification and exclusion, a limit that
determines in advance the time slot that will be
used by an event before the solution search
process, and (5) capacity constraints, restrictions

that are related to room capacity

Kohshori & Abadeh [10] grouped
boundaries into hard constraints and soft
constraints. Hard constraints are the limits that
should not be violated at all. While the soft
constraint is a limitation that as much as possible
to be fulfilled.

2.2 Simulated Annealing

Simulated Annealing (SA) was introduced
in a paper published by Metropolis in 1953. If
we heat a hard material until it melts and then
cool it, then the nature of the material structure
depends on the level of cooling. If the liquid
material is cooled slowly, it will produce good
quality of crystals. Conversely, if liquid material
is cooled rapidly, the formed crystals will not be
perfect. The algorithm proposed by Metropolis

simulates matter as a system of particles. The
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algorithm simulates a cooling process that
gradually lowers the temperature of the system
until it converges to a frozen and stable state.

Kirkpatrick [11] used the idea of the
Metropolis algorithm and applied it to
optimization problems. The idea is how to use
SA to find feasible and converging solutions to
optimal solutions. They implemented SA in the
optimal design of computer hardware and the
Traveling Salesman Problem (TSP).

Annealing is a cooling of metal slowly,
after the metal has been heated at a very high
temperature. The cooling process of metal heated
at high temperatures takes place slowly when the
temperature drop stops, the metal has been in a
condition with very low energy. The SA
algorithm simulates the annealing process in
making material consisting of glassy or metal
grains. The purpose of this process is to produce
a good crystal structure using minimum energy.
When resolving the optimal problem using SA,
the structure of a substance will represent the
preparation of the solution of a problem and the
temperature is used to determine how and when
new solutions can be updated and accepted. This
algorithm is basically a three-step process,
namely updating the solution, evaluating the
guality of the solution and determining the
solution received.

Implementing SA requires a number of
random numbers. Choosing the right random
generator requires special knowledge of a
problem. Basically it is important to specify the
number of random numbers needed and
determine the speed of the generator. The

random generator will produce the initial
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solution. In addition to using random builders,
the formation of solutions can also be done with
other algorithms such as search algorithms so
that the SA algorithm speed will be better.

Find a random initial solution s := s using cs(P)
Select an initial temperature ¢ :=to > 0
Select a temperature reduction function «
repeat
repeat
s’ := NeighborhoodSearching(s)
d:=F(s') - F(s)
if((6 < 01) or (exp(=d/t) < rand|0, 1]))
8i=5
endif
until iteration_count = 7.,
t := CoolingSchedule(t)
until stopping condition is true

Figure 1. General Simulated Annealing
Algorithm [12]

The SA algorithm (Figure 1) accepts a
new solution if the new cost is lower than the
cost of the current solution in each iteration.
With these criteria, SA allows avoiding local
traps (local minimum). This is one of the
advantages of SA compared to other scheduling
methods.

Simulated Annealing has three
parameters: initial temperature, reduction value,
and number of iterations. These parameters are
important  parameters in the successful
implementation of the SA algorithm [13]. The
functions of the three parameters are:

1. Initial Temperature; used to determine the
length of the process of making a new
solution, because the higher the number
determined and the smaller the value of the
temperature reduction used to decrease, the
longer the  temperature decreases.

Determination of the initial temperature

value is adjusted to the problem at hand, in

determining the initial temperature precisely
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until now there is no single method that can
accurately determine the initial temperature
for all problems. So this value can be
changed depending on when testing the
algorithm for the problem. The end point of
temperature drop is reaching  zero

temperature.

2. Value of Reduction; is a fixed value that will
be used to reduce the initial temperature.
According to [14], this value is determined
based on experience which shows that a that
should be used is between 0.8 and 0.99.
Usually a good result is obtained when o
approaches 0.99. The greater the value of a
the longer the process of decreasing the

temperature to reach the stop criteria.

3. Number of iterations; if the amount of
iteration is too large it will help achieve
thermal balance at each temperature but with
increased computational time. If the number
of iterations is small, it can cause an increase
in the speed of convergence or lead to a

solution but the optimum local.

