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The University Examination And Course Timetabling Problem With Integer
Programming

Yerim Chung®, Hak-Jin Kim*

Abstract

In this paper, we study the university timetabling problem, which consists of two subproblems, the
university course timetabling problem and the examination timetabling problem. Given a set of
classrooms, students, teachers, and lectures, the problem is to assign a number of courses (and
examinations) to suitable timeslots and classrooms while satisfying the given set of constraints. We
discuss the modeling and solution approaches to construct course and examination timetables for one
of the largest Korean university. By using binary integer programming formulations, we describe
these two complex real-world problems. Then, we propose a solution method, called NOGOOD, to
solve the examination timetabling model. The computation results show that NOGOOD finds the
optimal examination schedule for the given instance. Although we consider a specific instance of the
university timetabling problem, the methods we use can be applicable to modeling and solving other
timetabling problems.

» Keyword: University Course Timetabling Problem, Examination Timetabling Problem, Integer Programming,
Constraint Programming, NOGOOD Method
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Table 1. Available Time slots for Courses
Available Time slots for Courses
Mon 1,2 Mon 3,4 Mon 5,6 Mon 7,8 Mon 9,10
Wed 2 Wed 4 Wed 6 Wed 8 Wed 10
Wednes 1 Wednes 3 Wednes 5 Wednes 7 Wednes 9
Fri 1,2 Fri 3,4 Fri 5,6 Fri 7,8 Fri 9,10
Tues 1 Tues 2,3 Tues 4 Tues 5,6 Tues 7 Tues 8,9
Thurs 2,3 Thurs 1 Thurs 5,6 Thurs 4 Thurs 8,9 Thurs 7
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Table 2. Classroom Conditions
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Table 3. Preferred Exam Hours and Number of Students for Courses

Course 1 2 3 4 5 6 7 8 9 10
Preferred Exam Hours 2 2 2 1 2 2 2 1 1 2

Number of Students 42 67 66 70 70 47 62 68 65 42
Course 11 12 13 14 15 16 17 18 19 20
Preferred Exam Hours 2 2 2 2 2 2 2 2 2 2

Number of Students 24 29 88 94 73 18 56 66 57 28
Course 21 22 23 24 25 26 27 28 29 30
Preferred Exam Hours 2 2 2 1 2 2 2 2 2 1

Number of Students 69 66 54 43 54 44 75 85 88 57
Course 31 32 33 34 35 36 37 38 39 40
Preferred Exam Hours 2 2 1 2 2 1 2 2 2 2

Number of Students 55 52 20 73 45 97 37 65 26 75
Course 41 42 43 44 45 46 47 48 49 50
Preferred Exam Hours 2 2 2 2 2 2 2 2 2 2

Number of Students 50 54 40 59 67 92 30 28 79 27
Course 51 52 53 54 55 56 57 58 59 60
Preferred Exam Hours 2 2 1 1 2 2 1 1 1 2

Number of Students 54 57 78 57 69 23 29 59 57 58
Course 61 62 63 64

Preferred Exam Hours 2 2 2 1

Number of Students 44 73 46 56

Table 4. Classroom Capacity, Location and Course Schedule for the 15th Week

Class—room Capa-—city Adjacent Classrooms Course Schedule for the 15th Week
1 112 2
2 54 1 1,6, 7, 8,10, 11, 13, 22, 23, 24, 26, 27
3 54 4, 6 4,6, 7,9, 22, 23, 24
4 77 3 1,2, 3, 4, 8,13, 14, 15, 16, 17, 19, 24, 29, 30
5 70 7,23
6 112 3, 4 1,2,3,4,6,7,9, 11,12, 13, 14, 19, 22, 23, 28, 29
7 54 4,5,9,25
8 70
9 90 12
10 70 11, 12 1,2, 3
11 80 10, 12 2,10, 15, 26
12 126 9, 10, 11 12, 14, 8, 29
13 140 14 2,8, 15, 24
14 106 13 3, 4,17, 19, 26
15 40 16
16 78 15 3, 8,10, 11, 17, 18, 26, 27, 31
17 78 18 1,13
18 60 17
19 40 20, 21
20 78 19, 21 1, 4, 18
21 40 19, 20
22 78 4,6, 8,9, 22, 24, 25
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Table 5. Business School Courses that Overlap with the Exam Hours of Liberal Arts Courses

