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Preface

This proceedings volume contains papers presented at the fourth International Con-
ference on Soft Computing, Intelligent System and Information Technology (the 4th
ICSIIT) held in Bali, Indonesia, during March 11-14, 2015. The main theme of this in-
ternational conference is “Intelligence in the Era of Big Data,” and it was organized and
hosted by Informatics Engineering Department, Petra Christian University, Surabaya,
Indonesia.

The Program Committee received 92 submissions for the conference from across
Indonesia and around the world. After peer-review process by at least two reviewers
per paper, 53 papers were accepted and included in the proceedings. The papers were
divided into 14 groups: fuzzy logic and control system, genctic algorithm and heuris-
tic approaches, artificial intelligence and machine learning, similarity-based models,
classification and clustering techniques, intelligent data processing, feature extraction,
image recognition, visualization technique, intelligent network, cloud and parallel com-
puting, strategic planning, intelligent applications, and intelligent systems for enterprise
government and society.

We would like to thank all Program Committee members for their effort in providing
high-quality reviews in a timely manner. We thank all the authors of submitted papers
and the authors of selected papers for their collaboration in preparation of the final copy.

Compared to the previous ICSIIT conferences, the number of participants at the 4th
ICSIT 2015 is not only higher, but also the research papers presented at the conference
are improved both in quantity and quality. On behalf of the Organizing Committee, once
again, we would like to thank all the participants of this conference, who contributed
enormously to the success of the conference.

We hope all of you enjoy reading this volume and that you will find it inspiring and
stimulating for your research and future work.

February 2015 Rolly Intan
Chi-Hung Chi

Henry N. Palit

Leo W. Santoso



Organization

The International Conference on Soft Computing, Intelligent System and Information
Technology (ICSIIT) 2015 (http://icsiit.petra.ac.id) took place in Bali, Indonesia, during
March 11-14, 2015, hosted by Informatics Department, Petra Christian University.

General Chair

Leo Willyanto Santoso

Program Chairs
Chen Ding

Justinus Andjarwirawan
Wei Zhou

Registration Chairs

Silvia Rostianingsih

Petra Christian University, Indonesia

Ryerson University, Canada
Petra Christian University, Indonesia
CSIRO, Australia

Petra Christian University, Indonesia

Local Arrangement Chairs

Agustinus Noertjahyana

Financial Chairs

Alexander Setiawan

Program Committee

A. Min Tjoa

A.V. Senthil Kumar
Achmad Nizar Hidayanto
Alexander Fridman

Arif Anjum
Ashraf Elnagar
Bruce Spencer
Byung-Gook Lee

Petra Christian University, Indonesia

Petra Christian University, Indonesia

Vienna University of Technology, Austria

Hindusthan College of Arts and Science, India

University of Indonesia, Indonesia

Institute for Informatics and Mathematical
Modelling, Russia

University of Pune, India

University of Sharjah, United Arab Emirates

University of New Brunswick, Canada

Dongseo University, Korea



vill Organization

Can Wang
Chi-Hung Chi
Dengwang Li
Eduard Babulak

Enrique Dominguez
Erma Suryani

Felix Pasila

Hans Dulimarta
Henry N. Palit

Hong Xie

Ibrahiem M. M. El Emary
Tlung Pranata

Julien Dubois

Kassim S. Mwitondi
Kelvin Cheng

Marian S. Stachowicz
Masashi Emoto
Mehmed Kantardzic
Moeljono Widjaja

Mohd Yunus Bin Nayan

Muhammad Aamir Cheema

Noboru Takagi
Nur Iriawan

P.S. Avadhani

Pitoyo Hartono
Pujianto Yugopuspito
Raymond Kosala
Raymond Wong
Roberto Rojas-Cessa
Rolly Intan

Rudy Setiono

S. Thabasu Kannan

Sankar Kumar Pal
Saurabh K. Garg
Selpi

Shafig Alam Burki
Shan-Ling Pan
Simon Fong
Smarajit Bose

CSIRO, Australia

CSIRO, Australia

Shandong Normal University, China

Mabharishi University of Management in Fairfield,
USA

University of Malaga, Spain

Sepuluh Nopember Institute of Technology,
Indonesia

Petra Christian University, Indonesia

Grand Valley State University, USA

Petra Christian University, Indonesia

Murdoch University, Australia

King Abdulaziz University, Saudi Arabia

The University of Newcastle, Australia

Université de Bourgogne, France

Sheffield Hallamn University, UK

National University of Singapore, Singapore

University of Minnesota, USA

Meiji University, Japan

University of Louisville, USA

Agency for the Assessment and Application
of Technology, Indonesia

Universiti Teknologi Petronas, Malaysia

Monash University, Australia

Toyama Prefectural University, Japan

Sepuluh Nopember Institute of Technology,
Indonesia

Andhra University, India

Chukyo University, Japan

Pelita Harapan University, Indonesia

Binus University, Indonesia

University of New South Wales, Australia

New Jersey Institute of Technology, USA

Petra Christian University, Indonesia

National University of Singapore, Singapore

Pannai College of Engineering and Technology,
India

Indian Statistical Institute, India

University of Tasmania, Australia

Chalmers University of Technology, Sweden

University of Auckland, New Zealand

University of New South Wales, Australia

University of Macau, Macau

Indian Statistical Institute, India



Contents

Invited Paper

On the Relation of Probability, Fuzziness, Rough and Evidence
FHECEY .. can v sin & 000 5000 508 S00 5 50 5 G55 B 8 0% 8 SR @ W ¥ DG Bav 5§ RN B
Rolly Intan

