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Preface

Computational science and technology is a rapidly growing multi- and interdisci-
plinary field that uses advanced computing and data analysis to understand and
solve complex problems. The absolute size of many challenges in computational
science and technology demands the use of supercomputing, parallel processing,
sophisticated algorithms, and advanced system software and architecture. The
ICCST17 conference provides a unique forum to exchange innovative research
ideas and recent results and share experiences among researchers and practitioners
in the field of advanced computational science and technology.

Building on the previous three conferences that include Regional Conference on
Computational Science and Technology (RCSST 2007), the International
Conference on Computational Science and Technology (ICCST 2014), and the
Third International Conference on Computational Science and Technology 2016
successful meetings, the Fourth International Conference on Computational Science
and Technology (ICCST17) program offers practitioners and researchers from
academia and industry the possibility to share computational techniques and
solutions in this area, to identify new issues, and to shape future directions for
research, as well as to enable industrial users to apply leading-edge large-scale
high-performance computational methods. This volume presents a theory and
practice of ongoing research in computational science and technology. The focuses
of this volume is on a broad range of methodological approaches and empirical
reference points including artificial intelligence, cloud computing, communication
and data networks, computational intelligence, data mining and data warehousing,
evolutionary computing, high-performance computing, information retrieval,
knowledge discovery, knowledge management, machine learning, modeling and
simulations, parallel and distributed computing, problem-solving environments,
semantic technology, soft computing, system-on-chip design and engineering, text
mining, visualization and Web-based and service computing. The carefully selected
contributions to this volume were initially accepted for oral presentation during the
Fourth International Conference on Computational Science and Technology
(ICCST17) held on November 29–30, 2017, in Kuala Lumpur, Malaysia. The level
of contributions corresponds to that of advanced scientific works, although several

v
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of them could be addressed also to non-expert readers. The volume brings together
43 chapters.

In concluding, we would also like to express our deep gratitude and appreciation
to all the program committee members, panel reviewers, organizing committees,
and volunteers for your efforts to make this conference a successful event. It is
worth emphasizing that much theoretical and empirical work remains to be done. It
is encouraging to find that more researches on computational science and tech-
nology are still required. We sincerely hope the readers will find this book inter-
esting, useful, and informative and it will give then a valuable inspiration for
original and innovative research.
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Abstract. An efficient outdoor parking system is a crucial need for smart cities
to monitor the occupancy of outdoor parking. Currently, there are many external
sensors-based parking systems available for indoor parking. These external
sensors either need to be installed at the parking slot or attached with vehicles at
fixed positions. Hence, the deployment cost is very high for such implementation.
Due to high cost and complex network configuration, external sensors are not
preferred for Smart Outdoor Parking Systems (SOPS). Several SOPS have been
deployed to solve outdoor parking problems. Understanding existing SOPS
approaches is essential to develop a robust and effective outdoor parking system.
In this paper, we present a review of the various SOPS. We have addressed the
most important aspects including technical, economical, accuracy, open issues
and challenges of the existing SOPS. Based on the review, a recommendation has
been proposed to improve outdoor parking system.

Keywords: Outdoor parking · Smartphone-embedded sensors
Smart parking system · Sensors fusion · Activity recognition

1 Introduction

Parking has been a serious problem in urban cities. The number of vehicles is increasing
day by day with the growth of population and economic development. It is extremely
difficult and frustrating for drivers to find a parking place in congested areas. According
to a study by Parknet [1], it costs $78 billion per year in the form of 4.2 billion lost hours
and 2.9 billion for gas in busy roads in the U.S. Another study by White [2] showed that
45% of the traffic generated by automobiles circulation for finding parking places had
caused a series of problems like air pollution, traffic congestion, and waste of energy in
the New York City. The lack of outdoor parking system leads to a number of illegal
parking, heavy traffic on roads, and causes distress for drivers. Hence, monitoring

© Springer Nature Singapore Pte Ltd. 2018
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outdoor parking availability is a significant mission for developing smart city which can
guide drivers to find empty parking spaces easily.

Most of the existing outdoor parking systems used tokens or tickets that count the
number of cars entering and leaving the parking premises. Many of these systems used
external sensors such as sensor under the road surfaces [3], or sensor attached to the side
of the vehicles [4]. These methods were implemented to provide outdoor parking occu‐
pancy information. Nevertheless, these solutions could neither reduce drivers’ anxiety
to find a parking space nor provide satisfactory parking management for outdoor
parking. Therefore, there is an urgent need for a solution for outdoor parking for a smart
city.

We have presented a review on outdoor parking systems using four different
approaches; namely computer vision, GPS, wireless based and smartphone-based
systems. We have given an insight into the flexibility and cost of implementing these
SOPS to provide a precise overview to design a more flexible and cost efficient SOPS.
The remainder of the review paper is organized as follows: In Sect. 2, we divide different
SOPS into four categories according to their deployment techniques. The categories are
vision-based techniques, GPS/Satellite-based techniques, wireless network-based tech‐
niques and smartphone-based techniques. Section 2.3 demonstrates a comparison and
discussion of the different approaches, in Sect. 3, a recommendation is provided and
finally the conclusion is drawn in Sect. 4.

2 Categorization of Smart Outdoor Parking Systems

2.1 Vision-Based Techniques

Vision-based parking system has become attractive with the rapid development in the
image processing and computer vision fields [5]. The core idea of vision-based SOPS
is to use image processing and computer vision techniques to analyze CCTV video
streams [5]. It analyses the content captured by the video cameras to detect and find
empty parking space. Hampapur et al. [6] presented an object recognition with adaptive
background subtracting and striking movement discovery method to identify moving
vehicles. The background subtraction method subtracted the current image from a refer‐
ence image to find region of interest (ROI). Adaptive background subtraction continu‐
ously updated the background changes and generated a mask of where the images were
stable. The method detected entering and leaving of cars by identifying the location of
the vehicles. Wu et al. [7] described an approach that combined Principal Component
Analysis with wavelet change for feature extraction and applied Support Vector
Machine (SVM) for vehicle recognition. Bong et al. [8] presented a bi-stream empty
parking slot detection approach, in which one stream examined the number of pixels
within a certain intensity threshold to determine the presence of a car in the parking slot
and other stream eradicated false detection produced by shadows of vehicles, utilizing
edge detection and median filter. A ParkLotD system was introduced by Ichihashi et al.
[9] to enable a camera-based system for practical outdoor parking detection with high
performance. The cameras return real-time available parking spaces and adaptive back‐
ground subtraction was used to overcome illumination and shadow effects. Similarly,
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Lin et al. [10] demonstrated a vision-based parking method for outdoor parking which
set up cameras around the parking zone, sends real-time information to a center database
that enabled drivers to discover available parking spaces or monitor the parked space
through wireless communication device. The system used a statistical method in color
image sequences to find out the suitable color for each parking space and the foreground
was extracted using color information.

Overall, vision-based techniques are better than sensor based techniques in terms of
cost since it does not require additional sensors in each parking slot [11]. In addition,
vision-based SOPS is easy to deploy because the cameras setup does not require intricate
configuration. Furthermore, vacant parking spots can be identified precisely by
analyzing the parking space images. However, there are also some limitations with
vision-based systems. The cameras must be in the positions from where they can monitor
the whole parking area. Sometimes, high-resolution cameras are high-priced [12].
Figure 1 below demonstrates the block diagram of vision based SOPS.

Fig. 1. Block diagram of vision based SOPS

2.2 GPS/Satellite-Based Techniques

The Global Positioning System (GPS) is a location system based on a constellation of
around 24 satellites circling the earth at heights of approximately 11,000 miles. GPS
gives exact positioning 24 h a day, anywhere in the planet. GPS calculates distance
between a GPS satellite and a GPS beneficiary by measuring the amount of time it takes
for a radio signal to travel from the satellite to the recipient. Many smart outdoor parking
systems take advantage of GPS services to find parking locations. It provides informa‐
tion about the location and availability of parking spaces near the destination of the
driver by transmitting signal from satellite to the receivers. A block diagram of GPS
based SOPS is shown below in Fig. 2. A number of GPS-based smart outdoor parking
systems have been proposed. Gahlan et al. [13] designed a parking management
approach by using GPS whose primary purpose was to determine the location and to

A Review on Outdoor Parking Systems 243
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send available parking spaces to the driver. The system could also provide feedback
about the current location of the drivers. A scientific solution based on past and current
status of the drivers was presented by Pullola et al. [31] by utilizing Poisson process to
model vacancies of available parking slot. The system helped drivers to choose the place
with maximum probability of being available. A location-based parking system was
presented by Chon et al. [14] to find the nearest available parking lots for the drivers.
The system helped to find parking place in areas like campus, airports. However, the
system did not provide information about availability of parking spots.

Fig. 2. Block diagram of GPS based SOPS

The good side of GPS-based technology is that it provides real-time location services
and guides towards the destination. Thus, it is flexible to use and can obtain knowledge
of unknown parking places. Besides, it eliminates the need to install expensive sensors
for getting parking places. Conversely, GPS receives location data from the satellite
which takes times due to transmission delays. In addition, it depends on the weather to
receive clear signals from the satellite. Apart from that, GPS does not guarantee a parking
place as it can only provide information about the current state of the parking zone [16].

Overall, vision-based techniques are better than sensor based techniques in terms of
cost since it does not require additional sensors in each parking slot [11]. In addition,
vision-based SOPS is easy to deploy because the cameras setup does not require intricate
configuration. Furthermore, vacant parking spots can be identified precisely by
analyzing the parking space images. However, there are also some limitations with
vision-based systems. The cameras must be in the positions from where they can monitor
the whole parking area. Sometimes, high-resolution cameras are high-priced [12].
Besides, the tracking systems might sometimes give false positive result due to occlusion
effects and lighting conditions.
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2.3 Wireless Network-Based Approach

Wireless network (WN) is a computer network that uses radio waves for connecting
devices, business network and applications. There is an increased interest in wireless-
based parking system. The use of WN in smart outdoor parking systems enables people
to avoid costly process of introducing sensors and cables. Hanif et al. [15] demonstrated
a smart outdoor parking system that allowed users to book their parking slot through
Short Message Services (SMS). A wireless communication instrument named micro-
remote terminal unit (micro-RTU) was used to confirm booking with details such as lot
number and password. Password was used to enter into parking area with a validity of
certain period of time. A microcontroller named Peripheral Interface Controller (PIC)
was used to automate the system that was capable of storing information of vacant
parking spaces, controls entree to the parking area by allowing or denying access.
Besides, a system to monitor the entry and exit of vehicles for outdoor parking zones
was presented in [17]. It utilized wireless network of photo electronics sensors and a
network technology called 6LowPAN over IEE802.15.4 for communication among
devices such as computers, routers and mobile devices. 6LowPAN stands for IPv6 over
Low-Power Personal Area Network and it allows IPv6 packets to be carried efficiently
using small link layer. Gu et al. [18] presented a system named Street Parking System
to monitor road side parking spaces using wireless communication with magnetic
sensors and ZigBee technology. The system used 3-axes magnetic sensor and an algo‐
rithm based on cyclic detection state machine for detecting parking vehicles. A similar
outdoor parking system was proposed by Reve et al. [19] that used infrared sensors and
radio frequency for communication. Figure 3 below shows a block diagram of wireless
based SOPS.

Fig. 3. Block diagram of wireless based SOPS

Wireless technology provides a number of advantages. The wireless technology can
be found in homes, workplaces and cars. Therefore, the deployment of wireless based
parking is rampant. Besides, the technology can be used for both outdoor and controlled
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zone parking systems. WN-based SOPS can detect the passage of cars and communicate
with the data center in real-time.

Wireless sensors network-based technique is considered a low cost solution for smart
parking. But it typically consists of various sensors such as fluxgate magnetic detector,
active infrared detector which are expensive to implement. For example, a study
described a method that used wide-area sensor network which had video cameras,
microphone, and motion detector [20]. When many drivers use WN-based smart parking
systems, the bandwidth of the infrastructure becomes overloaded. Again, there is chance
of interference and signal distortion due to external factor such as dust, storm, and fogs.

2.4 Smartphone-Based Techniques

In the past few years, smartphones experience a vast technological growth with the
incorporation of new hardware and embedded sensors. Modern smartphones are
equipped with various sensors such as accelerometer, barometer, gyroscope and GPS.
Smartphone sensors are being used for crowdsensing which collects information from
user’s mobile. A number of SOPS have proposed to utilize crowdsensing capability [21–
26]. Context recognition or user activity recognition technology is used in such systems.
Activity recognition can effectively detect activities such as walking, standing, driving,
and running. The flow of detected activities, e.g. driving-standing-walking infers the
activity when a driver is parking. Analyzing activity recognition for parking can be
implemented without using costly sensors. The architecture of smartphone-based SOPS
is demonstrated in Fig. 4 below.

Fig. 4. Block diagram of smartphone-based SOPS

In a study by Salpietro et al. [21], the users’ activities were identified automatically
through the analysis of accelerometer and gyroscope data to determine the transition
mode from car to walking, and vice-versa. To detect activities of users, driving-to-
walking or walking-to-driving, sensors in smartphone and Bluetooth were used. Driver’s
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actions such as walking, driving were classified using supervised machine learning. The
solution has helped to solve the problem of installing external sensors in parking areas
to track car occupancy. On the contrary, GPS, accelerometer, geospatial data, and Blue‐
tooth data were used by Stenneth et al. [22] to automatically detect when and where a
driver parked a car, or released the parking spot. A novel approach named Probabilistic
Internal Navigation (ProbIN) [24] that used Bayesian Probabilistic framework was used
to address the problem of noisy sensors reading. It was a novel statistical approach for
mapping low-cost internal sensors to get the user’s position for navigation. Lan and Shih
[23] proposed a phone-based driver tracking system that studied the trajectory of the
driver. They proposed a way to detect when a driver was about to leave a parking place.
A waist-mounted and map-matching algorithm is used to get accurate prediction results.
Another solution was presented by Biondi et al. [25] which gathered the user contextual
information that was displayed as an approximated distribution of free parking spots
using a map. A bluetooth low energy advertisement was used to detect passengers to
reduce bias that might be introduced by multiple users in the same car. Nawaz et al. [30]
introduced ParkSense, a robust signature matching approach based on bacon reception
ratio and an approach based on the rate of change of Wi-Fi beacons to detect driving.
In order to sense parking events, ParkSense leveraged the ubiquitous Wi-Fi beacons. It
used Wi-Fi signature matching approach to detect driver’s presence to the parked
vehicle. PocketParker, a crowdsourcing system presented by Nandugudi et al. [26],
detected driver’s movement utilizing smartphone’s GPS and accelerometer sensors. The
system stored collected data in a centralized database and broadcast the information to
the drivers using Wi-Fi and cellular network. Table 1 shows a summary of the existing
smartphone embedded smart outdoor parking systems.

Table 1. Summary of different smartphone based SOPS

Study Sensors Storage Accuracy
Stenneth et al. [22] Accelerometer,

Gyroscope and Bluetooth
Distributed Transportation mode

detection 92.5%, parking
occupancy 100%

Nguyen et al. [24] GPS, Accelerometer and
Gyroscope

Centralized 87% for parking
occupancy detection

Biondi et al. [25] GPS and Bluetooth –
Nandugudi et al. [26] Accelerometer and GPS Overall accuracy 92.5%
Nawaz et al. [30] Wifi-beacon Identify above 90% users

return

We observe that mobile-based parking system uses two types of storages: distributed
or centralized. Distributed storage stores data in devices that are not located in the same
physical location. On the other hand, a central Database Management System (DBMS)
manages all the distributed storages in a unified location. Distributed storage system can
process all the requests to access data by balancing the load among several servers. To
keep the data up to date in distributed storage system, it requires additional software.
Therefore, this incurs additional cost and complexity. On the other hand, centralized
database keeps all the data in a single place such as a server or mainframe computer.
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Centralized database is easy to maintain since all the data resides in the same location.
But the server of the centralized database becomes slow if there are multiple requests
to the system.

In general, mobile phone-based system is suitable for outdoor parking. It is the most
economical solution among the alternatives. Mobile-oriented outdoor parking system
provides the best flexibility since the mobile phones can be carried everywhere. It has
also helped to solve the problem of having complex infrastructure or expensive external
sensors installation and maintenance. Mobile phone provides an economical smart
parking solution by taking advantage of modern mobile phone’s powerful sensors.
Besides, the system is easy to use since the application is available on the phone. It also
provides other features such as a booking system to allow users to reserve a parking slot
in advanced.

Nevertheless, there are some disadvantages of using smartphone-based outdoor
parking systems. To track location for the car parking systems, the user’s location infor‐
mation is needed and this can lead to user privacy breach. Accelerometer and GPS are
two important sensors for designing smartphone-based SOPS. Accelerometer is orien‐
tation and position dependent, and it needs complex training and processing to achieve
good accuracy. Sometimes, the GPS sensor might miss the GPS signal in urban areas
[28]. Again, some system takes manual input from the users which might be inflicted
by false information created by free riders and selfish liars. In addition, there might be
problems when a user books the parking a way too early while the other nearby drivers
cannot book the parking place as it has already been blocked. Therefore, application
developers need to consider many scenarios to solve or reduce these kinds of problem.

3 Discussions and Recommendation

This section discusses the different SOPS techniques and provides a comparison among
these techniques. Table 2 shows the comparison of deployment flexibility, accuracy and
cost of the SOPS techniques. We observe that vision-based technique is easy to deploy,
and it requires less maintenance cost. However, the tracking systems might sometimes
give false positive result due to occlusion effects and lighting conditions [33]. However,
it incurs cost on the driver to purchase a smart phone. On the contrary, GPS-based
systems are easy to deploy because it does not require infrastructure design and main‐
tenance cost since there is no external sensor installed and parking detection is accurate
[33]. Nonetheless, it only provides information of the parking area but not the exact
vacant spot. WN-based SOPS approaches depend on additional sensors and the systems
require complex infrastructure, which is difficult to deploy [29]. It becomes worse when
the entire infrastructure need to be revamped. The accuracy of parking detection is very
accurate [33]. Smartphone-based system, on the hand, provides easy deployment with
no or very low installation and maintenance cost. But this techniques sometime delays
to detect parking and user location privacy has to be disclosed [12].
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Table 2. Comparisons different of outdoor parking techniques

Categories Easy to deploy Maintenance cost Startup cost Accuracy
Vision based Yes Moderate High False detection

occurs
GPS based Yes No Low Accurate
Wireless based No Low High Accurate
Smartphone
based

Yes No No Delay occurs

From this study, it is clear that smartphone-based SOPS is the most economical
solution as compared to the other methods. Although the system has some drawbacks
such as sensor sensitivity, this can be resolved by using supervised machine learning
techniques [32]. It is also possible to utilize fusion approach that combines data from
multiple sensors to increase the accuracy of recognizing drivers’ activity. Since mobile-
based parking system does not require external hardwires installation and maintenance
cost, it could be considered as one of the best options for outdoor parking service
providers. Besides, the growth of mobile technology and the ease of mobile phone
usability would also facilitate the development of mobile-based SOPS.

4 Conclusion

An efficient real-time outdoor parking system can eradicate the frustration of users for
getting parking occupancy in outdoor places such as shopping malls, universities, hospi‐
tals. In this review, we present the latest deployments of outdoor parking systems using
different approaches including vision-based, GPS-based, wireless-based and mobile-
based. The main focus is drawn to the advantages, disadvantages, deployment, and cost
of the various systems. Overall, there is a need to implement a cost-effective system to
reduce drivers’ hectic in finding parking spaces. An analytical comparison is presented
and several issues are deliberated. The highlighted issues can be further explored for
enhancement of the existing systems.
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Abstract. A problem of selecting appropriate human VOCs (Volatile Organic
Compound) emitted from sweat for human odor classification is presented in this
paper. In this paper, all gases emitted by human through sweat have been collected
and detected using the latest technology (High resolution GCMS/TOF) Gas
Chromatograph Mass Spectrometry/Time of Flight. Due to the limitations of the
experimental conducted, only a total of four different persons are required to have
the samples of odor collected for twenty different times. 198 VOCs have been
detected and feature selection methods have been applied to determine which
VOCs are suitable to be used to classify human odor. Two feature selection
methods based on Entropy and Chi Square test have been used to determine and
decide the best and acceptable VOCs. Based on the results obtained, a total of 17
stable VOCs are extracted from 198 VOCs. In addition to that, there are 10 gases
that are detected having zero values for both the entropy and chi-square test and
these gases are considered the strongest candidates that can be used for odor
detection and classification. The results obtained from this work can be used to
assist the task of classifying specific VOCs for human detection through odor.

Keywords: Odor classification · Volatile organic compound · Entropy
Chi-square test

1 Introduction

Conducted researches that are related to odors classification are very limited and yet the
problem of recognition and classification of odors are important due to its application
in security. This due to the facts that information related to human odors requires specific
instrumental equipment in order to collect information related to odors. Odor is one of
the five senses data and human being have used these five senses to enjoy comfortable
human life with communication and mutual understanding. Artificial odor sensing and
classification systems through electronic technology called an electronic nose have been
developed according to various odor sensing systems and several classification methods
[1–3].
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In this paper, a problem of selecting appropriate human VOCs (Volatile Organic
Compound) emitted from sweat for human odor classification is presented. In this paper,
all gases emitted by human through sweat have been collected and detected using the
latest technology (High resolution GCMS/TOF) Gas Chromatograph Mass Spectrom‐
etry/Time of Flight. Due to the limitations of the experimental conducted, only a total
of four different persons are required to have the samples of odor collected. In this work,
each person is tested 5 times on different days in order to ensure the stability of emitted
VOCs. As a result, we managed to extract most stable, accurate and rigidity list of VOCs
from human with specific Gas name. Compared to other related works in which most
of other references have tested the person only one time to detect the emitted VOCs
while in this research, we have repeated the test for each person 5 times with total number
of 20 test have been applied for each Gas. The final result of our short listed of emitted
VOCs list consists of 17 VOCs based on the two feature selection algorithms.

In this paper, a selection procedure system has been developed that can be used to
select the appropriate Volatile Organic Compounds (VOCs) emitted from human’s
sweats that will be used for human odor classification, under different densities based
on feature selection algorithms. This feature extraction is performed using the latest
technology (High resolution GCMS/TOF) Gas Chromatograph Mass Spectrometry/
Time of Flight.

The rest of the paper follows, where Sect. 2 will highlight some related works on
odors classification. Section 3 will describe the processes involved in extracting stable
and consistent features for Odor Classification. Section 4 discusses and analyses the
results obtained. Section 5 will conclude the paper by suggesting future works that can
be conducted based on the results obtained in this work.

2 Related Works

Individuals are thought to have their own distinctive scents, analogous to a signature or
fingerprint, the axillary region is of particular interest to play an important role in gener‐
ating individual odor [3, 5]. The armpit is a skin region where a vast number of glands
and bacteria cooperate to produce a strong smell which may give a unique pattern
allowing identification of different persons [6]. Classifying the various human odors
under different densities have been successfully conducted previously [4]. VOCs
emanating from skin contribute to a person’s body odor [5]. The human body generates
VOCs that may provide information related to types of diseases, behavior, emotional
state and health status of a person [6]. Also, body odor is one of the physical character‐
istics of human which can be used to identify people [6]. The human body odor contains
different volatile organic compounds which can be used as biomarkers for diseases,
experiments with special trained dogs showed that they are able to smell diseases as e.g.
cancer, hypoglycemia or hyperglycemia [7].

Feature selection methods can be used to identify and remove unneeded, irrelevant
and redundant attributes from data that do not contribute to the accuracy of a predictive
model or may in fact decrease the accuracy of the model. There are three general classes
of feature selection algorithms: filter methods, wrapper methods and embedded
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methods. Filter feature selection methods apply a statistical measure to assign a scoring
to each feature. The features are ranked by the score and either selected to be kept or
removed from the dataset. The methods are often univariate and consider the feature
independently, or with regard to the dependent variable. Filter methods include the Chi-
square test, information gain or entropy and correlation coefficient scores [8].

This paper applies Chi-square test and entropy in identifying relevant VOCs features
used for classifying human’s odor. In this paper, each person will be tested for 5 times
in 5 different days to get VOCs from same person under different circumstances to ensure
the rigidity of our result in feature selection techniques.

3 Extracting Odor Features for Classification

3.1 Sweat Collection

In this subsection, the sweat samples are collected and extracted by using the latest
technology (High resolution GCMS/TOF) Gas Chromatograph Mass Spectrometry/
Time of Flight. Individuals will be tested in successive days of the week, in which
different genders and variety of ages are also considered. Individuals will have a wash
out phase for seven days before starting the test. In these seven days, the volunteers are
only allowed to wash their under arms with neutral soap. All days in the morning the
Individuals come in the lab and wash their under arms with neutral soap this is a stand‐
ardized procedure. After that, they will put on a cotton t-shirt in which pads will be
placed under the arm pits. The pads will be worn by these individuals for 4 h and during
this time they do their normal day actions. In order to get better odor representation,
individuals are asked to run stairs up and down for 3 times approximately 3 min per time
point. After 4 h the individuals bring the pads to the lab.

A sweat sample is introduced into a Nalophan bag with 1.5 L nitrogen and heated to
90 °C for 30 min. Afterwards, the headspace is collected from the nalophan bag of each
sample into a thermodesorption tube (Tenax/Carbograph) until a total volume of
1000 ml. Additionally, one thermodesorption tube without sample and under the same
sampling conditions than real samples was put into nalophan bag used in sampling.
These tubes were used as blanks and the objective of the conducted experiments is to
identify all compounds in sweat samples.

Figure 1 shows the data collected for a single person from a single test of all VOCs
emitted from human sweat. There are four volunteers who have been tested for five
successive days each. In this experiment, different genders are considered for the volun‐
teers and based on the result of peaks obtained for the same person, there are some
differences in reading obtained for different days. In Fig. 1, X axis represents the duration
of the sample placed inside the VOC detection device, while Y axis represents the level
of concentration of VOC detected.
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Fig. 1. Result of VOCs emitted from human sweat

Table 1 outlines a list of VOCs categories detected from all volunteers where each
gas was tested 20 times to record the appearance. A total of 198 VOCs emitted from our
volunteers are detected and recorded. A feature selection process is conducted in order
to select relevant VOCs features that can be used for odor classification.

Table 1. Categorized VOCs with total number 198.

Chemical category Number of detected VOCs
Alcohols 12
Aldehydes 19
Aliphatic Hydrocarbons 33
Aromatic Alcohol 2
Aromatic compounds 3
Cyclic Hydrocarbons 8
Esters 13
Ethers 14
Halogen-containing compounds 7
Furans 7
Ketones 32
Lactones 2
Nitrogen-containing compounds 11
Organic Acids 11
Sulfur-containing compounds 5
Terpenes 19
Total 198
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3.2 Feature Selections Processes

Feature selection methods can be classified in a number of ways. The most common one
is the classification into filters, wrappers, embedded, and hybrid methods [9, 12–14].
Filter methods select features based on a performance measure regardless of the
employed data modeling algorithm. Only after the best features are found, the modeling
algorithms can use them. Filter methods are fast, scalable and can rank individual
features or evaluate entire feature subsets, filter method is used in order to reduce the
feature space dimension space, possibly obtaining several candidate subsets [9, 12].
Wrappers consider feature subsets by the quality of the performance on a modelling
algorithm, which is taken as a black box evaluator. Wrappers are only feasible for greedy
search strategies and fast modelling algorithms such as Naïve Bayes, linear SVM, and
Extreme Learning Machines [9, 10]. Embedded methods perform feature selection
during the modelling algorithm’s execution. These methods are thus embedded in the
algorithm either as its normal or extended functionality, Embedded methods usually
work with linear classifiers (SVM) and induce penalties to features that do not contribute
to the model [9].

3.3 Feature Selections Methods

Feature selection techniques have become an apparent need in many bioinformatics
applications. In addition to the large pool of techniques that have already been developed
in the machine learning and data mining fields, specific applications in bioinformatics
have led to a wealth of newly proposed techniques [12, 13]. The choice of feature selec‐
tion methods differs among various application areas. Feature selection methods,
pertaining to several well-known application domains such as text mining, image
processing, bioinformatics and Industrial applications. In our case for the Bioinformatics
application, the best performing relevant feature selection are Chi Square and Informa‐
tion Gain [9, 12, 13].

Chi-Square Test X2

The chi-square (X2) goodness of fit test begins by hypothesizing that the distribution of
a variable behaves in a particular manner, in which we assume the expected values based
on observation and then decide to accept or reject the assumption or hypothesis [11,
15]. The Chi-square test (X2) is a nonparametric test which does not assume a particular
distribution of data. The Chi-square test [11, 15] equation can be presented as follows,

X2 =
∑ (O − E)

2

E
(1)

where O represents the observed values and E represents the expected values. The
expected values equation can be presented as follows,

E(Y) = Y1P1 + Y2P2 + Y3P3 + . . . + YNPN (2)
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where Y represents the observed values (e.g., Observed values for VOC) and P repre‐
sents the probability of Y. The Chi-square test is intended to test how likely it is that
an observed distribution is due to chance. It is also called a “goodness of fit” statistic,
because it measures how well the observed distribution of data fits with the distribution
that is expected if the variables are independent.

Entropy
The entropy of a discrete random variable X [13, 15–17] is defined in terms of probability
of observing a particular value x of X as

E(X) = −
∑

x
P(X = x) ∗ Log2(P(X = x)) (3)

The entropy is used to describe the diversity of a variable or vector. The more diverse
a variable or vector is, the larger entropy they will have. Generally, vectors are more
diverse than individual variables, hence have larger entropy. In this work, a filter based
feature selection is used since this method is fast, scalable and independent of the clas‐
sifier [12, 13], which is useful in our domain of application research since there is no
dependencies between feature selection and classifier.

4 Results and Analysis

4.1 Sweat Collection

See Table 2.

Table 2. Sample of data collected that indicates gases detected on 4 persons

Gas code Gas name Number of appearance that gas detected
Person 1 Person 2 Person 3 Person 4

67-56-1 Methyl Alcohol (*) 0 5 5 2
64-17-5 Ethanol 3 5 4 4
67-63-0 Isopropyl Alcohol 5 0 0 0
71-23-8 1-Propanol 3 2 5 0
14898-79-4 2-Butanol, (R)- 2 2 2 0
78-83-1 1-Propanol, 2-methyl- 3 5 5 5
71-36-3 1-Butanol 2 2 1 0
71-41-0 1-Pentanol 3 0 3 1
111-27-3 1-Hexanol 3 2 1 1
104-76-7 1-Hexanol, 2-ethyl- 4 2 2 0
143-08-8 1-Nonanol 3 0 0 0
41.7 1-Decanol 3 0 0 0
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4.2 Chi-Square Test

Chi test is applied to filter the accepted and rejected VOC based on number of appear‐
ance. Based on the values obtained in the Chi-Square test, 62 VOCs are considered as
valid measurement based on the following parameters, degree of freedom = 1, critical
value = 2.706. However, only 39 VOCs out of 198 are selected and accepted by Chi
Test in which the number of gas appearances is more than the number of observations,
and Table 3 shows all the VOCs.

Table 3. 39 gases are shortlisted based on the Chi-square test

No Gas name X2 No Gas Name X2

1 Ethanol 0.500 21 Furan, 2-methyl- 0.000
2 1-Propanol, 2-methyl- 0.667 22 Furan, 3-methyl- 1.588
3 Acetaldehyde (*) 0.000 23 Furan, 2-pentyl- 0.158
4 2-Propenal 0.000 24 Acetone 0.000
5 Propanal 2.077 25 Methyl vinyl ketone 2.571
6 Propanal, 2-methyl- 0.667 26 2,3-Butanedione 1.800
7 Methacrolein 0.000 27 2-Butanone 0.000
8 Butanal, 3-methyl- 0.667 28 3-Penten-2-one 0.000
9 2-Butenal, (E)- 0.000 29 2-Pentanone 0.000

10 Pentanal 0.733 30 3-Pentanone 1.800
11 2-Butenal, 3-methyl- 1.500 31 2-Butanone, 3,3-dimethyl- 0.000
12 Benzaldehyde 0.231 32 3-Hexen-2-one, 5-methyl- 0.667
13 Octanal 0.733 33 2-Heptanone 2.077
14 Hexane, 2-methyl- 0.273 34 Cyclopentanone, 2-methyl- 0.647
15 Phenol 0.667 35 5-Hepten-2-one, 6-methyl- 0.158
16 Cyclopropane, 1,1-dimethyl- 1.500 36 5,9-Undecadien-2-one, 6,10-

dimethyl-, (Z)-
0.733

17 Acetic acid, methyl ester 2.455 37 Disulfide, dimethyl 0.176
18 Ethyl ether 1.588 38 Eucalyptol 0.000
19 1,3-Dioxolane, 2-methyl- 0.176 39 Formic acid, 1,1-

dimethylethyl ester
1.727

20 Furan 0.000
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4.3 Filtering Using Entropy

The final VOCs selection criteria should be accepted by Chi-Square test and having
entropy values less than 0.5 (in order to ensure only gases with high number of appear‐
ances are detected based on the entropy values). Table 4 lists all the final VOCs that are
considered critical and can be used for odor classification.

Figure 2 shows the relationship between the Chi-square test and also the entropy for
the gasses that are selected. Table 4 indicates that there are 10 gases that are detected
having zero values for both the entropy and chi-square test and these gases are considered
the strongest candidates that can be used for odour detection and classification.

Table 4. Final list of 17 accepted VOCs.

No Gas name Entropy Chi-square test
1 Acetaldehyde (*) 0.000 0.000
2 2-Propenal 0.000 0.000
3 Methacrolein 0.000 0.000
4 2-Butenal, (E)- 0.000 0.000
5 Furan 0.000 0.000
6 Furan, 2-methyl- 0.000 0.000
7 Acetone 0.000 0.000
8 2-Butanone 0.000 0.000
9 3-Penten-2-one 0.000 0.000

10 2-Pentanone 0.000 0.000
11 Furan, 2-pentyl- 0.286 0.158
12 5-Hepten-2-one, 6-

methyl-
0.286 0.158

13 1-Propanol, 2-methyl- 0.469 0.667
14 Propanal, 2-methyl- 0.469 0.667
15 Butanal, 3-methyl- 0.469 0.667
16 Phenol 0.469 0.667
17 3-Hexen-2-one, 5-

methyl-
0.469 0.667
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Fig. 2. Relationship between the entropy and Chi-square test values for all 17 gas

5 Conclusion

In this paper, feature selection methods are applied in order to select the appropriate
features. Two feature selection methods, Chi-Square test and entropy, are chosen and
applied on a list of VOCs emitted from human sweat. In this paper, the conducted
experiments have successfully discovered relevant VOCs which can be used as stable
VOCs emitted from human. A total of 17 stable VOCs are extracted from 198 VOCs.
We have tested VOCs from human sweat for several days which give a complete list of
VOCs emitted for the same person continuously. We examined all VOCs in two level
of calculation using the Chi-square test and also the entropy.

The results of this paper can be applied for further investigation to perform studies
related to human odor such as human detection from odor, gender detection from odor,
age detection from odor, diseases detection from odor. Minimizing the 17 VOCs is one
of the future target missions.
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Abstract. The aim of this paper is to investigate the effects of combining
various sampling and ensemble classifiers on the prediction performance in
addressing the multiclass imbalance data learning. This research uses data
obtained from the Malaysian medicinal leaf images shape data and three other
large benchmark datasets in which seven ensemble methods from Weka
machine learning tool were selected to perform the classification task. These
ensemble methods include the AdaboostM1, Bagging, Decorate, END, Multi-
boostAB, RotationForest, and stacking methods. In addition to that, five base
classifiers were used; Naïve Bayes, SMO, J48, Random Forest, and Random
Tree in order to examine the performance of the ensemble methods. Two
methods of combining the sampling and ensemble classifiers were used which
are called the Resample with ensemble classifier and SMOTE with ensemble
classifier. The results obtained from the experiments show that there is actually
no single configuration that is “one design that fits all”. However, it is proven
that when using the sampling and ensemble classifier which is coupled with
Random Forest, the prediction performance of the classification task can be
improved on the multiclass imbalance dataset.

Keywords: Ensemble � Sampling � Multiclass � Imbalance � Random Forest

1 Introduction

In multiclass data, the performance of a classifier degrades when imbalance data exists.
Imbalanced datasets occur when one of the classes has significantly less number of
examples compared to the other classes. An ensemble approach, which combines
several single classifiers, is one of the methods used to solve imbalanced multiclass
classification tasks. However, it remains unknown how the performance accuracy of
the ensemble methods is influenced by the selected base classifiers coupled with dif-
ferent sampling techniques used. An ensemble classifier model is proposed by com-
bining the advantages data-level approach (sampling) and algorithm level approach
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(ensemble classifiers). This may enable the enhancement of ensemble classifier per-
formance in classifying multiclass imbalance data.

Thus, the proposed framework of the ensemble classifier model consists of two
parts which are combined together. These two parts include various sampling tech-
niques and various ensemble classifiers, including the various types of base classifiers
used for the proposed ensemble classifier. The aim of this paper is to investigate the
effects of combining various sampling and ensemble classifiers on the prediction
performance in addressing the multiclass imbalance data learning. Thus, the objectives
of this research include (1) Proposing and outlining the framework that combines
various sampling techniques and ensemble classifiers; (2) Evaluating the prediction
performance of the proposed combination framework. The study is divided into four
phases. Phase 1 involves the activities for data acquisition. In phase 2, data will be
sampled using the Resample and SMOTE. Weka will be used to perform the sampling
process. In phase 3, each sampled data will then be used as training and testing datasets
for the modelling process of the selected classifiers. In phase 4, the results will be
analyzed.

