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Abstract
Undergraduate thesis examination in Industrial Engineering Department of Universitas Sebelas Maret conducted through 
two stages, namely intermediate and final examination. Currently, the scheduling process of such examinations is done by 
the undergraduate thesis coordinator manually without certain systematic method or approach. In this paper, we develop an 
optimization model for the examinations scheduling considering several factors, namely the number of lecturers that must 
attend the examinations, the availability of rooms for examinations, the availability of each lecturer, and the assignment 
distributions. The model uses integer programming approach. Two performance criteria are used in the model, namely the 
difference between the number of each lecturer’s assignment with the average number of lecturer assignments and the num-
ber of penalties from the assignment of lecturers on certain time slot. The developed model is able to solve the scheduling 
problem more efficiently than manual scheduling done by thesis coordinator. The optimal solutions from the optimization 
model show a total difference in the assignment of lecturer with an average of 29.6 and a penalty of 0.

Keywords Scheduling · Timetabling · Integer programming · Invigilator assignment

Introduction

Timetabling problems have been applied in different 
domains such as employee allotment, transport systems, 
educational organizations, sport activities, and industrial 
applications (Yue et al. 2017). Education timetabling is one 
of the scheduling problems with a series of activities in the 
form of courses, subjects, or examinations in a number of 
limited space involving teachers or lecturers, administrative 
staffs, and students within a certain period of time. Educa-
tion timetabling can be defined as scheduling subjects at 
school, scheduling courses at university, and examination 
scheduling that is differentiated based on the type of activ-
ity, the type of institution involved, and influence of exist-
ing constraints (Komijan and Koupaei 2015; Hanum et al. 
2015). In general, education timetabling is considered as a 
big problem with many constraints and become complex 
combinatorial problem as a part of NP-complete subproblem 
(Carter and Laporte 1996). Timetabling problems involved 

hard and soft constraints. Hard constraints deal with model 
constraints that must be satisfied, while soft constraints are 
the constraints that may be violated, and both constraints 
may vary among institutions based on their resources and 
facilities (Hossain et al. 2019).

The research of timetabling was started with a simple 
sequential approach in the 1960s and then become emerged 
as constraint-based approaches. Current researches in the 
examination scheduling are dominated by the meta-heuristic 
approach and its integration or hybridization with various 
approaches, including techniques that existed at the begin-
ning of the emergence of research in this field. Local search, 
multicriteria, and other approaches have been used to solve 
these scheduling problems such as variable neighborhood 
search, iterative local search, GRASP, and hyper-heuristic 
with the purpose to develop a stronger, more efficient, effec-
tive and more general approach (Qu et al. 2009). The issue 
of course and examination scheduling is important since it is 
carried out by various educational institutions in the world. 
The process is often difficult to perform and requires long 
time if done manually. Even this process is difficult to result 
viable solutions that can satisfy all parties involved (Laporte 
and Desroches 1984; Carter and Laporte 1996; McCol-
lum et al. 2009). Generally, the course and examination 
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scheduling involves several variables, including the subjects 
tested, time slots, rooms, lecturers, and examination supervi-
sors and invigilators (Reis and Oliveira 1999).

Laporte and Desroches (1984) proposed a two-stage opti-
mization model to solve examination timetabling. In the first 
stage, initial feasible schedule was generated by consider-
ing several hard constraints. Afterward, the improvement 
in the initial feasible solution was done by considering two 
costs, namely aversion and proximity costs. Boizumault 
et al. (1996) developed a constraint logic programming to 
solve examination timetabling problem at the West Catholic 
University in Angers France. Daskalaki et al. (2004) have 
successfully developed a model for scheduling problems at 
a university using binary integer programming approach. 
The model produced timetable without courses, lectur-
ers, and classes scheduled together, allowing successive or 
repetitive scheduling for certain subjects and considered 
the assignment of lecturers on the existing certain exami-
nation. MirHassani (2006) in his research also used inte-
ger programming approach in resolving lectures schedul-
ing problems at Shahrood University of Technology, Iran. 
McCollum et  al. (2009) developed an extended deluge 
algorithm for examination timetabling problem and tested 
the algorithm performance using a data set from the 2nd 
International Timetabling Competition 2007. A research by 
Sagir and Ozturk (2010) developed a multi-integer math-
ematical modeling approach and analytic network process 
(ANP) for examination scheduling problem in the form of 
lecturer assignment as invigilators on each examination in 
the Department of Management, Eskisehir Osmangazi Uni-
versity. The model aimed at minimizing the total cost of 
the examination assignments, by considering the workload 
and the number of assignments for each lecturer. The model 
has successfully assigned lecturers on each schedule that 
prevents every lecturer to attend more than one examination 
in the same time slot and each examination has the number 
of invigilators according to their needs, considering lectur-
ers assignments on certain examinations and willingness of 
lecturers to become invigilators at a certain time slot.

