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IMPLEMENTING COURSE SCHEDULE GENERATION 
APPLICATION FOR UNIVERSITY 

Abstract. This work is about researching and implementing Course 
Schedule Generation Application for university. She compares other similar 
applications in this area and explores important points. Through UML diagrams, 
important concepts and development progress are explained. Screenshots of 
using the application will also be provided. Dataset, configuration and rules 
explained. In the end, we will talk about the importance of such an application 
and facilitate planning for the university. 
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AnHoTamuaA. JTa paboTa TOCBAINEHA IICCTENOBAHIIO 1 BHEIPEHHIO 
TIPIIIOKEHHS [UIA COCTAaBIeHINsA PAcINCaHHA KypcoB Ui yHHBepcuteTa. OHa 
CpaBHIIBAaeT IPYrile IOIOOHEIE IPHIOKEHHS B 3TOH OOTAcTH I HCCIeayeT 
BakHple MoMmeHTEL. C momomio mmarpamym UML oOBACHAIOTCA BaKHBIE 
KOHIISMIII 1 Xox paspabotkm. Taxxke OymayT NpexoCTaBleHBI CKPHHIIOTBI 

HCTONB30BAHNA TpHIokeHHs. Habop maHHBIX, KOH(HTYpaIna 1 IpaBIvIa 
00BACHeHBI. B KOHIle MBI NOTOBOPHM O B&KHOCTH TAaKOTO INPIUIOKEHHA I 
o0erueHne IIaHIPOBAHIIe I YHHBEPCHTETA. 

KiaoueBble c¢10Ba: Kypc, IUIaHHPOBaHIe, YHHBEPCHTET, NpaBILUIa, 
OCYIIECTBIATE. 

sk 

Annatna. By JKYMBIC YHHBEPCHTETiH KypcTap KeCTeciH Kacaybl 
3epTTey jKoHe KOCBIMIIA eHTi3y YIIiH apHaaraH. O Gacka Ja OCHI calauarsl 
OCBIHIIll GaFzapIaMaTapIsl CalbICTBIPAIb], MAHBI3IIBI JKepiepIepiH 3epTTelii. 
UML muarpammanap KeMeriMeH MaHBI3[IBI TYKBIPBIMIaMagap TYCIHIIpineni 
JKeHe a3iprey Gapeich! alikbiHmazansl. CoHIail-aK, KOCKIMIIAZap MaiilamaHy 

CKPHHIIOTTAPB! YCHIHBIIATBIH Goazsr. JlepeKTep KIBIHTBIFBI, OPHATY epekeci 
Tycinnepizeni. CoHBIHIA 6i3 KOCBHIMIIATAD MAaHBI3IBUIBIFEI MeH YHIBEPCHTET 
YILIH KOCHapIay KeHULIeTIIeTIHAIr Typaisl dHriMeneiini. 

Tyiii ce3ep: Kypc, Kocmapaay, yHHBEPCITET, epeke. 
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Introduction 
A university course timetabling refers to the allocation of courses offered 

to fixed timeslots and rooms with respect to the number of lecturers available at 
that time [1]. Optimal Course schedule makes staff and students feel satisfactory 
and saved time for administrators. The application is designed to keep records 

of course scheduling to compare and choose most suitable 
The application uses open source systems. Also it is user friendly and 

easily configurable. 
Aim 

Aim is to create application using optaplanner and drools rule engine, 
which allows set constraints in flexible manner. It gives options to use different 
settings to select algorithms, in a selected time or condition stop program 
execution. Such application provides necessary information for user to select 
best options, so that he can iterate the cycle changing settings and executing to 
obtain optimal result. Optimal result motivates staff and students to focus only 
on teaching and studying courses. 

Technologies currently in use 

For now, almost every university develop their own system or adopt 
already developed system from another universities. One of the examples of 
university timetabling software is the UTTS system [2] developed at the National 
University of Singapore. There are also open source libraries for further 
development and integration. Unitime [3] and Optaplanner [4] are some 
examples of them. They are no only focused on course scheduling also they solve 

other metaheuristic problems. 
Keeping in mind the software integration tools and the dataset and 

infrastructure also impacts the decision which software to choose. In this project 
we choose optaplanner as base system for further integration. 

Project development 
In UML diagram you can see an architecture and logic of project. 

According to sequential UML diagram user have option to configure settings. 
First activity is main page. Main page has fields to be filled, the execution time 
and unimproved count of steps, they affect the stop condition of program. Also 
some soft constraint can be added to program like some lecturers can not teach 
in certain time. After user can press start button to start course scheduling 
execution under the hood. User entered data saved to database. 

Second activity is maintained by program it collects data from database, 
the settings applied to program and data rearrangement occurs using algorithms. 
On every step rules check the satisfaction over constraints. After time timeout or 
unimproved step count exceeds limit program stop and final condition saved to 
database. UML diagram shown in Figure 1. 

In last step user can view result if it not satisfactory then restarts course 

scheduling till optimal result obtained. 
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Figure 1. Use-case UML diagram of project 

Use-case diagram shows how engine works when user presses start. 
Engine has algorithms to efficiently find solution and rules to structure data in 
needed manner. 