This paper is organized as follows. Section 2 briefly discusses the related works in
learning imbalanced datasets, followed by the research methodology described in
Sect. 3. The experimental results are discussed in Sect. 4 and finally Sect. 5 concludes
this paper.

2 Literature Review

Data is said to be imbalanced if there exists unequal distribution between its classes, to
analyze and learn from such large data is a challenge. Researcher in [1] stated that if
imbalance ratio in a general classification problem is no less than 19:1 with the size of
minority class is only 5% of the entire size of the data, and then it is called as a highly
imbalanced classification problem.

While the existence of imbalance is experienced in two-folds, in a case when one
class is outclass the other reached out to numerous classes the impacts of imbalance are
much more difficult. The imbalance deficiency experienced in multiclass is in this
manner fascinating for two imperative reasons. In the first place, most learning algo-
rithms do not manage the large varieties of challenges presented in the difficulty multi
class. Second, various classifiers do not effectively reach out to the multi class space.
Along these lines, there are few works conducted that address the imbalance issues in
multiclass [2].

Class imbalance has been discovered as an important issue in the machine learning
and data mining. This problem takes place when there is no even distribution of the
training data among classes, whereby, when a classes is noticeably larger than the
other, then, the data set becomes imbalanced. The majority class usually tends to
overshadow the standard classifier by overlooking the minority class examples, which
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is providing unwanted and also unsatisfactory classification performance. Therefore,
the traditional algorithms need to be improved for a better handling of the imbalance
data [3].

In addition, the imbalanced data distribution is often accompanied by high
dimensionality in real-world data sets such as text classification and bioinformatics [4].
Therefore, the re-sampling methods or even cost sensitive learning extremely improves
the classification performance on the imbalanced data to some degree [5]. With the
existence of imbalance and multiclass data at the same time, traditional machine
learning methods do not perform well since they generally assume relatively balanced
distribution of data and significant class is of much more attention [6].

There are two approaches in handling this problem which are data-level and
algorithm-level approach. In data-level approach, sampling methods including under-
sampling and oversampling have their own drawback mainly loss in information and
duplicating instances [7]. Thus combining them will balance the loss and duplication.
In algorithm-level approach, modification of algorithm can be considered complex and
not necessarily achieve high classification. Single classifier does not improve the
classification accuracy in imbalance multiclass data problem. In order to overcome this
problem, combining diverse classifier has widely been recognized. Although that
combination of classifiers yield prediction accuracy improvement, however not all
combining approaches are successful at producing multiple classifiers with good
classification accuracy [8]. Thus, the best combination of sampling method and
ensemble classifier would suggest an acceptable solution to the multiclass imbalance
problem. Thus, further work in determining the ensembles is required.

3 Methodology

The methodology consists of Phase 1 (data acquisition), Phase 2 (sampling using
Resample and SMOTE), Phase 3 (training and testing of the combination of sampling
and ensemble classifiers), and Phase 4 (comparison). WEKA tool software program
version 3.8 is adopted in order to implement the study in this paper.

3.1 Data Acquisition

In this paper, secondary data that is generated in [9] is used, whereby the dataset is
obtained from villages situated in Perlis state, where 65 leaf pieces are randomly
selected from specified leaf species. Table 1 illustrates the list of leaf species which are
selected for this study and Table 2 illustrates the description of the data.
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3.2 Sampling and Classifier Algorithm

Two sampling methods were used in this step which are Resample and SMOTE. In
Resample method, without replacement and with replacement options were investi-
gated while SMOTE is applied using single and double SMOTE application. SMOTE
with single application ensures that minority class is oversampled and SMOTE with
double application runs with two SMOTE filters in order to balance the data. Seven
ensemble classifiers were used in this project which is AdaboostM1, Bagging, Deco-
rate, END, MultiBoostAB, RotationForest and Stacking. The base classifier for the
ensemble methods are chosen from naïve Bayes (NB), Sequential Minimum Opti-
mization (SMO), Decision Tree (J48), Random Forest (RF) and Random Tree (RT).

4 Experimental Results

There are three experiments conducted which are (1) experiments with training and
testing data distribution, (2) 5-cross validation experiments using best base classifier
identified from experiment 1, and (3) benchmark large data with multiclass imbalance.

Table 1. Sample leaf species datasets Table 2. Medicinal leaf dataset
information.

Description Value #

#Examples 65
#Attributes 624
#Training 45
#Testing 20
#Majority 12
#Minority 5
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4.1 Experiment with Training and Testing Data

In Table 3, Resample method (with replacement) and ensemble classifier shows that
Decorate provides the best average performance among base classifiers in use where
RF gives the best base classifier. Almost all ensemble classifiers are suitable with RF
with 75% accuracy, except for Stacking method.

Resample method without replacement was then investigated and the results are
shown in Table 4. Based on the results obtained, using Resample technique with
ensemble classifier and with the option with replacement set to false, it can be observed
that the prediction accuracy is higher as shown in Table 4. In this environment setup,
MultiBoostAB performed better in average for all base classifiers combined with. In
other words, MultiBoostAB is best combined with RandomForest as it produces higher
performance result at 70% accuracy. It can be seen that the setup having Resample with
replacement provided slightly lower prediction accuracy compared to the design having
Resample without replacement. This is not quite suitable to be used as solution to the
multiclass imbalance problem.

Setting the sample size of 150% (as shown in Table 5), the combination of Dec-
orate and RotationForest, as the ensemble classifier and RandomForest (RF) as base
classifier, produced the performance accuracy of 80%. Based on Table 5, RF is still the
best base classifier for the sampling and ensemble classifier method where it produces
an average of 71.43%.

Table 3. Resample with ensemble classifier (with replacement).

NB SMO J48 RF RT Average

AdaBoostM1 45 40 60 75 45 53
Bagging 45 50 60 75 55 57
Decorate 50 55 60 75 65 61
END 45 45 45 75 65 55
MultiBoostAB 45 50 55 70 45 53
RotationForest 45 50 60 75 65 59
Stacking 55 50 45 55 50 51
Average 47.14 48.57 55.00 71.43 55.71

Table 4. Resample with ensemble classifier (without replacement).

NB SMO J48 RF RT Average

AdaBoostM1 50 60 70 70 45 59
Bagging 60 50 50 70 60 58
Decorate 50 55 55 70 50 56
END 50 60 55 70 55 58
MultiBoostAB 65 60 65 70 60 64
RotationForest 60 60 55 70 50 59
Stacking 65 55 50 70 55 59
Average 57.14 57.14 57.14 70.00 53.57
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Table 6 outlines the results obtained the SMOTE sampling method is used on the
multiclass datasets. In these experiments, the SMOTE sampling method is used with its
default settings and only single SMOTE is applied. The ensemble classifier Stacking
performed the best having the highest average accuracy of 61% when combined with
the base classifier. However, as presented in the results, only END with RF produced
the prediction accuracy at 75%. This shows that the SMOTE sampling is not quite
suitable to be used as the sampling method combined with the ensemble for the data.

Table 7 stipulates the results obtained for the tested data using the double SMOTE
(DSMOTE) sampling technique. When compared to the results obtained using the
single SMOTE shown in Table 6, the improvement of prediction accuracy percentage
of the second classifier for J48, and RandomTree (RT) with increment of 2.14% and
2.71% respectively is still below than average of RF percentage in Table 6 at 66.43%
as base classifier. Though the Decorate ensemble performed better in term of the
average prediction accuracy per combination with second classifier at 60% better than
END and RotationForest, the combination with other classifiers is lower than that of
Table 6.

Table 5. Resample with Ensemble Classifier + Sample Size 150% (with replacement).

NB SMO J48 RF RT Average

AdaBoostM1 50 60 60 70 50 58
Bagging 50 40 60 65 60 55
Decorate 45 55 55 80 60 59
END 45 55 50 75 50 55
MultiBoostAB 50 60 50 70 50 56
RotationForest 60 50 80 80 45 63
Stacking 55 40 65 60 60 56
Average 50.71 51.43 60.00 71.43 53.57

Table 6. SMOTE (Single) with ensemble classifier.

NB SMO J48 RF RT Average

AdaBoostM1 40 55 60 70 35 52
Bagging 55 50 55 70 40 54
Decorate 55 60 55 70 60 60
END 50 55 55 75 40 55
MultiBoostAB 55 55 50 65 35 52
RotationForest 60 50 60 60 55 57
Stacking 65 65 55 60 60 61
Average 54.29 55.71 55.71 67.14 46.43
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Table 8 shows the best possible combination of sampling technique with ensemble
classifier. Although that the accuracy of the classifiers are almost similar, however class
accuracy varies. Some may good at majority but poor performance on minority class as
indicated by the f-measure values. Sampling combined with ensemble with replace-
ment using 150% setting, where the ensemble classifier is Rotation Forest (Random
Forest as base classifier) and Decorate (also with Random Forest base classifier) pro-
vide the overall good performance on all classes.

4.2 5-Cross Validation

Results indicated that combination of sampling with replacement and ensemble clas-
sifier is giving the best classification performance as shown in Table 8. In order to see
another perspective of the results, Table 9 shows the performance results starting from
original data and different Weka’s sampling algorithms based on 5-cv.

Based on Table 9, resample method (with uniform and replacement setting) gives
the best average classification accuracy. Specifically, Random Forest and followed by
Bagging, Decorate and Rotation Forest with Random Forest as base classifier are best
the combination of ensemble classifier sampling. This shows that sampling is one of the
powerful methods to address the multiclass imbalance problem. Interesting finding is

Table 7. DSMOTE (Double) with ensemble classifier.

NB SMO J48 RF RT Average

AdaBoostM1 45 55 55 65 50 54
Bagging 60 40 60 60 40 52
Decorate 55 50 60 75 60 60
END 40 50 45 75 30 48
MultiBoostAB 50 55 50 45 50 50
RotationForest 65 55 60 75 35 58
Stacking 55 65 50 70 55 59
Average 52.86 52.86 54.29 66.43 45.71

Table 8. Detailed comparison (f-measure) for sampling and ensemble classifier.

Sampling Classifier % CM KP KI LK LK

Resample + Single RandomForest 75 0.500 0.800 0.750 0.667 1.000
Ensemble + With
Replacement

Decorate + RF 75 0.333 1.000 0.667 0.667 1.000
Bagging + RF 75 0.400 0.800 0.727 0.667 1.000
END + RF 75 0.400 0.800 0.727 0.667 1.000
RotationForest + RF 75 0.400 0.800 0.727 0.667 1.000

Ensemble + With
Replacement (150%)

END + RF 75 0.286 0.889 0.800 0.667 1.000
RotationForest + RF 80 0.571 0.800 0.889 0.667 1.000
Decorate + RF 80 0.571 0.800 0.889 0.667 1.000

Ensemble + SMOTE END + RF 75 0.333 0.889 0.727 0.667 1.000
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that the random forest performs very well considering this algorithm is not imple-
mented with specific meta classifier. However it is actually known that random forest is
an ensemble algorithm where it is a meta estimator that fits certain number of decision
trees. The result in these experiments may not address the overfitting, thus in the next
experiments, other benchmark data are used in order to examine the performance of
similar methods as presented in Table 9, in order to assess the performance of the
methods.

4.3 Benchmark Dataset

In this phase, the experiments are conducted in order to compare the predictive
accuracy of the selected methods on the benchmark datasets. The selected large
datasets comprise of imbalance multiclass (high imbalance ratio) as listed in Table 10.

First, the performances of ensemble classifiers are investigated and recorded on the
original datasets. The results of the experiment are presented in Table 11. Based on the
results obtained, almost all of the ensemble classifiers performed similar with improved
accuracy compared to the previous results in the respective research. AdaBoostM1 +
RF produced higher accuracy and fairly fast on Landsat and Shuttle datasets but drop
0.17% for PageBlock dataset. On the other hand, Decorate combined with RF is a good

Table 9. Performance of classifiers based on 5-cv.

Ensemble classifier Original
data

Class
balancer

Resample
(uniform)

SMOTE DSMOTE Average

Random Forest 73.85 69.83 96.92 74.32 78.57 78.70
AdaboostM1 + RF 70.77 75.08 93.85 77.03 77.38 78.82
Bagging + RF 73.85 78.92 95.38 77.03 83.33 81.70
Decorate + RF 75.38 80.25 95.38 81.08 83.33 83.09
END + RF 75.38 79.00 95.38 82.43 84.52 83.34
MultiBoostAB + RF 70.77 75.08 90.77 77.03 77.38 78.21
RotationForest + RF 75.38 75.00 95.38 78.38 82.14 81.26
Stacking + RF 64.62 67.36 90.77 70.27 78.57 74.32
Average 72.50 75.07 94.23 77.20 80.65

Table 10. Benchmark dataset with high imbalance ratio and large data.

Data #S #A Attribute
properties

#C Min Max Ratio Previous
result

Statlog
(Landsat)

6345 36 Integer 6 56 1072 1:19 89.3% [10]

PageBlocks 5473 10 Real, Integer 5 28 4913 1:175 97.28% [11]
Statlog (Shuttle) 58000 9 Integer 6 10 45586 1:4559 96.3% [12]

Note: #S: Number of samples, #A: Number of attributes, #C: Number of classes
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ensemble design, however its processing time is too high which is not good for large
dataset problem. Specifically in Shuttle dataset where the classifier could not finish the
experiment due to a very long processing time and high memory load error, thus
marked as ‘x’ as noted in Table 11. More experiments on down-sampling or updateable
classifiers can be investigated on this large dataset in future.

The next experiment involves steps that investigate the performance of the methods
that combine sampling and ensemble classifier. Using this approach, it will reduce the
amount of data for learning and also balance the distribution of the sample in each class
and the results are presented in Table 12.

Based on the result obtained, the methods have improved the accuracy performance
and processing time on Landsat and PageBlocks, while there is a very small perfor-
mance drop in Shuttle dataset. Although the performance of the method in Shuttle
dataset is not improved compared to when using original data, however the processing
time has improved. Ensemble using Random Forest performed good for Shuttle and
PageBlocks while MultiBoostAB + RF has improved in Landsat dataset to 98.33%
with processing time 0.75 s (from 95.64% and 1.40 s processing time). Again the
ensemble method using Decorate is not a good design for large datasets due to the high
processing time.

Finally, in most cases from the experiments, RF shows that it performed better as
classifier or as a base classifier for another ensemble methods. As discussed in [13], RF
is a combinations of several decision trees which constructed using random process.

Table 11. Classification performance of ensemble classifier on benchmark dataset.

Landsat Time Shuttle Time PageBlocks Time

Random Forest 95.31 6.98 99.99 7.55 97.35 0.84
AdaboostM1 + RF 95.64 1.18 99.99 5.80 97.11 5.25
Bagging + RF 95.36 10.88 99.99 55.95 97.11 3.90
Decorate + RF 95.20 132.67 x x 97.53 148.60
MultiBoostAB + RF 95.64 1.40 99.99 7.34 96.97 6.06
RotationForest + RF 95.03 16.74 99.97 107.67 97.28 6.31

Table 12. The performance of combined sampling and ensemble classifier.

Landsat Time Shuttle Time PageBlocks Time

Random Forest 95.64 0.73 99.92 1.72 99.12 0.33
AdaboostM1 + RF 95.80 0.78 99.92 1.84 99.01 4.53
Bagging + RF 95.58 6.44 99.92 1.84 99.01 2.83
Decorate + RF 95.75 82.86 99.83 734.64 99.07 129.97
MultiBoostAB + RF 98.33 0.75 99.92 1.80 99.01 5.06
RotationForest + RF 98.02 0.73 99.93 31.05 99.05 4.36
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RF is also known as an ensemble methods of random decision trees [14], combining
the predictions of the individual trees. Previous research such as [15, 16] proved that
RF is the better classifier in their analysis. Thus, the results of RF in this study is
another support that it is a strong classifier even combined as a base classifier for other
ensemble methods.

5 Conclusion

Data from medicinal leaf images (shape data) and large multiclass imbalance bench-
mark data were trained and tested using a combination of sampling techniques coupled
with the ensemble classifiers. While the combinations tested in this study were per-
formed almost similar, there is no single combination that best fit to the problem.
However, if there is no modification to the data, ensemble classifier with Random
Forest is able to perform better than any single classifier. Furthermore, when Random
Forest is combined as meta classifier such as AdaBoostM1 or MultiBoostAB, and
sampling (Resample or SMOTE), the performance can be further improved.
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Abstract. Reducing the electricity consumption is better for the planet and help
to reduce harmful greenhouse releases. Hence, this paper proposes house appli‐
ances controller apps that can control and calculate the power usage of house
appliances. Besides, the apps can control and set the auto-time based such as how
long the light must be in switch on. This is important because the house might be
a target for a thief when the light continuously on. The objectives of this paper
are to identify and develop features of the mobile controller app and for the house
appliances. The expected outcome would be a fully functional mobile application
and web-based system namely as HomeBot.

Keywords: Mobile web application · Smart home
Appliances mobile controller system

1 Introduction

Mobile technology such as smartphones and tablets has transformed our lifestyle. Basi‐
cally, smartphones and tablets are mini computers that have of features to make our
lifestyle become easier. Nowadays, people are attached with smartphone. Hence, this
paper comes out with the idea using mobile device to communicate with house appli‐
ances.

Heavy household’s electricity consumption gives a big effect to the environment.
The air-conditioner is one of the most electricity consumption of house appliances. A
survey about the Malaysian behavior for natural ventilation in terraced houses had been
done in year 2005. One of the findings from the survey was, nearly 62% of the respond‐
ents have at least one air-conditioner in their house [1]. The result also showed that there
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is a significant relationship between mean monthly household income and number of
air-conditioners among households [1].

Moreover, the study indicated that the more monthly income they earn, the more air-
conditioners they have [2]. Besides, the overall crime rate is designated as high for
Malaysia. Petty crime against expatriates is common, while violent crime remains rela‐
tively uncommon [3]. There has been a noticeable increase in crime in Kuala Lumpur
in 2014. As well as, several reported assaults and robberies, sometimes involving
weapons. Petty theft, particularly purse snatching and pickpocketing, and residential
burglaries are the most common crimes committed against foreigners. Other types of
non-violent criminal activity included credit card fraud and automobile theft [3]. It can
be stated that Malaysia’s overall crime and safety situation is placed at high risk and the
concern from Government about crime is valid since the crime rates in Malaysia have
been recorded high.

In this paper, we discussed the design and implementation of house appliances
controller web based system including the mobile app. A mobile app, allows user access
the application through the mobile as well as using web browser to access with the web
based system. The web based system supports different platform devices, allowed with
a minimum of effort to reach the widest audience. At the same time, it can be built cheap,
fast and easy, while the mobile app will be supporting in android only.

This paper is structured as follows. In Sect. 2, the related work has been presented.
In the next section, Sect. 3, the design of proposed mobile app and web-based system
are presented. In Sect. 4, the usability testing method and result is discussed. Finally,
the paperwork is summarized, and future work is revealed in the last section.

2 Related Work

To achieve the objectives of the proposed conception, we need to understand the basic
elements of the existing system.

a. Conventional Paper-Based Systems: Smart Home System is widely using in modern
country which can brings all the information of the house current situation and control
the house appliances with just using the smartphone or tablet as a controller. The system
included on or off switch button for house appliances control, power consumption
monitoring system, set-time system and authentication. It is easy yet bringing convenient
to people especially the communities that are disabled can easily control house appli‐
ances without large movement.

b. Existing System: With the advancement of technology, a different type of systems
was launched in markets. Below are the example systems that currently used:

The Home Depot: wink. The wink app and hub at the Home Depot – Smart Home. Wink
Team is bringing all the smart products, which created, by the Home Depot together
around the home with one simple app [4]. This is the simple app named wink, which
created, by Wink Team. Access this app need to login username and password to control
the house appliances. The available house appliances that created by Home Depot that
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linked with wink are almost 70 products. The app basically can control the home blinds,
CCTV cameras, house lights, house locks and others.

Samsung Smart Home, SmartThings. Samsung Smart Home enables home devices to
connect through a single integrated platform and provides a foundation for an emerging
ecosystem of connected home services. Its unique functionality enables users to control
and manage their home devices through a single application by connecting personal and
home devices - from refrigerators and washing machines to Smart TVs, digital cameras,
smartphones and even the wearable device Galaxy Gear [5] — through an integrated
platform and server. This app consists of a lot of features that too complicated for users
to familiar with this app.

3 Proposed System

The existing systems, wink app and Samsung SmartThings have the same functionality
which is using mobile devices in android OS or iOS to control house appliances. The
most unique function among these systems is Samsung SmartThings, which has an extra
device to communicate with house appliances – Samsung Gear. However, the difference
compared between the existed systems and proposed system is the proposed system is
going to be developed is the power consumption monitoring system. This is important
when come to reduce inefficient electricity used and to reduce the greenhouse effect.

3.1 Methodology

The discovery, design, development and delivery of information system are often linked
together in a process labeled as a System Development Life Cycle (SDLC). There are
different models which follow basic steps like an example Waterfall, Prototyping, Spiral,
Iterative and incremental development, agile development, Rapid, Rapid prototyping
and Evolution Model [6]. Each process model follows a series of steps unique to its type,
to ensure success in the process of software development [6].

The Software Development Life Cycle methodology for this project will be Evolu‐
tionary Prototyping since evolutionary prototyping is based on the idea of developing
an initial version of the system, exposing this to the user, refining this through many
stages, until an adequate system has been developed [7]. Through this methodology, a
prototype is a smaller version of the system with a minimal number of features and this
prototype with the web-based and mobile app system will be developed.

The system’s prototype will then be evaluated and given suggestions by the users.
During the system prototype testing, users may give feedback and opinions to improve
the system to be more user-friendly. The system’s prototype will then be maintained
based on the feedback and opinions gained from users until it becomes a completed and
acceptance by majority of the users. At the end, this product should be a well-functioning
web-based and mobile application system, which can be proposed to global. In Fig. 1 it
shows the phase of the Evolution Prototyping methodology.
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Fig. 1. The flow diagram for the evolutionary prototyping model for house appliances’ control
application.

3.2 System Architecture

The success or failure of a mobile application is depended on the different factors,
including the device platform, application architecture, and the wireless connection.
According to [8], different application models have the different features, making it
suitable for the certain application, does not apply to the others.

In this section, we proposed the development of house appliances controller web
based system and mobile app, integrated with the use of any platform devices or tablets
that allow users’ houses become smart home. The only needed from users is to have a
web browser and Internet connection on their devices. For android platform devices,
users must install the mobile app, HomeBot in their devices or open the web browser,
and then they can access the house appliances controller system.

The proposed system follows typical client-server architecture. Advantages of this
architecture include ease of deployment and support of thin client layer and the intrinsic
scalability of the intermediate and data layers. The client-side is the mobile web browser
installed on the devices while the server-side processes application requests and stores
and retrieves data (Fig. 2).
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Fig. 2. House appliances controller system architecture

3.3 House Appliances Control Flow

The house appliances control flow of the app is illustrated in the activity diagram in
Fig. 3. Each user has the default username and password without any registration needed.
However, users can only change their passwords with the default usernames respectively
after login into the system.

Fig. 3. Flow chart of house appliances controller system

After login into the system, the home page of the system consists of 4 modules, which
are switch, set-time, calculator and admin. After entering switch page, users can select
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which house appliance to switch on or off. While the set-time page is like the normal alarm
system, users just need to enter the time and select the house appliance, and then on that
specific time, the house appliance will either on or off depending on its condition. Mean‐
while, calculator is the power consumption monitoring system, which will calculate the
total power usage in kWh and total time duration in hours for the house appliances. Lastly,
the admin page is for the users to only change passwords with the default usernames.

3.4 Functionalities for Customers

Figure 4 shows the user is required to login the password to access the mobile applica‐
tion. User only needs to enter password. Since the username is designed as drop-down
list to be more user friendly without entering username and just need to select from the
drop-down list.

Fig. 4. User login page

Fig. 5. Home page of HomeBot

Figure 5 shows the front page of the application being developed. The top of the
front page has an image slider banner to aware users concern about the over consumption
of electric of house appliances will cause the greenhouse effect. The most top of the page
has a navigation bar. For user friendly, this navigation bar will always appear wherever
page that users click into, users can still select the next page that wish to go through the
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navigation bar without returning the previous page to select again. Then, at the bottom,
there are 4 icons which are the main 4 modules about the HomeBot. Switch is for
selecting the house appliances to switch on or off. Select the house appliance and turn
it on or off (Fig. 6).

Fig. 6. Switch page

Set-time is for setting the time like alarm automatically on or off the house appliances
(Fig. 7). First, users need to select the house appliance, and then select the time for the
house appliance to turn on or off. After confirming the selection, press submit.

Calculator is the power usage monitoring system to monitor the electric consumption
for every house appliances (Fig. 8). The top of the page has an image slider banner to
show the current version of electricity rate from Tenaga Nasional Berhad (TNB main
Malaysian energy provider). Then the bottom part is the power usage monitoring system.
Once users select the house appliance and submit button is press, the details of the
electric consumption of the house appliance will be shown.

Fig. 7. Set-time page
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Fig. 8. Calculator page

Fig. 9. Admin page
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The last module is authentication which is for the users to change their passwords.
Users are required to enter the old password before creating a new password (Fig. 9).
After validation and verification is being done, users will be alerted by the system that
the new password has been updated.

4 Usability Testing

When there is increasing number of users using technical devices to manage their
everyday life, usability in software is important. Usability testing generally consists of
evaluating the various software applications based on consideration of different field
related to the application functionalities. It usually carried out in large user groups, and
when the number of users increases, the probability of problem being solved increase.

4.1 Data Collection

Usability testing was conducted in Kota Kinabalu, Sabah, where 10 participants were
chosen randomly. According to Krug and Nielson [9, 10], three to six users are sufficient
to reveal the major usability issues. However, Nielson [11] stated that, 15 users are
required to identify all of the issues. He pointed out, five users testing will reveal around
85% of the issues and is the most economical way. Yet, an individual test can unveil
one-third usability problems, so a single test is better than not executing tests [9].

4.2 Method

Different usability testing methods have been developed to estimate the quality of user
interfaces and to derive solutions for usability improvements. One of the usability testing
methods is System Usability Scale (SUS) [12]. According to [12], SUS is an easy, reli‐
able, ten-item scale, gives a total view of the availability of subjective evaluation. SUS
alternated the questions in order to avoid response deviation. By take turns positive and
negative statements, respondents will make the effort to read and think each statement,
then decide whether agreed or disagreed with the statement [13]. In last 30 years, the
SUS has been tested and investigated to use and has determined itself to be a reliable
technique to evaluate the system usability [13]. According to [14], SUS is independent,
does not relied on technology. It has been tested throughout the hardware, software, web
technology and smartphone. The SUS has been cited by over 600 publications and it has
proven that it can become an industry standard.

4.3 Results and Discussion

As mention previously, the SUS questions are alternating positive and negative state‐
ments. The odd-numbered questions are positive-framed questions and the even-
numbered questions are negative-framed questions. Scale 1 to 5 is given to choose from
based on the degree of agreement to the statement. 5 mean they strongly agree, 1 means
they totally disagree. Figure 10 shows the total score for each question.
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The SUS score of each participant had been calculated. Figure 11 shows the SUS
score of the participants. The average SUS score is 89.5. As a conclusion, participants
are acceptable to the mobile web app and will recommend it to their friends [15].

Fig. 10. SUS score of different question

Fig. 11. SUS score of participants

5 Conclusion

Apart from calling and SMS, application in mobile phones nowadays is used to support
daily activities of consumer. Developing an application to support cross-platform oper‐
ating system or mobile device is not easy. The introduction of the mobile web application
could solve this problem, where to design a single highly-branded responsive website
or application that support by most of the smartphone and all operating system. The
design of house appliances controller mobile app and web based system can help the
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users especially the communities which are disabled can easily control the house appli‐
ances without any large movement. Besides, controlling the house appliances’ power
consumption is helping to reduce the greenhouse effect and users can control the house
appliances through Internet connection from outstation to reduce the housebreaking
cases. Future research will focus more on the usability testing. More data collection from
diverse users may increase the accuracy of the utilization of mobile web application.
The data collected can be analyzed by using IBM SPSS in future because the results are
analyzed by the statistical approach, which is more robust.
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Abstract. Dengue Fever (DF) is the leading cause of illness and death around
the world. In order to take action against this issue the involvement of the public
and society is very important. However the public awareness towards DF is very
low due to the lack of attention for this issue. Therefore, this research explores
the feasibility to develop a mobile application, which is an informative mobile
application that is designed to attract the public and society’s attention and
increase the awareness about DF. The mobile application, Dengue Fever Aware‐
ness using Mobile Application, DeFever, acts as an informative mobile applica‐
tion that can be used to provide more information about DF with some useful
features. By using DeFever, all information regarding DF and infected areas will
be accessible. The objectives of this research are to identify the level of public
awareness based on the knowledge, attitudes and practices towards Dengue, to
identify the suitable design features of DeFever and to develop the mobile app
(DeFever) that helps to increase the public awareness towards DF. The method
used in this research was by using the Appreciative Inquiry (AI) whereby the
model used was the 5D Appreciative Inquiry Model for DeFever. AI is the coop‐
erative, co-developmental search in finding the best in individuals of people, and
the world around them. It includes deliberate revelation of what offers life to an
association or a group when it is best and most skilled in financial, biological and
human terms. Finally, hopefully DeFever can be used to assist efforts in increasing
the public awareness level towards DF.

Keywords: Appreciative Inquiry · Mobile application · Awareness
Dengue Fever

1 Introduction

Keeping body fit and healthy all the time is very important. Dengue fever (DF) is the
leading cause of illness and death in the tropics and subtropics, because one of four
viruses transmitted by mosquitoes. Unfortunately, based on the current technology that
we have now, there are still no vaccines exist to prevent infection with dengue virus.
However, there are a lot of effective methods that we can use to avoid mosquitoes bites.
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Ever since its first appearance, dengue has emerged as a worldwide problem since 1950s,
which took enormous human life [1]. The only problem that still becomes a downfall
for us to apply and use the protective and precaution measures is awareness and the
availability of knowledge about dengue.

Study showed that DF is on the rise and has become the viral infection of humans
with an estimated 390 dengue infection occurs worldwide each year, with about 96
million reported in illness [2]. In comparison, Malaysia has reported estimation for about
90,000 number of dengue cases, approximately 20% higher than in 2014 as stated by
the Malaysian Ministry of Health [3]. Sabah on the other hand, recorded for about 958
dengue fever cases and 662 cases in Kota Kinabalu, which includes 145 cases in Penam‐
pang and 38 cases in Putatan [4]. However, despite all of this warnings and vital statistics,
it was not taken into concern by the society nowadays. This scenario showed that the
lack of public and society awareness in DF. According to a report from Daily Express
[5], it was shown that the public in Kota Kinabalu, Sabah is currently unaware of the
current uprising of DF cases. Considering the victims of DF increased annually, the
public is still not aware of these vital cases. This paper is organized as follows. In
Sect. 2, the explanation of Knowledge, Attitude and Practice is discussed. In Sect. 3,
Appreciative Inquiry (AI) model based on the AI is clarified. The results of this research
is shown and compared in Sect. 4. There is an explanation of DeFever app according to
their features in Sect. 5. Finally, this paper is summarized in the last section.

2 Knowledge, Attitude and Practice

The case study of Knowledge, Attitudes, Practices and Health Information-Seeking
related to Malaria-Dengue Prevention in India [6], shows that the involvement of these
three important factors can help to understand the pattern and also the behaviors of the
societies. This is because these three factors can be used to understand the way people
think about DF in term of their knowledge about the current issues, their attitudes about
the issues and the practices to that issue. The findings of the case study show the signif‐
icant and relevant results, which is crucial in their research. For example, as stated in
their case study, what are the knowledge of malaria and dengue among Mumbai’s resi‐
dent? What are the attitudes towards preventive strategies related to Malaria and
Dengue? What are the actual practices applied by the Resident of Mumbai? Therefore,
as in this research, these three factors are used as it shows far greater and relevant data.
In addition, a survey questionnaire is carried out using quantitative method based on
these 3 factors; Knowledge, Attitude and Practice among public, specifically Kota
Kinabalu, Sabah area towards DF.

3 Appreciative Inquiry Model

Appreciative Inquiry (AI) is a philosophical theory and a methodology used mostly by
any organization in order to make their management much easier to manage. AI is also
a procedure that asks into, distinguishes, and further adds to the best of “what is” in an
organization and groups will always keep in mind the end goal in order to make a brighter
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future [7]. In addition, it focuses more on the person’s imaginative and innovative
thinking in order to solve problems, instead of the person’s negativity or criticism. Based
on [8], “Appreciative Inquiry can get you much better results than seeking out and
solving problems”. AI can be used to get a solution faster than any other method like
problem solving method. For example, when a group of researchers carries out a study
about human problems and its incompatibility, the results was that both the harshness
and number of these problems are growing. In the same way where the ideals of human,
aspirations achievements, successes and accomplishment or any other kind of successes
of a human tends to flourish. Therefore, AI can be recognized as a change efforts by
purposely requesting that positive inquiries to make useful dialog and enlivened actions
inside an associations or a communities.

Appreciate is defined as valuing, confirming over the past and present strengths,
successes and potential. Inquiry on the other hand is defined as the demonstration of
investigation, discovery and to be interested in seeing new potential and conceivable
outcomes available. Therefore, it can come to sense and much more deeper meaning
when both terms are combined, giving the term Appreciative Inquiry (AI) a multitude
of meaning, such as AI being fundamentally agreed as a way to deal with the change
that totally relinquishes on issue based management and thus in turn change most stra‐
tegic planning, survey methods, social change and any measurement methods. Although,
AI Model will be used, this mobile application can be used by the society (users) and
for the Sabah Health Ministry. Thus, the mobile application is used to gain awareness
towards the society and provides features whereby the user will be able to know whether
or not he/she is infected by dengue virus by just using one of the useful feature-symptoms
checkers. Furthermore, the mobile application could notify the user to immediately see
a physician if the user is considered having a severe infection. This approach showed
that smartphones can be used to its fullest extent in which it may not only provides
information and knowledge about the diseases or illness caused by dengue, but may also
save countless lives one day.

Organization’s Evaluation System is an organization that deals with real system that
uses AI as their philosophical methodology. This evaluation system was designed mostly
using AI and the reason why it was used is because it has the most cost effective and
potential approach for the organization to develop the evaluation system. According to
[9], the evaluation system was developed using the four phases of AI that includes
Inquire, Imagine, Innovate and finally Implement. In the first phase, “Inquire”, the
participants will be asked to answer a question and to interview by each other in pairs.
In the second phase, “Imagine”, the participants will then be asked to write on what is
the system should be according to their visions. In the third phase, “Innovate”, the
participants are then asked to individually develop a provocative propositions statement
that reflects about the organization. In the final phase, which is “Implement”, where the
participants will then be asked to develop two or three recommendations for what would
be needed to happen and what are needed to make the provocative propositions from
the previous third phase to become a reality. Besides, this research is improvising the
5D Appreciative Inquiry Model to be used and it will be explained in more detail on the
next section.
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This research is using the 5D AI Model by Cooperrider [7], in order to achieve the
objective of this research and as well as to guide in the development of the mobile
application itself. This model was originally called the 5D AI Model with 5 phases,
namely; Define, Discovery, Dream, Design and Deploy. However, it was modified in
order to suit the research in order to maximize the results. The phase and newly adopted
process diagram are shown on Fig. 1.

Fig. 1. AI 5D model

During the first phase of the AI process, the first thing that needs to be done is to
identify and know what is the required inquiries or questions that needs to be solved in
the research. The main task of this phase is mostly to define the questions that need to
be used in the research. Therefore, it is an obligation to know how and what makes the
public lack in terms of awareness towards DF. Since this issue comes from the public,
then the next step in this phase is to conduct a research survey in a form of questionnaire
among the public in three geographical areas; Urban, Sub-Urban, and Rural areas. The
participants are asked to fill in these questionnaire which consist of 3 factors; knowledge,
attitude and practice (KAP). By using a cluster sample, the data is collected from a total
of 60 participants randomly from 3 areas (each area is having 20 participants conse‐
quently). The data then analyzed and studied in order to investigate whether the aware‐
ness level is sufficient or not. The reason why there are only 20 sample size needed to
be taken in each geographical area is because that there are limitation of getting the
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sample size of above 20 due to bias elimination between the three geographical areas.
The publics in urban and sub-urban areas are more educated and have more knowledge
on the issue about DF compared to individuals who stayed in rural places due to the low
education level [10]. Therefore, it was recommended to have a balance of 20 samples
for each area. In the second phase, in discovering the suitable features of using AI model,
the inquiry and also the results gained from the previous phase was referred and based
on that result the next step was making an analysis of discovering and finding what is
best for the next step to be done. Taking the result from the previous phase and filtering
it to find the best strength of it in a form of important key ideas to be brought into the
next phase. The data from the collected survey questionnaire was referred to and from
there the data was being analyzed in a form of statistics.

In the third phase, Dream, the main task is to identify and propose suitable features,
the results and important information gain from the previous phase were then be used
in this phase to think and visualize about the best solution before moving further into
the research. If the result shows that the public has lack of awareness in DF risks, then
in the dream phase, is to identify the suitable features to be used using the AI method.
In the fourth phase, which is design the mobile application, the design of the DeFever
interfaces were developed based on all the important results, ideas and key details gain
from the dream phase including the first and second phase.

4 Experimental Results

This section explains and shows the results collected based on the survey questionnaire
conducted with 60 sample sizes in 3 areas namely, Urban, Sub-Urban and Rural areas,
with 20 samples for each area respectively. The data collected was based on the 3 factors
of the public’s knowledge, attitude and practice (KAP) towards DF. The selected
districts are according to the geographical area in Kota Kinabalu which are Urban
(Universiti Malaysia Sabah), Sub Urban (Penampang, Pekan, Donggongon), and Rural
(Kampung Sugud, Jalan Tuaran, Penampang).