Various studies related to the use of SA in
UTP have been done previously. Rochman [15]
in his research developed a course scheduling
application using the Simulated Annealing
algorithm at Trisakti University. The results
showed that the execution time needed to form
this initial schedule was relatively fast at 488
milliseconds. Another research [16] combined
vertex graph coloring (VGC) and simulated
annealing in their research. Their experiments
show that the combination of VGC and SA can

avoid scheduling problems. The test results show
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that 100% of the problems of lecture and lecturer
clashes can be avoided, and 93.89% clash of
room use can be avoided. The fulfillment of hard
constraints is 98.47%, and the fulfillment of soft
constraints is 82.4%. Overall the system success
rate is 90.435%. Sari and Suseno [17] conducted
a study on the optimization of college scheduling
using the simulated annealing method. This
study aims to make the scheduling of courses in
college using the simulated annealing method
with five data variables, namely lecturers,
subjects, time slots consisting of days and time
periods and space variables. Validation is done
by testing the simulated annealing method by
producing a variant average of 77.791% of data
can reach a solution with a standard deviation of
3.931509. In this study a solution method was
used to use the remaining search space to be

reused by unallocated data.

2.3 Methods

This research activity consists of the
following steps: (1) problem analysis, (2)
literature study, (3) data collection, (4)
application design (5) simulation of SA, and (6)
testing and analysis. The scheduling problems
are based on the Faculty of Science and
Technology, Universitas Katolik Musi Charitas.
We used data from the 2016/2017 academic
year. The software was modeling and designing
by Unified Modeling Language (UML). We
developed the software with Visual Basic 2015
and mySQL. The data is inputted to the software
to be simulated. The simulation results will be

discussed.
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3. RESULT AND DICUSSION

3.1 Algorithm Design
Based on [12], the scheduling steps with SA

can be defined as follows:

1. Determine the initial wvalue for

each of the following
parameters: temperature (T),
temperature reduction factor

(o), and number of iterations
(I).

2. Set k = 0.

3. Generate the initial schedule (S

= Sy) . As a note, in our
scheduling software, the initial
schedule were generate with

graph coloring method (Sunarni
et al, 2017; Sunarni et al,

2018) .
4. For each element in Sy, 1if there
is a violation of the

constraint, give a wvalue of 1
and vice versa give a value of
0.

5. Calculate the number of
violations (Vi) in Sy by summing
all the values of the slot
elements.

6. Set k =k + 1.

7. Calculate the wvalue of R; with
the formula: R; = 1 + INT (2r,),
with r; = random numbers that
have a uniform distribution in
[0.1] and INT means only the
integer part is taken.

8. If Ry = 1, it means that the row
(session) will be shifted. If R,
= 2, 1t means that the column
(days) will be shifted.

9. Calculate R, and Rz with the
formula R, = 1 + INT (Nr,) and R;
= 1 + INT (Nr3), with r, and r; =
random numbers that have uniform
distributions in [0,1], N is the
number of rows or column in S
(depending on the results of
step 8), and INT shows means
only the integer part is taken.

10. Swap rows or columns R, with rows
or columns Rjs.

11. Arrange the new schedule (Sy)

12. Calculate the number of
violations (Vi) by summing all
the values of the slot elements.
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13.If Vi < Vi1, then do the
following steps: (a) set S = Sy,
(b) Go to step 15.

14.1f Vi > Vi1, then do the
following steps: (a) Generate a
random value of x, (b) Calculate
the probability value of P = e
AT with AV = V, - Vi,. (c) If P
2 x then set S = S, go to step 15

15.Set Ty = aTy;

16.If k < I or T > 0 returns to
step 4. If not, stop the
process.

3.2 An lllustration

For example, the following will be given
an illustration. The first step in SA is to
determine the initial value for each parameter.
Suppose the initial value for temperature (T) =
500, the temperature reduction factor (o) = 0.99,
and the number of iterations (I) = 3. The next
step is to generate the initial schedule (Sy).

Suppose Sy as in Table 1.

The next step is to check all slots that have
constraint violations. For example, Course 1 can
only be held in Session 2, and Course 7 can only
be held on Day 2. The slot elements that have
any consraint violation will be given a value of
1, and slot elements that do not have any
constraint violations will be given a value of 0.
Thus the data in the Table 1 can be rewritten as
Table 2. To calculate the number of constraint
violations that occur, we add the values of all the
elements in the slot, so that the number of
violations obtained is: Vo=1+0+0+0+0+0
+1+0=2.