Kahar and Kendall (2010) proposed a constructive heu-
ristic to solve examination timetabling problem at Universiti 
Malaysia Pahang (UMP). The heuristic was able to produce 
good quality solutions which claimed to be superior than 
the solutions produced by the university’s current software. 
Further, Kahar and Kendall (2014) developed two-phase 
approach in solving the examination timetabling problem at 
the UMP. First, they scheduled the examinations into time 
slot and rooms simultaneously and then used the solution 
from the first phase as input to the invigilators scheduling 
phase. Komijan and Koupaei (2012) developed a binary 
model for examination timetabling problem. The model 
was then applied and tested in the industrial Engineering 
Department of Islamic Azad University in Firoozkooh, 

Iran. Komijan and Koupaei (2015) extended their model by 
addressing more specific constraints, such as multi-offered 
courses and research society members, and types of lectur-
ers. Fiarni et al. (2015) developed a method to solve exami-
nation timetabling problem using a heuristic method. Wou-
mans et al. (2016) proposed a column generation algorithm 
by allowing of an examination to be scheduled to include the 
spreading of examinations for students. The algorithm was 
then implemented to solve examination timetabling problem 
at KU Leuven Campus Brussels, Belgium. Hossain et al. 
(2019) proposed particle swarm optimization with selective 
search to solve university course scheduling problem. The 
proposed method showed its superiority against prominent 
algorithm such as genetic algorithm and harmony search. 
Leite et  al. (2019) proposed a fast simulated annealing 
method to solve examination timetabling problem in two 
phases, namely construction phase and optimization phase.

All the research above solved the problems of course and 
its examination timetabling. Only Fiarni et al. (2015) dealt 
with thesis examination with no optimal results guarantee 
due to the use of heuristic method. Thesis examination has 
different characteristics with course timetabling such as the-
sis has a serial steps to finish and each step needs different 
schedules. In this research, we aim to provide a much more 
efficient method for the coordinator of undergraduate thesis 
at Industrial Engineering Department of Universitas Sebelas 
Maret (IE-UNS) in generating thesis schedule which cur-
rently made manually. Hence, we develop a multi-objective 
optimization model to accommodate the objectives of the 
coordinator. The model in this research was adopted from 
the model that has been developed by Sagir and Ozturk 
(2010). The first objective function in this research aims 
to minimize the total difference between assignments of 
each lecturer with the average number of the all lecturer 
assignments. The second objective function is to minimize 
the penalty resulted from scheduling the thesis examination 
that coincides with lecturer activities, mainly the courses. 
Table 1 shows the published literature in timetabling prob-
lem and the position of this research.

System description

Undergraduate Program of Industrial Engineering at Uni-
versitas Sebelas Maret has several examination timetabling 
problems, namely mid-semester examinations (MSE), final 
semester exams (FSE), and thesis exams (TE). MSE and FSE 
are conducted on weekdays, and the schedule of both exami-
nations follows the normal course schedule, whereas thesis 
examinations are carried out through two stages, namely 
intermediate and final examinations. Currently, the schedul-
ing process is done manually without using certain methods 
or approaches. The coordinator schedules both intermediate 
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and final examinations for each student one by one. Hence, 
in this research, we address the TE to help the coordinator in 
solving the scheduling problems in more efficient way. The 
undergraduate thesis examination has several features. First, 
the scheduling process involves a process of scheduling and 
assigning of lecturers as supervisors and invigilators. Second, 
the coordinator has to consider several hard constraints: (1) 
Every intermediate and final examinations must be attended 
by two supervisors and two invigilators, (2) each lecturer 
cannot attend two intermediate and final examinations at the 
same time, (3) the examination room cannot be used by more 
than one intermediate and final examinations at the same 
time, and (4) the schedule must consider several lecturer 
activities such as course lecture, research, and other academic 
activities. Third, each lecturer has different time availability 
where the difficulty arises in this case to find a feasible sched-
ule. Finally, the coordinator has to balance the assignments 
among the lecturers. Those two difficulties were known as 
soft constraints in the process of timetable scheduling.

In the current practice, the scheduling process is started with 
the request from thesis coordinator to each of the lecturer about 
their time availability in the examination process. Afterward, 
the coordinator will build a schedule for a set of registered stu-
dent’s thesis considering that time availability. The examina-
tion is held on the week days with four time slots available 
on Monday–Thursday and three time slots on Friday. Every 
thesis seminar and final examinations must be attended by two 
supervisors and two invigilators. In determining the schedule, 
there are several factors that must be considered by the coordi-
nator such as the total period of seminar and final examinations 

which usually take place for 2 until 3 weeks, the schedule of 
lecturer’s activities including research, conferences, and other 
official activities, and the distribution of thesis intermediate and 
final examinations that should be balanced among the lecturers.

Model development

The model developed in this paper is based on the research 
of Sagir and Ozturk (2010) using binary integer program-
ming model. Two models are developed in this research: 
thesis intermediate examination scheduling and final exami-
nation scheduling.