Fuzzy Logic and Control System

A Study of Lanndry Tidiness: Laundry State Determination Using
NVides wrid Bl SEnsors « sus o s 0y Som § 008 200 5 S8 WS F S B SRS B S e
Daiki Hirose, Tsutomu Miyoshi, and Kazuki Maiya

Direction Control System on a Carrier Robot Using Fuzzy Logic
CombTOllEr . o e e
Kevin Ananta Kurniawan, Darmawan Utomo, and Saptadi Nugroho

Multidimensional Fuzzy Association Rules for Developing Decision
Support System at Petra Christian University .................... ...
Yulia, Siget Wibisono, and Rolly Intan

Genetic Algorithm and Heuristic Approaches

Genetic Algorithm for Scheduling Courses. . ............. . ciivnenen
Gregorius Satio Budhi, Koartike Gunadi,
and Denny Alexonder Wibowo

Optimization of Auto Equip Function in Role-Playing Game Based on
Standard Deviation of Character’s Stats Using Genetic Algorithm. ... ..
Kristo Radion Purba

The Design of Net Energy Balance Optimization Model for Crude Palm
Oil Production . ... ... s
Jaizuluddin Mahmud, Marimin, Erlize Hambali, Yandra Arkeman,

and Agus R. Hoetman

ACO-LS Algorithm for Solving No-wait Flow Shop Scheduling
PrOBISI s s v svams o s sm 5 soron sy & g s o ome s w asme o B ¥ 500 8 634 4
Ong Andre Wahyu Riyanto and Budi Santosa

A New Ant-Based Approach for Optimal Service Selection with E2E
Q08 CONESIEATRLS 5 von 5 vk £.507 558 7 053 O 4 D% B0 § ¥e o 8502 5 G &0 & wi %
Dac-Nhuong Le and Gia Nhu Nguyen

19

27

51

64

&89



XX Contents

Artificial Intelligence and Machine Learning

Implementation Discrete Cosine Transform and Radial Basis Function
Neural Network in Facial Image Recognition. .. ......................
Marprin H. Muchri. Samuel Lukas. and David Habsara Hareva

Implementation of Artificial Intelligence with 3 Different Characters of
Al Player on “Monopoly Deal” Computer Game .....................
Irene A. Lazarusli, Samuel Lukas, and Patrick Widjajo

Optimizing Instruction for Learning Computer Programming — A Novel
Approach ..o
Muhammed Yousoof and Mohd Sapiyan

Sequential Pattern Mining Application to Support Customer Care “X”
Clnic ..o
Alexander Setiowan, Adi Wibowo, and Samuel Kurniawan

Similarity-Based Models

The Comparation of Distance-Based Similarity Measure to Detection
of Plagiarism in Indonesian Text ....... ... oo,
Tari Mardiana, Teguh Bharata Adji, and ndriane Hidayah

Document Searching Engine Using Term Similarity Vector Space Model
on English and Indonesian Document . ..............................
Andreas Handojo, Adi Wibowo, and Yovita Ria

Knowledge Representation for Image Feature Extraction ..............
Nyoman Karna, Iping Suwardi, and Nur Maulidevi

Using Semantic Similarity for Identifying Relevant Page Numbers for
Indexed Term of Textual Book................oiuiieinee ..
Daniel Siochaan and Sherly Christina

Classification and Clustering Techniques

The Data Analysis of Stock Market Using a Frequency Integrated
Spherical Hidden Markov Self Organizing Map. . .........ocovorron..
Gen Niina, Tatsuye Chuuto, Hiroshi Dozono,
and Kazuhiro Muramatsu
Attribute Selection Based on Information Gain for Automatic Grouping
Student System .. ...
Oktariani Nurul Protiwi, Budi Rahardjo,
and Suhono Harso Supangkat



Contents

Data Clustering through Particle Swarm Optimization Driven
S OTEaBlZIRG: NI v o o v o wme v oan 5 v wams s 5 988 8 s wn s
Tad Gonsalves and Yasuaki Nishimoto

Intelligent Data Processing

A Search Engine Development Utilizing Unsupervised Learning
ADDroach . ... e
Mohd Noah Abdul Rahman, Afzeel H. Seyal, Mohd Saiful Omar,

and Siti Aminah Maidin

Handling Uncertainty in Ontology Construction Based on Bayesian
Approsches: ‘A Comparative SEEAY . o« sun vun v von v v v 5o 0 s vs
Foni Agus Seticwan, Wahyu Catur Wibowo, and Novita Br Ginting

Applicability of Cyclomatic Complexity on WSDL ........ ... ...
Sanjay Misra, Luis Fernandez-Sanz, Adewole Adewumi,
Broderick Crawford, and Ricardo Soto