Table 1. The initial schedule

Day 1 Day 2 Day 3 Day 4
Session  Course 1 Course 2 Course 3  Course 4
1
Session  Course 5 Course 6 Course 7 Course 8
2
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Table 2. The violation contraints of S

Day 1 Day 2 Day 3 Day 4

Session 1 1 0 0 0
Session 2 0 0 1 0

Then, when k = 1, we calculate values of
Ri1, Rz, and Rj. Suppose the random value r; =
0.95, r, = 0.43, and r3 = 0.68 (see Table 3). Then
the value of R; =1 + INT (2 (0.95)) = 2. Because
of Ry = 2, the swapping process will be done in
the column. In this case N = 4 (number of
columns = 4). Next we calculate the values of R
and Rs. R, =1+ INT (4 (043))=2,and Rz =1 +
INT (4 (0.68)) = 3. It means that the columns
will be shifted are the second and third columns
in S.

Table 3. The values of variable for each k

krn RN, R rs R;X P S VT
0 - So 2 500
1 09 2 4 043 2 068 3 - - S; 1 495
2 0221 2 0391 057 2 - - S; 0 490
3 08 2 4 008 1 031 2 054 099 S; 1 485

The next step is to reorder the schedule after
the column exchange is done. The schedule is
obtained as in Table 4. Next we recalculate the
number of violation constraints (V). Based on
Table 5, it is obtained V| = 1. Because V; < Vg,
the new schedule in Table 4 is used as the initial
schedule (S;) for the next iteration. Furthermore,
the value of Ty is calculated by Ty = aTy; =
(0.99) (500) = 495.

The calculation results for the next iteration
can be seen in Table 3. On the second iteration,
which is shifted is the first and the second row.
The result is S2 (Table 6). Based on table 7, it

can be seen that Vk = 0. This means that no
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violations occurred. But because it has not
reached the number of iterations | =3 or T = 0,
the iteration will continue. The results obtained
in the third iteration (Table 8) indicate that there
is one constraint violation (Vk = 1). Because the
value of Vk> Vk-1, the P value is calculated
(Table 3). The results of the calculation of the P
value indicate that the new schedule (Ss) is
accepted as the result schedule.

Table 4. The schedule of S;

Day 1 Day 2 Day 3 Day 4

Session 1 Course 1 Course 3 Course2  Course 4

Session 2 Course 5 Course 7 Course 6  Course 8

Table 5. Violation of constraint in S;

Day 1 Day 2 Day 3 Day 4
Session 1 1 0 0 0
Session 2 0 0 0 0

Table 6. The schedules of S,

Day 1 Day 2 Day 3 Day 4

Session 1 Course 5 Course 7 Course 6  Course 8

Session 2 Course 1 Course 3 Course2  Course 4

3.3 Software Design

Modeling software is a method used to
describe the basis of the system to be built.
Software models were developed with the
Unified Modeling Language (UML). We used
four diagrams to model the software: (1) use
case diagram is used to describe system and user
interactions (Figure 2), (2) class diagrams to
model the static structure of the system (Figure
3), (3) sequence diagrams to model an
interaction on the system, (4) activity diagrams

to model the behavior of a system.
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Table 7. Violation of constraintin S,

Day 1 Day 2 Day 3 Day 4
Session 1 0 0 0 0
Session 2 0 0 0 0

Table 8. The schedules of S;

Day 1 Day 2 Day 3 Day 4
Session 1 Course 7 Course 5 Course 6 Course 8
Session 2 Course 3 Course 1 Course2  Course 4

SA for UTP Application

manage lecturers

manage courses

manage rooms

manage class

i

generate schedule

Figure 2. Use case of scheduling software
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The user interface on the main page
consists of 6 menus: academic year, class room,
courses, lecturers, teaching, lecturer preferences.
3 parameters as a reference for the SA process
and consists of 3 buttons, namely, create
schedule button, save schedule and close. Button
create a schedule to do the schedule creation
process, save schedule button to save the best
schedule that has been made, and close button to
close the application. Our application used
Bahasa Indonesia. The samples of user interface

shown on Figure 4, 5, and 6.