The following notations are used in the model:
i = the number of supervisors and invigilators for the the-

sis, i = 1… I.
j = the number of sessions at a certain time slot, j = 1… J.
k = the number of time slot during one scheduling period, 

k = 1… K.
U = a set of time slots which is not available for each 

lecturer
V = a set of examinations that has been assigned to each 

lecturer
yik = the amount of penalty given to lecturer i at time slot k
mik = time availability of lecturer i at time slot k

pij = assignment of lecturer i on the examination session 
j as a supervisor or invigilator.

mik

{
1, if lecturer i is not available for time slot k

0, otherwise

pij

{
1, if lecturer i is assigned as a supervisor or invigilator for the exam session j

0, otherwise

Table 1  The published literature 
of timetabling problem and the 
position of this research

Research Objective func-
tion

Timetabling problem Timetabling case

Single Multi Course Examination University Others

Course Thesis

Laporte and Desroches (1984) √ √ √
Boizumault et al. (1996) √ √ √
Daskalaki et al. (2004) √ √ √
MirHassani (2006) √ √ √
McCollum et al. (2009) √ √ √
Sagir and Ozturk (2010) √ √ √
Komijan and Koupaei (2012) √ √ √
Komijan and Koupaei (2015) √ √ √
Fiarni et al. (2015) √ √ √
Woumans et al. (2016) √ √ √
Leite et al. (2019) √ √ √
This research √ √ √
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xijk = assignment of lecturer i for final examination session 
j at time slot k

zjk = final examination session j scheduled at time slot k

Thesis examinations scheduling model

The objective function

This model has a multi-objective structure because it has 
two objective functions. The first objective function is to 
minimize the difference between lecturer assignments with 
the average number of total lecturer assignments. The sec-
ond objective function is to minimize the total penalties due 
to the scheduling of the final examinations in the same time 
with certain class lecturing. Equation (11) is the mathemati-
cal model for the first objective function (F1), while Eq. (12) 
is the second objective function (F2).

The two objective functions are solved simultaneously. 
Thus, to combine both objective functions, the transforma-
tion function is needed (Marler and Arora 2004). It is called 
the upper–lower bound approach, where minimum value 
and maximum value of each objective function are deter-
mined first, and then, those values are put into the following 
equation. 

In Eq. (3), Fi(x) denotes the current objective function, 
while Fmax

i
, F◦

i
 , and Ftrans

i
 denote the maximum value, the 

minimum value, and transformed value of the objective 
functions, respectively.

The first objective function is the mini-sum function 
adopted from the model of Hanum et al. (2015) to bal-
ance the lecturer assignments. From the execution of 
our model using Eqs. (1) and (2) separately, we found the 

xijk

{
1, if lecturer iis assigned as a supervisor or invigilator for the exam session jat time slotk

0, otherwise

zjk

⎧
⎪⎨⎪⎩

1, if
∑
i∈I

xijk = 4 ∀j ∈ J, k ∈ K

0, if
∑
i∈I

xijk ≠ 4 ∀j ∈ J, k ∈ K

(1)F1 =
∑
i∈I

[∑
j∈J

∑
k∈K

xijk −
4J

I

]

(2)F2 =
∑
i∈I

∑
k∈K

∑
j∈J

xijkyik

(3)Ftrans
i

=
Fi(x) − F

◦

i

Fmax
i

− F
◦

i

minimum objective function value of Eq. (1) is 24 with the 
maximum value of 56, whereas minimizing Eq. (2) will 

result in the value of 94 while maximizing the same equation 
will result in the value of 343. So, the exact transformation 
form of Eq. (3) will appear as follows:

Constraints set

The constraints of the model are as follows:

1. Each thesis intermediate and final examinations session 
needs four lecturers.

2. The constraint used to limit each particular lecturer only 
to be assigned for a particular examination session at 
one time slot only. Hence, every lecturer has the same 
opportunity not to be assigned at a particular session on 
one of the time slots or each lecturer can be assigned at 
a particular session on exactly one of the time slots.

(4)

Minimize

∑
i∈I

�∑
j∈J

∑
k∈K xijk −

4J

I

�
− 24

32

+

∑
i∈I

∑
k∈K

∑
j∈J xijkyik − 94

249

(5)
∑
i∈I

∑
k∈K

xijk = 4 ∀j ∈ J

(6)
∑
k∈K

xijk ≤ 1 ∀j ∈ J, i ∈ I

Table 2  List of participants for intermediate and final examinations

No. Notation Participant
initial

Thesis code Intermediate/final exami-
nation

1 j
1

DP T1 Final examination
2 j

2
GK T2 Final examination

3 j
3

MS T3 Final examination
4 j

4
ZIM T4 Final examination

5 j
5

ARK T5 Intermediate examination
6 j

6
EYN T6 Intermediate examination

7 j
7

VA T7 Intermediate examination
8 j

8
AAP T8 Intermediate examination

9 j
9

GAG T9 Intermediate examination
10 j

10
DN T10 Intermediate examination

11 j
11

HK T11 Intermediate examination
12 j

12
RDS T12 Intermediate examination

13 j
13

YS T13 Intermediate examination
14 j

14
RH T14 Intermediate examination
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3. Constraint used to limit each lecturer only be assigned 
to one particular session at each time slot. Hence, every 
lecturer cannot be assigned to more than one session at 
each time slot.