The data collected was categorized according to their areas; Urban, Sub-Urban and
Rural, each area was analyzed and summarized respectively as shown in Fig. 2. It was
clearly shown and stated that urban area has high awareness level, followed by sub-
urban and the lowest awareness which was in rural area. These results show that the
level of awareness in urban and sub-urban in Kota Kinabalu due to the fact that more
educated individuals stayed in urban and sub-urban areas, compared to rural areas.
Therefore, urban areas have high awareness level, sub-urban areas have a medium
awareness level and rural areas show a low or lack of awareness level.
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Fig. 2. Level of awareness in Kota Kinabalu

Figures 3, 4 and 5 show a clear statistic of the KAP towards DF. It has been shown
that the knowledge factor in urban and sub-urban are much higher compared to rural
area. However, the attitude towards DF shows the same high results in all three
geographical area including rural areas. The practice towards the preventive measures
of DF in urban shows a high practice, on the other side however, shows a balance practice
results in both sub-urban and urban areas.

Fig. 3. The urban area according to KAP towards DF

Fig. 4. The sub-urban area according to KAP towards DF
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Fig. 5. The rural area according to KAP towards DF

5 Features of DeFever

There are 4 features available for users including information about the app and exit as
shown in the main menu in Fig. 6. The 4 main features are dengue information, symp‐
toms checker, dengue hotspot, and report dengue cases (Fig. 7). Admin will be able to
gain access to all of this features in the main menu, which are similar to user’s features
but admin can view the reported cases that the user reported (Fig. 8). The view reported
dengue case features would enable the admin to view, update and delete any cases.

Fig. 6. Main menu for users and admin
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Fig. 7. Screenshots of DeFever’s features

Fig. 8. Screenshots of DeFever’s features for admin

Dengue information feature displays the overview of the chapter available containing
information and facts about dengue fever. Once user choose a desired chapter a new
screen is displayed containing the chapter’s content. Symptoms checker feature is avail‐
able for both user and admin privilege only. This feature enables user or admin to check
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their current symptoms whether they are suspected with dengue fever or not. There are
three suspected DF according to its respective symptoms, namely Dengue Fever (DF),
Dengue Hemorrhagic Fever (DHF) and Dengue Shock Syndrome. A series of symptoms
will be shown, where the user or admin will be ask to check the checkbox if they have
the selected symptoms.

Dengue hotspot feature is available to all users, which is enabling user to view dengue
hotspot and hot areas. This feature integrates the use of Google map API and shows the
dengue cases in hotspot areas even without Internet connectivity or GPS. This feature
enables user to send in a report case of dengue breeding site by filling in the required
information namely, description, location and threat level. The name and gender are
based on the user’s account, which will be automatically filled. The reported cases are
then stored onto the database only when the user have Internet connectivity.

View reported cases feature is only available for admin. Whereas admin can view
all the reported dengue cases send by users. Admin can update status, view and delete
the cases once it is verified.

Figure 9 shows main menu for guest, which is unregistered user (public). Dengue
information and dengue hotspot features are only shown and available to guest that does
not have an account. However, guest can tap the button at the top right corner to go back
to the login screen and register as a user.

Fig. 9. Guest main menu

6 Conclusion and Future Works

The risk of Dengue fever (DF) is increasing, therefore, the need of the public or the
society to take action against this issue is highly necessary. This research was to inves‐
tigate on the level of public awareness and to develop an informative mobile application
namely, DeFever that hopes to solve the awareness issue. As a conclusion, developed
DeFever may help to increase the level of public awareness towards DF. Therefore,
regardless of the geographical area, it is an obligation to know more about the issues of
DF in hand and what it has caused in this present world. Future works can involve the
implementation of the DeFever app for larger scale not only in Kota Kinabalu but the
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whole country of Malaysia and further research on usability testing to ensure the app
works on multiple platforms for hundreds of users or even more. Feedback from the
relevant authorities and users through the questionnaires for usability testing could be
improved further.
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Abstract. Different approaches have been used to determine, measure, and
predict the performance of programmers to fit positions in the software team. In
this study, we use a data mining approach to identify best-fit programmer to be
appointed. A questionnaire was used to collect data from 470 programmers from
different software companies. A best-fit programmer prediction model was devel‐
oped to evaluate 10 performance attributes. This model incorporates the Bayes’
Theorem and uses Artificial Neural Network (ANN) with Multilayer Perceptron
(MLP) algorithm to predict the most suitable candidates for appointment as
programmers. The results have shown that programmers who scored high in all
or most of the attributes match the predicted values of the Bayes’ probability
values of the dataset. We conclude that the combination of the theorem and algo‐
rithm has proven to be effective in determining the best-fit programmers for
appointment using the applied attributes.

Keywords: Data mining · Performance prediction · Programmers · ANN
Multilayer Perceptron

1 Introduction

In complex software projects, programmers are assigned respective tasks and are eval‐
uated based on their individual’s achievements [1]. Within an organization, program‐
mers are involved in multiple programming tasks, and their performance need to be
evaluated from the viewpoint of cost effectiveness to the organization. The evaluation
will help an organization to identify the best programmers among the existing staff as
well as those to be recruited [1]. It also greatly facilitates the human resource department
of any organization to make informed managerial decisions regarding their staff [2].
Better performing programmers will contribute positively to the organization through
better software that also meet the set deadline.

Software firms seek to maintain and develop quality software products that also
ensure high maintainability and reliability. Hence, different methodologies and techni‐
ques are used in project development to ensure successful product delivery [3]. In a
study, Lehtinen et al. [4] predicted that most software failures are caused by the lack of
focus of the people involved in the development of the software.
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In order to avoid such failures, it is important to choose good and competent program‐
mers for the job. The recruitment or selection of programmers for a project team is one of
the important processes in software project management as it will have effect on the human
capital quality of a firm [5]. Hence, it is vital that software companies recruit appropriate and
skilled talents. IT firms always face challenges when hiring new people for ongoing
projects, due to the lack of an appropriate selection framework [6, 7]. The programming
tasks are complex and determining the contribution from each programmer has always been
a major challenge in software development [8]. The process of selecting and appointing the
best programmers has always posed a challenge to researchers and academia [9, 10]. The
rest of the paper is organized as follows: Sect. 2 discusses related works on selection of
employee’s based on performance prediction; Sect. 3 explains how the selection process is
conducted; Sect. 4 discusses the results, and Sect. 5 concludes the research.

2 Related Work

Many studies have been conducted on the use of different approaches and techniques
for performance appraisal. In all the studies, the main objective had always been in
identifying the best way of selecting the best employee for a particular job. Some studies
[9, 11, 12] have identified good and reliable methods for the selection of programmers
to fit appropriate positions in the organization.

In their research, Satyanarayana and Nuckowski [5] employed Data Mining with
Ensemble Classifiers to improve prediction of academic performance of students by
eliminating unwanted instances, thereby, improving accuracy of the prediction. They
identified the association rules that influence a student’s result using a combination of
rule-based techniques. The result obtained by using the technique is compared with that
of the single model-based technique. The outcome reveals that the ensemble models not
only produce better predictive accuracy of student performance, but also provide more
appropriate rules for understanding the factors that influence the results.

Jantan [3] identified the pattern of employee performance through a decision tree
classifier – tree C4.5 classification algorithm. The authors mined the hidden and valuable
knowledge in the correlated databases and summed up the result in the form of a decision
tree. The generated rules were then evaluated with an unseen data to estimate the accu‐
racy of the prediction result. The techniques were chosen because they use the common
techniques for classification and prediction in data mining. The decision tree is a divide-
and–conquer approach from a set of independent instances. The study outcome proves
that the C4.5 classifier has great potential for making performance prediction. It also
clearly shows that knowledge is essential for assessing the performance of employees.

In another study on predicting employee performance, Al-Radaideh and Al Nagi [2]
used data mining techniques to build a classification model. They adopted the CRISP-
DM data mining technique to model the classification using a decision tree. To validate
their model, several experiments were conducted using real data collected from many
companies. The final outcome reveals that job title is the strongest factor, followed by
the type of university an employee obtained his/her qualification.
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In their research, Pal and Pal [8] evaluated teacher’s performance using single data
mining techniques. The authors collected information from teachers and students and
developed rules using the Naïve Bayes Classifier technique. Their technique was
compared with other related algorithms – ID3, CART, and LAD tree. The Naïve Bayes
classifier was found to have the lowest average error as compared to the other two algo‐
rithms. The authors suggested that the Naïve Bayes algorithm is suitable for using data
mining approach to evaluate performance.

In their studies on improving the selection process in the technology industries, Chien
and Chen [13] developed an effective personnel selection method for finding the most
suitable talents for organizations. They used data mining decision tree analysis to
discover latent knowledge and extract the selection rules. They conducted an empirical
study in a semiconductor company for different job functions. The final results showed
the practical viability of their approach and identified some strategies in human resource
management.

Ola and Sellappan [9, 10] modeled a technique for evaluating the performance of
instructors. The authors established a few standards and criteria as a framework for
evaluating an instructor’s performance. They stated that if fully implemented, the frame‐
work will provide a basis for instructors’ performance improvement that will, in turn,
also optimize students’ academic outcomes and improve the standard of education.
Previous studies did not use prognostic attributes to identify and analyse the best-fit
attributes that a programmer possesses. In this study, we incorporated Bayes’ Theorem
into Artificial Neural Network (ANN) to identify the prognostic attributes. A data mining
technique was used to identify and analyze the attributes that the best-fit programmer
should possess.

3 Performance Prediction Model

The main goal of this research is to establish a best-fit model to predict the performance of
programmers. An ensemble data mining model was constructed using two established
tools – Bayes’ Theorem and Multilayer Perceptron (MLP) algorithm of the Artificial
Neural Network (ANN), as shown in Fig. 1, to achieve the objective. A questionnaire was
administered to 470 programmers, and the information collected was analyzed based on
their work-pertinent attributes – attitude, creativity and innovation, performance, interper‐
sonal skills, problem-solving skills, and teambuilding skills. Datasets formed from the
returned questionnaires were fed into the model for prediction. The Bayes’ Theorem was
used to find the prognostic attributes that rank the relevant attributes that are most impor‐
tant pertaining to the work performance of programmers. The MLP algorithm was then
applied to the result to refine the weightage of each attribute in order to shortlist the candi‐
dates who are suitable for the job. The recruitment process is heavily tied to a hypothesis
in order to realize valid conclusions on independent and dependent variables based on their
respective relationships. A manipulation process is integrated into the normal recruitment
process to identify the most suitable programmers for the organization. This manipulation
process affects the existing recruitment process by enforcing a new attribute behaviour. The
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entire process hybridized the existing recruitment process to control the entire process
without affecting the existing procedures.

Training dataset

Bayes’ Theorem + ANN (MLP)

MANIPULATION

Recruitment process

Modified recruitment process

Control

Output (Best-fit programmer)

Fig. 1. Framework for determining the best-fit programmer

3.1 Multilayer Perception

MLP is the network containing a collection of sensory elements. These elements form
the required input, hidden, and output layers. The algorithm performs the classification
approximately with the vector attribute values.

Manipulation: The proposed manipulation process is integrated into the normal recruit‐
ment process where it identifies the most suitable programmers for the organization.

Control: The existing recruitment process remains stable, but changes are made to it
by the inclusion of the proposed manipulation process. The proposed process is hybri‐
dized with the existing recruitment process to control the entire process without affecting
the existing procedure.
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3.2 Artificial Neural Network

ANN is an information processing system similar to the biological nervous system for
information processing in the brain. ANN is used to solve a specific function in a
network, combined with a large number of interconnected neurons. ANN is imple‐
mented via the learning process, with the respective weight of each input processed in
the training algorithm, such as back-propagation. The weights are iteratively updated in
the training to determine the most appropriate value in a specific function.

A(x) = V

[∑
j
WjCj(x)

]
(1)

where A(x) → Neuron Network function, Cj(x) → (C1, C2,…..Cm) (Composition of
Functions), Wj → Weight of Neurons, V → Activation Function.

4 Results and Discussion

Bayes’ Theorem was applied on the dataset to find the programmers’ attributes which
are associated with high work performance. The probability applied is calculated as:

P(X|Ci) (2)

where X refers to the scored attribute value, and Ci refers to the class i, where i = 1, 2
and 3. C1, C2 and C3 refer to Good, Average, and Poor, respectively. The result
presented in Table 1 shows the attributes considered for performance evaluation. The
probability is calculated based on the dataset, and the prognostic attributes were obtained
after applying the Bayes’ Theorem. However, programmers with attributes such as –
“Writes Functionally Correct Code”, “Writes Aesthetically Pleasing Code”, “Performs
Satisfactory Unit Testing”, “Documents Code W”, “Asks Questions When Needed”,
“Communication Skills” and “Corporate Responsibility” – are considered good and
impactful programmers who are performing well in their job.

The Bayes’ Theorem was applied to the dataset consisting of the 10 attributes, and
the outcome shown in Table 1, indicates the acceptance of the performance indicators.
Among the 10 attributes used, it is clear that if the candidate “Writes Functionally
Correct Code” is rated Good, there is a high probability that the candidate would perform
well in the job. Any attribute with a score greater than 0.5 also indicates a high
performing or good programmer.

Justification of the score
In this study, the Bayes’ Theorem was used to the dataset consisting of the 10 attributes.
There are 7 attributes set out as the evaluation criteria which indicates high probability
of those candidates that perform credibly well in the job. Furthermore, based on these
attributes that we considered “Writes Functionally Correct Code, Writes Aesthetically
Pleasing Code, Performs Satisfactory Unit Testing, Documents Code, Asks Questions
When Needed, Communication Skills, Corporate Responsibility” and from the results
obtained from the study, it shows that those candidates that score above 0.5 are high
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performing or good programmers as revealed in Fig. 2. Also, we argued that if a
programmer score greater than 0.5, he/she is considered “Good and impactful”
programmer who is performing well in his/her jobs and could be best fit candidate for
a company. This is shown in the result of our dataset (Table 1 and Fig. 2). We applied
ANN with MLP on the result shown in Table 1 to predict the best-fit candidate. The
result was applied to the attributes to identify the qualified programmers. Table 2 shows
the outcome.

Table 1. Attributes considered for performance evaluation

Attribute Attribute values Probability P(X|Ci)
Good Average Poor

Attribute 1 (Writes Functionally
Correct Code)

Good 0.77 0.483 0.261
Average 0.197 0.394 0.348
Poor 0.033 0.123 0.391

Attribute 2 (Writes Aesthetically
Pleasing Code)

Good 0.64 0.256 0.043
Average 0.279 0.54 0.402
Poor 0.082 0.205 0.554

Attribute 3 (Performs Satisfactory
Unit Testing)

Good 0.59 0.306 0.228
Average 0.344 0.565 0.598
Poor 0.066 0.13 0.174

Attribute 4 (Documents Code) Good 0.738 0.442 0.141
Average 0.246 0.505 0.467
Poor 0.016 0.054 0.391

Attribute 5 (Asks Questions When
Needed)

Good 0.738 0.252 0.217
Average 0.23 0.435 0.457
Poor 0.033 0.312 0.326

Attribute 6 (Communication
Skills)

Good 0.705 0.464 0.25
Average 0.279 0.284 0.315
Poor 0.016 0.252 0.435

Attribute 7 (Punctuality) Good 0.23 0.284 0.24
Average 0.393 0.363 0.402
Poor 0.377 0.353 0.761

Attribute 8 (Corporate
Responsibility)

Good 0.525 0.429 0.315
Average 0.344 0.278 0.315
Poor 0.131 0.293 0.37

Attribute 9 (Project Innovation) Good 0.443 0.199 0.065
Average 0.41 0.344 0.272
Poor 0.148 0.457 0.663

Attribute 10 (Leadership) Good 0.361 0.227 0.109
Average 0.443 0.309 0.304
Poor 0.197 0.464 0.587
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Fig. 2. Best scores for programmers fitting from the organization.

Table 2. MLP algorithm applied to attributes of the programmers’ dataset.

Attribute Performance
Good Average Poor

1 0.7705 NaN NaN
2 0.6393 0.5394 0.5343
3 0.5902 0.5647 0.5978
4 0.7377 0.5047 NaN
5 0.7377 NaN NaN
6 0.7049 NaN NaN
7 NaN NaN NaN
8 0.5246 NaN NaN
9 NaN NaN NaN

10 NaN NaN 0.663

In evaluating the attributes using the model, the results show that two programmers
also obtained high rating from the annual performance appraisal confirming them suit‐
able for the organization. The results shown in Fig. 2 indicate that candidates 2 and 3
are rated highly with scores of 88 and 89, respectively. This indicates that they scored
highly for all the attributes and therefore considered as the best-fit programmers.

Good programmers are very much sought after, but they are difficult to be assessed
[14]. In this study, applying both the Bayes’ Theorem and MLP algorithm to the attrib‐
utes helps in determining the best-fit programmers for an organization. High scores
obtained for an attribute always indicate best-fit, in other words, the attributes effectively
reveal the best candidate to be selected as programmers. If a candidate’s attribute is
ranked lowly and/or if the Bayes’ Theorem probability is below 0.5, it is more likely
that the candidate will perform poorly as a programmer. By extension, as more attributes
of a selected programmer are evaluated using the algorithm, the more of his/her potential
can be determined.

5 Conclusion

This study models a technique by using Bayes’ Theorem, and ANN with MLP algorithm
to identify potentially good programmers. Some attributes evaluated using the model
has helped in identifying the right or best-fit programmers. When the proposed hybrid
model was used for evaluation, the results show a probability above 0.5 which indicates
best-fit programmers for the organization. The model will help the in determining best
programmers. The model was applied on a dataset of 470 programmers but this can also
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be extended to larger number of programmers, without compromising its accuracy.
Employing the best-fit programmers will enhance their productivity and consequently
be beneficial for the organization.
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Abstract. In recent years, smartphones have grown exponentially in popularity,
taking over the world by storm. While the mobile gaming industry has grown
large due to the development, there is a deluge of mediocre games in the Android
market which replicate the same formulas of popular games. Thus, it motivates
us to try at a new game development and design. The Android game is developed
using the jMonkeyEngine game engine for Android 2.2 versions and above. It
utilizes simple 3D graphics, and use the accelerometer and touch screen for input.
It is single one on one battle against an AI enemy, which uses a simple finite state
machine and viewed using a third-person camera that stays behind the player’s
character and follows the enemy’s movements. We believes that the virtual
joystick, a popular method of control in current games is inadequate for use as a
control method to control the player character in a 3D third-person game. As such
the accelerometer is being used as the game’s method of control, which is not
only more sensitive and removes unneeded elements on the screen, but also to
increase the game’s uniqueness. The project is developed using a test-driven
process model. The system could be divided into three sections. A section of the
code handles the generation of the character models and others, while an input
handling system take care of mapping the player’s inputs to the correct responses.
A 3D world is created, its members positioned correctly to form the ground, walls,
and the player and enemy characters. Next, physics was added to the 3D objects
so that they may interact with each other. Next came the implementation of the
accelerometer to move the character around, and the touch screen to produce
actions. Finally, a state machine is built for the game AI and suitable actions for
each state is coded in. The game is tested via test runs as each functionality was
implemented.
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1 Introduction

In recent years, smartphones have become a staple within society, and while many adore
the features in these tiny computers for having made their life so simple, smartphones
are also viable as portable entertainment and social systems [1]. Current devices are able
to snap high-definition pictures that can rival professional photos, store hundreds of
music that would have needed thousands of CDs, and play movies that last for few hours,
depends on the battery capacity [2] and naturally, when one speaks of entertainment,
games always come to mind.

Mobile gaming has become quite a large industry due to the abundance of smart‐
phones [3]. There are several outlets where developers can publish their smartphone
applications depending on what are device they are developing for, and for smartphones
that contain the Android platform, there is Google’s Android Market [4]. While certain
restrictions are imposed on developers by other application stores such as Apple’s iTunes
Store [5], the Android Market has no such limitations. This allows for a low level-of-
entry, and lets developers ease into the industry, encouraging a great deal of creativity
to developers and increasing the variety of the games being published in the Android
Market.

While the mobile gaming industry has grown large due to the development, there is
a deluge of mediocre games in the Android market which replicate the same formulas
of popular games [6]. As an example, while a smartphone has many features besides the
touch-screen, many developers use a virtual joypad which uses the familiar directional
and action buttons layout, even though it lacks the same feel that one has as they grip
an actual controller [7, 8].

It is common now for console games to have high-definition graphics and 3D models,
very few games on the Android platform have high-end 3D graphics [9]. This is partly
due to the range of machines that use the Android platform as not all are capable of
running a 3D game smoothly. Thus, the first and biggest challenge would be the 3D
game development itself. Next, there is a noticeable lack of games that use the smart‐
phone’s accelerometer, making it a suitable feature to have in a unique game. Thus the
next challenge would be to implement the accelerometer to control characters inside the
game. Finally, there must be an enemy character for the player to battle with, which
would be controlled using Artificial Intelligence (AI). There are numerous AI methods
could be implemented in gaming contexts such as Differential Evolution, Genetic
Programming, Genetic Algorithm, as named a few [10–14], however, AI in simple
games commonly use state machines for decision-making [15, 16]. Thus, the final chal‐
lenge is to implement a finite state machine for the game AI.

Upon seeing the current selection of games in the Android Market, it was decided that
this project would aim to develop a game that implements various techniques that are
uncommonly used, in order to create a unique game that feels entirely different than most
current games available in the Android Market. Hence, this project has the following goals:

1. To create a 3D third-person view game on the Android platform.
2. To successfully implement the accelerometer as a control device.
3. To successfully implement a finite state machine for the game AI.
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The remaining parts of this paper are organized as follows. In Sect. 2, a brief discus‐
sion of mobile games is included. This includes the discussions of common game genre,
genre choice, current controller used in most of the 3D third person mobile games, and
benefits of using accelerometer. In Sect. 3, the proposed method is presented. This
section also briefly described the jMonkeyEngine3 used, design process model, and the
game AI design. The research result is discussed in Sect. 4, and finally the future work
is presented in Sect. 5.

2 Mobile Games

This section covers a brief discussion of common game genre, genre choice involved in
this project, current controller used in most of the 3D third person mobile games, and
benefits of using accelerometer.

2.1 Common Game Genre

First-person shooters (FPS), Role-playing games (RPG), Fighting games, Platform
games (Side-scrollers), Racing games, Strategy games and Rhythm games are the most
common genres available in the mobile gaming industry [4, 5]. There are others, such
as simulation type games (The Sims) and puzzle games which are increasing in popu‐
larity (Cut the Rope); then there exists combinations of genres, such as first-person RPG
(Skyrim) and flight-simulation games (Ace Combat series) [4, 5]. These seven genres
however are usually the most easily identifiable. The fact that the game industry cannot
be summed up by only seven genres serves as a testament to how large the gaming
industry is now when compared to the past.

2.2 Genre Choice

This project will be of the third-person shooter genre. This decision was made due to
the lack of popular games in that genre on the Android platform [4]. Currently, the
Android Market is dominated by puzzle and strategy games [4]. This is understandable
as both game types are usually short and easy to play during breaks. Another plausible
reason is that 3D games are difficult to develop for smartphones, as most devices are ill-
equipped to handle 3D graphics. There are also other reasons why such games are
favored when compared to third-person view games, which will be explained in the next
section. It is due to these reasons that it is very hard to find a third-person view game
whose quality is comparable to those of puzzle games. This design choice was made
since there is a lack of 3D third-person shooter games, games in that genre would be
more unique.
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2.3 Current Controls for Third-Person Games

Third-person games are called as such because the game is viewed from behind the
player character. This allows players to admire the world without the motion-sickness-
inducing movement of first-person games. Players are also able to view their character
in full; a sense of fulfillment can be achieved when they see their character decked out
in the strongest and coolest looking armor.

The current traditional control method for third-person games are virtual joysticks
on the screen [4]. There are several issues with this control method. On tab devices, the
large screen allows the joystick to be placed at the devices’ corners. On a smartphone
however, the joystick’s position are often such that the player’s fingers will block the
screen, limiting their view, and this is especially true for smaller devices. This is quite
unavoidable, as joysticks need a large portion of the screen to be sensitive enough to
detect the slight movements done to move the character on screen. An example of games
that use this control method and how it looks on a smartphone device is presented in
Fig. 1 below. The joystick and buttons themselves cover 20% to 40% of the screen, and
this is still not counting the player’s fingers which will be touching the screen as they
play.

Fig. 1. Screenshots of games that utilize traditional control methods

Even with tab devices, joystick controls will never be as sensitive as their console
counterparts. It is easy for a player’s finger to slip from the joystick, causing players to
lose control of their characters, which can be fatal especially when the game they are
playing need high precision controls. There are attempts at avoiding such situations such
as having the joystick appear wherever the finger is touching, but there are still issues
with that as well (wanting a new joystick to appear at a new area on the screen, but the
new area is on the old joystick’s ‘move right’ button, thus accidentally moving the player
to the right).

Despite the inadequacy of virtual joysticks for playing a third-person games, the
control system is still being implemented frequently in such games, alongside virtual
buttons for actions. Cumbersome controls are the bane of any game, and this is evident
in the general unpopularity of third-person game. It should be realized that virtual
joysticks can never offer the feel of pushing the console controller’s joysticks or the
feedback received from spring-loaded buttons, and find alternatives to movement and
actions for touch-screen devices.
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2.4 Benefits of Using Accelerometer

Accelerometers are built-in sensors now common in smartphones that can detect the
angle at which the phone is tilting. It is still a relatively new feature that few apps manage
to implement well. It is quite commonly used with racing games, as the tilting move‐
ments allow players to feel as though they are actually steering a vehicle [17].

There are few games other than racing games and self-scrolling/moving games in
which the player character’s movements can be controlled by the accelerometer. A game
that implements the accelerometer well can improve controls significantly, and this will
be especially true for third-person games. The sensors allows for a great level of sensi‐
tivity in movement, and can surely help in giving precision control to the player.

Since accelerometers are built-in, no additional controllers would be necessary on
screen, thus improving visibility as the player no longer needs to press the screen as
often as with virtual joystick controls. Furthermore, even in controller-based games on
the console, players playing fast-paced action games will often sway their bodies
according to their actions on-screen. Due to the tilting motion of accelerometers, plus
the added visibility on the player’s screens, the game could be more immersive, adding
to the enjoyment of the players.

The accelerometer offers great control sensitivity, add to that the benefit of being
able to view the phone screen in full and since usage of the accelerometer is still quite
novel, accelerometers could be the most suitable control method for third-person games.

3 Methodology

3.1 jMonkeyEngine3’

The project is developed on the Android platform, as it has a low level-of-entry and the
Internet provides easy access to learning materials and tutorials [18]. The game will be
using a free 3D game engine known as the jMonkeyEngine, as it has relatively good
documentation and uses the familiar Java programming language. It also allows for
Android development [18]. The jMonkeyEngine utilizes OpenGL 2.0 for graphics, thus
limiting the project to Android versions 2.2 and above.

jMonkeyEngine3 (jME3) is a game engine aimed towards 3D game development,
programmed entirely in Java and uses the Lightweight Java Game Library (LWJGL) as
a renderer. The libraries for this engine is released under the BSD license, thus making
the engine widely available for use. Numerous tutorials are also available at the jME
site for beginners [18].

The jMonkeyEngine SDK is a preconfigured Software Development Kit (SDK)
based on the NetBeans Platform, which combines the jME3 libraries and adding unique
functions such as project and file wizards, asset pack management, a scene viewer and
others that help make the game development process easier. The SDK was introduced
to provide a ready-to-use complete game development environment to developers, and
while the SDK is recommended, developers can still use other IDEs for game develop‐
ment, and use the SDK only to manage assets and jME3 binaries.
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With regards to the game itself, a single stage of a one-vs-one battle between player
and enemy characters is created. The camera is of third-person view, and will follow
the enemy’s movement throughout a battle. Simple 3D models is used for the stage,
player and enemy models. Player input consists of the touch screen, phone buttons, and
accelerometer. The AI used a simple finite state machine.

3.2 Process Model

The development of this project uses a test-driven development cycle. The test-driven
development starts when the developer designs a test case which the product will ulti‐
mately fail to do, either because the test implements a new function not yet coded in, or
because of the code needs to be improved. The developer will then add in code until the
product can pass the test. The development cycle is short, thus allowing for further
improvements with each cycle until the product is complete.

This process model was chosen due to the benefits that it has to us. Due to the inex‐
perience, exhaustive research needs to be done as development continues, and since the
test-driven model allows for small and incremental improvements to the project due to
its short lifecycle, it lets us test out the techniques that we learned. Designing test-cases
also produces a clear short-term goal that we can achieve, which can guide us on what
to research next. Tests in test-driven development is usually automated, the tests in this
project is done manually, in order to save time and remove the need for writing code for
the testing phase.

jMonkeyEngine3 Terminology
In jME3, certain terminologies are used that are necessary to explain the system design,
which are scene graph, spatials, nodes, geometry, transformations, meshes, materials
and textures, and Nifty GUI:

World Creation
In jMonkeyEngine, scenes can be added automatically after being created in a 3D
computer graphics software. This is also true for character models. Game physics can
also be handled by the engine automatically. Thus world creation is only a matter of
adding scenes and models, and then adding physics into them.

• Add the scene - The scene is created and added onto the scene graph by attaching it
to the rootNode. The scene consists of four wall Geometries and one ground Geom‐
etry.

• Add player and enemy models - player and enemy models are attached to their
respective Nodes before being attached to the rootNode.

• Add the camera - In this project, the camera being used is a type of camera available
in jME3 known as the CameraNode. It is attached to a relevant Node and follows the
movement of a target. In this case, the camera is attached to the playerNode and looks
at the enemy model.

• Add physics - jME3 allows for easy implementation of game physics by using the
special classes it has prepared, such as RigidBodyControl for stationary objects, and
CharacterControl for moving objects. RigidBodyControl is added to the scene, while
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CharacterControl is added to the enemy and character models. Collision detection is
handled automatically by the engine.

• Add GUI - A pre-created XML file which contains the configurations of the GUI is
loaded onto the phone screen. The GUI displays information such as the HP bar of
the player and the enemy.

And with that, the world has been created. Note that while actions such as loading
models, adding physics and animations, etc are listed here, these actions are usually
placed within the relevant object’s classes, such as adding physics to the player model
in the player class.

Player Input
The main input methods in the project are the accelerometer and touch screen. Any
viable input entered will be processed and the game world is modified accordingly, the
process of which is detailed below.

• Listen for input - Once everything has been started up, the game will then begin to
listen for input. This is done continuously throughout the game, with the appropriate
action done for different inputs.

• Accelerometer input received - The accelerometer handles player model movement.
Thus when input is received, modifications will be done to the player model’s location
within the game world, with the appropriate animations being played. The player
model can move forward, backwards, to the left and to the right according to the
direction the phone is tilted towards, and will continue to move for as long as the
phone is tilted.

• Touch screen input received - Player actions are done via the touch screen. In this
project, actions is limited to attacks. The touch screen is divided in two, signifying
the left and right hands. Input done within the left side of the screen will trigger
actions using the left hand, and the opposite will be true for the right side of the screen.
The left hand will hold a sword, and attacks can be triggered by tapping the left side
of the screen. By tapping continuously, attacks with the sword can be done repeatedly.
The right hand will hold a gun, which can be fired by tapping the right side of the
screen. By pressing and holding the screen continuously, the gun can fire at set inter‐
vals. A dragging direction along any direction on any part of the screen will make
the player jump. Long-pressing on the left side of the screen will turn on the AI and
start the game.

• Phone buttons input - Most Android smartphones have several common buttons
between them. Proper responses will be done when the buttons are pressed. The Home
button exits to the phone’s Home screen without closing the game. Ideally, the game
is paused when this happens. The Back button is set by default to close the game
upon confirmation by the player.

3.3 Game AI Techniques

There are several game AI techniques that developers usually use to use in their games,
as these techniques are often well documented and easy to implement into different types
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of games. [19] documented several common techniques; some techniques that are related
to the project are:

• The A* pathfinding algorithm is used to find the cheapest (or shortest) path to a goal,
giving a set of points which can be used by the AI to head for the goal.

• Dead reckoning uses predictions to aim and shoot at a player using variables such as
position, velocity, and acceleration.

• Emergent behaviour is not explicitly programmed into the game’s AI, but emerges
as the result of several more basic behaviours.

• The level-of-detail AI technique is based off of a common 3D graphics optimization
technique where further or useable objects use fewer resources than visible ones.
Similarly, in the AI version of the concept, complex decision making are only made
when the changes caused by the decision can be experienced by the player, using
simpler techniques otherwise.

Any Non-Player Character (NPC) at any given time in a game is usually in a certain
‘state’, whether they are walking, talking, standing still, attacking, etc. They can enter
a different state whenever certain conditions are met. A state machine contains all this
and also defines the conditions needed to be met to enter the state. The simplest form of
state machine implementation is using the machine to keep track of what the AI is
currently doing, and changing the states as necessary. A more complex use of state
machines is to define the NPC’s current ‘state of mind’ with it, which will then influence
what the AI chooses to do. For example, an ‘aggressive’ state will make the AI choose
to attack more.

The game AI in this project will be a simple one, using state machines to control
how the AI will behave. The AI is updated according to the current conditions it is in,
which is done by running through the functions it has. The following are functions that
the game AI function would have:

• Update the AI - This function is to begin a checking of all the conditions that may
affect the AI’s behaviour.

• Check current state - The current state of the AI is checked and executed accordingly.
The AI will stay in a particular state until certain conditions are fulfilled. The condi‐
tions are commonly to execute code until a certain amount of time has passed. It will
then move to the next state.

• ‘Find’ state - This state finds and keeps track of the player location in this state. This
is done by simply getting the player model’s current coordinates and keeping it in a
variable, before going to the next state.

• ‘Look at the player’ state - This state simply turns the enemy model to look at the
player. This is done by getting the direction at which the player is looking at and
making the enemy look at the opposite direction.

• Attack state - This state executes code that corresponds to the current attack state.
The code animates the enemy model to move according to the state. There are three
attack states: a thrust attack which moves the enemy directly towards the player, a
jump attack where the enemy jumps above the player, and an attack which throws
objects at the player. The attack is continued for a certain amount of time before
continuing to the next state.
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• No action period - After each action, a small waiting period will be waited out before
executing another action. This is to ensure that the AI’s back-to-back attacks will not
overwhelm the player, and to give the player a chance to deal more damage. Some
actions may have a shorter or longer waiting period than others, so the player can
capitalize the chance.

This cycle repeated for as long as the AI’s Health Performance (HP) still remains.
Once it reaches zero, the AI is defeated and the player has won. Included in Fig. 2 is a
simplified diagram of the state machine design. Attack states include the three different
attacks that the AI can do.

Fig. 2. State machine design

4 Implementation and Testing

The games from the Monster Hunter and Armored Core series have influenced the game
design aspect of this project greatly. From Monster Hunter comes the inclusion of tena‐
cious AI enemies which attack at every chance they get, and get the player to think how
to attack instead of rushing in. Armored Core influenced the use of a constant lock-on
camera, as well as the use of a single large stage.

The interface was designed to be as minimalistic as possible, having only the player
and enemy characters, as well the player’s HP bar in view, allowing the screen to be
free of unneeded elements. The system itself could be divided into three sections. A
section of the code handles the generation of the character models and others, while an
input handling system take care of mapping the player’s inputs to the correct responses.
The game AI uses a state machine to keep track of its actions and influence its decisions.
The game loops constantly after initialization, updating the world according to the values
that change.

First, a 3D world was created, its members positioned correctly to form the ground,
walls, and the player and enemy characters. Next, physics was added to the 3D objects
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so that they may interact with each other, and GUI was used to display certain infor‐
mation. Next came the implementation of the accelerometer to move the player around,
and the touch screen to produce actions. Finally, a state machine was built for the game
AI and suitable actions for each state was coded in.

The game is tested via test runs as each functionality was implemented. Implemen‐
tation began with the creation of 3D objects, adding the third-person, adding physics
and adding the GUI. Next, player input was implemented via accelerometer and touch
screen. A game AI using state machines utilizing three attacks was then implemented,
before finally adding in damage calculation to complete the game. Upon completion,
some volunteers were found to test and play through the game, finding bugs to be dealt
with. Figure 3 shows some snapshots during testing phase.

(a) Moving to the front side (b) Moving backward

(c) Moving to the left side (d) Moving to the right side

Fig. 3. Testing by volunteer

4.1 Project Limitations

A limitation of the project was the way the system was designed. In order for the game
to start, the player must press the left side of the screen for a period of time. However,
the left side of the screen also handles a different game action, thus making it possible
to accidentally affect game operations in a negative way. This could have been solved
by constructing a proper start screen containing a main menu and buttons.

Another limitation was that despite taking inspiration from Monster Hunter,
which necessitates strategy in order to win against monsters, this system was not
able reproduce the feeling of needing to strategize in order to win. This was due to
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certain design flaws during development such as the damage dealt by the enemy,
or utilizing more sophisticated AI.

5 Conclusions and Future Works

Various parts of the system itself can be improved on, such as adding a main menu or
fine-tuning the player’s movements using the accelerometer. The system could also be
redesigned in order to develop a need for strategy to win. Research-wise, a study of how
well accelerometer can improve the experience of playing third-person games could be
conducted. A study of comparison between using the accelerometer and using a virtual
joystick to see if players have any preference in control methods could also be done.
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(AiRU).