Feature Extraction

Multiclass Fruit Classification of RGB-D Images Using Color and
FeRbUBE ROBbITE o cwn s s eme v o s o s mis © 55 5 69 & S000 ¥ W S 5 BEE S
Ema Rochmawati; fping Supriana, end Masayu Leylia Khodra

Content-Based Image Retrieval Using Features in Spatial and
Fregieriey DOmBing « vous gus g ops pos 5 ous S ¢ o 85 § e G585 avE 299 % 4
Kazuhiro Kobayashi and Qiu Chen

Feature Extraction for Java Character Recognition ...................
Rudy Adipranata, Liliana, Meiliona Indrawijaya.
ond Gregorius Satia Budhi

Fast Performance Indonesian Automated License Plate Recognition
Algorithm Using Interconnected Image Segmentation . ................
Samuel Mohatmaputra Tedjojuwono

Image Recognition

A Study of Laundry Tidiness: Socks Pairing Using Video and
3D SEIISOTS . o it
Kazuki Maiya, Tsutomu Miyoshi, and Daiki Hirose

Design and Implementation of Skeletonization ................... ...,
Kartika Gunadi, Liliona, and Gideon Simon

XXI

223

234

247

269

278

289

303

314



XXII  Contents

A Computer-Aided Diagnosis System for Vitiligo Assessment:
A Beprrianbation. AVFOFIEHER & cws o v smm 5 mar imam v s s 5 wam 8 65 7 Sias s 323
Arfika Nurhudationa

Face Recognition for Additional Security at Parking Place ............ 332
Semuil Tiiharjadi and William Setiadarma

Optic Disc Segmentation Based on Red Channel Retinal Fundus

THABEES was wan 5 vom o 8 190 ¢ 200 5 wos B0 V950 F0B § U5 & SN0 S 98 B 06 b NeEy v 348
K.Z. Widhia Oktocberza, Hanung Adi Nugroho,
and Teguh Bharata Adji

Visualization Techniques

Multimedia Design for Learning Media of Majapahit ................. 363
Silvia. Rostianingsih, Michael Chang, and Liliana

Adding a Transparent Object on Image . ......... ... oo, 372
Liliana, Meliana Luwuk, and Djont Haryadi Setiabudi

3D-Building Reconstruction Approach Using Semi-global Matching
CABSEHTE. & varo v w5 mavw p visn e ses & o s 5 s B @ s © e ¥ B B W 382
Igbal Rahmadhion Pamungkas and Iping Supriana Suvwardi

Intelligent Network

Spanning Tree Protocol Simulation Based on Software Defined Network
Using Mininet Emulator . ... i 395
Indrarini Dyah Irawati and Mohammad Nuruzzamanirridha

Varnish Web Cache Application Evaluation ............ .. ........... 404
Justinus Andjorwirawan, Ibnu Gunawan, and Ekoe Bayu Kusumo

DACK-XOR: An Opportunistic Network Coding Scheme to Address
Intra-flow Contention over Ad Hoc Networks . .......... ... ... ....... 411
Radha Ranganathan, Kathiraven Kannan, P. Aarthi,
and S. LakshmiPriya

Network Security Situation Prediction: A Review and Discussion . . ... .. 424
Yu-Beng Leauw and Selvakumar Manickam
Cloud and Parallel Computing

Lightweight Virtualization in Cloud Computing for Research .......... 439
Muhamad Fitra Kecamarge, Bens Pardamean, and Hari Wijaya

A Cloud-Based Retail Management System ......................... 446
Adewole Adewumi, Stanley Ogbuchi, and Sanjay Misra



Contents

Towards a Cloud-Based Data Storage Medium for E-learning Systems
in Developing COMNETIEE v o awm v s s s s 58 D306 55050 565 5 550 5,255
Temitope Olokunde and Sanjay Misra

Fast and Efficient Parallel Computations Using a Cluster of
Workstations to Simulate Flood Flows ..............................
Sudi Mungkasi and J.B. Budi Darmawan

Strategic Planning

A Simulation Model for Strategic Planning in Asset Management of

Electricity Distribution Network .. ... ... e,
Erma Suryani, Rully Agus Hendrowan, Eka Adipraja Philip Faster,
and Lily Puspa Dewi

Enhancing the Student Engagement in an Introductory Programming:

A Holistic Approach in Improving the Student Grade in the Informatics

Department of the University of Surabaya...........................
Budi Hartanto

Business Process Maturity at Agricultural Commodities Company .. . ..
Lily Puspa Dewi, Adi Wibowo, and Andre Leander

Innovation Strategy Services Delivery: An Empirical Case Study of
Academic Information Systems in Higher Education Institution . .. ... ..
John Tampil Purba and Rorim Panday

Intelligent Applications

Public Transport Information System Using Android .................
Agustinus Noertjohyana, Gregorius Satic Budhi,
and Agustinus Darmowan Andilolo

Lecturers and Students Technology Readiness in Implementing Services

Delivery of Academic Information System in Higher Education

Institution: A Case Study .. ...
Rorim Panday and John Tumpil Purba

Tool Support for Cascading Style Sheets’ Complexity Metrics. .. .......
Adewole Adewumi, Onyeka Emebo, Sanjay Misra,
and Luis Fernandez

Intelligent Systems for Enterprise, Government and
Society

Generic Quantitative Assessment Model for Enterprise Resource
Planning (ERP) System ............c.o i,
Olivia and Kridanto Surendro