4. Equation (8) is used to ensure that the supervisors and 
invigilators are the same for one undergraduate thesis 

(7)
∑
j∈J

xijk ≤ 1 ∀k ∈ K, i ∈ I

and will be scheduled according to the intermediate 
examination session.

5. Constraint in Eq. (9) is used to ensure that the supervi-
sors or invigilators are not scheduled to certain exami-
nation session on the time slot where the lecturer has 
another agenda, such as research, course, or other activi-
ties.

(8)
∑
k∈K

xijk = pij ∃(i, j) ∈ V

Table 3  List of lecturers 
assigned as supervisors and 
invigilators

No. Notation Lecturer initial Assignment Student initial Intermediate/final examination

1. i
1

EL Supervisor ZIM Final examination
Supervisor ARK Intermediate examination
Supervisor EYN Intermediate examination
Supervisor DN Intermediate examination
Supervisor RH Intermediate examination

2. i
2

RZ Invigilator ZIM Final examination
3. i

3
IP Invigilator DP Final examination

Supervisor VA Intermediate examination
Supervisor AAP Intermediate examination

4. i
4

RDA Supervisor DP Final examination
Supervisor GK Final examination
Supervisor VA Intermediate examination

5. i
5

CNR Supervisor MS Final examination
6. i

6
LH Invigilator DP Final examination

Invigilator GK Final examination
Supervisor GAG Intermediate examination

7. i
7

BS Supervisor DP Final examination
Supervisor GK Final examination

8. i
8

PWL Invigilator GK Final examination
Invigilator MS Final examination
Supervisor RDS Final examination

9. i
9

WAJ Supervisor MS Final examination
Supervisor RDS Final examination

10. i
10

MH Invigilator MS Final examination
11. i

11
FF Invigilator ZIM Final examination

12. i
12

WS Supervisor ZIM Final examination
13. i

13
IWS Supervisor ARK Intermediate examination

Supervisor EYN Intermediate examination
Supervisor DN Intermediate examination
Supervisor HK Intermediate examination
Supervisor RH Intermediate examination

14. i
14

SS Supervisor AAP Intermediate examination
Supervisor GAG Intermediate examination

15. i
15

YP Supervisor HK Intermediate examination
16. i

16
RWD Supervisor YS Intermediate examination

17. i
17

IRF Supervisor YS Intermediate examination
18. i

18
EP – – –

19. i
19

YA – – –
20. i

20
TR – – –
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6. Constraint in Eq. (10) is used to ensure that after the 
previous five constraints have been fulfilled and each 
examination has appropriate two supervisors and two 
invigilators, then the examination must be scheduled at 
the same time slot.

7. Equations (11)–(13) are needed to limit the assignments 
of the rooms, in which each time slot is not scheduled 

(9)
∑
j∈J

xijk = mik − 1 ∃(i, t) ∈ U

(10)
∑
k∈K

zjk = 1 ∀j ∈ J

more than the examination room available at a time. 
Equation (11) is used when there are two examination 
rooms available at a certain time slot. Equation (12) is 
used only one examination room is available at a certain 
time slot, while Eq. (13) is used when there is no room 
available for examinations because it is being used for 
other activities.

Results and discussion

The model developed in this paper is then used to solve the 
intermediate and final examinations scheduling in IE-UNS 
in the period of October 2017. In that period, there were 
four thesis final examinations and ten thesis intermediate 
examinations should be scheduled. The list of participants 
for thesis examinations session is given in Table 2.

(11)
∑
j∈J

zjk ≤ 2 ∀k ∈ K

(12)
∑
j∈J

zjk ≤ 1

(13)
∑
j∈J

zjk ≤ 0

Table 4  Time slots of intermediate and final examinations

Date Time Slot Notation Date Time Slot Notation

Wednesday, October 18, 2017 08.00–09.45 1 k1 Thursday, October 26, 2017 08.00–09.45 24 k24

10.00–11.45 2 k2 10.00–11.45 25 k25

13.00–14.45 3 k3 13.00–14.45 26 k26

15.30–16.45 4 k4 15.30–16.45 27 k27

Thursday, October 19, 2017 08.00–09.45 5 k5 Friday, October 27, 2017 08.30–10.30 28 k28

10.00–11.45 6 k6 13.00–14.45 29 k29

13.00–14.45 7 k7 15.30–16.45 30 k30

15.30–16.45 8 k8 Monday, October 30, 2017 08.00–09.45 31 k31

Friday, October 20, 2017 08.30–10.30 9 k9 10.00–11.45 32 k32

13.00–14.45 10 k10 13.00–14.45 33 k33

15.30–16.45 11 k11 15.30–16.45 34 k34

Monday, October 23, 2017 08.00–09.45 12 k12 Tuesday, October 31, 2017 08.00–09.45 35 k35