References

1. Ling, S.: The Paradox of Technology on Social System (2012). http://blog.nus.edu.sg/
glomerateapple/2012/11/18/our-complicated-relationship-with-technology/. Accessed 10
Oct 2013

2. Jung, B.: What Are the Benefits of Smartphone Technology? (2012). http://
smallbusiness.chron.com/benefits-smartphone-technology-57037.html. Accessed 23 Nov 2013

3. Pearson, D.: Report: Mobile to become gaming’s biggest market by 2015 (2014). http://
www.gamesindustry.biz/articles/2014-10-22-report-mobile-to-become-gamings-biggest-
market-by-2015. Accessed 10 Jun 2015

4. Google: Google Play Market (2015). https://play.google.com/store/apps?hl=en. Accessed 11
Jun 2015

5. Apple Inc.: App Store Review Guidelines (2010). https://developer.apple.com/app-store/
review/guidelines/. Accessed 23 Jun 2012

6. Softonic Internacional: Android Low Quality Games Free (1997). http://en.softonic.com/s/
low-quality-games-free-download:android. Accessed 9 Jan 2015

7. Unity Game Engine (2012). http://unity3d.com/unity/. Accessed 16 Feb 2013
8. Unreal Engine Unreal Development Kit Homepage (2012). http://www.unrealengine.com/en/

udk/. Accessed 16 Feb 2013
9. TheTechPanda: Top Ten Must-Have Android 3D Racing Games with Awesome Graphics

(2012). http://thetechpanda.com/2013/10/25/top-ten-must-android-3d-racing-games-awesome-
graphics/#.VbShF_mUI1Y. Accessed 1 Jan 2015

10. Shi, J.L., Tan, T.G., Teo, J., Chin, K.O., Alfred, R., Anthony, P.: Evolving controllers for
simulated car racing using differential evolution. Asia Pac. J. Inf. Technol. Multimed. 2(1),
57–68 (2013)

11. Tan, T.G., Teo, J., Chin, K.O., Alfred, R.: A coevolutionary multiobjective evolutionary
algorithm for game artificial intelligence. Asia Pac. J. Inf. Technol. Multimed. 2(2), 53–61
(2013)

12. Leow, C.L., Gan, K.S., Tan, T.G., Chin, K.O., Alfred, R., Anthony, P.: Self-synthesized
controllers for tower defense game using genetic programming. In: IEEE 2013 International
Conference on Control System, Computing and Engineering, pp. 487–492 (2013)

312 K. O. Chin et al.

ralfred@ums.edu.my

http://blog.nus.edu.sg/glomerateapple/2012/11/18/our-complicated-relationship-with-technology/
http://blog.nus.edu.sg/glomerateapple/2012/11/18/our-complicated-relationship-with-technology/
http://smallbusiness.chron.com/benefits-smartphone-technology-57037.html
http://smallbusiness.chron.com/benefits-smartphone-technology-57037.html
http://www.gamesindustry.biz/articles/2014-10-22-report-mobile-to-become-gamings-biggest-market-by-2015
http://www.gamesindustry.biz/articles/2014-10-22-report-mobile-to-become-gamings-biggest-market-by-2015
http://www.gamesindustry.biz/articles/2014-10-22-report-mobile-to-become-gamings-biggest-market-by-2015
https://play.google.com/store/apps?hl=en
https://developer.apple.com/app-store/review/guidelines/
https://developer.apple.com/app-store/review/guidelines/
http://en.softonic.com/s/low-quality-games-free-download:android
http://en.softonic.com/s/low-quality-games-free-download:android
http://unity3d.com/unity/
http://www.unrealengine.com/en/udk/
http://www.unrealengine.com/en/udk/
http://thetechpanda.com/2013/10/25/top-ten-must-android-3d-racing-games-awesome-graphics/#.VbShF_mUI1Y
http://thetechpanda.com/2013/10/25/top-ten-must-android-3d-racing-games-awesome-graphics/#.VbShF_mUI1Y


13. Gan, K.S., Tan, T.G., Chin, K.O., Alfred, R., Anthony, P.: A comparison on the performance
of crossover techniques in video game. In: IEEE 2013 International Conference on Control
System, Computing and Engineering, Penang, Malaysia, pp. 493–498 (2013)

14. Guan, T.T., Nan, Y.Y., Chin, K.O., Teo, J., Alfred, R.: Automated evaluation for AI
controllers in tower defense game using genetic algorithm. CCIS, vol. 378, Kuala Lumpur,
Malaysia, pp. 135–146 (2013)

15. State Machines (2012). http://lazyfoo.net/articles/article06/index.php. Accessed 26 Nov 2012
16. Champandard, A.J.: Common Ways to Implement Finite State Machines in Games (2007).

http://aigamedev.com/open/article/fsm-implementation/. Accessed 26 Nov 2012
17. Mob.org.: Free mobile downloads: android games (2012). http://play.mob.org/genre/gonki/.

Accessed 1 Jan 2015
18. jMonkeyEngine: jMonkeyEngine Tutorials and Documentation (2007). http://

jmonkeyengine.org/wiki/doku.php/jme3. Accessed 26 Nov 2012
19. Rabin, S.: Common game AI techniques. In: Rabin, S. (ed.) AI Game Programming Wisdom

2, pp. 3–14. Charles River Media Inc., Hingham (2004)

Design and Development of Novel Android 3D 3rd Person Shooting Game 313

ralfred@ums.edu.my

http://lazyfoo.net/articles/article06/index.php
http://aigamedev.com/open/article/fsm-implementation/
http://play.mob.org/genre/gonki/
http://jmonkeyengine.org/wiki/doku.php/jme3
http://jmonkeyengine.org/wiki/doku.php/jme3


An Exploratory Study on Latent-Dirichlet
Allocation Models for Aspect Identification

on Short Sentences

Ameer Abu Bakar, Lay-Ki Soon(✉), and Hui-Ngo Goh

Faculty of Computing and Informatics, Multimedia University, Cyberjaya, Malaysia
ameerasyrafab@gmail.com, {lksoon,hngoh}@mmu.edu.my

Abstract. This paper reports an exploratory study conducted to investigate the
performance of topic modelling algorithms in aspect identification. Aspect iden‐
tification is an important step in aspect-based sentiment analysis. Latent-Dirichlet
Allocation model serves as the baseline of topic models in the experiments. One
of the variations of LDA, namely Phrase-LDA was experimented to benchmark
its performance against the original LDA. Although it was reported that PLDA
performs better compared to LDA in aspect-based sentiment analysis, our exper‐
imental results indicate that LDA works better on dataset with short sentences. A
new PLDA model was also proposed by using different types of dependencies to
extract the phrases.

Keywords: Latent-Dirichlet Allocation · Topic modeling · Aspect identification
Sentiment analysis

1 Introduction

In sentiment analysis, aspect identification is the process of identifying aspects of
opinion target, which could be a product or an entity [5]. For instance, a restaurant being
the opinion target may have been evaluated from different aspects, such as the food, the
pricing, the ambience, its location or service qualities. These aspects can be topics from
a set of documents – a corpus. Topic modelling is a model used to derive topics from a
corpus; it is a form of text mining. Topic modelling algorithms group the words in the
documents from the corpus into topics. In terms of identifying aspects from a corpus,
topic modelling algorithms have been applied to identifying words which are frequently
used to express opinions on specific aspects [1].

In this paper, topic modelling algorithms are explored for identifying aspects in
sentiment analysis. To accomplish the task, several topic modelling algorithms are
studied and investigated. Latent Dirichlet Allocation (LDA) serves as the main topic
modelling algorithm is selected for this exploratory study. LDA was first published by
Blei et al. [2]. Subsequently, many new variations were proposed, either by extending
it; or creating improved or new versions to the original LDA model. LDA is a simple
topic model that is used to gather topics from their corpus. LDA outputs a bag-of-words
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for each topic and the user will have to label each bag-of-words for the lists to specific
topic.

The goal of this exploratory study is to compare the performance of the chosen topic
modelling algorithms in identifying the aspects from a set of online reviews. The online
reviews are labelled with aspects and they are about restaurant (as the opinion target or
entity). The list of topics generated by the topic modelling algorithms can then be used
to derive the aspects discussed in the online reviews.

2 Literature Review

2.1 Background Study

LDA is a topic modelling algorithm used to discover the topics of a corpus by using
probabilistic models; the probabilistic models used in LDA are the multinomial distri‐
bution and the Dirichlet distribution. Each document in a corpus will have a mixture of
topics. Each document in the corpus is assigned to several topics using probabilities.
The input here would be the corpus and the output would be a bag of words for each
topic. Each bag of words will have to be labeled by the user at the end [2]. To better
explain LDA, consider the three sentences given below, where each sentence is consid‐
ered as a document:

• Sentence A: The restaurant was serving uncooked food.
• Sentence B: The waiter served chicken and fish.
• Sentence C: Chickens and cows are farm animals.

Step 1: Choose how many topics there are to be found from the documents. There
are likely to be two bag-of-words for the topics of animal and food.

Step 2: Every word in the documents, except stop-words (useless words), will be
assigned to a temporary topic using a Dirichlet distribution. This step will be iterated
for as long as the user thinks is necessary to get an accurate generated output.

Step 3: The topic will then attempt to generate the words itself by using the multi‐
nomial distribution.

Output for the bag of words:

• Topic A: food, uncooked, chicken, restaurant, served…
• Topic B: chicken, fish, animal, cow, farm…

From this output, topic A is about food while topic B is about animals. Hence,
sentence A can be labelled as topic A, sentence B can be labelled as topic A and sentence
C can be labelled as topic B.

2.2 Related Work

Aspect identification is one of the crucial processes in aspect-based opinion mining.
Aspect-based topic modelling aims to identify aspects given the topics produced by
LDA. In this section, different variations of LDA discussed by Moghaddam and Ester
[6] are briefly explained in Table 1.
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Table 1. Description of different variations of LDAs

LDA variation Data input format Main differences
LDA Bag of words Only one latent variable needed to assign a topic to a

word
S-LDA [3] Bag of words Two separate variables: rating and aspect instead of

the one variable. Both the variables are sampled
independently

D-LDA [4] Bag of words Like S-LDA but there is a dependency between rating
and aspect. The sampling of rating takes into account
of the sampled aspect variable

PLDA Bag of phrases Unlike LDA, PLDA uses a bag of phrases model.
Instead of one variable ‘word’ for the review, there
is two variables: a head term and a modifier

S-PLDA Bag of phrases S-PLDA is similar to S-LDA with its two observed
variables: aspect and rating but its difference is that
it uses the head term and modifier variables. The head
term depends on the aspect variable while the
modifier only depends on the rating variable

D-PLDA Bag of phrases It similar to S-PLDA except there are dependencies
between aspect and rating. The modifier will now
depend on both the aspect and rating unlike in S-
PLDA

LDA is a probabilistic model that is able to retrieve topics from many documents
(corpus). This is the original topic modelling algorithm. It learns the topics of review
using all the words of the review; it uses a bag of words model. There is only one variable
(z variable) for the topic as opposed to two variables in S-LDA [3]. The result of LDA
would be lists of words where each belongs to a certain topic [2].

The θ value is first sampled by using the Dirichlet probability on α value. After the
θ value is sampled, for each word, the topic is then sampled with P(zn | θ); the zn variable
is the variable for topics. The word is then sampled again using P(wn | z¬n, β).

Given the descriptions and experimental results presented by Moghaddam and Ester
[6], both the original LDA and its variations – PLDA were implemented and compared
in this project. PLDA is chosen because it is a direct variation of LDA which is predicted
to be much faster and better. Instead of the bag-of-words model in LDA, PLDA uses
the bag-of-phrases model.

3 Experimental Design

3.1 Experimental Setup for LDA

The dataset used in the experiments contain English reviews. For the comparison study
purpose, the reviews were experimented in both stemmed and un-stemmed formats. The
LDA model are experimented on both stemmed and un-stemmed reviews. Both begin
with the conversion of the XML restaurant data-set into a text-file. Next, the text-file
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will have to be converted into the correct form (Term-Document Matrix) using the text-
mining package in python. The term-document matrix represents the number of occur‐
rences of terms of the corpus (text-file). After the conversion to the TDM form, the LDA
package in Python can finally begin with the term-document matrix as input. The LDA
package will then output ten bag-of-words for twenty topics. The LDA package will
automatically assign each document (each line in the text-file) a topic (bag-of-words).
The user can then have to manually label the bag-of-words – there are six possible labels
(aspects): restaurant, food, location, drinks, ambience and service. These aspects are
selected from the experimental dataset.

3.2 Experimental Dataset

The dataset contains restaurant reviews in XML form. The XML file is displayed in
Fig. 1. The text has an opinion; an opinion consists of a target, category, polarity (positive
or negative). The category refers to aspect of the target. Each sentence in the data-set is
counted as a review; therefore all the reviews consist of a short sentence. The review in
Fig. 1 is about the place or location of the restaurant.

Fig. 1. Restaurant reviews in XML format, with labelled opinion target and category (aspect)

The LDA package in python requires the dataset to be in three different forms: LDA-
C, tokens and titles. The LDA-C file is in the form of a document-term matrix, where
each line represents a document and each number in the line is in the form A:B. A
represents the first index of the word and B represents the number of occurrences. The
tokens file consists of all the words in the documents excluding the stop-words and the
titles file consists of all the titles of the documents.

3.3 Data Pre-processing

To preprocess the data, the data was extracted from the XML file. This was done using
the xml.etree.ElementTree package for Python 3.4. After using this package, the words
were all changed to lower-case. After this, the stop-words were then removed. To get
the LDA-C, tokens and titles files, the text mining package in python was then used.
Some stop-words were: a, am, and I. These were removed because they do not carry
much meaning. Hence, it is not necessary to assign these stop-words to a topic. There
were two different variations of LDA used in the package: LDA and PLDA. There are
also two versions of LDA and PLDA: stemmed LDA and un-stemmed LDA for the LDA
variation and PLDA with original dependencies and PLDA with new dependencies for
the PLDA variation.
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For LDA stemmed: the stemming of the dataset was conducted after the stop-words
were removed. This is to make sure that there is only one variation for a word. For
example: if there were “price” and “prices” in the data-set, the stemmer would change
it to “price”. This can be seen in Fig. 2, the word “judging” changed to “judg” after
stemming.

Fig. 2. The stemmed dataset after pre-processing

For LDA un-stemmed: after the removal of the stop-words, the file is left as it is so
that it is possible to compare the difference between stemmed and un-stemmed. This
version of the LDA input file has more words than the LDA stemmed input file. This
can be seen in Fig. 3, the stop-words like “from” were removed from the file.

Fig. 3. The un-stemmed dataset after pre-processing

For PLDA with the original dependencies: after the removal of the stop-words, the
un-stemmed dataset was then transformed to the PLDA version based on the nine
different dependencies proposed by the article. The dependencies were extracted from
the un-stemmed data-set using the Stanford parser. Table 2 shows the dependencies used
in PLDA with examples. Table 3 explains the terms used in the dependencies. The un-
stemmed data-set was transformed to the PLDA version by combining the words with
the original dependencies, as listed in Table 2. The result of this is shown in Fig. 4, terms
like “posts~previous” were created from the original dependencies in the article.

Table 2. Nine different dependencies used for PLDA

First dependency Second
dependency

Resulting
dependency

Example of the results

amod (N, A) none <N, A> <restaurant, favourite>
acomp (V, A) nsubj (V, N) <N, A> <people, friendly>
cop (A, V) nsubj (A, N) <N, A> <food, excellent>
dobj (V, N) nsubj (V, Nʹ) <N, V> <dessert, recommended>
<h1, m> conj and(h1, h2) <h2, m> <service, good>
<h, m1> conj and(m1, m2) <h, m2> <list, impressive>
<h, m> neg(m, not) <h, not + m> <place, not.recommend>
<h, m> nn(h, N) <N + h, m> <noodle.soup, good>
<h, m> nn(N, h) <h + N, m> <pad.thai, delicious>
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Table 3. Terms used in dependencies

Term Meaning
N Noun
A Adjective
V Verb
h Head-term
m Modifier

Fig. 4. The PLDA with original dependencies dataset after pre-processing

For PLDA with new dependencies: after the removal of the stop-words, the un-
stemmed data-set was then transformed to the PLDA version based five of the depend‐
encies: amod (adjectival modifier), acomp (adjectival complement), nsubj (nominal
subject), cop (copula) and dobj (direct object).

3.4 Evaluation Metrics

A confusion matrix is used to evaluate the results [7]. A confusion matrix shows the
number of correct and incorrect predictions made by the topic modelling algorithms
compared to the actual results labelled in the dataset (Table 4).

Table 4. Confusion matrix

Predicted – Positive Predicted – Negative
Actual – Positive True Positive False Negative
Actual – Negative False Positive True Negative

By using the figures in confusion matrix, accuracy of LDA and PLDA in predicting
or identifying the aspects in the opinion can be calculated as:

(True Positive + True Negative)∕(True Positive + False Positive + True Negative + False Negative) (1)

4 Results and Findings

4.1 Experimental Results

There were two input files for LDA: stemmed and un-stemmed. The stemmed LDA has
an alpha value of 0.0071 and a beta of 0.0037 while the un-stemmed data-set has an
alpha value of 0.0071 and a beta of 0.0035. Figures 5 and 6 show the output of the LDA
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program with its stemmed and un-stemmed input files. Each topic has 10 words (bag-
of-words) and the user has to manually label the topic by determining what the topic of
the words are. There were also two input files for PLDA: with original dependencies
and with new dependencies. They both had the same values for alpha and beta: 0.0071
and 0.0035 respectively. The phrases consists of a head-term and a modifier. For
example, for the phrase “food~good”, the head-term is “food” and the modifier is
“good”.

Fig. 5. An output of the program using LDA stemmed

The outputs of the files were then labelled using crowd-sourcing website – Crowd‐
flower. Crowdflower was used to help determine the categories for each list of words.
Crowdflower has an online workforce of users that help to clean and label data. For the
laptop dataset, three different data were given to the online workforce. Each different
data had different iterations: 10 iterations, 20 iterations and 30 iterations. For the restau‐
rant dataset, there were 2 different data: 10 iterations and 20 iterations.

There were 6 different pre-defined topics extracted from the benchmarked restaurant
dataset: restaurant, ambience, food, service, location, and drinks. The users in Crowd‐
flower will then have to label each list of words to one of the pre-defined topics. The
outputs from LDA and PLDA were then compared with the extracted aspects from the
XML file.

An output of the LDA program using a stemmed text-file input is shown in Fig. 5.
An example of a stemmed word is “servic”, it is derived from the words service and
services. Every topic in the figure has 10 words associated with it; the user will have to
label each topic by looking at the words. For example, topic 3 in Fig. 5 has more words
(“servic”, “bad”, “service, “time”, “people”, “staff”, “rude” are all words that could
belong to service) associating with the topic service therefore it can be labelled as
service.

There are more duplicates of a word in the un-stemmed text-file. Therefore there are
more unique words. There are 10 words associated with each topic. Each topic will have
to be labelled by the user manually. For the output of the PLDA model using the original
dependencies (dependencies from the article), each phrase in a topic consists of a head-
term and modifier. For example: “service~slow” is a phrase, service is the head-term
and slow is the modifier. A head-term is the aspect and the modifier is the rating
(polarity). The output of the PLDA program using new dependencies show that there
are a lot more unique words in this data-set compared to the previous PLDA program.
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Each topic has 10 phrases and each phrase consists of a head-term and modifier. The
user will have to manually label each topic.

4.2 Findings

The results presented here are the accuracy of predicting aspects in the review using
LDA and PLDA, against the labelled aspects (categories) in the original XML dataset.
During the experiments, the alpha and beta values were tweaked with and changed; they
were not kept at the default values. There was a noticeable difference after changing the
values. The iterations were also changed, to 1000 iterations, 1250 iterations, 1500 iter‐
ations, 1750 iterations, and 2000 iterations. Changing the iterations was needed to deter‐
mine what the optimal iteration number was. In addition to the PLDA presented in
Moghaddam and Ester [6], a new PLDA model was also proposed by using different
types of dependencies to extract the phrases. There were more phrases in the new PLDA
with new dependencies and more stop-words in the phrases. Tables 5, 6, 7 and 8 show
the results of different variations of LDA, PLDA and new PLDA in different iterations.
For fair comparisons, three trials were performed for each iterations.

Table 5. Results of stemmed LDA in three trials

Iterations Trial 1 Trial 2 Trial 3
1000 0.49 0.49 0.59
1250 0.55 0.49 0.52
1500 0.58 0.60 0.59
1750 0.59 0.53 0.62
2000 0.60 0.55 0.56

Table 6. Results of un-stemmed LDA in three trials

Iterations Trial 1 Trial 2 Trial 3
1000 0.54 0.61 0.58
1250 0.58 0.67 0.56
1500 0.65 0.58 0.60
1750 0.57 0.58 0.61
2000 0.60 0.61 0.57

Table 7. Results of PLDA with original dependencies in three trials

Iterations Trial 1 Trial 2 Trial 3
1000 0.40 0.43 0.41
1250 0.50 0.45 0.40
1500 0.44 0.47 0.44
1750 0.46 0.51 0.44
2000 0.46 0.46 0.46
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Table 8. Results of PLDA with new dependencies in three trials

Iterations Trial 1 Trial 2 Trial 3
1000 0.37 0.37 0.36
1250 0.36 0.35 0.41
1500 0.38 0.41 0.46
1750 0.40 0.42 0.42
2000 0.49 0.46 0.47

For PLDA, having more stop-words, it was harder to determine what some of the
topics were. For example, it is hard to label topic 0 in Fig. 8 because the phrase “ok~is”
does not belong to one of the pre-defined 6 titles. This led to worse results as seen in
Table 8 (a table showing the results of PLDA with new dependencies) compared to
Table 7 (a table showing the results of PLDA with the original dependencies).

From Table 9, it can be deduced that the un-stemmed LDA model was the best model
when using this particular restaurant data-set; it has a percentage of 59.5%. The dataset
is too small for the PLDA models because for some reviews there were only few phrases.
The un-stemmed LDA model had the most unique words in this small data-set, therefore
it could calculate and assign the topics more accurately. The stemmed model had the
second most words in its text-file compared to the other models so it would logically
make sense that it had the second most accurate average percentage of 55.7%.

Table 9. Comparison of the four models

Iterations Stem Unstem PLDA newPLDA
1000 0.52 0.58 0.41 0.37
1250 0.52 0.60 0.45 0.37
1500 0.59 0.61 0.45 0.42
1750 0.58 0.59 0.47 0.41
2000 0.57 0.59 0.46 0.47
Average 0.56 0.59 0.45 0.41

5 Conclusion

In this paper, LDA and its variation – PLDA were explored for aspect identification
from restaurant reviews. PLDA is a new variation that uses a bag-of-phrases model with
a head-term and a modifier instead of just one variable that is used in LDA. From the
main reference, PLDA model was reported to have better accuracy, recall, precision,
perplexity and MSE than the LDA model. In addition, a new PLDA was also experi‐
mented where it contains more dependencies. The performance of the four variations
that were implemented were compared and the best variation for this data-set is the un-
stemmed LDA because of the small dataset. To our surprise, our experimental results
show that LDA performed better in identifying aspects in the restaurant dataset, instead
of PLDA. From the experimental results, it can be concluded that PLDA requires data
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in longer sentences to perform well while LDA is more robust as it works well with
short sentences.
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Abstract. Biometrics is an advanced way of person recognition as it establishes
more direct and explicit link with humans than passwords, since biometrics use
measurable physiological and behavioral features of a person. In this paper, a
gender recognition framework is proposed based on human odour. 20 samples of
human odour from male and female are collected and only 16 out of 198 Volatile
Organic Compounds (VOCs) are selected using the Chi-square test and entropy
for gender detection and classification using artificial neural networks. In this
paper, several different neural network activation functions were tested (e.g.,
Levenberg-Marquardt backpropagation, Gradient descent backpropagation and
Resilient backpropagation) and several different neural network topologies are
also tested with variety of hidden layers and number of neurons. It is also found
that with 2 hidden layers having more number of neurons in the hidden layers (16
and 16 neurons in which hidden layer) was able to produce greater performance
accuracy. The best learning algorithm that can be applied in gender detection
shown in paper is the Gradient Descent learning algorithm. Also, it is notable that
8 out of 9 cases where all male samples are able to be detected or classified
correctly compared to the 3 out of 9 cases in which all females are correctly
detected or classified.

Keywords: Levenberg-Marquardt backpropagation
Gradient descent backpropagation · Resilient backpropagation · VOC · Odour

1 Introduction

Gender is one of the demographic attributes of human being; apart from gender there
are various other demographic attributes like age, ethnicity, which can be identified by
computer vision and can be applied to many applications such as human computer
interaction, surveillance, biometrics and demographic studies [3, 7, 18]. In recent years,
identification of demographic attribute using computer vision is becoming a great chal‐
lenge. Gender recognition can be done using different approaches like using face
features, audio signal frequency [15, 18]. Gender classification problem is an active
research area which has attracted a great deal of attention recently [5]. Many techniques
for solving the problem of gender identification use facial features [4, 5]. Among many
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trustworthy biometric traits, such as face is a very popular one and it have this reputation
for accessibility. But unfortunately, the malicious environments, enabling attackers to
easily create photocopies and spoof face recognition systems. Spoofing is an attempt to
gain authentication through a biometric system by presenting a forgery evidence of a
valid user. This vulnerability of face has evoked significant attention in the biometric
community and numerous papers have been published in countermeasure studies [4].
Gender identification based on the voice of a speaker consists of detecting if a speech
signal is uttered by a male or a female. Automatically detecting the gender of a speaker
has several potential applications [3]. The highest gender identification rate that can be
achieved by using voice of a speaker is 83.3% [3].

Classification of soft biometric traits in terms of gender, ethnicity, dour and age still
far from being considered as a solved problem for the case of difficult exposure condi‐
tions [13, 19]. The advantage to a biometric is that it doesn’t change or lose. Many body
parts, personal characteristics and imaging methods have been used for biometric
systems such as fingers, hands, feet, eyes, ears teeth, veins voices, signatures, typing
styles and gaits. Each biometric has its own strength and limitations and accordingly
each biometric is used in Identification (authentication) applications [2]. In our research
GC/MS test (Gas Chromatograph Mass Spectrometry) applied on Male and Female
human on different days to ensure the stability of emitted VOCs (Volatile Organic
Compounds), we reach the most stable, accurate and rigidity list of VOCs from human
with specific Gas name, getting the result of our short list of 16 VOCs to be used for the
gender detection process.

The aim of this paper is to investigate the performance of the Artificial Neural
Network (ANN) under different settings in classifying human into male and female
classes based on the VOCs emitted by human. These settings include different activation
functions and different topologies that will be applied to the target of gender detection
in which 17 VOCs are collected and considered as input to neural networks. These VOCs
emitted from human are fed into the ANN in which three different activation functions
are tested (e.g., Levenberg-Marquardt, Gradient descent and resilient backpropagations)
and several different neural network topologies are also tested with variety of hidden
layers and number of neurons.

The rest of the paper follows, where Sect. 2 will highlight some related works on
genders classification. Section 3 will describe the processes involved in gender detection
for gender Classification. Section 4 discusses and analyses the results obtained. Finally,
the conclusion of the research is presented in Sect. 5 by suggesting future works that
can be conducted based on the results obtained in this work.

2 Related Works

Individuals are thought to have their own distinctive scents, analogous to a signature
or fingerprint, the axillary region is of particular interest to play an important role in
generating individual odor [20, 21]. Gender recognitions from human gait in image
sequence have been successfully investigated [6]. Gender recognition system have
achieved recognition performance of 93.4%, 94.6%, and 94.7% with 2 layers/20
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neurons, 3 layers/30 neurons and 4 layers/30 neurons respectively [6]. One of key
features of (initially anonymous) interacting user is her/his gender. Automatic gender
recognition can be considered as a method studied in the domain of biometry. Artifi‐
cial neural network classifier assures high accuracy of gender recognition [16]. Works
on the classification of gender into male or female classes have been accomplished
by using well-known neural network architecture named multi-layered perceptron
(MLP) with back-propagation training algorithm [17]. Back Propagation Artificial
Neural Network is used for classifying the gender, gives 100% accurate results in
identifying male and female [13]. Biometric face and fingerprint recognition using
neural network system for identity verification produces good accurate result with
high efficiency [2, 8, 11, 12]. Biometric hands and palm print recognition using feed
forward back propagation neural network with Levenberg-Marquardt training algo‐
rithm is used in Palm print Biometrics classification, and the obtained results show
that the best classification accuracy can be achieved with 99.998% for two hidden
layers [9, 10]. As a result, in this work, the Levenberg-Marquardt training algorithm
is used as one of the three neural networks training algorithms.

The use of artificial neural networks in biological informatics is very effective, neural
network consists of three layers input, hidden and output layers trained using momentum
back propagation learning method with gradient descent used for person identification
to classify subjects with a classification accuracy of 97% [22]. A multilayer neural
network structure with LevenbergMarquardt algorithm was used as training algorithm
for the weights update of the neural network for hepatitis diseases diagnosis, results
obtained a classification accuracy of 91.87% [23]. Classification of brain and heart
biometrics using artificial neural network classifier results accuracy of 92.4% to
95.1% [24].

3 Gender Detection Process from Human Odour

3.1 Sweat Collection and GC/MS (Gas Chromatograph Mass Spectrometry) Test

Individuals will be tested in successive days of the week, in which different genders and
variety of ages are also considered. Individuals will have a wash out phase for seven
days before starting the test program. In these seven days, the volunteers are only allowed
to wash their under arms with neutral soap. All days in the morning the Individuals come
in the lab and wash their under arms with neutral soap this is a standardized procedure.
After that they will put on a cotton t-shirt in which pads will be placed under the arm
pits. The pads will be worn by these individuals for 4 h and during this time they do
their normal day actions. In order to get better odor representation, individuals are asked
to run stairs up and down for 3 times approximately 3 min per time point. After 4 h the
individuals bring the pads to the lab.

A sweat sample is introduced into a Nalophan bag with 1.5 L nitrogen and heated to
90 °C for 30 min. Afterwards, the headspace is collected from the nalophan bag of each
sample into a thermodesorption tube (Tenax/Carbograph) until a total volume of
1000 ml. Additionally, one thermodesorption tube without sample and under the same
sampling conditions than real samples was put into nalophan bag used in sampling.
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These tubes were used as blanks, the objective is Identify all compounds in sweat
samples. Figure 1 shows one test result for one person for all VOCs emitted from human
sweat, 4 volunteers have been tested 5 successive days each, different genders are
considered in volunteers, results of peaks have some differences for same person on
different days, X axis in Fig. 1 represents the number of minutes required to the sample
inside the VOC detection device while Y axis represents the concentration of VOC
detected. Table 1 outlines a list of 16 VOCs emitted from human and will be applied as
an input to the artificial neural network for the gender detection target. These 16 VOCs
are selected and shortlisted by using the Chi-square test and also the entropy.

Fig. 1. Result of VOCs emitted from human sweat

Table 1. List of 16 VOCs emitted from individuals

No VOCs
1 1-Propanol, 2-methyl-
2 Acetaldehyde (*)
3 2-Propenal
4 Propanal, 2-methyl-
5 Methacrolein
6 Butanal, 3-methyl-
7 2-Butenal, (E)-
8 Phenol
9 Furan
10 Furan, 2-methyl-
11 Furan, 2-pentyl-
12 Acetone
13 2-Butanone
14 3-Penten-2-one
15 2-Pentanone
16 3-Hexen-2-one, 5-methyl-
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3.2 Artificial Neural Networks

Classification is one of the most important task in application areas of artificial neural
networks (ANN) [1]. There are number of batch training algorithms which can be used to
train a network, three types of training algorithms have been evaluated for classification
[1]. Gradient Descent backpropagation algorithm is a gradient descent local search proce‐
dure. It measures the output error, calculates the gradient of the error by adjusting the
weights in the descending gradient direction [1]. Resilient backpropagation training algo‐
rithm eliminates the effects of the magnitudes of the partial derivatives. In this sign of the
derivative is used to determine the direction of the weight update and the magnitude of the
derivative have no effect on the weight update. The size of the weight change is deter‐
mined by a separate update value. The update value for each weight and bias is increased
by a factor whenever the derivative of the performance function with respect to that weight
has the same sign for two successive iterations [1]. Levenberg–Marquardt backpropaga‐
tion algorithm locates the minimum of a multivariate function that can be expressed as the
sum of squares of non-linear real-valued functions. It is an iterative technique that works
in such a way that performance function will always be reduced in every iteration of the
algorithm [1]. The backpropagation neural network learns by calculating the errors of the
output layer to find the errors in the hidden layers. This qualitative ability makes it highly
suitable to be applied on problems in which no relationship is found between the output and
the inputs. The ANN techniques very appealing in application domains for solving highly
nonlinear phenomena [14]. Due to its high rate of plasticity and learning capabilities, it has
been successfully implemented in wide range of applications [25, 29]. The relationship
between the neural network output Y and the input X is given by [29]:

𝛾
t
= 𝜔

o
+
∑q

j=1
𝜔

j
⋅ f

(
𝜔0,j +

∑p

i=1
𝜔

i,j ⋅ x
t

)
(1)

where w
i,j(i = 0, 1, 2,… , p; j = 1, 2,… , q) and w

j
(j = 0, 1, 2,… , q) are the connection

weights, p is the number of input nodes, q is the number of hidden nodes, and f is a
nonlinear activation function that enables the system to learn nonlinear features. The most
widely used activation function for the output layer are the sigmoid and hyperbolic func‐
tions [29].

In this paper, since the aim of this paper is to investigate the effects of varying the
parameters settings used for gender detection, three settings are used as shown in
Fig. 2 through Fig. 4, in which the output neuron is either 0 to indicate a female or 1 to
indicate a male. These settings include the following topologies

• 16 inputs, 16 neurons hidden layer and 1 neuron output layer (Fig. 2)
• 16 inputs, 2 hidden layers (16 neurons and 10 neurons hidden layers) and 1 neuron

output layer (Fig. 3)
• 16 inputs, 2 hidden layers (16 neurons and 16 neurons hidden layers) and 1 neuron

output layer (Fig. 4)
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For each topology, there are also three learning schemes that will be used in the ANN
and these learning algorithms are Levenberg-Marquardt backpropagation, Gradient
descent backpropagation and Resilient backpropagation.

Fig. 2. 16 inputs, 16 neurons hidden layer and 1 neuron output layer.

Fig. 3. 16 inputs, 16 neurons hidden layer 1, 10 neurons hidden layer 2 and 1 neuron output layer

Fig. 4. 16 inputs, 16 neurons hidden layer 1, 16 neurons hidden layer 2 and 1 neuron output layer.

Levenberg-Marquardt Backpropagation
The Levenberg-Marquardt algorithm is a variation of Newton’s method that was
designed for minimizing functions that are sums of squares of other nonlinear functions.
This is very well suited to neural network training where the performance index is the
mean squared error [23, 27]. The Levenberg Marquardt (LM) algorithm is an approxi‐
mation to the Newton method used for training ANNs. This optimization technique is
more powerful than standard Backpropagation Neural Network (BPNN). LM algorithm
is very efficient and fast having also a quite good global convergence property [28]. LM
algorithm is shown as follows [28]:
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Gradient Descent Backpropagation
The gradient descent used to gradually, but consistently, decrease the output error by
adjusting the weights. The weights and biases are updated in the direction of the negative
gradient of the performance function, Backpropagation is used to calculate derivatives
of performance with respect to the weight and bias variables. For multi-layer networks,
the relationship between the errors and any weights in the network needs to be calculated.

Δ𝜔
k
= −𝛼

k
⋅ g

k (2)

where, Δ𝜔
k
 is a vector of weights changes, g

k
 is the current gradient, 𝛼

k
 is the learning

rate that determines the length of the weight update [29]. This involves propagating the
error at the output nodes backwards through the network, one layer at a time, at each
layer error is computed for each node. Gradient descent backpropagation computations
shown below [29]:

• Calculated the feed-forward signals from the input to the output
• Calculate output error e:
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1
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∑

k
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k
− O
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)2
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where: T
k
: The output vector of the network and O

k
: The desired output vector

• Backpropagate the error signals by weighting it by the weights in previous layers and
the gradients of the associated activation functions

• Calculating the gradients for the parameters based on the backpropagated error signal
and the feedforward signals from the inputs

• Update the parameters using the calculated gradients

Resilient Backpropagation
Resilient backpropagation is considered the best algorithm, measured in terms of
convergence speed, accuracy and robustness with respect to training parameters, resil‐
ient backpropagation algorithm offers faster convergence and is usually more capable
of escaping from local minima [26, 29]. Only the sign of the partial derivative is consid‐
ered to determine the direction of the weight update multiplied by the step size. Weights
update in resilient backpropagation is updated as follows [29]:

Δ𝜔
k
= −sign

(
ΔE

k

Δ𝜔
k

)
⋅ Δ

k (4)

4 Results and Analysis

For the setting that consists of 16 inputs, 16 neurons hidden layer and 1 neuron output
layer (Fig. 2), using the Resilient backpropagation as the learning algorithm, based on
the results shown in Fig. 5(a), it shows that there are 5 out of 6 male detected perfectly,
and 5 out of 6 female detected accurately with 83.3% performance accuracy. Next, the
Gradient Descent backpropagation is then applied and produced results as shown in
Fig. 5(b). The results showed that all male detected with values above 0.6, but 1 female
classified as male. Thus the accuracy performance is 91.7%. Finally, the Levenberg-
Marquardt backpropagation is applied to the topology described in Fig. 2. Based on the
produced results shown in Fig. 5(c), 6 Male and only 4 Female samples are detected
correctly. The accuracy performance obtained when using the Levenberg-Marquardt
backpropagation is 83.3%.
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Fig. 5. Results obtained when using 16 inputs, 16 neurons hidden layer and 1 neuron output layer
using different learning algorithms
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(a) Resilient backpropagation 
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Fig. 6. Results obtained when using 16 inputs, 16 neurons hidden layer 1, 10 neurons hidden
layer 2 and 1 neuron output using layer using different learning algorithms
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(c) Levenberg-Marquardt backpropagation
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Fig. 7. Results obtained when using 16 inputs, 16 neurons hidden layer 1, 16 neurons hidden
layer 2 and 1 neuron output using layer using different learning algorithms

334 A. Qusay and R. Alfred

ralfred@ums.edu.my



For the second setting that consists of 16 inputs, 2 hidden layers (16 neurons and 10
neurons hidden layers) and 1 neuron output layer (as shown Fig. 3), based on the results
shown in Fig. 6(a), the accuracy performance obtained is 83.3% when using the Resilient
backpropagation, in which 2 female samples are incorrectly classified. Next, based on
the results shown in Fig. 6(b), the accuracy performance obtained is 100% when using
the Gradient Descent backpropagation, in which all male and female samples are
correctly classified. On the other hand, based on the results shown in Fig. 6(c), the
accuracy performance obtained is 91.7% when using the Levenberg-Marquardt back‐
propagation, in which 1 female sample is incorrectly classified.