XXIII



XXIV  Contents

The Implementation of Customer Relationship Management:
Case Study from the Indonesia Retail Industry ......................
Leo Willyanto Santose, Yusak Kurnicwan, and [bnu Gunawan

The Implementation of Customer Relationship Management and Its
Impact on Customer Satisfaction, Case Study on General Trading and
COntractor GOMEaNT 1o s 3 o5 155 5 Uk 5 0 vivim 5 50 5 mes erar s s 3 s 5 s
Djoni Haryadi Setiabudi, Vennytha Lengkong,
and Silvia Rostianingsih

Towards e-Healthcare Deployment in Nigeria: The Open Issues .. .. ...,
Jumoke Soyemi, Sanjay Misra, and Omoregbe Nicholas

Author Index . ... . .



Genetic Algorithm for Scheduling Courses

Gregorius Satia Budhi, Kartika Gunadi, Denny Alexander Wibowo

Petra Christian University, Informatics Department
Siwalankerto 121-131, Surabaya, East Java, Indonesia
e-mail: greg@petra.ac.id, kgunadi@petra.ac.id

Abstract. In the university, college students must be register for their classes,
and there still many college student that was confused on how to make a good
classes schedule for themselves. Mainly because of many variables and consid-
erations to be made, for examples, they have to consider how hard the classes
they are going to take, and also, they still have to consider their exam schedules
and also their availability time as well. Genetic Algorithm is one of many meth-
ods that can be used to create a schedule. This method determines the best sched-
ule using fitness cost calculation which can compare the quality of one schedule
against the other. Then, using crossover, mutation, and elitism selections, we can
determine better schedules. Based on the result of the survey held before, 70% of
the respondents gave point 4 and 30% of the respondents gave point 5 out of 5
for the quality of the schedule made using this applications.

Keywords: Artificial Intelligence, Genetic Algorithm, Courses Schedule

1 Introduction

Schedule is very important to manage an activity, especially when the activity was car-
ried out in a large organization and held for long-term time or routine.
Within the scope of the university, the course schedule also is critical There are still
students who are confused when creating their own class schedules, because a lot of
consideration, for example: what subjects can be taken without clashing with another
schedule, a student who wants to the day - certain the day No lectures, due to personal
reasons or other student affairs, student who wants to take courses that would like to
correspond with their fields of specialization, and so forth. These things make them
have trouble making a personal course schedule. Through these problems, we conduct
research on a system that can help perform automatic scheduling lectures for students
by the day and the course desired by the student. The method used for the manufacture
of automatic schedule is Genetic Algorithm (GA). The reason is because GA is a
method that can find a solution that is both complex problems.

adfa, p. 1, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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2 Genetic Algorithm

Genetic Algorithm is a method to search an optimal solution for a problem. The method
will find a good solution by crossovers a possible solution with another solution to
create new solutions. After that method will mutate the new solutions so that they are
have parts of solution from the parents but not really same with the parent. The process
begin with the creation of random population of valid solutions / chromosomes, then
GA will count the fitness costs of each chromosomes in the population. After that two
chromosomes will be chose to crossover and produce offspring. Then the offspring will
be mutated. This process will be repeated till the stop condition was reached [1].

Given a clearly defined problem to be solved and a binary string representation for
candidate solutions, a basic GA can be represented as following major steps [2]:

1. Represent the problem variable domain as a chromosome of a fixed length, choose
the size of a chromosome population N, the crossover probability pc and the mutation
probability pm.

2. Step 2: Define a fitness function to measure the performance, or fitness, of an indi-
vidual chromosome in the problem domain. The fitness function establishes the basis
for selecting chromosomes that will be mated during reproduction.

3. Randomly generate an initial population of chromosomes of size N:

X1, X2} ..} XN (1)
4. Calculate the fitness of each individual chromosome:
f(x1) ; f(x2); ...; f(xn) (2)

5. Select a pair of chromosomes for mating from the current population. Parent chro-
mosomes are selected with a probability related to their fitness. Highly fit chromo-
somes have a higher probability of being selected for mating than less fit chromo-
somes.

6. Create a pair of offspring chromosomes by applying the genetic operators — crosso-
ver and mutation.

7. Place the created offspring chromosomes in the new population.

8. Repeat Step 5 until the size of the new chromosome population becomes equal to
the size of the initial population, N.

9. Replace the initial (parent) chromosome population with the new (offspring) popu-
lation.

10. Go to Step 4, and repeat the process until the termination criterion is satisfied.

2.1  Selection Criteria

The commonly used chromosome selection technique is the roulette wheel selection [3,
4]. It is like spinning a roulette wheel where each chromosome has a segment on the
wheel proportional to its fitness. The roulette wheel is spun, and when the arrow comes



to rest on one of the segments, the corresponding chromosome is selected. Each chro-
mosome is given a slice of a circular roulette wheel. The most fits chromosomes occupy
the largest areas, whereas the least fits have much smaller segments in the roulette
wheel. The area of the slice within the wheel is equal to the chromosome fitness ratio.
To select a chromosome for mating, a random number is generated in the interval (0,
100), and the chromosome whose segment spans the random number is selected [2].
For the example you could see in Table 1 and Figure 1.