FormKetersediaan

FormPengajaran

- InitTableData()

- save()

- Delete()

- FillDosen()

- FillMataKuliah()

- ClearForm()

- FormPengajaran_Load()

FormDosen

- InitTableData()

*

1

FormMataKuliah

- InitTableData()

- save()

- UpdateData()

- Delete()

- ShowData()

- ClearForm()

- FormMataKuliah_Load()

1 - save()
- UpdateData() - UpdateData()
- Delete() = Qelete()
- FillDosen()

- ShowbData()
- ClearForm()
- FormDosen_Load()

*

- InitTableData()
- save()

- FillamBelajar()
- ShowData()
- ClearForm()

*

. L

+ AddPengajaran()
+ AddTempatWaktu()
+ GetHariBylndex()

*

FormTahunAjaran

- InitTableData()

- save()

- UpdateData()

- Delete()

- ShowData()

- ClearForm()

- FormTahunAjaran_Load()

+ GetPengajaran()
+ GetTempatWaktu()

FormRuangan
Jadwal
= R - InitTableData()
- arrHari : string - save()
- listpengajaran _ UpdateData()
- listruangan - Delete()
- listtempatwaktu - ShowData()
+ jambelajar : string _ ClearForm()
- FormRuangan_Load()

FormBangkitJadwal

- selectedBestjadwal

+ AppenLog()

- FillTahunAjaran()

- ShowlJadwal()

- FormBangkitlJadwal_Load()

- FormBangkitladwal_Closing()

GraphColoringModel

+ CreateProtoTypeladwal()

L

SimulatedAnnealing

- alpha : double

- delta : double

- epsilon : double
- graphcolor

- maxiterasi : int

- temperature : double
- bestJadwal
- fewpelanggaran : int

+ StartAnnealing()

- checkTotalTabrakan()
- getStatus()

- Optimasi Jadwal()

Figure 3. Class diagram of scheduling software
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3.4 The Results

Testing is done with a number of data. Data
collection is done by retrieving data in even
semester 2017/2018. We conducted 69
experiments with initial temperatures ranging
from 150 to 1300 and the number of iterations
ranged from 50 to 475. We used a fixed alpha
value of 0.99. Table 9 shows the average value
of the whole experiment.

3% Mata Kuliah [
Entri Data
Kode Mata Kuliah
Nama Mata Kuliah

SKS
Semester -
Jurusan [ - ]
kd_matkul  matkul sks semester  jurusan

K

TA 42172 |Sejarah Perkembang...

3 Genap Teknik Arstteldur |
2 ‘Genao ‘Teknik Arsitektur
TA-832393 |Perancangan Ruang... |3 ‘Gmap -Telcrik Asitektur
TA 43122 |Uhiltas Bangunan I 2 AGenap ATelcnl'k Arsitektur
TA63202 | Stukturdan Konstu_ |2 Genap | Teknk Arstektur

2

2

2

3

TA-22112 | Arsitektur dan Lingku... Genap Teknik Arstekdur
.TA -61052 |Fenomenologi Agama vGenap | Teknik Arstektur
TA-22072 | Mekanika Teknik Il -Genao -Teknik Arsitektur
lTA -73303 |Perancangan Kota L... ‘Gmap ‘Teknlc Arsitektur | ~

Figure 4. User interface for manage the
courses

§ Aphas Peradclan Mot Kulh
Tohumlon Rumg Vel Dem e (i (e b

MEZHIHZHE --

Sru Sriget ey hes Tk
Jadwal_ Jumich Bestiok 25

lterasi-1

IDelta (Pesubahan Petanggaran) - -7
Simgan Jadwal Tertal .

Jumizh Pelangoaran/Tabraicn Deka < 0] §
[Temperatur - 3%

lherasi 7

Deta (Perubahan Petanggeran] &
Simgan Jadwal Tertal .

Jumizh Pelangoaran/Tabrakan Deka < 0] 4
[Temperatr - 38204

herasi 3

Dela {Pemubsfian Petanggaran) - 2
Simgan Jadwal Tertal .