Finally, for the third setting that consists of 16 inputs, 2 hidden layers (16 neurons
and 16 neurons hidden layers) and 1 neuron output layer (as shown Fig. 4), based on the
results shown in Fig. 7(a) and (c), the accuracy performance obtained is 100% when
using the Resilient backpropagation and the Levenberg-Marquardt backpropagations.
On the other hand, based on the results shown in Fig. 7(b), the accuracy performance
obtained is 91.7% when using the Gradient Descent backpropagation, in which 1 female
sample is incorrectly classified.

Table 2 summarizes all the findings obtained for three different learning algorithms
for three different neural network topologies. Based on this summary, a neural network
with topology having 2 hidden layers produced higher accuracy performance. It is also
found that with 2 hidden layers having more number of neurons in the hidden layers (16
and 16 neurons in which hidden layer) was able to produce greater performance accu‐
racy. The best learning algorithm that can be applied in gender detection shown in paper
is the Gradient Descent learning algorithm. Also, it is notable that 8 out of 9 cases where
all male samples are able to be detected or classified correctly compared to the 3 out of
9 cases in which all females are correctly detected or classified.

Table 2. Summary of accuracy performances obtained for three different learning algorithms for
three different neural network topologies.

Learning algorithms Performance accuracy (%)
16 neurons hidden layer 2 hidden layers (16 & 10

neurons)
2 hidden layers (16 & 16
neurons)

M F All M F All M F All
Resilient 83.3 83.3 83.3 100.0 66.7 83.3 100.0 100.0 100.0
Gradient Descent 100.0 83.3 91.7 100.0 100.0 100.0 100.0 83.3 91.7
Levenberg-Marquardt 100.0 66.7 83.3 100.0 83.3 91.7 100.0 100.0 100.0

5 Conclusion

In this paper, an investigation has been conducted to assess the performance of the
artificial neural network (ANN) classifier in gender detection based on three different
learning algorithms using three different neural network topologies. The best classifi‐
cation results are obtained when the Gradient Descent backpropagation and the worse
classification results are obtained from Resilient backpropagation in some of the topol‐
ogies. Higher number of neurons and higher number of hidden layers have caused higher
performance accuracy. The results also described that the sweat collection based on the
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16 VOCs are more beneficial to detect a male sample rather than detecting a female
sample. More detailed experiments can be conducted by using several more settings.
The best approach will be applying a genetic algorithm in order to find the best setting
in gender detection or classification.
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Abstract. Tacit knowledge is perceived as the most strategically important
resource of competitiveness. The rise of web-based applications such as social
media also gives rise to the question on whether these applications can facilitate
tacit knowledge sharing in a collaborative work environment. Previous studies
have indicated that such notion is indeed possible, but there is still a lack of
understanding of how social media could facilitate tacit knowledge sharing as
well as the condition that is most effective in transferring this type of knowledge.
Hence, it is crucial to understand the individual and technical characteristics
involved in tacit knowledge sharing using social media. This research attempts
to bridge this gap as there is a need to develop a holistic tacit knowledge sharing
model. Towards this end, before the model is developed, the conceptual model
and its instruments are validated by three field experts. A pilot study is con-
ducted to determine the reliability and validity of the measurement indicators as
well as an analysis using SPSS. The findings of the pilot study are hence
presented in this paper. The results confirmed the validity of the proposed model
as well as the validity and reliability of the instrument. This pilot study inves-
tigated on whether the proposed research model is viable for further research, or
whether pertinent changes to the model or the methodology need to be done
before the model can be used on a larger sample. Recommendations for a
follow-up study concludes the paper.

Keywords: Tacit knowledge � Social media � Knowledge sharing

1 Introduction

The collaboration and sharing of information, particularly in the healthcare sector, has
been made available through the use of social media networks which have emerged as a
powerful tool towards this end. In the past six years, many researchers have studied
explicit knowledge sharing over social media and attempted to discover whether social
media can be utilized as a pioneering model for successful KM strategies and frame-
works. Conclusions made so far have generally been positive. Several researches
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concluded that organizational KM can be leveraged by social media which is naturally
compatible with the process of tacit knowledge sharing [1, 2]. It becomes even more
challenging when it comes to knowledge sharing in the healthcare sector as this sector
is highly tacit knowledge-based [3] and makes up as much as 80% of the total vital
knowledge [4]. The main challenges are to nurture the sharing of tacit knowledge and
the codification of tacit knowledge. Prior research that focused exclusively on the
contribution of social web to tacit knowledge sharing is minimal. The role of social
web in tacit knowledge sharing is currently undetermined and many dimensions of tacit
knowledge have not been examined [5].

This study thus complements previous researches and integrates two major aspects
from different theories to propose a new research model in the field. Although there has
been many discussions regarding the two mechanisms of band sharing which have been
disseminated across various research areas, there is yet any study conducted on a model
that explores both (socio-personal and technical) mechanisms. Therefore, this study is
set to answer this research question: what are the technical and socio personal factors
behind the intention of an individual to share tacit knowledge on social media? In this
research, a model is proposed and tested based on the self-determination theory [6],
social cognitive theory [7], and social capital theory [8] as well as the technology
acceptance model [9] These theories provided reasonable justifications as to why and
how people conduct knowledge sharing and interpersonal helping. This paper is
organized as such: Sect. 2 provides a brief review of literature on knowledge sharing
and social media as well as the research model proposed. Section 3 explains the
research methodology used in this paper. Section 4 presents the results of content
validity and results of the pilot study. Section 5 presents the findings of the study, and
finally Sect. 6 presents the conclusion and future implications of the study.

2 Related Works

Various disciplines and scholars have conceptualized tacit knowledge differently,
causing spirited debates with regards to these differing viewpoints. The transmission of
TK (Tacit Knowledge) is crucial for organizations to ensure that TK is passed
throughout the organization, rather than being retained by a single employee. Explicit
knowledge can be transmitted orally or in written form, is usually impersonal and
formal, and is often presented in the form of documents, reports, “white papers”,
catalogues, presentations, patents, formulas, etc. [10]. On the other hand, tacit
knowledge (expressed in the form of abilities, developed skills, experience, undocu-
mented processes, “gut-feelings”, etc.) is extremely personal and difficult to be
expressed in written form. An individual’s experience and values make up the basis of
tacit knowledge [11]. Hence, the nature of tacit knowledge limits its ability to be
transmitted [12, 13]. With the growing development of technology, particularly in
information and communication technologies (ICT), several studies such as those by
Alajmi [14], Li [15], Ma and Yuen [16], Tamjidyamcholo et al. [17], Zhao [18],
Papadopoulos et al. [19], Razmerita et al. [20], as well as Tamjidyamcholo et al. [21]
had distinguished individual and human factors that influence knowledge sharing in
social media. These researchers only discussed issues relating to general knowledge
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sharing without any specific emphasis on the motivational factors influencing tacit
knowledge sharing. However, several technological factors have also been discovered
by several other researchers such as Matschke et al. [22], Nielsen and Razmerita [23],
Vuori and Okkonen [24], as well as Yuan et al. [25], which indicated the influence of
these variables on knowledge sharing in social media platform. This group of resear-
ches offers insight into the affordance of specific factors that affect knowledge sharing
in social media, but does not specifically seek to understand these affordances when
social media tools are used to share tacit knowledge. The researches either focus merely
on human or technical factors, whilst the effectiveness of those factors in disseminating
tacit knowledge through social media platform was neglected.

In interpreting the results of the previous studies, it can be summarized that almost
all the research models are similar in terms of how they explore knowledge sharing
behavior, and how the different components were investigated. Knowledge sharing is
facilitated by a variety of social and technical enablers that complement each other in
shaping knowledge management efforts. This complementary interaction needs to take
into consideration aspects such as sociability, usability, and the fit between social and
technical factors. The focus of socio-technical studies is usually on the continuous
interactions between IT and the people during the stages of designing, implementing
and utilizing the IT systems. A holistic approach is adopted which can highlight the
interplay of social and technical factors in the way people work. Hence, both factors
need to be considered by organizations because dynamic business processes require the
synergy of both factors; such synergy is important as it has been found to produce
better performance. In a similar vein, this paper proposes a research model. This model
does not delineate all the inherent enablers; instead, it highlights several key factors that
justify most of the variance in knowledge sharing. Therefore, this model is more likely
to aid in the investigation of the various enablers to decipher tacit knowledge sharing
activities. This model theorizes that knowledge enablers influence the intention and
behavior in tacit knowledge sharing. The basis of this analysis is established on the
individual level as the understanding of knowledge sharing between individuals can
result in a better understanding of knowledge sharing in an organizational level.

In general, all models examine the relationship between factors and knowledge
sharing. Only a few studies had identified the type of knowledge in the process of
knowledge sharing and the influential factors that may have an effect in an online
environment. Therefore, many dimensions of tacit knowledge sharing as an effective
factor in social web environments have yet been examined. This study focuses on
developing a holistic model of knowledge sharing for the healthcare sector based on an
integrated approach. This approach combines factors that influence knowledge sharing
which includes the individual, organization and technology. Towards this end, the
literature review in this study indicated two major requirements that are pertinent in
tacit knowledge sharing namely technical factors and socio personal factors.
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3 Methodology

The research methodology undertaken in this study is pilot study. The first phase
involves the identification of the Major variables (independent, dependent, mediator
and moderator variables). Subsequently, the questionnaire was conceptualized where
the constructs were developed based on previous researches to ensure that the scales
selected are reliable and valid. A five-point Likert scale was used for each item in the
questionnaire where 1 represents “strongly disagree” and 5 represents “strongly agree”.

The Second phase involves the validation of the proposed model and instrument by
three experts in information systems and knowledge management. The assessment for
content validity ensures that: (1) the items and the construct’s theoretical domain are
consistent; (2) the items represent the constructs that they are supposed to measure, and
(3) the items are neither difficult, ambiguous, nor double-barreled statements. The
experts were asked to review the model to rate the level of relevancy of the constructs
to the hypothesis model. The rating for the construct validity ranges from 1 = not very
relevant, 2 = somewhat relevant, 3 = quite relevant, 4 = very relevant, and 5 = finally
asked experts to give any comments. Kappa analysis was performed to analyze the
experts’ validation. Content Validity Index (CVI) was employed to statistically analyze
the content validity of the developed instrument, which involved three experts.

The Third phase involves reliability test. The consistency between research variables
is measured using Cronbach’s coefficient alpha. The random error in measurement is
referred to as reliability, which indicates the accuracy of the measuring instrument as an
addition to the validity of the instrument. A pilot test was performed on the instrument to
ensure readability and understandability. This test was also conducted to determine the
performance of data collection protocols under realistic settings [26]. Zikmund [27]
noted that a satisfactory Cronbach’s alpha value should be at least 0.70 to be able to
determine the correlation between the items that are being measured. The Corrected
Item-Total Correlation was also examined whereby items with Corrected Item-Total
Correlation of less than 0.3 are removed from the scale. The pilot was analyzed using
SPSS version 22. To ensure that the questionnaire does not contain any potential errors,
a reliability test was then conducted on a sample size of 25 respondents. Table 1 shows
the Cronbach’s Alpha for the variables consisting of Sharing Tacit Knowledge (STK),
Frequency of Social Media Usage (FSMU), Work Experience (WE), Commitment
(COM), Trust (Trust), Knowledge-Sharing Self-Efficacy (KSSE), Motivation (MOT),
Performance Expectation (Per), Perceived Enjoyment (PE), Perceived Usefulness (PU),
Perceived Ease of Use (PEU), and Attitude Toward Social Media Usage (AT).

4 Results

4.1 Expert Review Results

The results of kappa analysis indicated that among all the instrument items, two items
with a CVI score lower than 0.70 were eliminated and two items with a CVI of 0.67
were modified (modifications of items were performed based on the recommendation
of the expert).

Application of Social Media Among Medical Practitioner 341

ralfred@ums.edu.my



Table 1. Analysis of the reliability for the pilot study

Measure Item Num A B C D E Summary

Sharing tacit
knowledge

STK 1 25 6.0000 1.000 .604 .673 .760 Acceptable
STK 2 25 6.2800 1.460 .586 .721 Acceptable
STK 3 25 6.3600 .990 .642 .620 Acceptable

Frequency social
media usage

FSMU 1 25 6.8000 2.583 .758 .581 .794 Acceptable
FSMU 2 25 6.6800 3.227 .605 .754 Acceptable
FSMU 3 25 7.0800 3.077 .561 .802 Acceptable

Work experience WE 1 25 5.760 2.107 .694 .560 .741 Acceptable
WE 2 25 5.720 2.043 .596 .630 Acceptable
WE 3 25 6.200 1.583 .493 .817 Acceptable

Commitment Com 1 25 8.760 5.023 .668 .863 .869 Acceptable
Com 2 25 8.920 5.160 .709 .839 Acceptable
Com 3 25 9.000 5.667 .807 .808 Acceptable
Com 4 25 9.080 5.660 .751 .824 Acceptable

Trust Trust 1 25 11.920 5.827 -.083 .748 .748 Non-acceptable
Trust 2 25 12.040 3.207 .526 .467 Consider to

modify
Trust 3 25 11.520 4.593 .373 .566 Acceptable
Trust 4 25 11.840 3.473 .605 .425 Acceptable
Trust 5 25 11.560 4.090 .532 .490 Acceptable

Knowledge sharing
self- efficacy

KSSE 1 25 20.520 29.593 .623 .924 .925 Acceptable
KSSE 2 25 20.720 29.460 .665 .922 Acceptable
KSSE 3 25 21.120 26.527 .727 .917 Acceptable
KSSE 4 25 20.720 25.543 .890 .903 Acceptable
KSSE 5 25 20.880 25.527 .884 .903 Acceptable
KSSE 6 25 21.120 26.193 .805 .910 Acceptable
KSSE 7 25 21.160 26.557 .755 .915 Acceptable
KSSE 8 25 20.640 28.657 .627 .924 Acceptable

Motivation MOT 1 25 16.680 5.727 .401 .707 .726 Acceptable
MOT 2 25 16.880 4.943 .662 .621 Acceptable
MOT 3 25 16.520 4.927 .553 .659 Acceptable
MOT 4 25 16.400 5.917 .451 .692 Acceptable
MOT 5 25 16.560 6.507 .225 .752 Acceptable
MOT 6 25 16.360 6.157 .537 .679 Acceptable

Performance
expectation

PER 1 25 10.120 4.193 .708 .692 .795 Acceptable
PER 2 25 9.920 4.243 .742 .678 Acceptable
PER 3 25 10.000 4.000 .765 .660 Acceptable
PER 4 25 10.400 5.417 .280 .898 Acceptable

Perceived enjoyment PE 1 25 10.320 5.810 .872 .930 .946 Acceptable
PE 2 25 10.320 5.310 .893 .924 Acceptable
PE 3 25 10.280 5.543 .874 .929 Acceptable
PE 4 25 10.000 5.833 .852 .936 Acceptable

(continued)
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4.2 Reliability Test Result

The internal consistency of the proposed constructs was assessed using Cronbach’s
alpha. Consequently, only four measurement items were used for this construct after
measurement item Trust 4 was omitted. Measurement item Trust 1 was considered for
modification. The loading ranges and value for each construct are summarized in
Table 2, where the ranges are between 726 and .946. The reliability of each question
item was measured using item-total correlation. Any value that is less than 0.3 indicates
that, as a whole, the item is measuring something different from the scale. The item
total correlations were found to be within the acceptable threshold values. Table 1
shows the analysis of the reliability for pilot study.

Based on the result of the pilot study, each of the Cronbach’s alpha is higher than
0.7, which shows that the internal consistency of each scale is considered acceptable as
shown in Table 1 with only a few minor corrections. Table 2 Summarized the Cron-
bach’s alpha measure for all constructs.

5 Discussions and Implications

This study examines an integrated model of tacit knowledge sharing in social media
based on ideas drawn from knowledge management and information system theories.
The proposed model was validated by three experts in the field after which an
instrument that is valid and reliable was tested for all the adapted variables. Based on
statistical findings, the validity and reliability tests had produced results with sufficient
confidence. There were no significant issues encountered in this study concerning

Table 1. (continued)

Measure Item Num A B C D E Summary

Perceived usefulness PU 1 25 14.600 6.667 .581 .801 .819 Acceptable
PU 2 25 14.800 5.333 .779 .734 Acceptable
PU 3 25 14.840 5.390 .817 .726 Acceptable
PU 4 25 14.880 4.777 .787 .725 Acceptable
PU 5 25 15.440 6.507 .265 .899 Acceptable

Perceived ease of use PEU 1 25 9.360 4.157 .773 .705 .816 Acceptable
PEU 2 25 9.320 4.310 .711 .734 Acceptable
PEU 3 25 9.800 4.833 .670 .762 Acceptable
PEU 4 25 9.920 4.410 .465 .871 Acceptable

Attitude toward social
media usage

AT 1 25 28.920 34.493 .795 .876 .903 Acceptable
AT 2 25 29.720 32.877 .623 .918 Acceptable
AT 3 25 29.200 32.917 .826 .867 Acceptable
AT 4 25 28.480 33.260 .769 .879 Acceptable
AT 5 25 28.800 32.667 .822 .868 Acceptable

Note: A: Scale mean if item deleted, B: Scale variance if item deleted, C: Correlated item-Total
correlation, D: Cronbach’s alpha if item deleted, E: Cronbach’s alpha
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content validity as the survey instruments were primarily adopted from extensive lit-
erature and validated by experts and the pilot study. All the Cronbach alpha coefficients
were well above the recommended 0.70 cutoff, which shows that the internal consis-
tency of each scale is considered acceptable. Two broad factors, namely Socio Personal
and Technical, were examined to assess their impact on tacit knowledge sharing.
Effective tacit knowledge sharing has been persistently problematic, but the results of
this study have interestingly suggested that social media is able to promote effective
tacit knowledge sharing. Although the current work is too preliminary for actionable
conclusions, the proposed model provides a deeper understanding of the influencing
factors to this phenomenon, as well as highlighting the social media support given to
the user via interaction in the healthcare domain. These results shed light on at least two
theoretical issues worth pursuing. Firstly, the effectiveness of the combination of
information technologies and personal factors may be higher than the use of each type
individually. Secondly, the findings are potentially useful for organizations and health
departments that are responsible for providing relevant and accessible information (via
social media platforms).

6 Conclusion and Future Work

The findings of this pilot study are exploratory in nature; thus, they are not intended to
be used as a generalization for a larger population. Further research employing a larger
and more diverse sample would be needed to firmly establish the categories and to
construct a theoretical model. This research has the potential to inform organizations of
their social media platforms so that they can provide relevant and accessible and health
departments in the development. This study examines the appropriation of social media
platforms in assessing the sharing of tacit knowledge and in examining how tech-
nologies contribute to this process as enablers. This ongoing research aims to put in
place a holistic model that encloses the appropriation of socio-technical constructs that
may influence tacit knowledge sharing among medical practitioners. In validating the

Table 2. Summary of Cronbach’s alpha for measurement in the pilot study.

Construct Cronbach alpha Summary

Sharing tacit knowledge .760 Acceptable
Frequency social media usage .794 Acceptable
Work experience .741 Acceptable
Commitment .869 Very good internal consistency
Trust .748 Good but it need modification
Knowledge sharing self-efficacy .925 Very good internal consistency
Motivation .726 Acceptable
Performance expectation .795 Acceptable
Perceived enjoyment .946 Very good internal consistency
Perceived usefulness .819 Very good internal consistency
Perceived ease of use .816 Very good internal consistency
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research model, future studies may further examine the various variables by using the
Structured Equation Modeling (SEM), which provides the model fit and enables the
simultaneous running of the study’s tested links.
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Abstract. Video surveillance is a well researched area of study with sub-
stantial work done in the aspects of object detection, tracking and behavior
analysis. With the abundance of video data captured over a long period of
time, we can understand patterns in human behavior and scene dynam-
ics through data-driven temporal analytics. In this work, we propose two
schemes to perform descriptive and predictive analytics on long-term video
surveillance data. We generate heatmap and footmap visualizations to
describe spatially pooled trajectory patterns with respect to time and
location. We also present two approaches for anomaly prediction at the
day-level granularity: a trajectory-based statistical approach, and a time-
series based approach. Experimentation with one year data from a single
camera demonstrates the ability to uncover interesting insights about the
scene and to predict anomalies reasonably well.

1 Introduction

In the domain of video surveillance, there has been a significant amount of
research done in the past few decades relating to a variety of sub-tasks such as
object detection and tracking [1], and behavior analysis [2]. The abundance of
video data in the “Big Data” era has resulted in far more data collected than
analysed or processed [3]. Across a long period of time, temporal analytics can
offer interesting data-driven insights into a variety of contemporary problems
such as retail location analysis, and understanding of commuting behaviors and
crowd patterns.

The Long-term Observation of Scenes with Tracks (LOST) dataset [4] is
the only known dataset established for the purpose of studying scene behavior
and changes at a longer time scale. Its data consists of videos captured from a
number of outdoor streaming cameras located in different parts of the world,
over a period of 1–3 years. Each video contains the same half an hour period
captured each day. The dataset comes with rich metadata (i.e. blob, trajectory)
that can be readily used for further analysis of long term trends in the scene.

The analysis of long term trends has been much studied in a wide variety
of fields such as climatology [5] and epidemiology [6]. Within the engineering
and computing domains, long term trend analysis has also been investigated in
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Fig. 1. Proposed temporal analytics framework for long-term video surveillance

the area of time series forecasting [7] and social media analytics [8]. While video
surveillance research has progressed tremendously in many aspects, most of the
data considered are short term in nature. Moreover, data analytics applied to
long-term surveillance data could potentially derive a deeper understanding into
changes that occur at a longer time scale (months to years). A few recent works
have begun exploring the usefulness of long-term video data for anomaly mining
and prediction [9–11].

In this paper, we describe the notion of temporal analytics and how it is
carried out to extract valuable insights from long-term video surveillance data.
The main contribution of this work is to propose feasible techniques for descrip-
tive and predictive analytics on video surveillance data that spans a long period
of time. Firstly, we performed a descriptive extraction of trajectory patterns from
a monitored scene to generate heatmap and footmap, which can capture time-
and location-based trends pooled from the accumulated trajectories. Secondly,
we proposed two approaches for predicting anomalies at the day-level granular-
ity : a trajectory-based statistical approach that calculates statistical difference
with distance between trajectories and a time series-based classification app-
roach that computes statistical difference in terms of number of trajectories
per day. The statistical approach is motivated by the work in [12] which used
trajectory-based information to predict abnormal trajectories, while time-series
based approach allows daily trajectory information to be represented temporally.
We report the insights obtained from these proposed schemes by experimenting
with one-year data from a single camera of the LOST dataset.
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2 Related Work

Long-term video surveillance research is still in a nascent stage. Recently, there
has been an increase of interest in investigating how common behavioral patterns
can be mined and how anomalies can be predicted across longer time spans.

In the original work that proposed the LOST dataset, Abrams et al. [4]
demonstrated a few example cases of how trajectories of moving objects (or
“tracks”) can be clustered and aggregated into statistics that effectively captures
the long-term trends in track variation over the scene. They also showed how
these statistics also correlated to external signals such as day of the week and
weather condition.

Following that, a work by See and Tan [10] proposed a time-scale based
framework for mining anomalous track patterns on selected cameras from the
LOST dataset. Their method first clusters unlabeled tracks using two tempo-
ral levels to find common modes of behavior, represented by track exemplars.
Then, a probabilistic anomaly prediction algorithm was devised to evaluate the
abnormality of new tracks. Due to the lack of ground truth labels, prediction of
abnormal tracks was performed using synthetically generated anomalous tracks.
A subsequent work [12] performed object classification on objects extracted from
LOST videos for more than 23,000 frames under a variety of weather conditions.

Zen et al. [9] proposed a pixel-wise approach to determine the density of
traffic captured for a whole month in New York City. The segmented foreground
regions of moving objects were extracted to compute traffic density. Typical
patterns and anomalous events were discovered by an anomaly score, which
defines the distance between the traffic densities taken at a specific day of the
week and time of the day. The vulnerability of this method is that the presence
of noise as foreground pixels can produce inaccurate traffic patterns.

3 Data Preparation

In this work, we use the object trajectory data from camera number ‘001’ (Ressel
Square, Chrudim, Czech Republic) of the LOST dataset [4], spanning 228 days
between 01-01-2012 to 31-12-2012. In this period of 1 year, a portion of videos
had a lower frame rate than most of the other videos while some had erroneous
trajectory data. These videos were omitted as they were found to be unsuitable
for our analysis. The trajectory data contains essential information of the moving
objects in the scene, i.e. track ID and object centroid coordinates and dimensions.

One pressing issue is the lack of annotations in the original dataset [4], which
is essential for validating the predictive analytics task. Hence, we sought the
help of three annotators to manually annotate the selected videos with a binary
anomaly label (i.e.‘1’ corresponds to an anomalous day while ‘0’ corresponds
to a normal day). The annotators are asked to provide labels independently
(no knowledge of labels given by the others), and the final annotated label is
decided on the basis of consensus where two or more annotators agree to the
same annotation. The criteria for a day to be considered as an anomaly are:
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Fig. 2. (a) Heatmap constructed from a period of one year (January–December
2012) for camera 001, (b) All tracks accumulated over a span of three similar days,
(c) Representative tracks of clusters, each shown with a distinct color.

(1) The occurrence of ad-hoc events at the plaza, (2) The occurrence of vehicles
driving through the plaza which is only meant for pedestrians only.

4 Framework and Methods

In this section, we present our proposed temporal analytics framework, and the
methods associated to the two schemes – descriptive and predictive analytics.
Figure 1 shows a graphical illustration of the proposed framework, outlining how
trajectory data can be visualized and used for the purpose of day-granularity
anomaly prediction. The purpose of selecting day-level granularity is to experi-
ment with a coarser granularity that spans a longer period of time.

4.1 Trajectory Data

The initial data contains trajectories (or tracks, in short), which are each repre-
sented by a set of points in 2D space. Each track T is denoted as

ti = {xi, yi} ∀i ∈ 1...|T | (1)

where x and y are the track coordinates at frame i.

4.2 Descriptive Analytics

The aim of performing descriptive analytics [13] on long-term surveillance data
is to derive useful knowledge from historical data that can potentially be used for
further analysis. In our work, descriptive analytics can be performed to extract
higher level information such as the busiest period in the year or busiest day
in a usual week, or paths that most objects will pass through. The outcome of
this module is two-fold – we utilize heatmaps to discover the paths that are
most commonly taken by moving objects. Besides, we also introduce a new
visualization called footmap that is able to summarize the intensity of activity
in the monitored scene based on time and location.
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Fig. 3. Horizontal Footmap (HF)

Heatmaps [14] are constructed by accumulating the track coordinates t(x, y)
“traveled” by the moving objects,

H =
|K|∑

k

|Tk|∑

i

δti ∀t = ti (2)

for K number of tracks per day, over a period of N days.
Since the traveled locations are largely centered on a small number of promi-

nent paths, we used a logarithmic scaled heatmap to provide a better balance
in the color intensity distribution in the scene. Figure 2a shows the generated
heatmap of moving objects represented by an array of different colors. Blueish
regions represent lesser activities while the reddish regions represent higher level
of activities. In this 1-year heatmap of camera ‘001’ taken from the LOST
dataset, we observe that the two main thoroughfares are distinctly marked in
red, while two pedestrian pathways at the plaza are in noticeable green streaks.

To extract information on the intensity of activity based on time and loca-
tion, we create a new type of visualization called a footmap for the monitored
scene. Footmap can be used to capture time- and location-based trends pooled
from patches of accumulated trajectories. Footmap is constructed by first accu-
mulating all trajectory points t within each 80×80 non-overlapping square patch,
also called a pool, by sum operation. To ensure all patches in a scene are of same
size, we select the patch size based on two criteria: (1) it must be a common
divisor of both the width and height of the scene; (2) it is of a reasonable size
to allow the difference in the intensity of activity to be clearly depicted without
being too homogeneous (patches too small) or too coarse (patches too large).

We name the footmap as a Horizontal Footmap (HF) (in Fig. 3). The HF
is generated by spatially pooling all pixels in each patch before rearranging the
output values vertically, taking from the original scene in left-to-right row-wise
fashion. This causes the patches from the top parts of the scene to be located
near the top of the footmap. This is repeated for all days in the period of analysis;
we use a period of 1 year from January to December 2012.

The intuition behind the use of footmap is the visualization of activities
from the perspective of both duration and location. Using a typical jet colormap
(red for high intensity, blue for low intensity), we observe that the footmap
demonstrates the intensity of activities across different times of the year (i.e.
date axis), and also across different locations in scene (i.e. pool numbers).
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The spring/summer season, which is near the middle zone, is noticeably bus-
ier particularly around April to June. In terms of location, the road area is
visibly busy on most days of the year (middle rows of the HF) while there are
obviously no activities detected in the top portion of the scene that corresponds
to the buildings and sky (top half rows of the HF).

4.3 Predictive Analytics

We propose two strategies for predictive analytics on long-term surveillance data:
the first being trajectory based while the second is time-series based.

Trajectory Based Prediction. In this method, we first detect for anomalies at
a finer trajectory-level granularity. This is then used to make an inference at the
day-level granularity, whether a particular day is likely to be abnormal, relative
to what usually happens on that same day of the week (Mondays, Tuesdays, ...,
Sundays). Hence, this assumes that each day exhibits a consistent pattern of
activities throughout the year.

First step involves clustering the trajectories T to obtain common modes of
movements in the scene. We utilize a trajectory-specific clustering algorithm,
TraClus [15] to perform clustering on all tracks in the scene. The clustering is
done on a time-scale of (ω, ε) = (28, 7) as defined in [10]; a time-scale defines a
temporal window that spans a specific number of days (ω) at a specific stride
(ε) or periodicity. This can be interpreted as taking 3 previous similar days (e.g.
Mondays) as training days for cluster generation while the 4th similar day is used
as the test day for anomaly prediction. Figure 2b shows all tracks from the three
training days, which are then grouped by TraClus algorithm into four clusters,
each represented by its representative track (centroid of cluster) in Fig. 2c.

Motivated by previous works [10,16] that apply a statistical approach for
probabilistic anomaly prediction, we utilize a similar concept to that, extending
it further to day granularity anomalies. We formulate the distance metric,

D(P,Q) =
1

|P |
∑

tp∈P

min
tq∈Q

|tp − tq|2 (3)

as a random variable that measures the distance between new track and clusters.
Given the computed distance between a test track T ′ and the j-th cluster

containing the representative track, we approximate the likelihood probability,

P (T ′|Xj) = e−njD(T ′,Xj) (4)

The parameter ηj can be computed based on maximal likelihood evaluation,
which is the reciprocal of mean distances learnt from the distribution of K
training tracks:

ηj =
K

∑K
k=1 D(Tk,Xj)

(5)
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For ease of computation, we compute the thresholds Γ = {γ1, γ2, ..., γJ} for all
J clusters during the training process. Each threshold γj is calculated by taking
the minimum likelihood of all training tracks Tj,k belonging to the j-th cluster,

γj = min
k

P (Tj,k|Xj) (6)

where a test track T ′ is classified as an anomalous track if the likelihood of the
test track given cluster Xj ,

j∗ = arg max
j

P (T ′|Xj) (7)

is less than its respective threshold γ∗
j and the distance between the test track

and the nearest cluster D(T ′|Xj∗) > δ, an empirically defined distance threshold;
we use δ = 1000.

To predict a day-level anomaly on a test day A, we compute the ratio of
number of anomalous tracks over the total number of tracks on that day, ψ′

T =
Nano/Ntotal. If ψT is more than a empirically defined anomaly threshold λ, then
the test day will be predicted as anomalous.

A =

{
1 if ψT < λ

0 otherwise
(8)

Time Series Based Prediction. The second strategy performs anomaly pre-
diction using time series trajectory data. Data can be summarized for each day,
by counting the unique number of active trajectories (i.e. moving objects) within
a defined interval θ seconds. For instance, a 30-min video with interval θ = 15 s
would produce a time series of 120 values. We denote the time-series count
data as,

C(s) =
S∑

s=0

[O(s)] (9)

where S = D∗60/θ and O(s) represent the unique trajectories occurring at time
interval [θs, θ(s + 1)].

To measure the similarity between two time series, we opt for dynamic time
warping (DTW) which seeks to find the optimal non-linear alignment. To speed
things up, we use the Keogh lower bound (LB) variant of DTW (famously known
as ‘LB Keogh’) [17] which computes in linear time. With this quick method to
determine the similarity between two time series, we predict an anomaly at
the day-level using the classic k-Nearest Neighbor algorithm with LB Keogh as
distance measure. For every time series in the test set, a search is performed
through all points in the training set to match with the most similar time series
in the training set. We applied a 50:50 training-test split on a total of 212 days
that contain valid time series data; the first half data is used to predict the
second half data.
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Fig. 4. (a) The X-marks denote suitable places for marketplace stalls or advertisements
(b) Two patches that have the highest amount of activity throughout the year, i.e. the
27th and 28th pool of the HF (c.f. Fig. 3).

5 Experimental Results and Discussion

In this section, we discuss the outcome of the two schemes performed on long-
term video trajectory data.

5.1 Descriptive Analysis

In a year’s worth of data, we uncover certain patterns through our descriptive
analytics of heatmap and footmap.

The first analysis that we present is the outcome of heatmap. By overlaying
the heatmap on top of the scene as in Fig. 4a, we can see that a reasonable
amount of moving objects, possibly pedestrians and crowds, occurred at the plaza
area. Hence, future developments such as marketplace stalls or advertisement
billboards can be strategically placed at potential locations, adjacent to the
paths that are mostly used by pedestrians (shown with X marks in Fig. 4a).

The second analysis is done based on the footmap in Fig. 3. From the Hori-
zontal Footmap, we observe the difference in color intensities around April–June.
This is indicative of an increase in activities due to more movements, hence retail
activities can be suggested to increase during this busy period.

5.2 Anomaly Prediction

One of the main issues that we faced in measuring the performance of predict-
ing anomalies is the imbalanced number of typical (negative) and anomalous
(positive) days. As such, the standard accuracy metric is less suitable, and may
not reflect the actual performance. Hence, we obtain the full confusion matrix,
which allows us to determine the Precision, Recall and F1-score measures.

For trajectory-based prediction, we report the best F1-score of 0.46 based
on the threshold λ = 0.01. Meanwhile, the time series-based method appears
to perform much better at predicting anomalies, achieving the best F1-score of
0.67 with DTW window size of 2 (k = 1 therefore 1-NN). This demonstrates the
robustness of using the time-series data for predicting anomalies.
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Table 1. Confusion matrix for trajectory based prediction

Predicted \ Desired Anomalous Typical

Anomalous 50 110

Typical 7 46

Table 2. Confusion matrix for time series based prediction

Predicted \ Desired Anomalous Typical

Anomalous 13 23

Typical 10 60

Table 3. Performance results of various metrics for anomaly prediction

Metric Trajectory Time-series

Precision 0.31 0.67

Recall 0.88 0.69

F1-Score 0.46 0.67

Tables 1 and 2 are confusion matrices which display the number of predicted
anomalies for trajectory-based and time-series-based methods respectively. The
metrics used in Table 3 are described as follows: Precision is the number of correct
results divided by the total number of returned results, Recall is the number of
correct results divided by the number of results that should have been returned,
F1-score is the harmonic mean of precision and recall which often used for class-
imbalanced data.

5.3 Discussion

To the best of our knowledge, there are no prior works related to anomaly pre-
diction on a day-level granularity for this dataset due to the lack of ground truth
labels. Hence, it is not possible to compare directly in terms of standard per-
formance measures. Prior works [10,18] that focus on trajectory-level prediction
showed some promising results but no ground truth labels were available for
validation. Interestingly, using this coarser granularity, we show that the visual-
ization of traffic patterns can yield a distinction between high and normal traffic
flow from both the temporal (Fig. 3) and spatial (Fig. 2a) perspectives.

6 Conclusion

In this work, we present a framework for performing temporal analytics for long-
term video surveillance; it consists of a descriptive extraction of trajectory pat-
terns to generate useful visualizations, and two predictive schemes for identifying
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anomalies at the day-level granularity. This is a preliminary attempt at propos-
ing descriptive and predictive analytics on long-spanning temporal information
from surveillance videos. There is still plenty of room for improvements on the
techniques proposed, and how object trajectories can be better represented with
additional directional information. We hypothesize that temporal analytics on
long-term video data will have far-reaching benefits for various domains such as
urban planning, market strategy for businesses, and public security.
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Abstract. This paper aims to survey on the existing research works done on
facial recognition and acknowledge their differences. Understanding facial recog‐
nition processes such as facial normalization, facial detection, facial extraction
and facial recognition methods and algorithms are part of the essence of this paper.
This paper outlines the purposes of existing techniques as well as its challenges.
This paper also looks at the idea whether combining several techniques is feasible
in order to produce a better synergy result. Methods are evaluated based on their
classification rate percentages as well as the numbers of dimensionality reduc‐
tions. Based on the literature reviews conducted, the facial recognition algorithm
is made up of two steps. The first step is when an individual model is modeled in
the database based on the color appearance and geometrical information provided
by the available images whereby each model characterizes an individual like a
bar code or a unique serial number and discriminates it from the other people in
the database. The second step is to carry out the identification using a classifier,
related with the standard Gaussian distribution, to decide whether a face image
belongs to one person in the database or not. This paper has performed a compa‐
rative analysis of previously conducted experiments and based on the findings
obtained, a schema of the framework for face recognition is proposed.