Table 1. Example of Chromosomes and the fitness (Source: Negnevitsky, 2005).

Chromosome label | Chromosome fitness | Fitness ratio, %
X1 36 16.5

X2 44 20.2

X3 14 6.4

X4 14 6.4

X5 56 25.7

X6 54 24.8

B x1: 16.5%
[ ]X2:20.2%
X3: 6.4%
7 x4: 6.4%
[]X5: 25.3%

B x5: 24.8%

75.2

49.5

Fig. 1. Example of the slices in roulette wheel selection (Source: Negnevitsky, 2005)

2.2 Reproduction

There are several methods used in the GA Reproduction one of them is crossover.
Crossover is the crosses of at least 2 solutions, where through parts crossed, will gen-
erate new solutions. Through this crosses GA will add solutions and variations that are
useful later in the scoring stage when searching for a better solution [5]. The example
of the crossover could be seen in Figure 2.
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Fig. 2. Crossover in binary chromosome (Source: Haupt, R.L., Haupt, S.E., 2004)

Besides the crossover, there is another way to complete reproduction, namely mutation.
Mutation is a method that converts a portion of the solution. Although altered a little
bit, it can create different variations resulting in different solutions and even new solu-
tion. One method used in this mutation is shuffle. [5]. Mutation role is to provide a
guarantee that the search algorithm is not trapped on a local optimum [6]. The example
of the mutation could be seen in Figure 3.

00101100000001 = 00101000000001

Fig. 3. Mutation in a binary chromosome (Source: Haupt, R.L., Haupt, S.E., 2004)

3 Courses Enrolling on Study Plan Registration time

Students will enroll subjects which wants to be taken at the beginning of the semester,
during the study plan registration (SPR/PRS). PRS periods are divided into three times,
namely the PRS-1, PRS-2 and PRS-3. During the PRS-1, after receiving Study Results
Card (SRC/KHS), and get permission to register from faculty trustee, students can en-
roll subjects that have been opened by the department. For example, the list of courses
that are opened by PCU Informatics department could be seen in Figure 4.
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09.30 | TF4223 | ALJABAR LINIER DAH RATRIKS
10.30 | TF4351 | SISTEH INFORKASI GEOGRAFIS
10.30 | TFE343 | TERHOLOGT WER

09,30 | TF4204 | ALGORITHA DAY PEBROGRAHAN
11,30 | TF441S ; GRAFIER KOWPUTER

SELASA § 07.30
07.30
07.30
07.30

08.30

Fig. 4. The list of courses that are opened for one semester

Then in Figure 5 you could see the example of courses that have been taken by students
that called the transcript.

THA20% | DASAR SISTEN SONPUTER 1-08/09 e 1]
DUALE! |ETIKA o 1-08/09| z |A
TM216 | RANGKAIAN DIGITAL 1-0009] 3 |C
TF4218 | PENGANTAR MANAJEMEN 1.08/09] 2 |B
TM211 | KALKULYS | 1-00/03] 3 |C
TF4204 | ALGORITMA DAN PEMROGRAMAN 1.08/00] 4 |A
DUL167 | FILSAFAT AGANA 1-00/09| z |B+
TRAZ23 | LOGERKA MATENATIXA 2-08/08| 3 |B
DURIES | PANCASILA DAN KEWARGANEGARAMN 2-08/03| = |A
TF235 | PENROGRAMAN BECRIENTAS] OBYEX 2-08/00] 5 | b+

Fig. 5. Student transcript example
Based on the example of courses offered (Figure 4) and student transcript (Figure 5),
the list of courses that can be taken by the student in the next semester could be seen in
Table 2.

Table 2. The example of courses which could be taken by student base on Figure 4 and 5

Course Code and Name Class | Type Prerequisite
TF4251 — Komunikasi Data | A,B,C | Mandatory | K. RD
TF4219 — Struktur Data A Mandatory | K. PBO
TF4229 — Basis Data A Mandatory | -




For courses with prerequisites "Had attended", if the student has taken the prerequi-
site courses but did not passed, he could take courses with these prerequisites. But for
courses with prerequisites "Should be passed”, the courses prerequisites should be
passed before the desired courses taken. Courses who had been taken by a student, still
could be taken again even after passed, with the aim to improve the credit point.

For courses with 'Elective’ type, it can be taken if it meets prerequisites and the min-
imum number of credits that have been completed by the student is 60 credits. For
courses with 'Mandatory' type, it could be taken when the student have met the prereg-
uisites of the courses.

When registering on the PRS, students are given choice of priority 1 and 2. For ex-
ample, if a student has a value of 20 for priority 1, then the student should only enroll
20 Semester Credit Units (SCU/SKS) with priority 1, and the others are priority 2. The
priority 1 is very important because the chance it is likely to be accepted in the class
larger than the one with priority 2.

During the PRS-2 students could revise or add more courses to be taken up to a
maximum limit of credits. In addition, students could cancel courses which has received
in PRS-1. While the PRS-3 is the time to cancel courses that have been received in the
PRS-1 and PRS-2.