Intermediate result can be viewed by clicking result button. Also 

constraint satisfaction score also shown. If its satisfactory enough then course 
generation can be interrupted. 

In detail program uses three types of data, the main data are the courses 
themselves and its related data as teachers, classrooms, time periods. Their 
bunch form the result. You can see a bunch of data in figure 2. 
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Figure 2. Course related objects 

Settings can also be attributed to one type of data. In the java version of 
optaplanner it is possible to make settings through an xml file. the file contains 
a setting for selecting an algorithm for the first data filling in order to facilitate 
the work of the main algorithm for finding the optimal solution. The second item 
is the settings for the main algorithm, along with it there are different settings 
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for the action. Actions are when the classrooms are replaced at every step or the 
time the course begins to check for compliance with the rules. An example setup 
is shown in figure 3. 

The third kind of data is the rule. From the rules describe the required 
location and the duration of the courses. The optimal result, she meets all the 

rules. Rules can be hard and soft constraints. Hard constraints are those without 
which it is impossible to conduct some kind of course. And soft constraint are 
requirements that it is desirable to observe, but if they interfere with hard 
constraints then they can be overdone. 

Pl version="1.6" encoding="UTF-8* 7> 
<salver> 

<environmentode>REPRODUCTBLE/environsentiode> 
<scanAnnotatedClasses /> 

<scoreDirectorFactory> 
@ <ksessionNane>scheduleKsessionc/ksessionliane> 

<scorebirectprractory> 
<termination> 

<terminationConpos1tionstyle>ORe/ terninat ionCompos1tionstyle> 
<bestScoreL init>8hard/Bsof t</bestScoreLinit> 
<minutesSpentLinit>5</minutesSpentLinit> 

</termination> 

<constructionkeuristic> 
<constructionteursticType>FIRST_FIT_DECREASING/construct ionkeuristicType> 

</eonstructionbeuristics 
<locatsearch> 

<nionioveSelactor> 
<changeMoveselector/> 

<suaptioveseLectors 
<filterClassoke. sdu. schedule. solver.DiffenentCourseSwapoveF s1terc/ filterClass> 

</swaptiovesetector> 
</unionNoveselector> 

<accentors 
{ <latercceptancesize>680</ LateAcceptancesize> 

<lacceptor> 
<toragers, 

<acceptedCountl init>4</acceptedCountLinit> 

«</forager> 

</ocatsearcr> 
<lsotver> 

Figure 3. optaplanner course scheduling configuration 

In our program, we use the drools rules program, which is quite 
autonomous and works more efficiently than the rules written in java code. An 
example of the rules is shown in figure 4. 
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Saport org. optaplamner.core. aps. score.buildin.hardsoft HardSoftScoreholder 

inport kz.sdu.schedule. planning. Schedule 
Aaport k2. s0u. schegule.planning. Course 
iaport kz.sdu.schedule. planning. Date 
3aport k2. 5du. schecule. planning. Lesson 
Saport kz.sdu. schedule.planning. Rooe 
Saport kz.s0u.schedule. solver. CourseConfLict 

Slobal HardSoftSconeholder scoreHolder; 

rule “roosdccupancy” 

. date. $nour, roon == $roon, 10 < SleftIo) 
Lesson(date.weekDay == Saeekbay, date.hour == Shour, room = Sroom, 1d > $leftld, Srightls : id) 

en 
scorstioler. adstarclonstrainthatch(keontext, —2); 

ed 

ol “LessonskithsaneTeacher InsoneTine® 
wwon 

Lesson(4ia: id, $roonld : roon!.i 
Lesson(1a > $1d, roont=nutt, roce. 

then 
scoreHoLger. agaraConstratntaten (keontext, -2); 

Steacherld: course! teacher .id) 
$roond, course.tescher. 10 == Steacher1s) 

e 

Fule "confLictinglessonsDiFferentCourseTnSanePariod” 
wen 

ScourseConfict : CourseConfLict(FLeftCourse : eftCourse, SrightCourse : rightCourss) 
$leftiesson : Lesson(course == SleftCourse, Sweexday: date!.meekday, Shour: nour, date 1= ntL) 
SrightLesson : Lesson(counse == $rishiCourse, datel.weekay == SweekDay, Gatel.hour == Shour, this 1= SleftLesson) 

hen 
‘ScoreHsloer. a0aHaraConstrainthateh (kcontext, - ScourseConfLICt getConFLictiount()); 

e 

Figure 4. Drools rules 

After launch, the system produces a result that can be used for the school 

year. For a good result, it is advisable to run a system with different algorithms 

and with a period of not less than an hour. An example result obtained for our 
data is given below. 

Figure 5. Course scheduling result 
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Conclusion 
The goal of this paper was to develop an application for course 

scheduling for universities. The paper itself provides the project overview. It 
starts with some background information about application development and 
presents features of course scheduling application from the point of view of 

developer. 
Then it moves on the description of the design of the application, 

providing some short justification for application design decision taken during 
development. Then the paper describes overall architecture of the application, 
covers some of the technically challenging or otherwise interesting features that 
have been implemented. 

1 hope this application will be useful for people who responsible for 
course scheduling in universities. 
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