Jumizh Pelangoaran/Tabrakan Deka < 0] 2
Tempesctur - 388 1%

ot . -

I | |

Figure 5. User interface for simulated
annealing process
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% Aplikes Penjadualan Mstz Kisih =
Tenfjzen fung Meizkich Dossn Pengriamn Keiemedzen  Ceisk ladwel

-2017;2018 v-

Smizs Smuisied Ameding il Tabak

Mo Hai  Wali  Desen Nama Matziuiizh

1 Senin 0730-9000 Y DICKAPRATAMA ST MT. Rekayzsa Niai (P) [TH81373]
2 Senin 08000940 R KRISTOFORLIS JAWABENDL, ST. Riset Teimologi Informiasi IF-531
E Mangjemen Proyek Sisem infom_ 2
4 Senn  (200094) THERESWWDVSTUTLSPSLMPS! PsimdagnosikalKonsepDasa. 2
5 Sein  N00RA) MASAYUJAMLAH SKOMMKOW  MangemenUmum[SkZ215d
L]
7
2

Senin 080003940 ANDRIWLIAYA SKOM MTI

Senin  1000-1140 R KRISTOFORUS JANABENDL ST, . Meioda Pensiilan [SH63132]
Senin  1000-1140 SUKARMAN BR_ SCJ MFPD mu Pemyaiaan Psikologi Komu_ 2
Senin  1200-1340 HERISETAWAN, Dr, ST MT. Analisis dan Pengukuran KenaT- 2
9 Senin  1200-1340 Y DICKAPRATAMA ST.MT.
10 Senin 12001340 ANDRIWLIAYA SKOMWLTI

Pengentaan Kuzitas 51143
Manajemen Rantai Pasakan S5

1 Senin  1200-1340 SRIANDAYAM SKOM, MCS Proyek Sistem Informasi [S1L65012] 2
12 Selasa  (730-10.00 LUHUTHUMUNTALP SIREGAR MT  Water Front (P) [TA-83333]
13 Sefasa (730-10.00 THERESWASUNARML ST.MT. Perancancan Tata Letax Fasiltas.

14 Selasa 0800940 LUHUTHUMUNTALPSIREGAR MT  TeoriArsiteiur B [A-£2167]
15 Selasa (8000340 SUZZANAWINDAARTHAMUSTIKA S Sinddur dan Konsiruksi Il [TA-431
16 Selasa 08000940 THERESIASUNARML ST_MT. Perancangan Teimik ndusin [T 2
17 Sefasa (08000940 YANUAR SYAMPUTRA Kewarganegaraan IF-61032
18 Selasz 0000940 MASSNUJAMILAH SKOM MKDM  Analisis Proses Bisnis [SH22047)

I T |
Figure 6. User interface for scheduling
process result

Table 9. Teh experiment results

iteration 150 300 400 500 800 1000 1300 violation
50 20 20 2.0
75 20 20 30 2.3
100 1.0 00 20 30 30 10 1.0 1.6
125 0.0 3.0 15
130 30 00 10 13
150 00 00 30 20 10 20 20 1.4
175 0.0 2.0 1.0
180 10 1.0 1.0
200 00 00 10 10 10 20 0.8
225 20 10 10 1.3
250 00 10 00 10 20 00 0.7
275 10 1.0 00 00 0.5
300 00 10 20 10 00 0.8
325 0.0 20 1.0
350 00 10 00 0.3
375 1.0 0.0 0.5
400 00 20 1.0
425 1.0 1.0
450 0.0 0.0 0.0
475 0.0 0,0

Average

constraints 1.0 1.0 15 09 13 09 08 1.0

violation

The results of the analysis (shown on Figure
7 and Figure 8) show that the higher the initial
temperature value, the smaller the violation of
the constraints that occur. Likewise, the more
iterations will reduce the number of violation

constraints.
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Figure 7. Correlation between temperature
and constraints violation
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number of iteration

Figure 8. Correlation between number of
iteration and constraints violation

4. CONCLUSION

The results show that SA can be used as an
approach to solve a university timetable
problem. The higher the initial temperature and
the more the number of iterations can reduce the
number of violation constraints. Further research
can be done to find the ideal value of the initial
temperature and the best minimum number of

iterations.
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