4 Genetic Algorithm Design

4.1  Chromosome Design

Chromosome is an important factor in the genetic algorithm, in which the design of
chromosomes will affect how the crossover implemented. Form of chromosome could
be seen in Figure 6.

o|1]2|3]a[s5|6|7]|8]910]11]12]13]14
Dayo | [l | () (OnjOyjonpoaponpapojpofpnpinn
Dayl | [ | )OOy apopapopapnpmngn
Day2 | (1| (OO (o oypony oIy oforjeypegia
Day3 | [ | ()OO oaponpoapopypopyopmgn
Dayd | [l |0y jorjpoapopjoppofpnpinn
Day5 | (1| jojajojpajopayofopopngn
Fig. 6. Chromosome Design

The chromosome has day index starting from zero to the fifth indexes. Where in each
day they have hour index starting from zero to the fourteen indexes.

Day index only have six days, because on the day of Sunday is certainly no lectures.
As for the hour index in each day, containing fourteen ranging from 07.30 to 22.30 with
a time range of 1 hour. For example of chromosomes that have been filled could be
seen in Figure 7.



0|12 (3 |4|5|6|7|8|9(10|11|12(13]|14
DayO0 |[2][[2]][2]|[0] [[0]|[6]|[6][[0]|[0)|([O]|[0]][O]][0]]|I[O]]IO]
Day1 | [0] | [0] [[49]|[49]) [0] | [O] | [0] | [0 |(10])[10]| [0] | [0] | [O] | [O] | [O]
Day2 | [0] [[0] [[O] |[O] | (O] |[O][[O]|([O]|([O])[O]|[O]]|[O]](O]]IO]]|IO]
Day3 | [0] [ [0] [ [0] | [0] | [0] | [O] [[19]|[19])[19]) [O] | [0] | [0] | [0] | [O] | [O]
Day4 | [0] [(33][[33]{[33]) (0] | [O] [[0] | [O] | (O] | [0 | [0 | [0] | [O] | [O] | [O]
Day5 | [0] | [0] | [O] | [O] [[44]][44]|[44][ [O] | [O] | [O] | [O] | [O] | (O] |[O]] [O]

Fig. 7. Example of chromosomes that have been filled
The values present in a chromosome are the id of courses that opened in a semester.
Complete data from the ids are stored in a database table with the design as shown in
Table 3.

Table 3. Id Class information

ID class 49

Course name Struktur Data
Class

SKSk

SKSp

SKSs

SKSr

SKS prerequisites
Course prerequisites | Pass PBO, Pass AP

O|0|0O R, IN>

Course Start 08.30
Course Finish 10.30
Exam Schedule Day 3, 10.30

Specialization Course | No

4.2 Crossover and Mutation Design

In this study, crossover design was made with the rule that a slot of a particular course
can only be subjected to a cross for all of the time slots of the course, and crossed to all
of the time slots of another course in the other chromosome. After that the crossover
results need to be checked whether valid or did not. If invalid, then the result was not
used in subsequent process. The example could be seen in Figure 8.



Chromosome A

012 |3 |4|5]6|7|8|9|10]|11|12|13 |14
PayOf(2]|[2][[2]|[0] | (6] (6] 0]|[0] [[O] [O]]([O]][O]][O]][O]][O]

| 1

0(1|2|3 |4 56|78 |9]|10]|11]12|13 |14
DayOJ [0] | [0] | [0] | [7] | [7] | (7] j22]|[22]](22]] [O] | [0] | [O] | [O] | [O] | [O]

Chromosome B

Fig. 8. The example of crossover

Whilst the mutation is done by randomly selecting two courses that have the same
length of time in the one of crossover result chromosome, the offspring, and then swap
their positions.

4.3 Fitness Cost

To determine the quality of the chromosome that is created, fitness cost calculation is
required. Here are the fitness cost calculation formulas of a chromosome. We adopt the
fitness cost calculation formulas from the similar formulas that was used by researchers
in the previous work [7].

o Fitness Cost based on Credit Point Units/SKS (FCSKS)
FCSKS = totalCreditPointUnit * 30  (3)

o Fitness Cost based on the semester to be taken (FCSM)
FCSM = YT, courseSemester[i] (4)

Where:
If the course is mandatory for next semester:

courseSemester = (courseSemester [i] - semesters) * (-5)
If the course is mandatory for the last semester:

courseSemester = (semesters - courseSemester [i]) * (200)
If the course is mandatory for the current:

courseSemester = 100
m = number of existing courses

e Fitness Cost based on curriculum (FCKUR)



FCKUR = Y, courseCurriculum[i] (5)

Where:

If the elective courses taken curriculum matches the user specialization:
courseCurriculum = 175

If the elective courses taken curriculum does not match the user specialization:
courseCurriculum = -75

m = number of courses in the chromosome

Fitness Cost based on the interval between courses (FCIMK):
FCJMK = Y, dayInterval[i] (6)

Where:
daylInterval = 300 - (interval between courses * 90)
n = number of day

Fitness Cost based on courses to be taken (FCMKI)
FCMKI = Y, ValueDesireCourse[i] @)

