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A Constraint Programming-based Approach for Personalized
Course Timetabling Optimization

Wonjun Choi - Seung Hyeon Roh + Harin Park + Dong Yun Park - Kwangyeol Ryu + Dowon Kim

Department of Industrial Engineering, Pusan National University

This study proposes a constraint programming (CP) model to generate personalized course timetables for
university students, addressing the limitations of existing university course timetabling problems (UCTP). The

proposed model incorporates both hard constraints and

student preferences including inter-building transition

times and course ratings, to optimize timetable combinations. In this paper, we demonstrate the effectiveness of
the model in successfully generating multiple high-quality timetabling solutions using curriculum data from an

actual university. A sensitivity analysis reveals that the

CP model consistently outperforms traditional Mixed

Integer Linear Programming (MIP) and metaheuristic models in terms of solution quality and computational
efficiency. The proposed model achieves search times 1.5-4 times faster than existing methods while
maintaining solution diversity. The model's declarative constraint handling and efficient search capabilities make

it particularly suitable for online service implementation.

introducing a novel CP-based approach to optimize
applicability to improve students’ academic planning and

This research contributes to the academic literature by
students’ timetables, and demonstrates its practical
satisfaction.

Keywords: Constraint Programming, University Student Timetabling Problem(USTP), University Course

Timetabling Problem(UCTP), Optimization
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Table 1. Notation

Sets/Indices Definition
I Set of course codes (course names)
J Set of sections
Set of course domains (areas)
K e.g., General Education (1 - 7), General Electives (8), College English (9), Computational Thinking and AI (10), Introduction
to Programming (11), Reading Classics and Discussion (12), Technical Writing and Presentation (13)
L Set of lecture building locations
V- Set of preferred courses
K, Set of preferred course domains
K, .. Set of non-preferred course domains
=74 Individual course code (course name)
jET Individual section
kEK Individual course domain
IEL Individual lecture building location
bobeT Lecture building
v (used to compute travel time between the first and second classrooms specified in 7V, 1V;;,,)
Parameters Description
ery; Credit value of the course
5¢;; Preference score for a specific course(score,;)
scy, Minimum acceptable course rating set by the user
Sempty Preferred free time slots (emptytimesiots)
by, Travel time between classrooms (traveltime (b, b,))
b put Maximum travel time preferred by the user
Variables Description
v Decision variable (binary): Indicates whether the student takes a course with specific course code, section, and domain
ok offered in a particular building
IV jin Interval variable: Represents the time interval from the start to the end of the first class
IV, 50 Interval variable: Represents the time interval from the start to the end of the second class

TimeTable

A2t Monday Tuesday Wednesday Thursday Friday Saturday
0800

0830

09.00

09:30

10:00

10:30 E

11:00 I
1130

1200 A

1230

13.00

13:30

B F B F
14:30

15:00

1530 C G G

16:00

16:30

17:00

17:30

18:00
18:30 C
19:00 |

19:30

20:00

Figure 1. Timetable Example
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Algorithm Lexicographic Optimization for Timetable Problem
Solver: CP solver
Solution: Current solution

Begin
Add all hard constraints to Solver
Solution = Solve the problem with Solver (Objective: Maximize Average Preference Score)

If Solution exists Then
Extract the optimal preference score from Solution
Create a new model in Solver
Add all hard constraints to Solver
Add a constraint [Average Preference Score > Optimal Preference Score]

Solve the problem with Solver (Objective: Minimize Total Travel Time)

If Solution exists Then
return Solution

End Begin

Figure 2. Pseudo Code for Lexicographic Optimization
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Figure 3. Pareto Frontier for Solution Space (Sensitivity Analysis)
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Table 2. Preference Scenario

. Minimum course rating| Maximum allowable
Scenario )
threshold travel time
1 4.0 10
2 4.5 30
3 3.0 0

Table 3. Objective Values of Multi Solutions using CP(Scenario 1)
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Solution Average Preference Score Total Travel Time(min)
1 4.096 0
2 4.236 10
3 4.257 7
4 4.269 0
5 4.287 10
Preference 20 credits, No courses on Fridays, No courses between 8:00 AM and 12:00 PM from Monday to Thursday,
Info. Courses from domains 9 and 13 must be included,
Maximum Travel Time Between Courses: 10 minutes, Minimum Average Course Rating: 4.0 or higher
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Table 4. Objective Values of Multi Solutions using CP(Scenario 2)