10.00–11.45 13 k13 10.00–11.45 36 k36

13.00–14.45 14 k14 13.00–14.45 37 k37

15.30–16.45 15 k15 15.30–16.45 38 k38

Tuesday, October 24, 2017 08.00–09.45 16 k16 Wednesday, November 1, 2017 08.00–09.45 39 k39

10.00–11.45 17 k17 10.00–11.45 40 k40

13.00–14.45 18 k18 13.00–14.45 41 k41

15.30–16.45 19 k19 15.30–16.45 42 k42

Wednesday, October 25, 2017 08.00–09.45 20 k20

10.00–11.45 21 k21

13.00–14.45 22 k22

15.30–16.45 23 k23

Table 5  Penalty of each time slot

No. Time slot

08.00–09.45 10.00–11.45 13.00–14.45 15.30–16.45

1 6 1 3 10
2 10 1 3 6
3 1 3 6 10
4 10 1 3 6
5 10 1 3 10
Average 7.4 1.4 3.6 8.4
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Table 6  Lecturers’ teaching schedule during thesis examination period

No Lecturer initial Time slot

1 2 3 4 5 6 7 8 9 10 11

1 EL 1 0 0 1 0 0 0 1 0 0 0
2 RZ 1 0 0 0 0 0 0 0 0 0 0
3 IP 0 0 1 1 0 0 0 0 1 1 0
4 RDA 1 1 0 1 1 0 0 0 0 0 0
5 CNR 0 0 0 0 1 1 0 0 0 0 0
6 LH 0 1 0 1 0 0 0 0 0 0 0
7 BS 0 1 0 1 1 0 0 0 0 0 0
8 PWL 0 1 1 0 0 1 0 0 0 0 1
9 WAJ 0 0 0 0 0 1 0 0 0 0 0
10 MH 0 0 0 0 0 0 0 0 0 1 0
11 FF 1 0 0 0 0 0 1 0 1 0 0
12 WS 1 0 0 1 0 0 0 0 0 0 1
13 IWS 0 0 0 1 1 1 1 0 0 0 0
14 SS 0 0 1 0 0 0 0 0 1 1 0
15 YP 0 0 1 0 1 0 0 0 0 0 0
16 RWD 0 0 0 0 0 0 0 0 0 0 0
17 IRF 0 0 0 0 0 0 1 0 0 0 0
18 EP 0 0 0 0 0 0 0 0 0 0 0
19 YA 1 0 0 0 0 0 1 1 0 0 0
20 TR 1 0 0 0 0 0 1 0 0 1 0

No Lecturer initial Time slot

12 13 14 15 16 17 18 19 20 21

1 EL 0 0 0 0 0 0 0 1 0 0
2 RZ 1 1 0 0 0 0 0 0 0 0
3 IP 1 1 0 0 0 0 0 0 0 0
4 RDA 0 0 0 0 0 1 0 0 1 0
5 CNR 1 0 0 0 0 0 0 0 0 0
6 LH 0 0 1 0 0 0 1 0 0 0
7 BS 1 0 0 1 1 1 0 1 0 0
8 PWL 0 0 0 0 0 0 0 0 1 0
9 WAJ 0 0 0 0 0 0 0 0 0 0
10 MH 0 0 0 0 0 0 0 0 0 0
11 FF 0 0 0 0 0 0 0 0 0 0
12 WS 0 0 0 0 0 0 0 1 0 0
13 IWS 0 0 0 0 0 0 0 0 0 0
14 SS 0 1 0 0 0 0 0 0 0 0
15 YP 0 0 0 0 0 0 0 0 0 0
16 RWD 1 0 0 0 0 0 1 0 0 0
17 IRF 0 0 0 0 1 0 0 0 0 0
18 EP 1 0 0 0 0 0 0 0 0 0
19 YA 0 0 1 0 0 0 0 0 1 0
20 TR 0 0 0 0 0 0 0 0 1 0

No Lecturer initial Time slot

22 23 24 25 26 27 28 29 30 31

1 EL 0 1 0 0 0 1 0 0 0 0
2 RZ 0 0 0 0 0 0 0 0 0 1
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In the period of October 2017, there were 20 lecturers 
available as supervisors and invigilators. The list of lectur-
ers assigned as supervisor and invigilators for thesis exam-
inations session for the October 2017 as well as students 
advised by lecturers is shown in Table 3.

The examinations are held from Monday to Thursday with 
four time slots: 08.00–09:45, 10:00–11:45, 13.00–14.45, and 
15.00–16:45, whereas on Friday, there are only three time 
slots: 08.30–10:30, 13.00–14.30, and at 15.30–17.00. The 
detail of all slots with their respective notations is listed in 
Table 4.