Where:

n = number of existing courses on chromosome

If the user wishes 'Want to Take":
ValueDesireCourse = 100

If the user wishes 'Extremely Want to Take":
ValueDesireCourse = 1000

If the user wishes 'Less Want to Take":
ValueDesireCourse = -200

Fitness Cost based on the time desired by the user (FCWU)
FCWU = Y-, courseDayDesired[] (8)
courseDayDesired = Y, timeValuel[j] 9)

Where:
n = number of day
k = 3, on the morning: k = 1, on the afternoon: k = 2, on the night: k =3
If in accordance with the expected time:
timeValue = number of hours filled * 200
If not in accordance with the expected time:
timeValue = number of hours filled * -200

Fitness Cost based on the maximum number of courses per day that is desired by the
user (FCMMK)
— If user desirability > number of courses,



numberOfCourses [i

1,300  (10)

FCMMK = Y1,

userDesirability|i]
— If user desirability > number of courses
FCMMK = Y., userDesirability[i] — numberOfCourses[i] * 500 (11)

Where:
n = number of day

e Furthermore, the formula to calculate overall fitness cost of a chromosomme is as
follows:

Fitness Cost = FCSKS * wl + FCSM * w2 + FCKUR * w3 + FCJMK * w4 +
FCMKI * w5 + FCWU * w6 + FCMMK * w7 (12)

Where:
w1l to w7 = weight of each fitness cost, value: 0...1.

5 Implementation and experiment results

System workflow could be seen in Figure 9.
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Fig. 9. System Workflow

Is The PRS-1
Schedule Exist?

Yes

v

System starts with a login form to identify the user of the application. Furthermore, the
user can enter semester to be processed and areas of specialization are taken, as shown
in Figure 10.
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Fig. 10. Form Login and form setting semester and specialization

Later the user can choose to process the PRS-1 or PRS-2. Next will be displayed to the
user some forms in sequence, as shown in Figure 11 to 12. Here the user can enter the
latest transcript, day and time he desire and the desirability settings for all courses that
could be taken for the next semester.

Q FormTranskrip.
NRP: » 26409100
Mata m;h, (TF4221 - PAK -
StatusLulus  [Sudah Lulus -]
[LAdd ] [ Edgt ] [Deete ] [ Back |
Daftar Matakuliah yang sudah diambil, baik sudah lulus maupun belum :
| kodeMK namaMK satushius
» 22 PAK Sudah Lukss
TF4219 SO Sudsh Lukss
TFa241 Sistem Informasi | Sudah Lukis
TF4251 Keemdat Sudsh Luks
TFe216 RD Sudsh Luks
TFe237 IMK Sudsh Lukus
TFa212 K2 Sudsh Lukss
TFa235 PE0 Belum Luus
TF4223 80 Sudsh Luks
) o5 Sodsh ks
TFa225 PPA Sudsh Lubus
TF4267 Komal Sudah Lukss

1

Fig. 11. Form to insert the latest transcript




£Senn Selasa
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“Pag:07.30-11.20
“Sang:11.20-16.30
= Sore :16.30 - mafam

Fig. 12. Form to choose preferences days and hours of courses, and the number of courses/day

s, = 5o 2 W

SKS Y/ag\g Sudah Diselesaikan : 101 ( Berdasarkan Transknip yang danputkan )
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5 a2 Aot st 3 [MouDomed -
| v

[7] SKS Matakudsh Pihan = O | Swros [0
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Fig. 13. Form to determine the desirability of all the courses that can be taken

Hereinafter the user can press a button to generate schedules using Genetic Algorithm.
Once the process is complete then to the user would be presented 5 best schedules.
These 5 best schedules are taken from 5 chromosomes with the highest fitness costs on
the last population. The scheduling results form and also the look to be printed (HTML
files) could be seen in Figure 14 and Figure 15. In addition, before starting the process
of scheduling, user can change the settings of variables required by the GA. Form to
change the settings can be seen in Figure 16.
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14. Form to view 5 best the results of automatic courses scheduling

Daftar Mata Kuliah

[No[Kode MK[Nama MK [Kelas|[SKS [Prioritas

1 [TF4259 [Metpen B [

2 [TFa20 [PMB B

3 [TF4351 |SIG C 3 | Juga Mengambil :

[+ [TF555 MKK B

5 [TFs204 [aP D [ It [KodeMK[NamaMK __[SKS|

|6 |TF4329 |Data Warehouse | 30 [m[mp_

7 |TF4317 [Manpro T B 3 R

Jadwal Kuliah Jadwal UTS/UAS

[No[Hari [Mulai [Selesai [Nama Matkul [Ketas|  [No[Hari [MulaiSelesai [Nama Matkul [Kelas
1 [Senin [0930 [1150 [Metpen - Kulish B [t [Ke-1]1030 1330 [Metpen  [B
B [sm 13:30 [16:30 [PMB-Kulish B 2 IKe.2{16:30 [I9:30 Data Warehouse |-
5 [Selasa[07:30 [1030 |[SIG- Kulish - 3 [Ke-300730 1030 [VKK E
+ [Rabu [07:50 09350 [AP-Responsi D 14 Ke-3[1530 1830 [Ap D
5 [Rabu [10:30 1330 [MKK - Kulish B 5 [Ke-6[07:30 [1030 [ManproTE  |[B
6 [Rabu 1330 1530 [AP- Kutiah D 6 [Ke-7[0730 1030 [PMB F
7 [Rabu [15:30 130 [Data Warehouse - Kulizh[- 7 [Ke-8{07:30 10:30 [SIG 5
S [Kamis [1530 [1S30 |Manpro T1-Kulizh  [B