58 7Y - UEY

Solution Average Preference Score Total Travel Time(min)
1 4.522 20
2 4.546 18
3 4.548 7
4 4.549 7
5 4.555 7
Preference 20 credits, No courses on Fridays, No courses between 8:00 AM and 12:00 PM from Monday to Thursday,
Info. Courses from domains 9 and 13 must be included,
Maximum Travel Time Between Courses: 30 minutes, Minimum Average Course Rating: 4.5 or higher

Table 5. Objective Values of Multi Solutions using CP(Scenario 3)

Solution Average Preference Score Total Travel Time(min)
1 4.151 0
2 4.367 0
3 4.383 0
4 4.425 0
5 4.430 0
Preference 20 credits, No courses on Fridays, No courses between 8:00 AM and 12:00 PM from Monday to Thursday,
Info. Courses from domains 9 and 13 must be included,
Maximum Travel Time Between Courses: 0 minutes, Minimum Average Course Rating: 3.0 or higher
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Figure 4. Graphical Timetable of Case 1. Solution 1~5
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Table 6. Experimental Results
CP MIP CP-LS CP-SA
SearchType: DepthFirst Initial Temperature: 1.0
Inference Level: Extended Max Iterations: Final Temperature: 0.01
Parameters .
Workers: 8 100,000 Cooling Rate: 0.99
Time Limit: 10 sec Max Iteration: 200,000
Run Time
145.5 563.3 217.7 337.0
(sec)
Avg. S
Ve Seote 4534 4730 4.580 4.675
(out of 5.0)
S f
e 0 0 0 8
Travel Time(min)
Preference 21 credits, no courses on Fridays, Courses from domains 9, 13 and 14 must be included,
Info. Maximum Travel Time Between Courses: 10 minutes, and an average course rating of at least 4.5.
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<Appendix 1>
Lecture . . Lecture
Lecture |Lecturer | Section | Sector | Credit | Score .|t s.slotl |t _e.slot] |t c.slot] |t s.slot2 |t e.slot2 |t c.slot2
Code Location
xx1111111| A XXX 66 13 3 4.633 201 112 114 115 312 314 315
xx1111112| B XXX 13 6 3 4.966 306 203 205 206 403 405 406
xx1111113|  C XXX 230 10 1.5 3.873 306 211 212 213 0 0 0
xx1111114| D XXX 68 3 4.592 609 218 220 221 418 420 421
xx1111115|  E XXX 1 4 3 4.486 514 121 123 124 321 323 324
t sslotl, 2: 7] A& NS £F o2 WSS g
teslotl, 2: 79 F5 ALE £F02 W g
teslotl, 2: T A& €& F Je AE €302 HES 3
<Appendix 2>
by Kij ® cryy = 24 (AD)
ikl
Z(yijklm Fi,) = (i, % Xij) +(d g, < X)) (A2)
X, T Xy, = 1 VIET (A3)
(isiskasly )5 iy os ksl ) 5.8 5y = o
D Xu=1 VEkE{1,2,3,4,5,6,7} (A4)
il
X< 2 Vk=8 (AS)
il
)(ijkl =0 ([I/;jkll’ [I/ijk‘ZZ) = Sempty (A6)
E‘Xijkl =1 Vl e [must (A7)
okl
Z]Xw =1 VEEK, (A3)
N
DXy =0 VEE K, (A9)
igil
>, XX s¢;; = sey, > Xiju (A10)
ivjikl ikl
)(ijkl—i_)(i/jrk'l/ < 1 V (i7j7k7l)7(7:/7j/7k/7l/) 9t tb|bz > tinp'u,t (All)
obi = D] (X X sey X W)+ (X Xty X W) Vijikl (A12)
ikl : : "

(A1)~ (AL 54 & 242} ofeh o) AlSkAl & o]}, (A12) BAH5E ofmshel Aol B ol 5A2E 2o @ hEA
Foltk olm, w, s W, & 247 729 B i 7ks A o] S el @ Aot 18 7 Tk A Y MAE -1
W, w9 Fol 10] HEE AA3t olu 4 (A2)= £ ATolA AAs CP B A A G 83 AGzAS ZHS
2 (C2)E MIPRE A A-§3}17] 913 F2j8ka Aotk 4 (AD)NA y, 0y, € A EF 1 EE £5 27 AEHAEA
& el ol W WSO, dy, . dyy, B 7 €29 Aojolh
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