Liberal Arts 1~18 19~43 44 45~67 68~88 89~92 93~103 104~118 | 119~131
Classes
1-33 2-34 2-34 8-35 30-36 23-38 5-39 15-40
3-33 6-34 6-34 12-35 31-36 38-38 18-39 19-40
36-33 21-34 21-34 17-35 48-36 46-38 26-39 22-40
37-33 24-34 24-34 25-35 60-36 63-38 28-39 29-40
57-33 27-34 27-34 40-35 61-36 33-39 42-40
32-34 32-34 41-35 50-39 62-40
52-34 52-34 47-35
Course 54-34 54-34 53-35
- 59-34 59-34
Time 8-35
12-35
17-35
25-35
40-35
41-35
47-35
53-35
Table 6. A Solution for Course Timetabling Problem: Lecture Time and Assigned Classroom for Each Course
Course 1 2 3 4 5 6 7 8 9 10
Lecture Time 1,13 2,15 1,13 9,25 7,23 2,15 14,29 3,17 14,29 10,26
Classroom 22 22 4 6 16 13 8 16 11 2
Course 11 12 13 14 15 16 17 18 19 20
Lecture Time 11,27 3,17 12,28 14,29 8,24 10,26 3,17 7,23 8,24 14,29
Classroom 2 4 6 6 4 11 22 14 22 13
Course 21 22 23 24 25 26 27 28 29 30
Lecture Time 2,15 8,24 6,22 2,15 3,17 7,23 2,15 7,23 8,24 4,19
Classroom 4 16 3 20 20 2 6 6 6 20
Course 31 32 33 34 35 36 37 38 39 40
Lecture Time 4,19 2,15 7,23 11,27 9,25 1,13 1,13 6,22 9,25 3,17
Classroom 4 3 5 4 3 6 17 22 22 14
Course 4 42 43 44 45 46 47 48 49 50
Lecture Time 3,17 8,24 11,27 14,29 16,30 6,22 3,17 4,19 10,26 7,23
Classroom 10 2 6 4 4 6 15 15 14 3
Course 51 52 53 54 55 56 57 58 59 60
Lecture Time 9,25 2,15 3,17 2,15 16,30 18,31 1,13 11,27 2,15 4,19
Classroom 7 12 13 16 6 16 2 20 2 6
Course 61 62 63 64
Lecture Time 4,19 8,24 6,22 10,26
Classroom 2 17 2 20
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Table 7. A Solution

for Examaination Timetabling Problem: Exam Time and Assigned Classroom for Each Course

Course 1 2 3 4 5 6 7 8 9 10
Exam Time 1(2) 34(2) 33(2) 41(2) 7(2) 2(2) 29(2) 35(2) 29(2) 26(2)
Classroom 6 17,18 13 13 13 1 12 13 13 9
Course 11 12 13 14 15 16 17 18 19 20
Exam Time 11(2) 3(2) 60(2) 29(2) 24(2) 58(2) 35(2) 39(2) 24(2) 29(2)
Classroom 5 10 13,14 4,6 9,12 21 12 13 13 9
Course 21 22 23 24 25 26 27 28 29 30
Exam Time 2(2) 56(2) 22(2) 34(2) 3(2) 7(2) 2(2) 7(2) 56(2) 36(2)
Classroom 13 13 6 14 3,6 6 4,6 10,12 4,6 13
Course 31 32 33 34 35 36 37 38 39 40
Exam Time 4(2) 2(2) 23(1) 11(2) 9(2) 1(2) 33(2) 22(2) 9(2) 35(2)
Classroom 1 17,18 22 11,12 12 9,12 20 9,12 11 4,6
Course 4 42 43 44 45 46 47 48 49 50
Exam Time 35(2) 24(2) 43(2) 61(2) 62(2) 54(2) 3(2) 4(2) 58(2) 7(2)
Classroom 14 1 4,6 12 13 13,14 20 11 9,12 11
Course 51 52 53 54 55 56 57 58 59 60
Exam Time 41(2) 34(2) 35(2) 34(2) 30(2) 31(2) 45(1) 27(1) 15(1) 36(2)
Classroom 1 12 1 13 13 4 4 12 12 12
Course 61 62 63 64
Exam Time 4(2) 56(2) 22(2) 10(1)
Classroom 13 1,2 14 6
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