Keywords: Facial normalization · Facial detection · Facial extraction
Facial recognition

1 Introduction

Studies on facial recognition had started for the past 30 years. It is to be known as
programmed software which capable of recognizing and verifying a facial image either
from a digital image or several digital images or from a video source. Despite of
receiving several challenges in its real world application, especially in the field of
commercial, banking, social and law enforcement realms these past few years, it has
been actively researched involved with several well known processes such as image
normalization process, pattern recognition process, neural networks and computer vision
processes. Studies are crucial in facial recognition areas to overcome its key problems
such as the illumination problem (lighting and background), face orientation and expres‐
sion and the pose problem.
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Biometric method is replacing the traditional authentication methods of an individual
that includes PINs numbers, plastic cards, keys smart cards, passwords, tokens which
can be exposed or hacked, stolen, misplaced, duplicated. Other biometric methods had
been implemented such as fingerprints biometric. However, it cannot be rendered or
used if the epidermis tissue is damaged due to bruises or crack due to injuries or skin
disease infections or worn out due to aging factors. As for iris and retina biometric, it
requires expensive equipment and it is an intrusive process whereby this recognition
process has to extract rays that penetrates one’s cornea to capture the pattern of one’s
retina. This process will reduce the layer of one’s cornea thickness and is believed to
harm user’s cornea and retina in a long run. If a person’s eyes are disorders (56 types)
or infected with eye diseases (12 common ones) that commonly are contagious, iris and
retina biometric may cause an epidemic if it is used by publics. Roizenblatt has
conducted several researches and looked into the outcome of cataract surgery and
discovered that the surgical intrusion for cataract may result ones eye difficult to be
identifiable by the iris recognition system [1]. Thus, unlike other biometric, face recog‐
nition that performs contactless process is a non- health risk biometric recognition.
Facial recognition has numerous application areas that cover various important aspects
in various sectors of industries that include surveillance security, individual’s identity
verification, criminal investigation system, smart card biometrics application, informa‐
tion security and access control.

In this paper, the evaluation of facial extraction and facial recognition for both
subspace method and dimensionality reduction are discussed. The concept and algo‐
rithms of linear and nonlinear subspace methods for global against local structure are
also discussed below. Nonlinear methods lose their advantages especially when there is
an inconsistency subspace in the data sets. We will use results obtained from several
previously conducted experiments using different types of data sets to be used to clarify
our examinations. Some representation tasks outcome seem to favor nonlinear methods
however between linear and nonlinear their performances frequently vary from their
preprocessing methods, training analysis schemes and classifiers selections. For that
reason, our goal is to evaluate on the properties of which combination of algorithm are
to be used in order to best produce advanced techniques in realistic face recognition
systems. This paper presents an investigation and a comparison among several experi‐
ments that their results were statistical tested. At the end, a nonlinear analysis and
subsequent discussions on the complexity of real-world face data are presented to further
explaining the findings.

The remaining Sections of this paper are structured as follows. Section 3 briefly
reviews a range of nonlinear and linear’s subspace learning and dimensionality reduction
methods. Several experiments related to the application on results of face recognition
on various benchmark data sets and two-dimensional representation of real world data
sets are reported in Sect. 4. In Sect. 5 we will look at the selected algorithms and methods
that we believe may help in improving the result of facial recognition where we will
focus on the methodology and implementation of this suggested methods. Finally, the
conclusion of the research is presented in Sect. 6 by suggesting future works that can be
conducted based on the results obtained in this work.
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2 Related Works

The work of Darwin [2] and Galton [3] are to be known as the earliest studies on face
recognition. Darwin’ studies have reached until facial expressions analysis, where he
believes that featuring various different emotional states is essential in facial recognition.
Galton continued the facial recognition studies by contributing studies on facial profiles.
In the late 1960’s Galton had made his first endeavor in developing semi-automated
facial recognition systems. In early 1970’s, Galton had improved facial recognition
studies by incorporating geometrical information where landmarks and points were
placed on facial photo image to locate major facial features. Features such as mouth
corners, ears, eyes, noses identified as land marks and by using their relative distances
and angles. Galton used these series of computed numbers as reference points and they
are to be collected either as arrays registered to each facial image. Further to that, Gold‐
stein Harmon [4] has initiated a method or a system of 21 point that marked included
the lips thickness and the hair color. Since the measurements of these markers were
made by hand, automating them makes it very hard. Yang [5] came up with a more
consistent approach where no manual marking is done. Later Yuille et al. [6] improvised
Fishler’s approach on facial recognition by measuring the facial features with templates
of single facial features and mapped them onto a global template. It turns out that, they,
Fishler and Yuille, were known to be the first stages of facial recognition focused on
automatic detection of individual facial features. Despite of geometrical feature-based
methods being insensitive towards illumination, measurement techniques and geometric
feature-based recognition of a face alone are inadequate for face recognition accuracy.

Geometric feature-based recognition has slowly been left out due to several disad‐
vantages in the technique and mainly because of the increasing interest in holistic color
research which able to provide consistency in result. By aligning a set of different faces
with holistic color-based techniques, enable to gather relationship between pixels
concentration or intensities, where by locating the nearest neighbor classifier to organize
new facial image first aligned to the set of already aligned images. Eigenfaces technique,
a well known statistical learning technique which has indeed enhance the learning tech‐
niques of facial recognition. Unlike, geometrical direct comparison, Eigenface which
converts images into pixel size and comparing them by focus on the concentrated areas
of the various facial images. The dimension of the input intensities were first compact
(reduced) with the Principal Component Analysis (PCA), known as the first principal
to apply Eigenface technique. After PCA, the next found or evolved technique is known
as Fisherfaces. [5], also known as Fisher Linear Discriminant Analysis (FLDA) that
incorporates Eigenfaces techniques with better segregation of the individual faces
vectors. Fisherfaces will first reduce the dimension of the input intensity vectors with
PCA and then apply FLDA for better segregation of faces vectors in order to get an
optimal result.
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3 Methodology

Facial Recognition systems usually consist of four steps [7], as shown in Fig. 1 below;
(1) Face Detection (localization), (2) Face Preprocessing (face alignment/normalization,
light correction and etc.), (3) Feature Extraction and (4) Feature Matching. These steps
are described in the following sections.

Face
Sub-images

Feature 
Matching

Enrolled Facial 
Images Database

Face ID

Feature Vector

Face 
Detection 

Face 
Processing

Feature 
Extraction 

Capture still of 
video images

Standardize 
Face Images

Fig. 1. Facial recognition systems

The main objective of face detection is to localize a facial image. It is an advantage
to track the face in between multiple frames from video or when able to track from
multiple images produced by 3 cameras, the more images able to reduce computational
time and conserve the facial structure and texture of a face between frames. Face detec‐
tion uses methods include: Active Appearance Models (AAM), Neural Networks, and
Shape templates.

The main objective of the face preprocessing is to normalize the raw/coarse face
detection so that able to extract the important essence for the process of feature extrac‐
tion. This is achieved by using face preprocessing encompass – scaling, rotation, trans‐
lation which are the process of alignment, light normalization and correlation. On the
other hand, the main goal of feature extraction is to remove the mean redundant value,
a set of similar selective geometrical or/and photometrical features of the face. Methods
that are popular for feature extraction include: Principal Component Analysis (PCA),
Fisher Linear Discriminant Analysis (FLDA) or Linear Discriminant Analysis (LDA)
and Locality Preserving Projections (LPP).

Feature matching is the actual recognition process but it cannot be achieved without
the previous preparation steps. The feature vector produced or extracted from the feature
extraction is to be matched to classes of facial images vector which are already registered
in a database. There are various matching algorithms which are applicable from Nearest
Neighbor to advanced schemes like Neural Networks. Table 1 below are the list of Facial
Extraction Algorithm Methods that were developed through time for Appearance based
and Model based.

This paper focuses on the face recognition on Appearance based and not on Model
based because apparently modelling processing had to deal with a very long processes
and requires more raw images of an individual or a video of a person in order to initiate
any modelling process mainly because modelling based requires a clear land marking
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of a facial but in a real life scenario most unsupervised images are not perfect enough
for 3D source or raw materials. Section 3 discusses in details all the appearance based
algorithms. Pose variation and illumination are the two main problems face by face
recognition researchers. Raw images are taken from source such as augmented reality
home entertainment systems, video security systems or video surveillance where input
data may came from uncontrolled environment. The uncontrolled environment
constraint involves several obstacles for face recognition. Pose variation and illumina‐
tion are the two main problems face by face recognition researchers. Raw images are
taken from source such as video surveillance or augmented reality home entertainment
systems where input data may came from uncontrolled environment. The uncontrolled
environment constraint involves several obstacles for face recognition.

4 Linear vs Non-linear Dimensional

4.1 Linear Algorithms

PCA (Principal Component Analysis) is an analysis of data using linear technique in a
global structure method (captures the variance of the input data in a linear format) that
was invented by Karl Pearson back in 1901. It is designed to model linear variation in
high-dimensional and reduced dimensional. Often used to reveal the concentrated struc‐
ture from a group of data which in a way best depicts the main distribution and directions

Table 1. Facial extraction algorithm methods

Method Preserving Technique Analysis
Appearance based Global structure Linear PCA (Principal Component

Analysis)
ICA (Independent Component
Analysis)
LDA (Linear Discriminant Analysis)
or FLDA (Fisher Linear Discriminant
Analysis) or FLD (Fisher Linear
Discriminant)

Non-linear KFDA (Kernel Fisher Discriminant
Analysis)
KPCA (Kernel Principal Component
Analysis)

Local structure Linear LPP (Locality Preserving
Projections)

Non-linear ISOMAP (Isomap)
Laplacian Eigenmap
Elastic Bunch Graph

Model based 2D Active Appearance Model
3D Morphable Model

3D
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of a group of data. PCA linear dimensional reduction reduces the data dimensionality
by converting them to eigenvectors and select related data along the direction of data
distributed variability. The output vector in the transformed embedding subspace will
no longer connected nor represent a specific link from the original high-dimensional
space however, it rather encapsulate data similarities in low-dimensional space in a
unsupervised manner. It seems that PCA is not sensitive towards embedded data or their
classification, therefore ICA, LDA are created [8].

Independent Component Analysis (ICA) [5] was designed to solve blind source
separation, non-gaussian distribution and directional issues. Unlike PCA, ICA does not
perform feature extraction, but using the feature space obtained by PCA. When given a
face image as a source, PCA will extract the mean image, perform an eigenface process
and will produce a brighter version of the face image. On the other hand, ICA will find
particular feature in face such as nose, eyebrows, mouth, hair or other parts of the face.
This way ICA is able to compute quicker, independently unsupervised learning and able
to get rid of other distractions. ICA algorithms are known to have difficulties when the
sources are nearly Gaussian. Two-component ICA problems with identical source
distributions are studied in order to address these issues. These distributions were chosen
at random among a set of mixtures of Gaussians which are at various distances from
Gaussianity. This set includes both supergaussian (positive kurtosis) and subgaussian
distributions (negative kurtosis) [8]. Thus, ICA method alone is not appropriate in facial
recognition.

LDA Linear discriminant analysis is a pattern recognition statistic analysis that uses
PCA’s eigenvector, linear technique and preserving global structure of features which
later separates two or more group of classes (discrimination or segregation among
vectors). Unlike PCA (unsupervised), LDA is a supervised method, which implies that
all training-data samples must be associated (manually) with a class. In this way LDA
increases the between-class variance as well as reduces the within-class variance. LDA
will first search for the midpoint axes where this point is the point that separates different
classes the most further among classes but requiring data points of the same class to be
nearer to each other. If PCA encodes data to an orthogonal linear space, we find LDA
to encode segregating information in a linearly separable form which is not necessarily
according to orthogonal format. LDA and PCA both try to reduce dimension however,
LDA creates two axes that maximize the separations or gaps between classes of the data.
Like PCA, LDA also creates a face vector space, normalizes the face vector, calculates
covariance matrix, conduct eigenfaces from co-variance matrix. In algorithms based
evaluation wise, LDA method is superior to those method on PCA, nevertheless,
according to recent works using several types of dataset, it shown that, when data set
that processed to training data set is small, PCA can outperform LDA. Unlike LDA,
PCA is less sensitive towards different set of training data sets.

Locality Preserving Projections (LPP) is another linear technique, but an orthogonal
linear, that uses locality structure for face recognition data vector [9] by combining
embedded data as a way to preserve local information. It uses face subspace to best
detect the important part of face manifold structure. LPP is a new linear projection occurs
when there is a high dimensional data lies embedded in the ambient space on a low
dimensional manifold. LPP is the result when finding Eigen functions in optimal linear
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approximations of the Laplace Beltrami operator on the manifold. Thus, with this,
despite of being a linear, LPP also being used by many of the data representation prop‐
erties of nonlinear analysis methods, for example Laplacian Eigenmaps or Locally
Linear Embedding (LLE).

4.2 Non-linear Algorithms

These nonlinear methods such as Isomap [9], LLE [9], and Laplacian Eigenmap [9]
produce impressive results on some benchmark artificial data sets but never the less,
they lose in performance on novel test data points maps that they are only defined on
the training data points but very unclear to evaluate their maps on novel/original test
data points. As a result, these nonlinear manifold learning techniques [9], may or might
not be appropriate or suitable for the application of some computer vision tasks, which
in this case, face recognition.

Kernal PCA [10] is a nonlinear analysis of data, which is an extension of PCA, where
by a data set is projected by using a hypothetic non-linear function in a high dimensional
feature space. PCA cannot reduce the dimensionality from two to one because the data
points may not be located along a straight line, so when these data are located around a
one-dimensional non-linear curve, PCA cannot be applied, but only by Kernel PCA that
this non-linear manifold can be discover along the data which are in fact nearly one-
dimensional. By mapping these data in a higher dimensional space, we finally discover
that they are lying on a lower dimensional subspace. So in KPCA dimensionality is
increased in order to be able to decrease it.

Kernel Fisher Discriminant Analysis (KFDA) projects data into a high-dimensional
feature space, where a Linear Discriminant Analysis (LDA) or also known as Fisher
Discriminant Analysis (FDA) concept is performed on the data [10]. There are some
similarity approach towards LPP despite the data structure is locally preserved in the
subspace, LPP allows nonlinear classifications like KFDA. KFDA is an alternative
KPCA algorithm that employs a kernel function which intrinsically maps the original
data distributions to a space. KFDA [11] moves is classified nonlinear in the original
space but linear in the kernel one which redefines the within and between-class scatter
matrices in the kernel space to obtain feature extraction algorithms.

The Isometric Mapping (Isomap) algorithm [12] modifies classical Multidimen‐
sional Scaling (MDS) by the use of a neighborhood mapping to manage nonlinearities
data. Compared to Isomap, the locally linear embedding (LLE) [11] exploits another
idea to preserve the structure in the original feature space: the neighbourhood preser‐
vation. Based on the same assumption that in a small scale of neighbourhood the local
distance metric is Euclidean in dimensional reduction, LLE preserves the local rela‐
tionship, also called the local geometry, of each sample with its neighbors while ignores
the global geometry in large scale.

Laplacian Eigenmap is another nonlinear just like Isomap and LLE, in 2002, Belkin
et al. [11] had proposed for another way of thinking in manifold learning, which he
called the Laplacian eigenmap. In their claim, to have an optimal embedding should
keep neighbor points in the d-dimensional space and still close in the p-dimensional
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space. This idea can be formulated as minimizing the summation of the Laplacian-
Beltrami operator over the entire manifold. The Laplacian-Beltrami operator computes
the divergence of mapping function from a point on the manifold. Laplacian eigenmap
is based on the same idea of LLE, preserving only the local geometry, while uses another
method to model the objective function. The experimental results in showed that Lapla‐
cian eigenmap could achieve nonlinear dimensionality reduction in both visualization
and data representation tasks.

5 Comparative Analysis of Previously Conducted Experiments

In this section, a comparative analysis is made for three experiments conducted previ‐
ously in order to gauge into the significance of all these experiments.

5.1 CASE 1: Multiple Individual Discriminative Models (MIDM)

Multiple Individual Discriminative Models has been introduced in which not only the
texture intensities are taken into account but also the geometrical information [13]. The
aim of each of the individual models, obtained by the projection of the training set into
the c one-dimensional spaces, is to characterize a given person. This means that every
person in the data set is represented by one model. In creating the individual models,
the geometry of the face (e.g., landmarks alignment) and the texture information (e.g.,
normalized texture) are captured. PCA is used to produce Eigenfaces by removing
redundancy from both sets of features before combining them. After combining them,
the PCA will be used again to extract the redundancy or mean from the combined
features. Finally, FLDA is used to build the individual model.

Experiments have been conducted in order to compare the outcome of using MIDM
method with respect to the Fisherface’s methods in terms of correct classification rates.
In order to evaluate the importance of the geometrical information, the Fisherface tech‐
nique was modified replacing the texture data with the shape data and also combining
the shape with the texture. These two modified techniques will be referred to as Fish‐
ershape and Fishercombined. The Euclidean Nearest-Neighbor algorithm was used as
classifier algorithm in the Fisher methods. Based on the results obtained shown in
Table 2, the proposed method classified the images as the person associated to the model
that yields the highest probability. From Table 2, it is observed that the proposed method
has a slightly better performance than the Fisher methods, in which using the texture
data one obtains a higher accuracy than when the shape is used. This implies that the
information contained in the texture is more significant than that included in the shape.
However, the highest correct classification rate in both techniques is attained when both
shape and texture are considered.
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Table 2. Average correct classification rates

Method Input features Correct identification rate
PCA + FLDA Shape 86.4% (95)
PCA + FLDA Texture 99.6% (3)
PCA + FLDA Texture and Shape 99.9% (1)
Fishershape FLDA Shape 85.9% (99)
Fisherface FLDA Texture 96.9% (22)
Fishercombined FLDA Texture and Shape 97.1% (20)

Note: Number of misclassified images reported in parentheses.

5.2 CASE 2: Linear and Nonlinear Dimensionality Reduction

There were several previously works conducted on evaluating both linear and nonlinear
projections on face recognition evaluation [14]. Six dimensional reduction methods were
evaluated that includes (1) PCA, (2) KPCA1 (polynomial), (3) KPCA2 (Radial Basis),
(4) LLE, (5) Isomap and (6) CCA, using four different classifiers that include (1) NN,
(2) soft k-NN, (3) LDA and (4) SVM on ORL database (composed of 400 images of 40
persons, where each person has 10 images) and Yale database (composed of 5760 single
light source images of 10 persons under 576 viewing conditions with 9 poses and 64
illumination conditions) Based on the experiments conducted results, overall, it showed
that the more training samples available, the higher the classification rate is. From the
above experiments, LLE had slightly outperforms the others by less than 1% in most
implementations with both NN and soft k-NN classifiers. For a combination perform‐
ance of 1 or 2 method(s) and 1 or 2 classifier(s), we found that PCA has the best
performance with LDA and SVM classifiers, and improved further after implementing
both NN and soft k-NN classifiers on the ORL database. As for the Yale database with
PCA coupled with LDA classifier had shown the highest accuracy rate in all imple‐
mentations. Therefore, based on this experiment we can see that nonlinear methods do
not always significantly perform better than linear method such as PCA especially in
reducing dimensionality of face data [14].

There has been previous works conducted that showed that nonlinear techniques are
more prevailing or more influential than linear PCA for capturing nonlinear structure
on a high-dimensional data. Before we proceed, we have to understand that most experi‐
ments with these nonlinear projections were conducted using artificial data sets that are
not based on real captured data especially for Yale database. Further analysis have been
done, to see the individual method performance of PCA (linear) with LLE and CCA (2
non linear) using the NN as a classifier. This comparison is to compare between linear
and nonlinear in increasing and reducing dimensionality by varying from 5 to 70 dimen‐
sions. From the results that were obtained, several conclusions were made. First conclu‐
sion is that the performance of three methods increases with the increased the number
of dimensionality reduction, where lower nonlinearities as compared to high nonlinear‐
ities lead to better performances. PCA showed slightly better than the two others
nonlinear due to smaller training images set in ORL database (10 images per person).
Second, by comparing lower dimensionality reduction and classification rate in ORL

366 R. P. Henry and R. Alfred

ralfred@ums.edu.my



database, it showed stable performances among all three methods however nonlinear
methods had similar or slightly better performances which were only less than 1%
improvement in classification rate than PCA. Third, LLE had lower classification rate
significantly than that of PCA especially in the reduced dimension. Data sets structure
cannot be preserve in LLE. Fourth, in Yale database, nonlinear techniques had outper‐
formed PCA in the reduced dimensions below 30 because the huge data set per individual
(576 sample images per person) which allows nonlinearity to perform better in these
dimensions [14].

Though nonlinear techniques have capabilities in capturing data structure of
nonlinear, they may not often lead to significant improvement in face recognition
performance in mainly because real face data may distribute fairly linearly and the
nonlinear capabilities of those nonlinear methods may not be effective in projecting these
high-dimensional faces data [14].

5.3 CASE 3: Multilinear Principal Component Analysis (MPCA) and Locality
Preserving Projections (LPP)

LPP algorithm advantages are not only that it is an unsupervised projection that performs
a linear transformation and preserves the local information of the face image space (set
neighborhood structure) but also covers an adjacency graph models expressing local
nearness data along the manifold structure, However, LPP has a limitation that it repre‐
sents an image by a vector in high dimensional space. In order to address this issue, an
approach has been proposed that Multilinear Principal Component Analysis (MPCA)
subspace and LPP combination algorithm is to be used to preserve the local structure’s
information. This combined approach will improve both the global and local structure
of the face image space in order to obtain a more optimal and effective subspace for face
representation and recognition. Firstly, LPP will compress and preserve the principal
information in a matrix form, here; it removes more inherent redundancy and acquires
a much lower dimensional face representation by which the recognition speed is greatly
enhanced. Secondly, once it is in a low dimensional representative with MPCA it
achieves a more competitive accurate recognition rate than the Laplacianface.

Based on the analysis, it can be concluded that the performance of LPP supersedes
the PCA and LDA methods in which, based on the latest experimental results conducted,
it has shown that the combination of LPP with MPCA has improved the in face recog‐
nition rate accuracy [15].
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6 Framework for Effective Synergy in Facial Recognition

Based on the findings, it can be concluded that

(1) Multiple sets of extracted features can be combined to enrich the facial represen‐
tation according to the Appearance and Models based as listed in Table 1.

(2) The PCA is much easier to implement and less computationally demanding.
(3) Multiple feature dimensionality reduction methods (e.g., feature transformation)

can be combined to preserve global and local structure.
(4) Ensemble of classifiers can be designed to optimize the performance.

Figure 2 illustrates the proposed framework to be addressed for effective synergy in
facial recognition. As illustrated in Fig. 2, the proposed approach can be broken down
into the following steps:

Face detection: first the precise position of the face image is detected and the resulting
face is cropped and aligned according to eye position.
Preprocessing: several enhancing methods will be tested in this work in order to make
the feature extraction more robust to changes in illumination, noise, etc.
Feature extraction: this step is performed separately on each image resulting from the
previous preprocessing method in order to obtain different sets of features based on
appearance and models.
Feature transformation: before classification the dimensionality of each descriptor is
reduced (e.g., via Principal Component Analysis (PCA)).
Classification: a set of general-purpose classifiers is trained on each reduced set of
features. The final decision is then determined according to consensus results obtained
from multiple classifiers.

7 Conclusion

This paper has performed a comparative analysis of previously conducted experiments.
Based on the findings from the comparative analysis of previously conducted experi‐
ments, it can be concluded that the performance of the facial recognition can be improved
by combining multiple sets of extracted features in order to enrich the facial

Face 
Datasets

Face 
Detection

Face 
Pre-

processing

Multiple Features Extrac-
tion (Appearance/Model) 

Multiple Features Trans-
formations (Global/Local) 

(Linear/Non-Linear) Classification: 
Ensemble of 
Classifiers 

(e.g.,NN, k-NN, 
SVM, ANN)

Fig. 2. Schema of the proposed face recognition ensemble
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representation according to the Appearance and Models based. In addition to that, the
global and local properties of the image can be preserved with more effectively by
combining multiple feature dimensionality reduction methods. Finally, ensemble clas‐
sifier can be proposed to accommodate multiple perspectives of the dataset and to ensure
better facial recognition performance can be achieved. Based on these finding, a schema
of the proposed framework for face recognition is proposed.
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Abstract. Recently, many organizations require security tools to maintain their
network or IoT environment from DDoS attacks. Most security tools today, do
not have enough power to detect whether the incoming packet is a normal packet
or DDoS packet. The purpose of the DDoS attack is to undermine the web server
of an organization that may run a business. Therefore, this research is conducted
to design a technique called Packet Threshold Algorithm (PTA) coupled with
SVM in order to detect four types of DDoS attacks such as TCP SYN flood, UDP
flood, Ping of Death and Smurf. The results of this research on the use of this
technique is claimed enable the action of minimizing false positive rates and
increases the detection accuracy in comparison to the other three current techni‐
ques. The TPA-SVM technique has the capability of detecting incoming packets
as normal packets or DDoS attacks. The DDoS attack type of detection is based
on the packet threshold.

Keywords: DDoS · Internet of Thing (IoT) · Packet Threshold Algorithm (PTA)
Support Vector Machine (SVM)

1 Introduction

Nowadays, networks are very crucial to everyone as they offer many advantages. One
of the main advantages is the sharing of resources. A network is a connection between
two or more computers, so that users can exchange information with each other. The
combination of computer networks around the world has formed an indispensable tech‐
nology known as the Internet. The Internet brings many advantages, but it depends on
the purpose of using the Internet. Internet technology provides various conveniences for
users to enjoy entertainment such as Online Games to connect with others who are far
away. It also provides social media platform such as Facebook, Twitter and Instagram
for socializing users even though they do not know each other. Most importantly, the
Internet is accessible 24 h a day because the Internet is an economical communications
platform. However, the network and IoT environment face various threats launched by
attackers such as the Distributed Denial of Service (DDoS) attack.
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The DDoS attack makes the networks or systems unavailable for use of network
users even if they are legitimate users and had full authority to access them. Commonly,
attackers will use many computers called botnet to launch DDoS quickly to one or more
targets. DDoS attacks can be divided into three categories which are volume-based
attack, protocol attack and application layer attack [1].

Volume-based attack includes UDP flood, ICMP flood, and other spoofed-packet
flood. The UDP flood occurs when the attacker sends a large UDP packet to the target
server to slow down the response process to a legitimate user [2]. ICMP flood occurs
when an attacker sends abnormal IP packets to the target server to make the server
inaccessible by other users [3]. Protocol attack includes TCP SYN flood, Ping of Death
and Smurf attack. TCP SYN flood occurs when an attacker sends repeated SYN packets
to the target server using spoofed IP address and to make the server crashes [4]. Ping of
Death occurs when an attacker sends ping packets greater than 65535 bytes to make the
target server inaccessible by users [5]. Smurf attack occurs when an attacker sends a
large number of ICMP packets to crash, freeze or destabilize the target server [6]. The
application layer attack includes Slowloris and Zero-day attack. Slowloris is a DDoS
software that enables a single computer to take down a web server. The Zero-day attack
occurs when an attacker exploits the vulnerability of software or hardware by releasing
malware before a developer has an opportunity to create a patch to fix the vulnerability
[7]. No matter what kind of DDoS attacks launched by the attacker, it could paralyze
the target server even though the method of attack is simple.

2 Related Work

DDoS attacks can be a serious problem for businesses, system administrators and
network users as it can interfere with various systems across the Internet using infected
zombies [8]. Zombies are created to strike targets with various types of packets such as
TCP, UDP and ICMP. This will result in inaccessible of business information, losing
business opportunities and contracts, corporate credit ratings and insurance premium
increases as reported by Malaysian Insider (2015). However, some solutions have been
proposed to combat some of these DDoS attacks.

The study conducted by [9] has proposed a multi-queue algorithm for gateway and
router to detect DDoS attacks. The algorithm was formed from the combination of two
congestion control methods, namely drop tail congestion control algorithm and random
early detection algorithm. The algorithm can increase network throughput even the
network is under DDoS attack. However, tail drop congestion control algorithm is cannot
properly distinguish between normal packets and DDoS packets and does not have the
technical policy. Apart from that, there is a lack of synchronization techniques and what
makes it worse is its open mechanism. Random early detection algorithm also could not
distinguish between normal packets and DDoS packets and the queue is not filled by a
single flow.

The study conducted by [10] has proposed an algorithm called cumulative sum
algorithm, where there are two states, namely Not Under Attack (NA) and Under Attack
(A). ipac and ddos are two top-level functions that are included in the algorithm. The

Detection and Defense Algorithms of Different Types of DDoS Attacks 371

ralfred@ums.edu.my



ddos function will determine whether the network system is A or NA state by analyzing
the incoming packets. The ipac functions as a way to check the IP address of incoming
traffic either new IP address or not. However, the algorithm still has the problem of false
positive rates because when the system is under attack, the new IP will also be detected
as DDoS packets. Apart from that, a very slow time interval used by ipac and ddos can
cause the received packet to not be processed correctly.

The study conducted by [11] have proposed DDoS attack prevention strategy called
the dynamic security level changing strategy algorithm for a server node. The strength
of the algorithm is to protect neighboring nodes that are under attack. Apart from that,
the algorithm can specify the types of DDoS attacks. However, the algorithm still faces
the problem of false positive rates when a normal or clean traffic is incorrectly identified
as an attack and it will affect the detection accuracy.

[12, 13] have proposed SVM to detect DDoS attacks with the pattern generated from
the DARPA dataset. Furthermore, the researchers did a comparison between SVM with
other techniques such as naive bayes, bagging, radial basis function network, J48 deci‐
sion tree and random forest and found SVM performs better in terms of false positive
rates and detection accuracy. However, SVM cannot protect victims who are attacked if
the attacker uses the actual IP address. Therefore, detection of incoming packet requires
full treatment even DDoS attack coming from a spoofed IP address has stopped. More‐
over, SVM takes a long time to be trained to learn real users in a network environment.

The study conducted by [14] has developed an algorithm called worldwide SYN
flooding attack detection algorithm, where it is used to detect DDoS attack. They have
conducted their research by introducing eight attack scenarios with 14 types of the SYN
flooding attacks. However, the algorithm still has weaknesses due to normal packet is
detected as DDoS attacks. For example, only 80 incidents were detected from 307 inci‐
dents during the algorithm implemented.

The study conducted by [15] proposed that IAFV and correlation algorithm to detect
normal packets and DDoS attacks. Both algorithms are also used to determine the state
of false negatives and false positives when it is carried out for the purposes of detecting
normal packets and DDoS attacks. However, IAFV algorithm is still not sufficient to
detect DDoS attacks compared to correlation algorithm as IAFV algorithm still has
higher false positive rates. Correlation algorithm also has the weakness of reducing the
problem of false positive rates even though it is better than IAFV algorithm.

The study conducted by [16] proposed that modified k-means algorithm could detect
DDoS attack in DARPA 98 dataset. However, the resulting experiments showed that
false positive rates are still at high rates and the technique still needs some additional
features to improve detection accuracy.

The study conducted by [17] proposed a lightweight detection algorithm and coupled
with the hop-count filter to observe and detect DDoS attacks. This algorithm is set to
threshold, which if incoming packets exceeds the threshold, it indicates that it is a DDoS
attack and an alarm signal will be triggered. They used Flooding DDoS Attack 2007
dataset from CAIDA for the data traffic. However, this algorithm still has shortage if
the throughput of DDoS packets is not consistent for specific timeslots, it will not be
able to detect the synchronization of attack flows.
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The study conducted by [18] has proposed the logistic regression to detect the appli‐
cation layer DDoS attack. Researchers have constructed different characteristics to
differentiate attackers and normal users to model user behavior. They have compared
the proposed techniques with existing techniques and they are hidden semi markov
model, random walk graph, and hierarchical clustering. They found out that their
proposed techniques showed better results than the other three existing techniques.
However, the technique still projects high false positive rates because the incoming
traffic cannot be tracked properly whether it is an attacker or a normal user.

The study conducted by [19] proposed a model system to detect and specify DDoS
packets using artificial neural network. They have collected data used in their research
through online sources, which contains 4986 network traffic coming from four datasets.
However, this technique failed to accurately classify the types of DDoS attacks.

From some current techniques that were implemented, it can be concluded that the
problem of false positive rates and detection accuracy is still ongoing and as researchers
need to produce a new method of detection and defense against DDoS attacks.

3 Proposed Technique

To address the problems identified by current techniques, the research will continue
based on the basis of four phases as shown in Fig. 1.

Start

DDoS Dataset Preparation

Data Preprocessing

Generating Attack on Normal 
Traffic Dataset

Classification of Attack

End

Fig. 1. Research methodology
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3.1 DDoS Dataset Preparation

A dataset is a collection of indispensable data to get great classification results. This
research uses a new dataset that was collected using Wireshark tool as shown in Fig. 2.
Moreover, this research uses machine learning techniques and it is great for detecting
and classifying network packet whether it is normal packets or DDoS packets.

Fig. 2. Captured packet

3.2 Data Preprocessing

Data preprocessing is executed to transform raw data into an understandable format,
which the previous data had multiple duplicate values, redundant data and missing
values. After the data preprocessing is done as sample shown in Table 1, this study has
obtained quality results.

Table 1. Sample dataset

Src_Add Des_Add Pkt_Type Pkt_Size … Pkt_Class
10.0.32.97 10.0.32.60 TCP 54 … Normal
10.0.32.60 10.0.32.97 ICMP 60 … Ping-of-Death
10.0.32.97 10.0.32.60 ICMP 42 … Smurf
10.0.32.60 10.0.32.97 UDP 60 … UDP-Flood
10.0.32.60 10.0.32.97 TCP 60 … TCP-SYN-Flood

3.3 Generating Attacks on Normal Traffic Dataset

There are several requirements that are used for generating attacks on normal packet
dataset as shown in Fig. 3.
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Fig. 3. Experimental setup

Experiments start with generate normal and DDoS packet using Hping3 tool. Then,
Snort will capture the incoming packet and specify the packet is normal or DDoS packet
based on proposed algorithm and trained dataset. DDoS packet detected by Snort will
drop and only normal packet is allowed into the network.

3.4 Classification of Attack

Detection and defense technique for this research uses Packet Threshold Algorithm
(PTA) as shown in Fig. 4 coupled with SVM to classify and mitigate network and IoT
environment as well against DDoS attacks. The advantage of this proposed algorithm
is that it can detect incoming packets as normal or DDoS packets. If the packet is DDoS
packet, then it will learn the type of DDoS attack based on the specified packet threshold.
If TCP SYN with threshold 60 SYN per second is detected, then the type of DDoS attack
is TCP SYN flood. If UDP packet with threshold 60 UDP per second is detected, then
the type of DDoS attack is UDP flood. If a packet size is greater than 75 bytes of ICMP
per second, then the type of DDoS attack is Ping of Death. If ICMP replies or abnormal
operation exist between client and server, then the type of DDoS attack is Smurf. If the
packet is not within the packet threshold range, it is a normal packet that is allowed into
the network.
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Check incoming traffic
If (PThreshold = NThreshold)
Traffic is NTraffic

Else
Traffic is ATraffic

Study ATraffic

If PThreshold >= 60SYN/second
ATraffic is TCP SYN flood
If PThreshold >= 60UDP/second
ATraffic is UDP flood
If PThreshold >= 75ICMP/second
ATraffic is Ping of Death
If ICMPReply

ATraffic is Smurf
Else
Traffic is NTraffic

Fig. 4. Packet Threshold Algorithm

This research uses SVM as a classifier, which is used to train the dataset, so that it
can detect DDoS attacks according to appropriate accuracy. Moreover, SVM can
provide an accurate classification because it can reduce false positive rates [12] and it
is one of the most popular supervised learning algorithms for certain applications like
intrusion detection system, spam filtering and pattern recognition [20].

4 Experimental Results

This section describes the experimental results obtained from the use of PTA-SVM,
which shows the number of packets detected as shown in Fig. 5. The number of packets
that have been captured is 228425 packets, which consist of 109403 normal packets,
49644 TCP SYN flood packets, 7677 UDP flood packets, 41136 Ping of Death packets
and 20565 Smurf packets.