Fig. 15. The display of HTML files to print the schedule




ru:" FormSetting “3—@ X3

Jumlah kromosom dalam populasi 150 (50 - 500)
Jumlah banyak kromosom max yang di eitism 10 (1-50)
Jumiah counter apabia hasi eltism sama B (1-100
Jumlzh hasd penjadwalan 5 (<= eltism )
Kemungkinan hasl crossover di mutasi 45 % (0-100)
Jumlah sks untuk Priorzas 1 20 SKS
Tehon Aaran: Semester Genap/Gari
Feness Cot
Seberapa Pertingriya Peniaian Matakulish Wajb Semester (Berdasarkan Slabus)? 70
Seberapa Peritngrya Matakulish yang Cocok dengan Perjurssan yang Dipith? 70

Seberapa Pertingnya Jeda Waktu yang Sedkit antar Kuliah?
Seberapa Pentingnya Wakiu yang disukai untuk desi Kuliah?

Seb Pentingnya Keing: untuk Mata Kulish disukai terpilin?
Seberapa Pentingnya Jumiah Kuitah per Han sesuai yang dipith?
Seberapa pentingnya komposisi Jenis Mata Kulish?

[7] Cetak proses GA

Fig. 16. Form setting for Genetic Algorithm process

To test the results of the system, especially the results of the courses schedule that is
generated automatically, we use several kinds of tests. The first test is testing the effect
of the maximum population against the processing time, and the best fithess cost value.
For this test, setting the mutation probability is 0.3. The test results could be seen in
Table 4.

Table 4. Tests on the maximum population size

Running Times (millisecond)
Maximum . ) ) Average of
Population Generate Initial Genetic Algorithm Fitness Costs
Chromosomes Processes
50 5962.8 3266.6 4302.4
150 15070.8 17938.4 4782.4
300 23283.2 32652.8 5297.4

From the test results it can be seen that the greater the maximum limit of the popu-
lation, the longer the process takes time, yet the average value of the best fitness costs
also increased. This is because more and more of the population there, will be the more
diverse opportunities to generate chromosomes, so that eventually the fitness cost val-
ues of the chromosomes will increase.

The second test is the test of the effects of increased mutation probability values
allowed on offspring chromosomes. For this test, the maximum population size be set
at 150 chromosome. The test results can be seen in Table 5.



Table 5. Tests on the mutation probability values

Running Times (millisecond)
Mutation . ) ) Average of
Probability Generate Initial Genetic Algorithm | Fitness Costs
Chromosomes Processes
0.1 11614 11935 4532.8
0.4 14621.4 12650 4712
0.7 15942.2 19960.6 5176

From the test results it can be seen that the greater the probability of mutation, the
longer the time required for the process, but the average fitness value of a chromosome
best cost also increased. This is because the higher the chance of mutation, the more
diverse the resulting chromosome will be are greater, so that eventually the fitness cost
value of the best chromosome will increase.

In addition we also did some other tests, such as testing the maximum number of
chromosomes are copied by elitism method from the old population to the new popu-
lation. We also tested the maximum number of ‘elitism counter', this counter to count
how many the sequences of populations will produce the same best fitness cost values,
before the program stop the process. Of all the tests performed at last we obtained the
best values of each setting. These values are used as the default values setting of the
system. The amount of the default settings and the testing results using default settings
can be seen in Table 6 and Table 7.

Table 6. Default setting

Setting Type Value
Maximum population 150
Max Elitism 15
Elitism Counter 15
Mutation Probability 0.7

Table 7. Testing results using default setting

Running Times (millisecond)
Number . . .
of Tests | Generate Initial | Genetic Algorithm | Scores
Chromosomes Processes
1 23523 34653 5317
2 17116 18932 5317
3 17177 34653 5317
4 18592 32155 5269
5 33025 34090 5317




Average: 21886.6 30896.6 | 5307.4 |

Of testing by using the default settings could be seen that the GA produces the best
fitness cost value greater compared to other settings that have been tested. Moreover, it
can be seen that in general the system will be convergence on a particular chromosome.

The final testing is testing in the form of questionnaires to potential users, in example
students majoring in Informatics department of Petra Christian University. The results
summary of these questionnaires are as follows: As many as 60% of respondents gave
scores of 4 and 40% gave scores of 5, of the scale from 1 (worst) to 5 (best), for ease
of use of this application. From these results it can be concluded that the user interface
of the application is easy to use. Meanwhile, for the question about the quality of the
generated schedules, 70% of respondents gave scores of 4 and 30% gave scores of 5,
of scale from 1 (worst) to 5 (best). Therefore, it can be concluded that in general the
respondents felt be helped by the application that could generate courses schedule au-
tomatically.

6 Conclusion

From the tests it can be concluded that the automatic scheduling system is well made.
Processing speed is also good, averaging less than 1 minute. From the test results on
the potential users can be concluded that the interface has a good design and user
friendly. In addition, the automatically generated class schedules are also correct and
in accordance with the expectations of users.
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