Table 6  (continued)

No Lecturer initial Time slot

22 23 24 25 26 27 28 29 30 31

3 IP 1 0 0 0 1 0 1 0 0 1
4 RDA 0 0 1 0 0 0 0 0 0 0
5 CNR 0 0 1 1 0 0 0 0 0 1
6 LH 0 0 0 0 0 0 0 0 0 0
7 BS 0 0 1 0 0 0 0 0 0 1
8 PWL 0 0 0 1 0 0 0 0 1 0
9 WAJ 0 0 0 1 0 0 0 0 0 0
10 MH 0 0 0 0 0 0 0 1 0 0
11 FF 0 0 0 0 1 0 1 0 0 0
12 WS 0 1 0 0 0 0 0 0 1 0
13 IWS 0 1 1 1 1 0 0 0 0 0
14 SS 1 0 0 0 0 0 1 1 0 0
15 YP 1 0 1 0 0 0 0 0 0 0
16 RWD 0 0 0 0 0 0 0 0 0 1
17 IRF 0 0 0 0 1 0 0 0 0 0
18 EP 0 0 0 0 0 0 0 0 0 1
19 YA 0 0 0 0 1 1 0 0 0 0
20 TR 0 0 0 0 1 0 0 1 0 0

No Lecturer initial Time slot

32 33 34 35 36 37 38 39 40 41 42

1 EL 0 0 0 0 0 0 1 0 0 0 1
2 RZ 1 0 0 0 0 0 0 0 0 0 0
3 IP 1 0 0 0 0 0 0 0 0 0 0
4 RDA 0 0 0 0 1 0 0 1 0 0 0
5 CNR 0 0 0 0 0 0 0 0 0 0 0
6 LH 0 1 0 0 0 1 0 0 0 0 0
7 BS 0 0 1 1 1 0 1 0 0 0 0
8 PWL 0 0 0 0 0 0 0 0 0 1 0
9 WAJ 0 0 0 0 0 0 0 0 0 0 0
10 MH 0 0 0 0 0 0 0 0 0 0 0
11 FF 0 0 0 0 0 0 0 0 0 0 0
12 WS 0 0 0 0 0 0 1 0 0 0 1
13 IWS 0 0 0 0 0 0 0 0 0 0 1
14 SS 1 0 0 0 0 0 0 0 0 1 0
15 YP 0 0 0 0 0 0 0 0 0 1 0
16 RWD 0 0 0 0 0 1 0 0 0 0 0
17 IRF 0 0 0 1 0 0 0 0 0 0 0
18 EP 0 0 0 0 0 0 0 0 0 0 0
19 YA 0 1 0 0 0 0 0 1 0 0 0
20 TR 0 0 0 0 0 0 0 1 0 0 0
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Table 7  Optimization results of final examination scheduling

No. Student initial Thesis code Date Time slot Supervisors Invigilators

1. DP T1 Thursday, October 19, 2017 15.00–16.45 BS and RDA IP and LH
2. GK T2 Friday, October 27, 2017 13.00–14.45 RDA and BS LH and PWL
3. MS T3 Wednesday, November 1, 2017 10.00–11.45 WAJ and CNR MH and PWL
4. ZIM T4 Wednesday, November 1, 2017 10.00–11.45 EL and WS FF and RZ

Table 8  Thesis seminar scheduling optimization result

No. Student initial Thesis code Date Time slot Supervisor Invigilator

1. ARK T5 Wednesday, October 25, 2017 13.00–14.45 IWS and EL BS and WAJ
2. EYN T6 Wednesday, October 18, 2017 13.00–14.45 IWS and EL RDA and RWD
3. WA T7 Thursday, October 19, 2017 13.00–14.45 IP and RDA RZ and YP
4. AAP T8 Wednesday, November 1, 2017 08.00–09.45 IP and SS CNR and BS
5. GAG T9 Wednesday, October 18, 2017 10.00–11.45 LH and SS BS and WAJ
6. DN T10 Monday, October 31, 2017 10.00–11.45 IWS and EL IRF and TR
7. HK T11 Friday, October 20, 2017 13.00–14.45 IWS and YP RDA and YN
8. RDS T12 Thursday, October 19, 2017 08.00–09.45 WAJ and PWL RZ and IP
9. YS T13 Friday, October 20, 2017 13.00–14.45 RWD and IRF RZ and BS
10. RH T14 Tuesday, October 24, 2017 13.00–14.45 IWS and EL RDA and YA

Table 9  Number of assignments for each lecturer

No. Lecturer Number of examinations Total

Intermediate Final

1. EL 4 1 5
2. RZ 3 1 4
3. IP 3 1 4
4. RDA 4 2 6
5. CNR 1 1 2
6. LH. 1 2 3
7. BS 4 2 6
8. PWL 1 2 3
9. WAJ 3 1 4
10. MH 0 1 1
11. FF 0 1 1
12. WS 0 1 1
13. IWS 5 0 5
14. SS 2 0 2
15. YP 2 0 2
16. RWD 2 0 2
17. IRF 2 0 2
18. EP 0 0 0
19. YA 2 0 2
20. TR 1 0 1