PTA-SVM is compared with Lightweight, Modified K-Means and Logistic Regres‐
sion technique as shown in Fig. 6. The comparison between three current techniques, it
shows the Modified K-Means is better than Logistic Regression with 98.9% detection
accuracy and Logistic Regression is better than Lightweight with 98.6% detection accu‐
racy. However, the PTA-SVM technique in this study is better than the three current
techniques with 99.1% detection accuracy and 1.11 false positive rates.
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Lightweight
Modified K-

Means
Logistic

Regression
PTA-SVM

False Positive Rates 1.10 1.14 1.41 1.11

Detection Accuracy 93.3 98.9 98.6 99.1

93.3 98.9
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99.1

1.10 1.14 1.41 1.11

Comparison between Current and PTA-SVM Technique

Fig. 6. Comparison between current and PTA-SVM technique

5 Conclusion

The network and IoT environment are very vulnerable to the ever-increasing DDoS
attack. Therefore, this study was conducted to propose a technique called PTA-SVM to
detect four types of DDoS attacks, which are TCP SYN flood, UDP flood, Ping of Death
and Smurf. In this technique, it attempts to detect incoming packets as normal packets
or DDoS attacks and then it can detect the type of DDoS attack. The results of this
research indicate that the PTA-SVM technique is able to ensure that DDoS attacks are
better than the three selected techniques in terms of detection accuracy 99.1% with false
positive rates 1.11.
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Abstract. Student academic evaluation is part of academic information system
(AIS) performance, in order to control student learning progress is necessary.
Furthermore, the evaluation showing whether the student will pass or fail would
benefit the student/instructor and act as a guide for future recommendations/
evaluations on performance. An in depth study on the student academic evalu-
ation technique by using Decision Tree C4.5 has been conducted. Specific
parameters including age, place of birth, gender, high school status (public or
private), department in high school, organization activeness, age at the start of
high school level, and progress GPA (pGPA) and Total GPA (tGPA) from
semester 1–4 with three times graduation criteria (i.e., fast, on, and delay) times
have been defined and tested. The scope of the paper has been set for under-
graduate programs. The experimental results show that accuracy algorithm
(AC) of 78.57% with true positive rate (TP) of 76.72% by using quality training
data of 90% have best performance accuracy value.

Keywords: Tree C4.5 � Confusion matrix � Student academic evaluation

1 Introduction

Learning process evaluation is a process to determine an academic performance level of
students which comprehensive and continuous in accordance with educational regu-
lations. Where, the student’s achievement of subjects mastery are determined by
quizzes, examinations, practicums, and other tasks that covering cognitive, affective,
and psychometrics capacity [1–3]. Furthermore, in general, student academic assess-
ment are based on progress report including progress GPA (pGPA) and Total GPA
(tGPA). Where, pGPA and tGPA are calculated from course subjects values. Therefore,
it is of great interest to identify the students to understand which factors have a larger
influence on this. Hence, a data mining model is an appropriate tool for covering these
tasks, i.e., classification [4], prediction [5, 6], cluster [7] etc. [8].

Furthermore, an application of data mining in the Educational context is referred as
Educational Data Mining (EDM) that defined by the International Educational Data
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Mining Society [9]. In other words, EDM is talked about fields of education and
information or computer sciences [2, 10]. Numerous methods in data mining are widely
applied in order to perform student academic evaluation tasks, including statistical and
smart computing methods. [11] have implemented two classification techniques,
namely Naïve Bayes and Decision Tree Classifier to model academic attrition (loss of
academic status) at the Universidad Nacional de Colombia. This studied were used
academic datasets 2007-II and 2012-II from two programs, Agricultural (AE) and
Computer and Systems (CE) Engineering. The results showed that NBC and Decision
Tree models can be used as models in the prediction of the loss of academic status. [12]
have conducted research with C4.5 and ID3 algorithms of student dropout, predicting
and characterizing students at the University Simón Bolívar. This experiment was used
WEKA as a tools for data processing. The results of this study confirmed that these
algorithms can be used as an alternatives model. [13] have conducted study Naive
Bayes, the 1-NN and the WINNOW algorithms in order to predict a student’s per-
formance. The results showed that this algorithm was the most appropriate to be used
for the construction a software support tool.

The aim of this study is to investigate Tree C4.5 algorithm in order to student
academic learning evaluate performance. Therefore, all students might improve and
increase the learning process. It is expected that this model analysis can be used in
order to support academic decisions. This paper is consists of four sections. Section 1 is
the motivation to do the writing of the article. Next, the methodology and techniques is
discussed in Sect. 2. Section 3 presents the experimental results and discussion, and
finally Sect. 4 describes the research summaries and conclusion.

2 Methodology

2.1 Tree C4.5 Algorithm

Decision tree is a data structure consisting of nodes (i.e., root, branch, leaf) and edge.
Tree C4.5 algorithm is a part of decision tree algorithm that supervised learning method
[13, 14]. Tree C4.5 developed by Quinlan in the 1996s, which is derived from the
algorithm Iterative Dichotomiser (ID3), efficient, powerful and popular [4]. In general,
the C4.5 algorithm consists of two processes; preparation of decision tree and make the
rules (structure and design). Then, calculate the entropy and information gain with the
highest attribute is selected.

In principle, Tree C4.5 algorithm consists of four steps in order to generate decision
tree. First, choose attribute as a root. Second, generate branch every value. Third, put
dataset in branch, and. Four, repeat the second process until every class have the same
value. Formula of Entropy is shown below where S is entropy, and p is class proportion
in the output.

Entropy Sð Þ ¼
Xn

i¼1
�pi � Log2pi ð1Þ
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Furthermore, the attribute with the highest gain value is used as the root attribute.
Equation 2 shows the formula of the gain where, S is a set of case; A is an attribute of
case; jSij is a number of cases to i; and |S| is number of cases in the set.

Gain S;Að Þ ¼ Entropy Sð Þ
Xn

i¼1

Sij j
Sj j � Entropy Sð Þ ð2Þ

The pseudocode of Tree C4.5 is shown as follow:

2.2 Datasets

In this study, the student dataset includes biographical, academic portfolios, course
duration, and student participation in the organization’s activities has been used. The
data were collected from academic information system (AIS) in 2014–2017 (279
samples data). Before training, all datasets will be normalization by using cleaning,
integration and transformation, Fig. 1. First, cleaning process; total data collected of
459, then 180 data have been cleaned because some attribute value uncompleted.
Second, integration and transformation process; total attribute value of 15, then 11
attribute have been applied in order to reduce and integrated unconditional attributes.

Furthermore, the performance of Tree C4.5 algorithm is measured by using the
confusion matrix (CM) in which the true positive rate (TP) has been applied. Then,
Rapid Miner Studio 7.3 software for the process of calculation and modeling has been
used (Table 1).
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2.3 Performance of Evaluation

In this study, confusion matrix (CM) and with true positive rate (TP) for evaluation of
Tree C4.5 model have been implemented. Where, CM is a matrix of prediction that will
be compared with the original class of input, Tables 2 and 3. In other words, the matrix
contains the actual value information and predictions on the classification [15]. Then,
the equation of the accuracy (AC) measurement is shown as follows, where, AC is
accuracy percentage proportion of predictions correct number; a is the exact number of
predictions for the “Fast-Time” graduation; b is the exact number of predictions for the
“On-Time” graduation; c is the exact number of predictions for the “Delay-Time”
graduations; and N is total training data.
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9 0 %

TRAINING AND TESTING DATA RATIO

Data Training Data Testing

Fig. 1. Distribution of training data

Table 1. Data attribute after integration and transformation

No. Attributes Scale Argument

1 Sex Nominal Male, Female or (M, F)
2 Age Ordinal Student age
3 Place of birth Nominal Town, Village
4 School status Nominal State, Private
5 School program Nominal Science, Non-science
6 GPA semester 1 Ordinal 1 (GPA � 1.5)
7 GPA semester 2 Ordinal 2 (1.5 < GPA � 2.5)
8 GPA semester 3 Ordinal 3 (2.5 < GPA � 3.5)
9 GPA semester 4 Ordinal 4 (3.5 < GPA � 4.0)
10 Organization Nominal Activist, Non-activist
11 Graduation time Ordinal Delay-time (>4,6 years)

On-time (4–4,6 years)
Fast-time (<4 years)
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AC ¼ aþ bþ c
N

ð3Þ

Where, a is correct number of predictions, that negative instance; b is wrong
number of predictions, that negative instance; c is wrong number of predictions, that
positive instance; and d is correct number of predictions, that negative instance.

In this study, total course subject has been used as a student academic evaluation in
Year 1, 2, and 3. In other words, student will be through the next level by this
evaluation. The student evaluation term can be seen in Table 4.

Meanwhile, true positive rate (TP) is also implemented for measured training data
of Tree C4.5 model. The formula of TP as follows.

TP ¼
P3

i¼1
ai
ni

3
ð4Þ

Table 2. Confusion matrix 2 class

Predicted
Negative Positive

Actual Negative a b
Positive c d

Source: [15]

Table 3. Confusion matrix of Tree C4.5 algorithm

Confusion matrix Time
Fast On Delay

Fast-time 115 27 8
On-time 19 11 46
Delay-time 6 10 9

Table 4. Student evaluation term

Evaluation Degree

Year I Total course subject 24
Total GPA 2,00

Year II Total course subject 48
Total GPA 2,00

Year III Total course subject 72
Total GPA 2,00
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Where, TP is a percentage of predictions correct number; ai is the exact number of
predictions for the “fast, on, delay” graduation time; ni is total of training data for the
“fast, on, delay” graduation time. In this study, Receiver Operating Characteristic
(ROC) was not chosen for evaluation the model because ROC analysis is particularly
useful for threshold selection of CM and TP. Furthermore, in this study, analysis stages
using Tree C4.5 algorithm is shown in Fig. 1.

3 Experimental and Results

This section describes the test of student academic evaluation variables using Tree C4.5
models. Based on predetermined rules, nine training and testing classes’ dataset have
been established. In this experiment, the dataset among others students’ academic

Table 5. Training and testing dataset

Confusion matrix Training data
Fast-time On-time Delay-time

10% 101 21 4
20 14 41
19 13 18

20% 78 13 8
32 18 24
15 11 24

30% 72 10 3
22 15 6
15 12 40

40% 63 8 2
26 17 12
5 7 28

50% 47 5 3
14 9 19
17 12 13

60% 43 8 6
13 9 2
6 4 20

70% 35 8 5
9 6 2
3 2 14

80% 24 5 3
3 5 0
4 1 11

90% 14 3 1
1 2 0
1 0 6
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performance evaluation variables including age, place of birth, gender, high school
status (public or private), department in high school, organization activeness, age at the
start of high school level, and pGPA and tGPA from semester 1–4. Furthermore, 10%
to 90% of CM as a quality training data has been explored. Meanwhile, in order to get
the best accuracy, CM as a performance of Tree C4.5 algorithm by using three times
criteria (i.e., fast, on, and delay times) has been utilized, Table 5.

Based on the experiment conducted, the CM of Tree C4.5 algorithm shows that
78.57% AC with 76.72% TP of 90% quality training data have best accuracy value. It
means that the best accuracy of Tree C4.5 algorithm is obtained when using 90% of
training data ratio as shown in Table 6 and Fig. 2.

The best performance of entropy and gain by using training data of 251 has been
established. Where, GPA semester 4 as an initial node (root) has been settled. Detailed
of entropy and gain values with 90% training data can be seen in Table 7. Based on
Table 7, the highest gain value for the initial node of the manual calculation on the
GPA semester 4 variables with 1.019 has been found. In other words, the initial node
has corresponded with modeling (Fig. 3).

Table 6. Confusion matrix and true positive rate of Tree C4.5 algorithm

Algorithm evaluation Algorithm Accuracy (AC) True Positive rate (TP)

Training data ratio 10% 52.99% 44.94%
20% 53.81% 50.37%
30% 65.13% 59.76%
40% 64.29% 62.40%
50% 49.64% 45.95%
60% 64.86% 59.87%
70% 65.48% 60.63%
80% 71.43% 68.75%
90% 78.58% 76.72%

Dataset

New Dataset

Data Integration and 
Transformation Processing

Training and Testing Data 
Modeling Tree C4.5

Evaluation

Confusion Matrix
(Accuracy and TP)

Fig. 2. Analysis stages of Tree C4.5 algorithm

386 E. Budiman et al.

ralfred@ums.edu.my



Table 7. Entropy and gain values with 90% training data

Root Total graduation Fast-time On-time Delay-time Entropy Gain
251 140 48 63 1,43

Sex 0,94
M 182 97 38 47 0,49
F 69 43 10 16 0,47
Age 0,96
16 1 0 1 0 0
17 36 22 4 10 0,43
18 156 83 35 38 0,49
19 46 26 7 13 0,46
20 5 3 1 1 0,49
… … … … … …

23 2 2 0 0 0
Place of birth 0,94
Town 107 59 22 26 0,49
Village 144 81 26 37 0,48
School status 0,95
State 193 101 43 49 0,49
Private 58 39 5 14 0,41
School program 0,94
Science 173 111 29 33 0,48
Non-Science 78 29 19 30 0,48
Organization 0,95
Activist 103 47 19 37
Non-Activist 148 93 29 26
GPA Sem. 1 0,96
1 0 0 0 0 0
2 0 0 0 0 0
3 170 73 42 55 0,50
4 81 67 6 8 0,38
GPA Sem. 2 1,01
1 0 0 0 0 0
2 0 0 0 0 0
3 156 56 39 61 0,49
4 95 84 9 2 0,28
GPA Sem. 3 0,99
1 0 0 0 0 0
2 0 0 0 0 0
3 173 74 38 61 0,49
4 78 66 10 2 0,31

(continued)
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4 Conclusion

This paper has presented the Tree C4.5 algorithm in order to evaluate students’ aca-
demic performance. Based on experiment, particular variables includes student
activeness in the organization (activist and non-activist), place of birth, and age have
been influence in student academic performance. This study indicated that Tree C4.5
algorithm have an accuracy better on evaluate students’ academic performance. In
other words, Tree C4.5 algorithm could be applied as an alternative model in student
academic evaluation. Therefore, one of the planned future works is to implement Naïve
Bayes Classifier (NBC), K-Means Cluster and Support Vector Machine (SVM) algo-
rithms in order to get the better accuracy performance.

Table 7. (continued)

Root Total graduation Fast-time On-time Delay-time Entropy Gain
251 140 48 63 1,43

GPA Sem. 4 1,02
1 0 0 0 0 0
2 0 0 0 0 0
3 135 43 32 60 0,49
4 116 97 16 3 0,31

10% 20% 30% 40% 50% 60% 70% 80% 90%

52.99 53.81

65.13 64.29

49.64

64.86 65.48

71.43

78.58

44.94

50.37

59.76
62.40

45.94

59.87 60.63

68.75

76.72

Training Data Ratio

Accuracy and True Positive Rate of Tree C4.5

Fig. 3. Graphic of confusion matrix and true positive rate of Tree C4.5 algorithm
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Abstract. Finding complex roots of a system of nonlinear equations is not an
easy numerical computation problem. A method of locating and finding all real
and complex roots of systems of nonlinear equations in a single run is proposed
here. The method that was first proposed for finding all real roots of systems of
nonlinear equations is now slightly modified and adapted so that it can be used
also for finding complex roots of the corresponding system. The root finding
problem is transformed to optimization problem and then a spiral optimization
algorithm of Tamura and Yasuda is used to solve the optimization problem. In
order to locate the position of the roots, we proposed a certain clustering
technique. Several test problems have been examined. This combination of
technique enables ones to locate and find all real and complex roots within a
bounded domain in all test cases.

Keywords: Systems of nonlinear equations
Real and complex roots finding problem
Spiral optimization algorithm � Clustering

1 Introduction

Many problems in the real world can be modeled in the systems of nonlinear equations
form. Deterministic methods such as Newton and quasi-Newton methods are com-
monly used for solving the problem because of their speed of convergence once a
sufficiently accurate initial approximation to the root is known. However, the con-
vergence of these methods cannot be ensured if the accurate initial approximation to the
root is not provided. Metaheuristic methods that are initially proposed for solving
optimization problem can also be used for solving systems of nonlinear equations by
first converting the problem as an optimization problem and then find the root as a point
that solve the optimization problem. However, these techniques are only able to find a
single root of a system of nonlinear equations at single run of the algorithm.

The problem of finding all real roots of systems of nonlinear equations based on
metaheuristic optimization algorithms have been proposed on several recent articles,
such as [2–5]. The problem of finding all real and complex roots also have been
proposed on several recent articles, such as [6, 7].
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This paper focuses on locating all real and complex roots of systems of nonlinear
equations using a combination of certain clustering technique with Spiral Optimization
Algorithm.

2 Problem Description

A standard form of system of nonlinear equations is
f1 x1; x2; . . .; xnð Þ ¼ 0; f2 x1; x2; . . .; xnð Þ ¼ 0; . . .; fn x1; x2; . . .; xnð Þ ¼ 0, with x1;ð

x2; . . .; xnÞ 2 D ¼ a1; b1½ � � a2; b2½ � � . . .� an; bn½ � � R
n. fi : D ! R, i ¼ 1; 2; . . .; n is

continuous functions with one or more nonlinear functions. The vector form of this
system can be written as f xð Þ ¼ 0 where f ¼ f1; f2; . . .; fnð ÞT and x ¼ x1; x2; . . .; xnð ÞT .
A vector x� ¼ x�1; x

�
2; . . .; x

�
n

� �T2 D where f x�ð Þ ¼ 0 is the solution of the system.
The system of nonlinear equations can be solved by optimization methods [1].

A vector x ¼ x1; x2; . . .; xnð ÞT is the root of f xð Þ ¼ 0 precisely when the function:
F xð Þ ¼ F x1; x2; . . .; xnð Þ ¼ 1

1þ
Pn
i¼1

fi x1;x2;...;xnð Þj j
¼ 1

1þ
Pn
i¼1

fi xð Þj j
has the maximal value 1.

Hence, finding all x� such that F x�ð Þ ¼ 1 corresponds to locating all the roots of the
system f xð Þ ¼ 0: It suggests that global optimization methods can be used to find the
solution of system of nonlinear equations.

3 Spiral Optimization Algorithm

Spiral Optimization Algorithm (SOA) [8] is inspired by spiral phenomena. In 2-D
spiral model, a vector x in R

2 can be rotated at the origin to x0 with formula x0 ¼ rR 2ð Þx

where 0\r\1 and R 2ð Þ ¼ cos h � sin h
sin h cos h

� �
is a rotation matrix with rotation angle

0\h\2p. The mapping x kþ 1ð Þ ¼ r R 2ð Þ x kð Þ; k ¼ 0; 1; 2; . . . will produce a sequence
of vectors x 0ð Þ; x 1ð Þ; x 2ð Þ; . . . which converge to the origin along a trajectory of spiral
form. We can use an arbitrary point x� as the center and rotated x by spiral model with
the formula x0 ¼ S2ðr; hÞx� ðS2ðr; hÞ � I2Þx� where S2ðr; hÞ ¼ rR 2ð Þ.

The extension to n-Dimensional spiral model may be obtained with R nð Þ being an

n� n matrix defined as R nð Þ ¼ Qn�1

i¼1

Qi
j¼1

R nð Þ
n�i;nþ 1�j

 !
where R nð Þ

i;j is n� n matrix with

entries rii ¼ rjj ¼ cos h; rji ¼ sin h; rij ¼ � sin h and rst ¼ dst for all other entries of

R nð Þ
i;j where dst ¼ 1 if s ¼ t and dst ¼ 0 if s 6¼ tð Þ. Thus R nð Þ is a composition of plane

rotations matrix R nð Þ
i;j . Using this composition rotation matrix, the n-Dimensional spiral

model is formulated similar with the formula for 2-D spiral model.
For the maximization problem: maximize

x 2 R
n

F xð Þ; x ¼ x1; x2; . . .; xnð ÞT2 R
n, the

Spiral Optimization Algorithm (SOA) can obtain the optimal value by updated the new
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value of x in each iteration as xi kþ 1ð Þ ¼ Sn r; hð Þxi kð Þ � Sn r; hð Þ � Inð Þx�, where
x� ¼ xig kþ 1ð Þ; ig ¼ argmax

i
F xi kþ 1ð Þð Þ; i ¼ 1; 2; . . .;m.

4 A Clustering Technique for Roots Finding Problem

As described in Sect. 2, finding the root of system of non linear equation f xð Þ ¼ 0 can

be obtained by finding the maximum point of the function F xð Þ ¼ 1þ Pn
i¼1

fi xð Þj j
� ��1

.

We can use SOA to find the maximum point of F xð Þ. In general, the nonlinear system
f xð Þ ¼ 0 may have many roots in the specified domain, while a single run of SOA is
only capable of obtaining a single maximum point of F xð Þ. To obtain the other roots, a
certain clustering technique that was recently proposed [1] combined with SOA is
capable of finding as many global maximum points of F xð Þ as possible which corre-
spond to many roots of f xð Þ ¼ 0, in a single run.

The algorithm to get many roots of system of nonlinear equation need input
mcl; rcl; hcl; kcl as input parameters for SOA at diversification phase, c 0\c\1ð Þ as a
‘cut-off’ parameter for function value F xð Þ, e 0\e\1ð Þ as parameter for roots
acceptance, d 0\d\1ð Þ as parameter to distinguish between one candidate root and
another one in case they are very close each other, and m; r; h; kmax as parameters for
SOA at intensification phase. The process of algorithm can be described as follows.

1. Generate Sobol sequence of points xi 0ð Þ 2 R
n; i ¼ 1; 2; . . .;mcl in the feasible

region D, where D ¼ a1; b1½ � � a2; b2½ � � . . .� an; bn½ � � R
n and set k ¼ 0.

2. Set x0 as x0 ¼ xig 0ð Þ; ig ¼ argmax
i

F xi 0ð Þð Þ i ¼ 1; 2; . . .;mcl.

3. Store x0 as center of the first cluster with radius 1
2 min

l
bl � alj j

� �
; l ¼ 1; 2; . . .; n

4. For i ¼ 1; 2; . . .;mcl do

If F xið Þ[ c and xi is not the center of existing cluster, then xi is possible to become
a center of new cluster, and do the following function cluster with input xi:

Function Cluster (input: y)

(a) Find a cluster with the center nearest to y. Let C be that cluster with center xC.
(b) Set xt as mid-point between y and xC.
(c) Compare F yð Þ; F xCð Þ; and F xtð Þ:

• If F xtð Þ\F yð Þ and F xtð Þ\F xCð Þ: Set a new cluster with center at y and
radius equal to the distance between y and xt.

• Else, if F xtð Þ[F yð Þ and F xtð Þ[F xCð Þ: Set a new cluster with y as its
centre and radius equal to the distance between y and xt. Redo Function
Cluster with xt as its input.

• Else, if F yð Þ[F xCð Þ, set y as the centre of C.

(d) Change the radius of C equals to the distance between y and xt.
5. Set xp ¼ xig where ig ¼ argmax

i
F xi kð Þð Þ; i ¼ 1; 2; . . .;mcl

6. Update xi: xi kþ 1ð Þ ¼ Sn rcl; hclð Þxi kð Þ � Sn rcl; hclð Þ � Inð Þxp; i ¼ 1; 2; . . .;mcl
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Do steps 4 to 6 kcl times, and after that, we have a number of clusters. Each cluster
has its center and radius. To each cluster, perform SOA to obtain a candidate of root in
each cluster. Use m; r; h; and kmax as SOA input in this phase. Keep only candidate
roots which satisfy condition 1� F xð Þ\e.

Suppose after the previous step, there are ng candidate roots. From these candidates,
select only those in which the distance between the candidates is more than d. In case
the distance is less than d, select only one root that have the larger function value.

Note that we have used Sobol sequence of points instead of pseudo-random points
in step 1 above, since generated initial population of points randomly may not uni-
formly distribute in the search feasible region of the problem [9]. This paper applies
algorithm developed by Joe and Kuo [10] to construct Sobol sequence of points, which
does not involve generation of pseudo-random points, as initial population of points.
This implies that the solution generated in this paper always produce the same result for
the same input. Hence, we can focus on getting the best input to get the result without
running it many times to one input.

5 Finding the Real Roots

In order to verify the technique, two test cases from benchmark problems have been
examined to get the real roots of system of nonlinear equations. In this study, all the
numerical experiments were performed on a Notebook equipped with processor Intel
Core™ i5 with 4 GB ram and 1.6 GHz CPU running Ubuntu Linux 12.04. The code
was written in C++ and compiled using g++.

Test Problem 1. The system of equations is defined as follow [5]:

f1 x1; x2ð Þ ¼ x1 � cos 4px2ð Þ ¼ 0; f2 x1; x2ð Þ ¼ x21 þ x22 ¼ 1;
withD ¼ x1; x2ð Þ : �1� x1 � 1;�1� x2 � 1f g

A single run of the clustering technique was performed with parameters: mcl ¼ 250,
kcl ¼ 10, rcl ¼ 0:99, hcl ¼ p=16, c ¼ 0:6, e ¼ 10�7, d ¼ 10�3, m ¼ 250, r ¼ 0:95,
h ¼ p=4; kmax ¼ 250 and obtain the 15 results that appear as the intersection of the
graph f1 x1; x2ð Þ ¼ 0 and f2 x1; x2ð Þ ¼ 0. Their positions can be seen in Fig. 1. Here we
obtained simultaneously all the 15 distinct roots in a single run which took 1.61 s.

Test Problem 2. The Weierstrass function defined as follow [7]:

g xð Þ ¼
XN!1

n¼1

kðs�2Þk sin kkx
� �

; where 1\s\2 and k[ 1

This function is known as a function which is continuous everywhere but differentiable
nowhere. Here, we consider the truncated form of the above function for N ¼ 20 with

s ¼ 1:1 and k ¼ 1:5: To find the real roots of g xð Þ ¼ P20
k¼1

1:5� 0:9 k sin 1:5kx
� � ¼ 0,

0� x� 5, a single run of the clustering technique was performed with parameters:
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mcl ¼ 200, kcl ¼ 50, rcl ¼ 0:99, hcl ¼ p=8, c ¼ 0:9, e ¼ 10�7, d ¼ 10�4, m ¼ 150,
r ¼ 0:95, h ¼ p=4, kmax ¼ 150 and the results are presented in Table 1. The root
positions can be seen in Fig. 2. Here we obtained simultaneously all the 9 distinct roots
in a single run which took 9.89 s, in which the 3rd to 7th roots are very close each other.
Hence the proposed algorithm is capable of finding the closely located roots.

Fig. 1. The graph of f1 x1; x2ð Þ ¼ 0 and f2 x1; x2ð Þ ¼ 0 for problem 1

Table 1. Results for problem 2.

Solution x g xð Þ Solution x g xð Þ
1 0 0 6 3.73962 9.30683e−08
2 1.88871 −9.77192e−08 7 3.74071 9.10978e−08
3 3.73173 −9.0547e−08 8 4.54986 −9.4056e−08
4 3.73499 −9.69124e−08 9 5.01996 9.56515e−08
5 3.73819 3.67608e−08

3.73 3.732 3.734 3.736 3.738 3.74 3.742 3.744
-8
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x 10
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x

y

Weierstrass function (N = 20)

Fig. 2. The graph of y ¼ g xð Þ in the intervals [−0.5, 5.5] (left) and [3.73, 3.744] (right)
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6 Finding the Complex Roots

A complex number z can be written as z ¼ uþ vi, where u is its real part and v is its
imaginary part. Hence, the complex function can be written as f ðzÞ ¼ f ðuþ viÞ. For
some simple functions, their real and imaginary part can be written easily. For instance,
consider the following system:

f1 z1; z2ð Þ
f2 z1; z2ð Þ
� �

¼ z21 þ z22 þ z1 þ z2 � 8
z1z2 þ z1 þ z2 � 5

� �
¼ 0

0

� �
ð1Þ

Notice that:

f1 z1; z2ð Þ ¼ z21 þ z22 þ z1 þ z2 � 8 ¼ u1 þ v1ið Þ2 þ u2 þ v2ið Þ2 þ u1 þ v1ið Þþ u2 þ v2ið Þ � 8

¼ u21 � v21 þ u22 � v22 þ u1 þ u2 � 8
� �þ 2u1v1 þ 2u2v2 þ v1 þ v2ð Þi

ð2Þ

f2 z1;z2
� � ¼ z1z2 þ z1 þ z2 � 5 ¼ u1 þ v1ið Þ u2 þ v2ið Þþ u1 þ v1ið Þþ u2 þ v2ið Þ � 5

¼ u1u2 þ u1 þ u2 � v1v2 � 5ð Þþ u1v2 þ u2v1 þ v1 þ v2ð Þi
ð3Þ

Hence, finding the complex roots of system (1) is equivalent to find the real roots of
system below:

g xð Þ ¼

g1 x1; x2; x3; x4ð Þ
g2 x1; x2; x3; x4ð Þ
g3 x1; x2; x3; x4ð Þ
g4 x1; x2; x3; x4ð Þ

2
6664

3
7775 ¼

x21 � x22 þ x23 � x24 þ x1 þ x3 � 8
2x1x2 þ 2x3x4 þ x2 þ x4
x1x3 þ x1 þ x3 � x2x4 � 5
x1x4 þ x3x2 þ x2 þ x4

2
664

3
775 ¼

0
0
0
0

2
664
3
775 ð4Þ

where x1 represents the real part of z1, x2 represents the imaginary part of z1, x3
represents the real part of z2, and x4 represents the imaginary part of z2.

To search for the complex roots for the system (1) in the region D ¼
xi : �10� xi � 10; i ¼ 1; . . .; 4f g, we use parameters:mcl ¼ 1000, kcl ¼ 60, rcl ¼ 0:99,

hcl ¼ p=32, c ¼ 0:1, e ¼ 10�7, d ¼ 0:1, m ¼ 300, r ¼ 0:95, h ¼ p=4, kmax ¼ 300, and
obtained the results as solution of system (4) shown in Table 2.

Table 2. The real roots for system (4) with four variables.

Sol x1 x2 x3 x4 g1 xð Þ g2 xð Þ g3 xð Þ g4 xð Þ
1 2 −5.3339e−09 1 1.23297e−08 −4.5118e−08 1.032e−08 1.7347e−08 2.6321e−08
2 1 1.17625e−08 2 −6.96105e−09 −8.7564e−09 4.8227e−10 5.2617e−08 2.1365e−08
3 −3 −1.41421 −3 1.41421 −1.2475e−08 −4.9283e−08 −2.3663e−08 1.2819e−08
4 −3 1.41421 −3 −1.41421 −3.7987e−08 −1.3877e−08 7.8744e−09 1.4025e−08
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The results in Table 2 show that the system (1) has essentially two real roots
and two complex roots which are mutually conjugate: z1 ¼ ð2þ 0i; 1þ 0iÞ,
z2 ¼ ð1þ 0i; 2þ 0iÞ, z3 ¼ ð�3� 1:41421i ;�3þ 1:41421iÞ, z4 ¼ ð�3þ 1:41421i ;
�3� 1:41421iÞ.

However, not all complex functions can be easily written explicitly its real part and
its imaginary part as above. But we can still find the complex roots of system of
nonlinear equation by using similar algorithm as for finding the real roots. By using
complex.h library that has been provided by C++ standard platform, it is possible to
find the complex roots with the clustering technique described in Sect. 4. Each vari-
ables that were previously initiated as double which is a real number, to be changed to
complex<double>.

7 Numerical Experiments

In order to verify the proposed technique, several test cases from various benchmark
problems have been examined.

Test Problem 1. The system of equations considered in [6] is defined as follows,
together with our chosen domain:

f1 x1; x2ð Þ ¼ x41 þ 4x42 � 6 ¼ 0 ; f2 x1; x2ð Þ ¼ x21x2 � 1:6787 ¼ 0;
withD ¼ x1; x2ð Þ : �2� x1 � 2;�2� x2 � 2f g

A single run of the clustering technique was performed with parameters: mcl ¼
200, kcl ¼ 50, rcl ¼ 0:99, hcl ¼ p=8, c ¼ 0:9, e ¼ 10�7, d ¼ 10�4, m ¼ 150, r ¼ 0:95,
h ¼ p=4, kmax ¼ 150 and the results are presented in Table 3. Here we obtained
simultaneously all the 12 distinct roots in a single run which took 58.82 s. All results
are similar with those reported in [6].

Table 3. Results for problem 1.

Sol x1 x2 g1 xð Þ g2 xð Þ
1 1.43098 − 5.08152e−05i 0.819816 + 6.53159e−05i −2.6359e−05 − 1.9781e−05i 4.4030e−05 + 1.4521e−05i

2 −1.4311 + 2.82656e−05i 0.819663 + 3.8692e−05i 3.7359e−05 + 9.5324e−06i 1.3268e−05 + 1.2931e−05i

3 1.39602 − 4.59531e−05i 0.861362 + 5.32735e−05i −4.7551e−06 + 4.4651e−05i −2.3060e−05 − 6.6922e−06i

4 −1.39615 − 8.3548e−05i 0.861226 − 9.40931e−05i 2.5552e−05 − 5.2203e−05i 2.5856e−05 + 1.7507e−05i

5 0.840215 + 0.840215i 1.00202e−07 − 1.18897i −1.0749e-05 + 7.1284e−06i 2.779e−05 − 1.7253e−06i

6 0.840205 − 0.840206i −1.62053e−06 + 1.18896i −1.6171e-05 + 4.6572e−05i −1.4268e−05 + 1.0281e−06i

7 −0.840203 + 0.84022i 3.68565e−06 + 1.18896i −6.6519e−06 − 2.0486e−05i 1.2003e−05 − 3.8311e−05i

8 −0.840214 − 0.840218i 1.17022e−07 − 1.18897i −9.5319e−06 − 1.4893e−05i 3.2477e−05 + 7.7607e−06i

9 −8.67857e−05 − 1.43107i −0.819693 − 0.000114517i −6.6203e−05 − 8.2757e−06i 1.1955e−06 + 3.0921e−05i

10 0.000159901 + 1.43101i −0.819779 − 0.000211417i −7.1804e−07 − 1.073e−05i 3.8877e−05 + 5.7773e−05i

11 1.8196e−05 − 1.39627i −0.861096 + 1.63072e−05i −5.6278e−06 + 3.1534e−05i 5.8816e-05 + 1.1963e−05i

12 6.66309e−07 + 1.39611i −0.861273 + 2.27387e−06i 4.8289e−05 − 3.0496e−05i 1.6184e−05 − 6.0344e−06i
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Test Problem 2. The system of equations considered in [6] is defined as follows,
together with our chosen domain:

f1 x1; x2ð Þ ¼ ex1 � ex2 þ 2 ¼ 0 ; f2 x1; x2ð Þ ¼ x31 � x32 � 1 ¼ 0;
withD ¼ x1; x2ð Þ : �5� x1 � 5;�5� x2 � 5f g

A single run of the clustering technique was performed with parameters: mcl ¼ 2000,
kcl ¼ 20, rcl ¼ 0:95, hcl ¼ p=4, c ¼ 0:01, e ¼ 10�5, d ¼ 0:01, m ¼ 500, r ¼ 0:95,
h ¼ p=4, kmax ¼ 500 and the results are presented in Table 4. Here we obtained
simultaneously all the 6 distinct roots in a single run which took 380.09 s.

Test Problem 3. The system of equations considered in [11] is defined as follows,
together with our chosen domain:

f1 x1; x2ð Þ ¼ ex1�x2 � sin x1 þ x2ð Þ ¼ 0; f2 x1; x2ð Þ ¼ x21x
2
2 � cos x1 þ x2ð Þ ¼ 0

withD ¼ x1; x2ð Þ : �10� x1 � 10;�10� x2 � 10f g

A single run of the clustering technique was performed with parameters: mcl ¼ 20000,
kcl ¼ 30, rcl ¼ 0:95, hcl ¼ p=4, c ¼ 0:01, e ¼ 10�5, d ¼ 0:01, m ¼ 500, r ¼ 0:95,
h ¼ p=4, kmax ¼ 500 and obtained simultaneously 27 distinct roots in which 6 are real
roots and 21 are complex roots in a single run which took 1413.37 s.

Test Problem 4. The system of equations considered in [12] and also in [13] is defined
as follows, together with our chosen domain:

f1 xð Þ ¼ x1 þ x22 x4 x6
4 þ 0:75 ¼ 0; f2 xð Þ ¼ x2 þ 0:405 e1þ x1 x2 � 1:405 ¼ 0;

f3 xð Þ ¼ x3 � x4 x6
2 þ 1:5 ¼ 0; f5 xð Þ ¼ x5 � x2 x6

2 þ 1:5 ¼ 0; f6 xð Þ ¼ x6 � x1 x5 ¼ 0
with x ¼ x1; x2; . . .; x6ð ÞT2 R

6 and D ¼ x : �3� xi � 3; i ¼ 1; 2; . . .; 6f g

A single run of the clustering technique was performed with parameters: mcl ¼ 10000,
kcl ¼ 50, rcl ¼ 0:99, hcl ¼ p=64, c ¼ 0:1, e ¼ 10�3, d ¼ 0:5, m ¼ 1000, r ¼ 0:99,
h ¼ p=4, kmax ¼ 1000, and obtained simultaneously 12 distinct roots in which 2 are
real roots and 10 are complex roots in a single run which took 3423.33 s. The two
references only reported one real root, that is: x ¼ �1; 1;�1; 1;�1; 1ð ÞT .

Table 4. Results for problem 2.