Table 10  Comparison of optimization results and manual scheduling

No. Lecturer Optimization model Manual scheduling

Total 
assign-
ment

Difference 
average

Total 
assign-
ment

Differ-
ence 
average

1. EL 5 2.2 5 2.2
2. RZ 4 1.2 2 0.8
3. IP 4 1.2 4 1.2
4. RDA 6 3.2 4 1.2
5. CNR 2 0.8 3 0.2
6. LH. 3 0.2 3 0.2
7. BS 6 3.2 3 0.2
8. PWL 3 0.2 3 0.2
9. WAJ 4 1.2 3 0.2
10. MH 1 1.8 2 0.8
11. FF 1 1.8 2 0.8
12. WS 1 1.8 1 1.8
13. IWS 5 2.2 5 2.2
14. SS 2 0.8 3 0.2
15. YP 2 0.8 3 0.2
16. RWD 2 0.8 1 1.8
17. IRF 2 0.8 2 0.8
18. EP 0 2.8 2 0.8
19. YA 2 0.8 2 0.8
20. TR 1 1.8 3 0.2
Total 56 29.6 56 16.8
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The penalty for each time slot is obtained from the weight 
that given by the lecturer at each time slot on a scale of 1 
to 10. If a lecturer gives a penalty close to 10 at a certain 
time slot, then the lecturer will increasingly not want to be 
scheduled at the time slot. Conversely, if a lecturer gives 
a penalty weight close to 1 at a certain time slot, then the 
lecturer increasingly wants to be scheduled for the time slot. 
Table 5 shows the weight given by five lecturers for each 
available time slot based on the results of interviews. The 
five lecturers were selected by accidental sampling or con-
venience sampling. The values are then averaged and used 
as the penalty weights for the time slots. Table 6 shows the 
teaching schedules for each lecturer in the period of inter-
mediate and final examinations.

Table 11  Comparison of thesis examination scheduling

Date Time Number of examina-
tion session each time 
slot

Optimi-
zation 
model

Manual by 
coordinator

Wednesday, October 18, 2017 08.00–09.45 0 0
10.00–11.45 1 1
13.00–14.45 1 1
15.30–16.45 0 0

Thursday, October 19, 2017 08.00–09.45 1 0
10.00–11.45 0 0
13.00–14.45 1 0
15.30–16.45 1 0

Friday, October 20, 2017 08.30–10.30 0 0
13.00–14.45 2 0
15.30–16.45 0 0

Monday, October 23, 2017 08.00–09.45 0 0
10.00–11.45 0 0
13.00–14.45 0 1
15.30–16.45 0 0

Tuesday, October 24, 2017 08.00–09.45 0 0
10.00–11.45 0 0
13.00–14.45 1 0
15.30–16.45 0 0

Wednesday, October 25, 2017 08.00–09.45 0 1
10.00–11.45 0 0
13.00–14.45 1 0
15.30–16.45 0 0

Thursday, October 26, 2017 08.00–09.45 0 0
10.00–11.45 0 0
13.00–14.45 0 0
15.30–16.45 0 0

Friday, October 27, 2017 08.30–10.30 0 0
13.00–14.45 1 0
15.30–16.45 0 0

Monday, October 30, 2017 08.00–09.45 0 1
10.00–11.45 0 1
13.00–14.45 0 1
15.30–16.45 0 0

Tuesday, October 31, 2017 08.00–09.45 0 1
10.00–11.45 1 1
13.00–14.45 0 0
15.30–16.45 0 0

Wednesday, November 1, 
2017

08.00–09.45 1 2

10.00–11.45 2 0
13.00–14.45 0 3
15.30–16.45 0 0

Table 12  Objective function 
weighting scenarios

Scenario F1 F2

1 1.0 0.0
2 0.75 0.25
3 0.25 0.75
4 0.0 1.0

Table 13  Changes in the total number of assignments for each lec-
turer

No. Lecturer Number of assignments

Scenario 1 Scenario 2 Scenario 3 Scenario 4

1. EL 5 5 5 8
2. RZ 4 4 4 6
3. IP 4 4 4 3
4. RDA 3 3 5 5
5. CNR 2 4 3 5
6. LH. 4 4 4 4
7. BS 4 2 2 3
8. PWL 5 3 3 3
9. WAJ 2 2 4 2
10. MH 1 4 2 1
11. FF 2 2 4 1
12. WS 3 2 1 1
13. IWS 5 5 5 5
14. SS 2 2 2 2
15. YP 1 1 2 1
16. RWD 1 2 2 1
17. IRF 2 1 1 1
18. EP 2 2 2 0
19. YA 2 2 0 1
20. TR 2 2 1 3
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Optimization results

The model was solved using Lingo 15.0. The optimum 
results of the final examination scheduling problem were 
obtained after 1764 iterations with a running time of 45 s. 
The results of optimization for thesis final examination are 
shown in Table 7. The optimum results of the intermediate 
exam were obtained after 130,428 iterations with a running 
time of 6 min 15 s with the objective value of 0.20822. The 
optimization results are shown in Table 8. 

The number of assignments for each lecturer and number 
of examinations for each time slot are shown in Table 9.

Comparison between optimization model 
and manual scheduling

The comparison between the optimization results and man-
ual scheduling is shown in Table 10. The table shows that the 
difference with the average number of lecturer assignments 
from the optimization results is greater than the schedul-
ing results conducted by the coordinator. In the search 
for optimal solutions with the developed model, there are 
parameters that are not in accordance with the actual condi-
tions. This is due to the limited data that can be collected. 
For example, the time availability of lecturers during the 
examination period in October 2017 cannot be obtained 
from the coordinator. In Table 11, we list the comparison 

of the number of examinations in each time slot. From the 
table, the results of the optimization schedule show only one 
schedule from 15.30 to 16.45 on Thursday. This is because 
during the examination period other than Thursday, the 
examination room is used for other lecture activities start 
at 3:00 p.m. This condition has been considered to be one 
of the constraints in the model. Meanwhile, the timetable 
developed by the coordinator shows no intermediate and 
final examinations are scheduled from 15.30 to 16.45. 

Sensitivity analysis

We perform sensitivity analysis by changing the weight 
of each objective function on the model developed in this 
research. The weight represents the priority among the exist-
ing objective functions, where the weight can be determined 
based on the coordinator’s preference. The weighting scenar-
ios are shown in Table 12. The changes in the total number 
of assignments for each lecturer as the results of optimiza-
tion for each weighting scenario are shown in Table 13.

Table 14 shows that Scenario 3 gives the smallest total 
assignment difference comparing to the other scenarios.

The comparison of the optimization results for each sce-
nario and initial optimization can be seen in Fig. 1.

From Fig. 1, it can be seen that Scenario 1 and Scenario 2 
result in the biggest penalty when the weight for minimizing 
the penalties is less than 0.5. Conversely, the total penalty 

Table 14  Changes in 
assignment from different 
weighting scenarios

No. Lecturer Difference of total assignment with assignment average

Scenario 1 Scenario 2 Scenario 3 Scenario 4

1. EL 2.2 2.2 2.2 5.2
2. RZ 1.2 1.2 1.2 3.2
3. IP 1.2 1.2 1.2 0.2
4. RDA 0.2 0.2 2.2 2.2
5. CNR 0.8 1.2 0.2 2.2
6. LH 1.2 1.2 1.2 1.2
7. BS 1.2 0.8 0.8 0.2
8. PWL 2.2 0.2 0.2 0.2
9. WAJ 0.8 0.8 1.2 0.8
10. MH 1.8 1.2 0.8 1.8
11. FF 0.8 0.8 1.2 1.8
12. WS 0.2 0.8 1.8 1.8
13. IWS 2.2 2.2 2.2 2.2
14. SS 0.8 0.8 0.8 0.8
15. YP 1.8 1.8 0.8 1.8
16. RWD 1.8 0.8 0.8 1.8
17. IRF 0.8 1.8 1.8 1.8
18. EP 0.8 0.8 0.8 2.8
19. YA 0.8 0.8 2.8 1.8
20. TR 0.8 0.8 1.8 0.2
Total 23.6 21.6 26 34
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obtained is zero when the weight to minimize the penalty 
is equal or larger than 0.5. So, if we want the optimization 
results with 0 total penalty, we can use Scenario 3 to get 
scheduling without using the time slot which coincides with 
the teaching time of a particular lecturer and the total assign-
ment difference is better than the results of the initial opti-
mization, whereas, to get the optimization results with the 
best total assignment difference, Scenario 2 must be used. 
However, this scenario produces a penalty that is not equal 
to zero. So, some schedules require certain lecturers to have 
the intermediate and final examinations in the same time 
with the teaching schedules or other activities. The model 
will reduce the time needed by the coordinator in develop-
ing the thesis intermediate and final examinations schedule.

Conclusions

In this paper, a mathematical model was developed to solve 
the intermediate and final examinations scheduling prob-
lem in Undergraduate Program of Industrial Engineering at 
Universitas Sebelas Maret, Surakarta, Indonesia. Two per-
formance criteria are used in the model. The first criterion 
is to minimize the total difference in the assignment of each 
lecturer with the average of the number of assignments for 
each lecturer, while the second criterion is to minimize the 
total penalty resulted from scheduling intermediate or final 
examinations with teaching schedule of other activities in 
the same time. The optimal solutions are obtained using the 
model producing intermediate and final examinations for 
October 2017 period. The optimization resulted 29.6 in term 
of the total difference in the assignment of lecturers with its 
average and 0 penalty. Based on the sensitivity analysis, Sce-
nario 3 produced scheduling with 0 penalty with better total 
assignment difference than the results in initial optimization, 
whereas Scenario 2 produced best total difference in assign-
ments, but the penalty is not zero. The model developed 
in this paper is expected to be used by the coordinator so 

the scheduling process will become more efficient. Further 
research is directed to the development of design support 
system and involving each lecturer in providing their prefer-
ences due to the time availability.
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