Sol x1 x2 g1 xð Þ g2 xð Þ
1 −0.662665 + 0.956196i 0.848236 + 0.181314i 1.96347e−06 − 4.71156e−07i 4.69593e−07 + 9.11494e−07i

2 −0.662666 − 0.956197i 0.848238 − 0.181314i −2.88996e−06 + 2.18101e−06i 7.28555e−07 + 5.90633e−07i

3 0.680596 − 3.16038i −3.10316 + 0.972481i 6.59986e−07 + 2.35274e−06i −9.76271e−07 + 4.93106e−06i

4 0.680596 + 3.16038i −3.10316 − 0.97248i 2.41556e−07 + 2.33136e−07i 9.89233e−07 − 9.29327e−06i

5 1.98471 − 3.05201i 1.66544 + 3.26502i −1.31746e−06 + 1.53558e−06i −3.36184e−06 + 2.4365e−06i

6 1.98471 + 3.05201i 1.66544 − 3.26502i 2.25969e−06 − 1.25927e−07i 2.29536e−06 + 6.32589e−06i
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8 Conclusions

Combination of the proposed Clustering technique with SOA have been shown able
effectively to locate and find all the real and complex roots of systems of nonlinear
equations in various test cases considered, each in a single run, without a priori
knowledge of the number of the roots. The use of Sobol sequence of points instead of
pseudo-random points to generate initial populations of points in the feasible region
may increase the potential capacity of SOA during diversification in the early phase to
locate the potential positions of the candidate roots of the system of equations.
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Abstract. Most of the retrieved documents from the Information Retrieval (IR)
System are irrelevant to the user because the IR cannot determine the user’s
context. One of the main issues is that the relevancy of the retrieved documents
is based on personal assessment that depends on the task to be done and its context.
This paper provides the review of prior researches (2003–2016) and concludes
the review by providing the summary of the research’s current trends, future
direction and opportunity and defining the research gap. First, the findings show
that in prior studies, there is no identification of contextual aspect has been done
in optimizing the ranking function of the Malay IR. Second, in optimizing the
ranking function, the integration process of context representation and document
ranking must be done. This approach also has not been done yet in the develop‐
ment of Malay Document Retrieval. If it still stays in the current status, the Malay
Document Retrieval system cannot be improved compared to the traditional
languages of Context Aware IR System (English).

Keywords: Context-Aware Information Retrieval · Malay Document Retrieval
IR research

1 Introduction

As a summation, Information Retrieval (IR) focuses on the searching of the documents
for information that satisfies a user’s need. In traditional IR, the results of the searching
process will be presented to the user in a form of a ranked list that contains the most
relevant documents [38]. However, most of the documents that are retrieved in IR are
irrelevant to the user because the search engines cannot determine the user’s context
[15]. Context can be employed from the dimension of user’s prior knowledge or user’s
interest and it’s understandable, that relevance can change with time, location, and size
of the document and also what in the user’s mind [6]. Ideally, the relevance of documents
and the problem of ranking of the retrieved documents should be based on the user’s
context and preferences [15]. To apply context in IR for personal assessment, researchers
have examined new technique that known as Contact Awareness, due to the existing
personalization techniques that are typically applied out of context [15]. During the last
decade, research on Context-Awareness technique has actively evolved, which takes the
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advantage of recent developments in related fields like IR, Mobile Application, GeoIn‐
formatic, Computational Linguistics, Artificial Intelligence, and Soft Computing.

This paper provides the review of prior research (2003–2016) and conclude the
review by providing the summary of the research’s current trends, future direction,
opportunity and defining the research gap. The rest of the paper is organized as follows:
Sect. 2, presents the overview of Context Aware IR research. Section 3, explores the
concept of Topic Model and its potential application with IR. Section 4, explores the
Evolution of Malay IR and Sect. 5 provide the research gap and Sect. 6, draws a conclu‐
sion for this paper.

2 Framework for Context-Aware Information Retrieval

One of the primary questions on Context-Aware IR (CAIR) research is to determine
which types of context that should be considered in the retrieval process? Knowing more
about what features are important in a context and what they are used for, than can be
helped in design more beneficial and successful IR systems. Referring to [15], the author
has visualised the context in the Fig. 1 below into five specific dimensions, such as
Device, User Context, Task/Problem, Document Context and Spatio-Temporal Context.

Context

Spatio-temporal 
Context

Geographical 
Location Timeless

User Context

Personal 
Context

Demographic 
Context

Psychological 
Context Cognitive

Social

Device Task/Problem Document 
Context

Data Source Document

Fig. 1. The multi-faceted concepts of contextual IR, Source: [16]

The prior studies also shown various features were taken as the context in defining
the contextual model and utilize it to improve the IR such as in the timeline shown in
Fig. 2 and this section will elaborate more on this particular topic.

The first types of context model, we can see in development of Ontology Model on
[3], in 2003 that utilised the Document Context. The author proposed the IR Framework
with Ontology Model in English Semantic Web to improve the ranking of the IR. In
evaluation part, the User Oriented Assessment Criterion have been done, due to the
author has ranked the results based on a context specified by the user, and the evaluation
criterion would be very subjective according to the user’s interests. From this work, we
can see the first example of integration of Context Awareness and Document Ranking
to improve IR. Later in 2007, on [36] the author proposed Ontology Knowledge Model
to produce the Fuzzy Representation, then will be used in Clustering and Classification
process for improving the performance of personalized IR [36]. The author has proposed
a method for automatic extraction of Context Awareness factor such as persistent
semantic user preferences, live and ad-hoc user interests, which are integrated with the
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Document Ranking in order to improve the accuracy and reliability of personalization
and the ranking of the IR. In the evaluation process, English date set and evaluation
metrics such as Precision, Recall and MAP have been used. 5 years later in 2012, Keßler
on [5], proposed the Semantics-Based IR, that involves the development of Semantic
Web Rule Language (SWRL) Ontology Model that will be utilized in the process of
Cognitively Plausible Dissimilarity Measure for IR Results (DIR) to improve the
retrieval and ranking IR. The overall works have been evaluated by using a human
participant test.

Context-Aware IR (CAIR) Research
Types of Context 

Model 2001-2005 2006-2010 2011-2015 2016-2020 

Ontology Model and 
Document Context 

Boanerges
et al [3] 

Ph. Mylonas 
et al [36], 
Carsten [5]

Boolean Model and 
User Context

Dongpyo
 et al   [8]

x-Relation Model and 
Document Context

Lijun et al 
[19]

Learning To Rank 
Model and Document 

Context
Biao et al [2] Daan [7] 

Thesaurus Model
and Document Con-

text

Nurfadhlina 
et al [37] 

User Profile Model 
and User Context Kehinde  [15] Kehinde et al 

[14]
Graph Based Model 
and Document Con-

text
Daan  [7] 

Neural Networks 
Model and Situation-
al / Document Con-

text

Hamed [10] 

Fig. 2. Timeline of the research on Context-Aware IR (CAIR)

Other than that, we can see the application of Mathematical Model in CAIR on [8]
in 2005; the author has proposed a Framework of Personalized IR with a Mathematical
Model, a weighted Boolean that exploits the user’s context within the well-defined
components when the user is trying to retrieve information from objects in an environ‐
ment. The author does not mention any ranking improvement, but we understand the
author is trying to improve IR in general. The proposed method was evaluated with the
Precision and Recall metrics and the English data set.

Another different work of types of context model then can be seen on [19] in 2009,
the author proposed a Context (multi-attribute graph) Model or x-Relation Model (Using
Graph: Document Context and multi attribute nodes) to cater the uncertainty problem
and the tuples in the relational database and integrate with the Document Ranking to
improve the ranking of the personal IR. The author presents the score function with two
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components (the IR-styled score and the structural cost). The author evaluated the
approach using real data set and Discounted Cumulative Gain metrics.

Xiang et al. on [2] in 2009, adopt a learning-to-rank approach and integrate the
ranking principles into a state-of-the-art ranking model by encoding the data source of
the document context (context information) as features of the model. In the evaluation,
empirical test has been done using a large of English log of search engine data set and
also involves human judgments and implicit user click data. The experimental results
show the author Context-aware ranking approach improves the ranking of IR system
which ignores context information. Furthermore, the method also outperforms a baseline
method which considers contextual information in the ranking.

Agbele on [14, 15] has proposed the Document Ranking Optimization (DROPT)
algorithm to optimize the ranking of IR system according to the user context (user search
context) in a variety of environments with respect to Document Context such as index
keywords and the query vectors. The author also explained about the process of identi‐
fication of context, modelling it and the integration of this context model with Document
Ranking towards clustering technique, in order to optimize the ranking and produce the
adaptive IR system. The evaluation part has been done using Precision and Recall
metrics and the English data set. The results demonstrate on how the attributes from the
user context (user search context) can be applied in (User Profile Model), then can be
used to improve the IR effectiveness.

Odijk in [7], presented Retrieval-based Context Model and Graph-based Context
Model based on the document context, such as Features of English Wikipedia Article to
improve the ranking of the IR system. The author proposes an entity linking approach
for generating links from streaming text, consisting of two steps: (1) link retrieval and
(2) link reranking. The author uses learning to rerank for improving the ranking, upon
a strong link retrieval approach. Both context models, are evaluated with Precision,
Recall, Discounted Cumulative Gain (DCG) metrics and was proven highly accurate
and fast.

Zamani in [10], develops the Neural Networks Model in Deep Neural Network
Architecture and utilised the Document Context of 10 language corpus and the Situa‐
tional Context. The semantic matching and Deep Network involved in the process of
integration of context representation and document ranking. The author evaluated the
models using click data collected from the personal search engines and using the
standard evaluation metrics for ranking such as MRR and Precision@K. The interesting
aspect of this research is that it used the documents from the 10 language corpus.
Unfortunately, this article, did not give any specific of what the 10 languages’ name
really is.

3 Topic Model for Context Aware Information Retrieval

Research works have focused on exploiting the sources of evidence to build the user
profile that involves process of learning user’s context by implicitly inferring the infor‐
mation from the user’s behavior and from external or local context sources. One model
of the User Profile Model is the Topic Model and it’s proven to bring the significant
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improvement such as in [12]. The author of [13] proposes Query-Specific Domain Model
or Topic Domain Model and proposes a framework based on the language modelling
approach (term relation technique), to integrate multiple contextual factors. In the eval‐
uation part, several TREC collections of English data set and Average Precision, Recall
and Precision@K evaluation metrics have been used. The results shown that multiple
types of context can be used to produce significant improvements in retrieval effective‐
ness. In defining the context representation as well as the Topic Model of the text docu‐
ment, the researcher, always used the thesaurus as showed in [27], that used Sociopo‐
litical Thesaurus for organizing the conceptual indexing and in IR, automatic text cate‐
gorization and text summarization as well as in the works of [11] that proposed a new
method to improve the text classification using a Thesaurus.

The example of CAIR that have been done in Malaysia can be seen in Sharef and
Madzin work on [34], however, it does not focus on Malay Text Corpus but instead use
the ImageCLEF 2010 as the data set and English terms in their terminologies. The
authors have proposed the semantic-based retrieval technique, by utilizing Context-
aware query expansion and search ranking method and also utilized Medical Thesaurus
Based Model as the Contextual Representation. The evaluation has been done using
Precision, Recall and Mean Average Precision (MAP) metrics and achieved high
recall. The author’s finding, moreover, proven that a thesaurus can be utilized as the
reliable knowledge base at hand for modelling context.

4 Evolution of Malay Information Retrieval

Based on the works that’s available on the internet, we can summarised the timeline of
the evolution of Malay IR that begin from 1995 until now and derived what research
have been done so far and discover that any works have been done in aspects of Contex‐
tual IR.

In the period of the year 1995–2000, there are a couple of works have been done
such as Multilingual Document Retrieval System by [1] in 1995, Stemming Algorithm
by [9] in 1996 (that also indicate the beginning of the works of stemming technique for
the Malay IR), Japanese-to-Malay Translation System by [16] in 1999, Syntax Analysis
by [4] in 2000 and the evaluation of retrieval effectiveness using spelling correction and
String-Similarity Matching methods by [44] in 2000. The works of Malay IR, that
continues in period of year 2001–2005 also show the improvements in stemming tech‐
nique with Automatic Learning of Stemming Rules by [20] in 2003 and introduction of
clustering technique in Malay IR using Singular Value Decomposition by [30] in 2005.

The period of year 2006–2010 showed the beginning of a Booming Era in the works
of Malay IR, when many papers and journals have been produced to improve in a variety
of areas. The era, started by the work on the Malay WordNet System by [21] in 2006,
Malay-Language Stemmer by [22] in 2006, Monolingual and Cross-Language IR by
[26] in 2006, Semantic Similarity Measures for Sentences by [40] in 2007 and Terms
Visualization for Quran Documents by [32] in 2007. The works followed by Stemming
Algorithms and Retrieval in Malay and Arabic Documents by [43] in 2007, Feature
Selection and Classification Techniques by [41] in 2008, Classification of Proverbs
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using Naïve Bayesian Algorithm by [39] in 2008, Categorization using Latent Semantic
Indexing by [31] in 2008, Term Weighting Schemes by [29] in 2008, Query translation
for Malay-English Cross-Language IR system by [35] in 2010 (Fig. 3).

The variety of works, then continue to be produced in period of year 2011–2015,
such as Simple Rules Stemmer by [42] in 2012, Stemming Algorithm with Background
Knowledge by [19] in 2012, Semantic Method for Query Translation by [24] in 2013,
Sentiment Mining using Artificial Immune System by [23] in 2013, Topic Analysis by
[12] in 2014, and lastly Named Entity Recognition Based on Rule-Based Approach by
[37] in 2014. The new era in 2016–2020, prior to that, there are many works also have
been produced such as Semantic-based Ontology for Qur’an Reader by [28] in (2016).
In Malay IR research, Rahman et al. in [33] in 2005, the author used Latent Semantic
Indexing algorithm to improve the performance of retrieving relevant documents.
Although, one of these research objectives is to retrieve documents in similar context,
the author, just focusing on improving indexing of the Malay Retrieval with the parallel
method and provide no explanation on the integration of the context representation and
document ranking.

Malay IR Research 

Research 1995-2000 2001-2005 2006-2010 2011-2015 2016-2020 

Cross-
Language 

Belal et al 
[1] 

Muhammad[26], 
Nurjannaton 

et al [35]

Malay Stem-
mer 

Fatimah
et

et

et

al (1996) 
[9] 

Lily  et al  
(2003) [20] 

Mangalam  et al  
[22] 

Leow et al 
[18] 

Nurazzah 
et al  [33] 

Malay Trans-
lation 

Kentaro 
al  [16] 

Nurjannaton 
et al  [35]

Mohd Amin 
et al  [24]

Syntax / Lexi-
cal / Topic 
Analysis /

Bobby 
(2000) [4] 

Haslizatul 
et al  [12] 

Similarity Zainab 
al [44] 

Shahrul et al 
[40]

Clustering / 
Classification 

Nordianah 
et al [30] 

Shyamala [41],  
S. A. Noah et al 
[40], Nordianah 

et al.  [31]
Malay Word-
net / Ontology  Lim et al [21]  Nor Diana 

et al  [28] 
Indexing / 

Term (Visual-
isation / 

Weighting / 
Extraction)

Normaly et al  
[32], Nordianah 

et al [30] 

Mazidah 
et al [23],  

Rayner et al 
[37] 

Fig. 3. Timeline of the Malay IR research

What we can conclude based on the review, there is no works have been utilised the
contextual aspect in development or improvement of Malay IR research, and there is no
research of Context-Aware application in Malay IR have been done so far.
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5 Research Gap

As a conclusion of the review, we have identified several aspects and criteria of Context-
Aware IR that are important to be utilized in the our future work, such as:

1. Most of the overall Context Aware IR is developing with the process of identification
of context, and modelling it as a context representation. The Context Representation
then will be involved in the process of integration with the document retrieval or
Document Ranking to improve the IR. This kind of processes are obviously can be
seen in the works of [3, 5, 14, 15], which all of these works apply the process of
integration between context representation and document ranking to improve docu‐
ment retrieval.

2. The clearest findings that we retrieve in the review is that, there has been until this
point no available Malay IR research that identifies the contextual aspect in bringing
the improvement of the ranking. Then it also goes without saying that there has been
no available Malay IR research that applied the process of integration between
Context Representation and Document Ranking to improve document retrieval.

3. From the review too, the application of context modelling and integration was then
generalized in one big framework such as in [3, 8, 13].

4. The identification of the features of the document in specific document as the
contextual aspect and utilize in optimize the ranking result can also be seen in the
work of [2, 7].

5. Most of the CAIR research used the evaluation metrics such as Precision, Recall,
Mean Average Precision (MAP), Discounted Cumulative Gain (DCG) and also
Human Judgement (User Oriented Assessment Criterion) to evaluate their finding.

6 Conclusion

As a conclusion, for our future work, we want to develop the application of context
modelling that applied one of the User Profile Model in Context Awareness that is
described as Topic Model and involve the Characteristic Modelling of the documents
(features) and integrate it with the Document Ranking. Then, we will put the imple‐
mentation in a framework that is called as a Context-Aware Malay Document Retrieval
Frameworks.

This approach has been motivated from the review, that show to us, in development
of the Context-Aware Information Retrieval System, generally the application of context
modelling and integration has been generalized in one big framework such as in [3, 8,
13]. We also can see from the review, most of the overall Context Aware IR is developing
with the process of identification of context, and modelling it as a Context Representa‐
tion. The Context Representation then will be involved in the process of integration with
the document retrieval or Document Ranking to improve the IR. This kind of processes
are obviously can be seen in the works of [3, 5, 14, 15], which all of these works apply
the process of integration between Context Representation and Document Ranking to
improve document retrieval. This review has been done on the purpose of continuing
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the research and developing the application for the proposed frameworks as shown in
Figs. 4 and 5 below:

Query Text 

Text Pre-Processing (Malay Stemmer) 

Document Collection (Malay Hadith)

Indexing

DATASET

IR PROCESS 

Start

Fig. 4. Conceptual framework of context-aware Malay Document Retrieval frameworks.

Note: Basic IR Process  

Proposed Method 

Retrieval and Ranking Process

(DOCUMENT RANKING) 

Add additional value

Document Retrieved Evaluation EVALUATION

Query Operation

Thematic Classification

(TOPIC MODEL)   

Hadith Classification Unique Features

External Sources

Rules Valitdaion 

Rules Validation 

Stop

Malay Thesaurus  

Fig. 5. Conceptual framework of context-aware Malay Document Retrieval frameworks
(Continued)

The conceptual framework, features the classification of the Malay hadith using the
unique features of the Document Context and related term in Malay Thesaurus as the
Topic Model (Context Representation) and also act as the classifier rules. The classifier
in this approach, can be represented as the process of integration between Context
Representation and Document Ranking, by classifying the text document and give the
specific score in this particular process, then this score will be used as an additional value
in ranking function and will be improved the final ranking score of the IR system.

406 S. B. bin Rodzman et al.

ralfred@ums.edu.my



Acknowledgement. All authors are grateful for Universiti Teknologi MARA, Shah Alam,
Selangor for financial support.

References

1. Ata, B.M.A., Sembok, T.M.T., Yusof, M.: SISDOM: multilingual document retrieval system.
Asian Librar. Bradford 4(3), 37–46 (1995). http://ezaccess.library.uitm.edu.my/login?
url=http://search.proquest.com/

2. Xiang, B., Jiang, D., Pei, J., Sun, X., Chen, E., Li, H.: Context-aware ranking in web search.
In: SIGIR 2010, Geneva (2009)

3. Aleman-Meza, B., Halaschek, C., Arpinar, I.B., Sheth, A.: Context-aware semantic
association ranking. Technical report 03-010, University of Georgia (2003)

4. Nazief, B.: Development of computational linguistics research: a challenge for Indonesia. In:
Proceedings of the 38th Annual Meeting on Association for Computational Linguistics, ACL
2000, pp. 1–2 (2000)

5. Keßler, C.: Context-aware semantic-based information retrieval. Inaugural-Dissertation for
Doctor of Phylosophy. Wilhelms-Universität Münster (2010)

6. Akinribido, C.T., Afolabi, B.S., Akhigbe, B.I., Udo, I.J.: A fuzzy ontology based information
retrieval system for relevant feedback. Int. J. Comput. Sci. 8(1), 382–389 (2011)

7. Odijk, D.: Context & semantics in news & web search. SIKS Dissertation Series. No. 2016-20.
Dutch Research School for Information and Knowledge Systems, Eindhoven (2016)

8. Hong, D., Park, Y.-K., Lee, J., Shin, V., Wo, W.: Personalized information retrieval
framework. In: Proceedings of the First International Workshop on Personalized Context
Modeling and Management for UbiComp Applications (2005)

9. Ahmad, F., Yusof, M., Sembok, T.M.T.: Experiment with a stemming algorithm for Malay
words. J. Am. Soc. Inf. Sci. 47(12), 909–918 (1996)

10. Zamani, H., Bendersky, M., Wang, X., Zhang, M.: Situational context for ranking in personal
search. In: International World Wide Web Conference Committee (IW3C2), pp. 1531–1540.
International World Wide Web Conferences Steering Committee, Republic and Canton of
Geneva (2017)

11. Parvin, H., Dahbashi, A., Minaei, B.: Improving Persian text classification and clustering
using Persian thesaurus. In: Distributed Computing and Artificial Intelligence. Advances in
Intelligent and Soft Computing, vol. 151, pp. 493–500. Springer, Heidelberg (2012)

12. Hanum, H.M., Bakar, Z.A., Rahman, N.A., Rosli, M.M., Musa, N.: Using topic analysis for
querying halal information on Malay documents. Procedia Soc. Behav. Sci. 121, 214–222
(2014)

13. Bai, J., Nie, J.-Y., Bouchard, H., Cao, G.: Using query contexts in information retrieval. In:
Proceedings of the 30th Annual International ACM SIGIR Conference on Research and
Development in Information Retrieval, SIGIR 2007, pp. 15–22. ACM, New York (2007)

14. Agbele, K.K., Ayetiran, E.F., Aruleba, K.D., Ekong, D.O.: Algorithm for information
retrieval optimization. In: IEEE 7th Annual Information Technology, Electronics and Mobile
Communication Conference (IEMCON). IEEE, Vancouver (2016)

15. Agbele, K.K.: Context-awareness for adaptive information retrieval systems. A thesis
submitted in fulfillment of the requirements for the degree of Doctor of Philosophy in
Computer Science. Faculty of Science Department of Computer Science, University of the
Western Cape, Cape Town (2014)

A Survey on Context-Aware Information Retrieval Research 407

ralfred@ums.edu.my

http://ezaccess.library.uitm.edu.my/login?url=http://search.proquest.com/
http://ezaccess.library.uitm.edu.my/login?url=http://search.proquest.com/


16. Ogura, K., Bond, F., Ooyama, Y.: A prototype Japanese-to-Malay translation system. In:
Machine Translation Summit VII. Asia-Pacific Association for Machine Translation, Tokyo
(1999)

17. Derczynski, L.R.A., Yang, B., Jensen, C.S.: Towards context-aware search and analysis on
social media data. In: Proceedings of the 16th International Conference on Extending
Database Technology, EDBT 2013 (2013)

18. Leong, L.C., Basri, S., Alfred, R.: Enhancing Malay stemming algorithm with background
knowledge. In: Proceedings of the 12th Pacific Rim International Conference on Trends in
Artificial Intelligence, pp. 137–142. ACM, New York (2012)

19. Chang, L., Yu, J.X., Qin, L.: Context-sensitive document ranking. In: Proceedings of the 18th
ACM Conference on Information and Knowledge Management, CIKM 2009, pp. 1533–1536.
ACM, New York (2009)

20. Suryana, L., Bressan, S.: Automatic learning of stemming rules for the Indonesian language.
In: Proceedings of the 17th Pacific Asia Conference on Language, Information and
Computation, pp. 62–68. Colips Publications, Singapore (2003)

21. Tze, L.L., Hussein, N.: Fast prototyping of a Malay WordNet system. In: Proceedings of the
Language, Artificial Intelligence and Computer Science for Natural Language Processing
(LAICS-NLP) Summer School Workshop, pp. 13–16 (2006)

22. Sankupelayya, M., Valliappan, S.: Malay-language stemmer. Sunway Acad. J. 3, 147–153 (2006)
23. Puteh, M., Isa, N., Puteh, S., Redzuan, N.A.: Sentiment mining of Malay newspaper

(SAMNews) using artificial immune system. In: Proceedings of the World Congress on
Engineering, vol. 3, pp. 1498–1503. Newswood Limited, International Association of
Engineers, IAENG, Hong Kong (2013)

24. Yunus, M.A.M., Zainuddin, R., Abdullah, N.: Semantic method for query translation. Int.
Arab J. Inf. Technol. 10(3), 253–259 (2013)

25. Abdullah, M.T., Ahmad, F., Mahmod, R., Sembok, T.M.T.: Rules frequency order stemmer
for Malay language. Int. J. Comput. Sci. Netw. Secur. (IJCSNS) 9(2), 433–438 (2009)

26. Abdullah, M.T.: Monolingual and cross-language information retrieval approaches for Malay
and English language documents. Thesis Submitted to the School of Graduate Studies,
Universiti Putra Malaysia, in Fulfilment of the Requirement for the Degree of Doctor of
Philosophy. Universiti Putra Malaysia, Serdang (2006)

27. Loukachevitch, N.V., Dobrov, B.V.: Construction of thematic representations of texts based
on domain-specific thesaurus. AAAI Technical report SS-02-09 (2002)

28. Ahmad, N.D., Bennett, B., Atwell, E.: Semantic-based ontology for Malay Qur’an reader. In:
4th International Conference on Islamic Applications in Computer Science and Technologies
(2016)

29. Ab Samat, N., Murad, M.A.A., Abdullah, M.T., Atan, R.: Term weighting schemes
experiment based on SVD for Malay text retrieval. Int. J. Comput. Sci. Netw. Secur. (IJCSNS)
8(10), 357–361 (2008)

30. Ab Samat, N., Murad, M.A.A., Abdullah, M.T., Atan, R.: Malay documents clustering
algorithm based on singular value decomposition. J. Theor. Appl. Inf. Technol. 8(2), 180–
186 (2005)

31. Ab Samat, N., Murad, M.A.A., Atan, R., Abdullah, M.T.: Categorization of Malay documents
using latent semantic indexing. In: Proceedings of Knowledge Management International
Conference, pp. 87–91. ACM, New York (2008)

32. Ismail, N.K., Rahman, N.A., Bakar, Z.A., Sembok, T.M.T.: Terms visualization for Malay
translated Quran documents. In: Proceedings of the International Conference on Electrical
Engineering and Informatics Institut Teknologi Bandung, Indonesia, pp. 17–19. IEEE Xplore
(2007)

408 S. B. bin Rodzman et al.

ralfred@ums.edu.my



33. Rahman, N.A., Mabni, Z., Omar, N., Hanum, H.F.M., Rahim, N.N.A.T.M.: A parallel latent
semantic indexing (LSI) algorithm for Malay Hadith translated document retrieval. J.
Commun. Comput. Inf. Sci. 545, 154–163 (2015)

34. Sharef, N.M., Madzin, H.: Semantic-based medical records retrieval via medical-context
away query expansion and ranking. J. Theor. Appl. Inf. Technol. 58(3), 697–706 (2013)

35. Rais, N.H., Abdullah, M.T., Kadir, R.A.: Query translation architecture for Malay-English
cross-language information retrieval system. In: International Symposium in Information
Technology (ITSim). IEEE Xplore (2010)

36. Mylonas, P., Vallet, D., Castells, P., Fernandez, M., Avrithis, Y.: Personalized information
retrieval based on context and ontological knowledge. Knowl. Eng. Rev. 23(1), 73–100
(2007)

37. Alfred, R., Leong, L.C., On, C.K., Anthony, P.: Malay named entity recognition based on
rule-based approach. Int. J. Mach. Learn. Comput. (IJMLC) 4(3), 300–306 (2014)

38. Baeza-Yates, R., Ribeiro-Neto, B.: Modern Information Retrieval the Concepts and
Technology Behind Search, 2nd edn. Pearson Education Limited, Harlow (2011)

39. Noah, S.A., Ismail, F.: Automatic classifications of Malay proverbs using Naïve Bayesian
algorithm. Inf. Technol. J. 7, 1016–1022 (2008)

40. Noah, S.A., Amruddin, A.Y., Omar, N.: Semantic similarity measures for Malay sentences.
In: Goh, D.H.-L., Cao, T.H., Sølvberg, I.T., Rasmussen, E. (eds.) ICADL 2007. LNCS, vol.
4822, pp. 117–126. Springer, Heidelberg (2007)

41. Doraisamy, S., Golzari, S., Norowi, N.M., Sulaiman, M.N.B., Udzir, N.I.: A study on feature
selection and classification techniques for automatic genre classification of traditional Malay
music. In: 9th International Conference on Music Information Retrieval, ISMIR 2008, pp.
331–336. Drexel University, Philadelphia (2008)

42. Fadzli, S.A., Norsalehen, A.K., Syarilla, I.A., Hasni, H., Dhalila, M.S.S.: Simple rules Malay
stemmer. In: The International Conference on Informatics and Applications (ICIA 2012), pp.
28–35. The Society of Digital Information and Wireless Communication (SDIWC) (2012)

43. Sembok, T.M.T.: Word stemming algorithms and retrieval effectiveness in Malay and Arabic
documents retrieval systems. Int. J. Comput. Electr. Autom. Control Inf. Eng. 1(10), 3197–
3199 (2007)

44. Bakar, Z.A., Sembok, T.M.T., Yusoff, M.: An evaluation of retrieval effectiveness using
spelling correction and string-similarity matching methods on Malay texts. J. Am. Soc. Inf.
Sci. Technol. 51, 691–706 (2000)

A Survey on Context-Aware Information Retrieval Research 409

ralfred@ums.edu.my



Improved Cascade Control Tuning
for Temperature Control System

I. M. Chew1(✉), F. Wong2, A. Bono2, J. Nandong1, and K. I. Wong1

1 Curtin University Malaysia, Miri, Sarawak, Malaysia
{chewim,jobrun.n,wong.kiing.ing}@curtin.edu.my

2 Universiti Malaysia Sabah, Kota Kinabalu, Sabah, Malaysia
farrah@ums.edu.my, awangbono@gmail.com

Abstract. Single loop feedback control is commonly used in process control.
The main drawback of single loop feedback control is its less effectiveness in
rejecting the external disturbances. In order to improve speed of disturbance
rejection and stability of closed-loop system, cascade control was studied and
analyzed. To design the cascade control, first-order plus deadtime (FOPDT)
models of both inner and outer loop were developed and applied for both sequen‐
tial and simultaneous tuning methods. For sequential tuning, an IMC-based tuning
was used whereas for simultaneous tuning method, Multiscale and Enhanced
Cascade Control tunings were chosen. Relative performance of various controller
settings for single and cascade control were compared. Moreover, recommenda‐
tion for optimized tuning used “Step Response Checker” from System Design
Toolbox was also elaborated and tested. Performance results were evaluated
through Minimum Integral Error measurement. The effectiveness of the tuning
methods was compared and evaluated using a lab-scale air flow rig.

Keywords: Single loop control · Cascade loop control · Optimized tuning
Relative performance · Improved temperature control

1 Introduction

1.1 A Single Loop Control System

Single loop feedback control compensates the process upsets or to provide high consis‐
tency of process control that ensures the operational safety and product quality [1, 2].
Basically, the process variable, PV is measured and then compared with the applied
setpoint, SP so as to produce manipulated value, MV for re-positioning the control of
final control element. Eventually, the parameter has been controlled according to the
applied set point, SP.

The block diagram of a feedback control system is shown in Fig. 1.
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Fig. 1. A typical block diagram of a closed loop system

It is noted that a single loop control system responded poorly to the imposed distur‐
bances. As depicted by Fig. 1, disturbance d1 enters the process, it has to propagate
through the process and error signal, e1 is produced to initiate the control. Meaning, the
controller starts to react after the process is affected by the upset. Besides, the controller
also has its limitation to control a large process by itself due to possession of large dead
time or time constant.

If the system has one process variable to interact with another parameter, the overall
control action can be improved by adding measurement and control the other parameter
that will impact the actual (primary) controlled parameter. In a nutshell, we can develop
another feedback control loop to deal with imposed disturbance before it begins to affect
the controlled parameter. It has greatly overcome problems due to slow control’s reac‐
tion to any unpredicted disturbances as well as required new setpoint.

1.2 Cascade Loop Control System

Nowadays, cascade control system is widely implemented in various chemical process
plants, boilers and utilities systems. Introduced by Frank and Worley, a typical cascade
control system consists of two closed loops in such a way that inner loop is embedded
into an outer control. Basically, cascade control is classified in series and parallel form
[3]. Lee et al. [9] had extended the studies of cascade control to integrating and unstable
processes. Interestingly, Nandong and Zhang [4, 8] studied cascade control in multi-
scale control scheme.

In this paper, the structure of cascade control system is developed and visualized
through Matlab simulation tool. Typical block diagram of a cascade control loop is
shown in Fig. 2. Two controllers are used but only primary variable, PV1 eventually is
to be regulated at setpoint, SP1 and despite the imposed disturbance, d2 [3].
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Fig. 2. Block diagram of cascade control system

The resultant impact to the outer loop is much reduced compared to the standard
feedback control. It is desired that, outer controller Gc1 should drive process variable to
the setpoint as to abide to the Minimum Integral Absolute Error criterion [6]. Thereby,
cascade control loop often requires a more vibrating dynamic behaviour of inner loop
rather than outer loop. Otherwise, the cascade loop will not offer significant improve‐
ment in controlling controlled parameters. For the faster inner loop, its time constant, 𝜏p

and dead time, 𝜏d should be less than the values of outer loop. In general, P or PI controller
mode is selected for inner loop whereas PI or PID controller mode is selected for outer
loop.

There are two tunings method to be discussed, known as Sequential Tuning Method
and Simultaneous Tuning Method.

Sequential Tuning Method. This is a state-of-art tuning method used by experienced
personnel with minimum guidance from the available tuning methodologies. The steps
for sequential tuning method are shown as below [5–7].

(a) Set both controllers to the Manual Mode.
(b) Perform the bump test to the inner loop and develop the First Order Plus Dead Time,

FOPDT model by using open loop test method.
(c) Determine proportional gain, Kc and integral time, Ti of secondary controller. Then,

set the secondary controller to Auto Mode.
(d) Perform the bump test to the outer loop and develop FODPT model for outer loop

by using open loop test method.
(e) Determine proportional gain, Kc, integral time, Ti and derivative time, Td for primary

controller.
(f) Tune the primary controller. Then, set the primary controller to Auto Mode.

Simultaneous Tuning Method. There is an alternative tuning methodologies to deter‐
mine correlation values for both primary and secondary controllers concurrently through
a single bump test. In this research paper, Multi-scale Control [8] and Enhanced Cascade
control [9] are analysed and compared with single loop temperature control system. The
tuning is initialized by setting both inner and outer loop into Manual Mode. A bump test
is conducted to the controller output, see Fig. 2. Corresponding dynamic behaviours of
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both inner and outer loop are defined for developing FOPDT models. Correlation values
for both controllers Gc1 and Gc2 are calculated using formulas in both literatures [8, 9].

Correlation Tuning Using IMC-Based Model. The IMC-based tuning method is
chosen because it has good capability to drive process variable to new set point in a
consistent fast speed track without overshooting. This characteristic is still obvious even
the controller is set with overdamped characteristic that gives slower and consistency
reaction towards d1. The details of formulation are available from the literature [11]. The
used formulas for both single loop and cascade control are shown in Table 1.

Table 1. Formula of PID settings

Heading level Proportional gain, Kc Integral time constant, 𝜏p Derivative time, 𝜏d

PI controller 1
Kp

𝜏p
(
𝜃p + 𝜏c

)
𝜏p –

PID controller
1

Kp

(
𝜏p + 0.5𝜃p

𝜏c + 0.5𝜃p

)
𝜏p + 0.5𝜃p 𝜏p𝜃p

2𝜏p + 𝜃p

Aggressive tuning: 𝜏c = larger of 0.1 𝜏p or 0.8 𝜃p

Moderate tuning: 𝜏c = larger of 1.0 𝜏p or 8.0 𝜃p

Conservative tuning: 𝜏c = larger of 10 𝜏p or 80 𝜃p

Performance Measurement with IAE, ISE, ITAE, ITSE. The purpose of controller’s
setting is enabling control action to drive controlled variable converge to its setpoint.
The smaller value of integral error means high degree of controllability and robustness
in response to the new setpoint and disturbances. Overall performance is measured
through Integral Absolute Error, IAE, Integral Time-weighted Absolute Error, ITAE,
Integral Square Error, ISE, and Integral Time-weighted Square Error, ITSE. The respec‐
tive measurement is developed in Simulink environment as illustrated in Fig. 5.

Response Optimization with Step Response Checker. Step Response Checker Func‐
tion is used for repetitively evaluating and comparing response of generated iterations
so to generate the best PID tuning parameters that meets step response design require‐
ments [12, 13]. Applying this block function do not need to deal with control knowledge
as well as tuning skills for obtaining the PID setting values. The block function can be
extracted from Simulink Design Optimization of Simulink Library Browser. After it is
connected to the model, requirements such as rise time, settling time, overshoot, initial
value and final value are inserted to the sink block parameter window. The optimized
operation is started by clicking optimized button. As the optimized tunings are obtained,
plot displays and PID tuning values are present. The Step response checker is applied
to the model as shown in Fig. 3.
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Fig. 3. Optimized tuning of PID controller with Step Response Checker

2 Experimental Case Studies

The three basic controls can be performed by Process Control Simulator, SE-201
includes Flow control, Temperature control and Cascade control [10]. The structure of
SE-201 is depicted in Fig. 4(a) and (b).

       
           (a)                                                                                         (b) 

Fig. 4. Process Control Simulator SE-201

The flow control loop is nested into temperature control loop where both temperature
and air flow are controlled simultaneously by manipulating the speed of the fan. Any
disturbance to the air flow will be compensated for by the flow controller in the inner
control loop, and therefore minimizes the noticeable disturbance to the temperature
control loop.

3 Analysis and Results

3.1 First Order Plus Dead Time (FOPDT) for Single Loop and Cascade Loop
Control System

Dynamic behaviour of open loop for temperature control is obtained through formu‐
lating FOPDT model as shown in (1).
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P2 =
0.68e−15s

150s + 1 (1)

For cascade control loop, open loop test method is applied to define FOPDT models.
As the cascade control system has utilises flow control loop to improve temperature
control, two FOPDT models are determined for both sequential tuning and simultaneous
tuning.

Table 2 illustrates the developed FOPDT models for sequential tuning and simulta‐
neous tuning method. It is noted that both tuning method is having similar inner loop
model while the outer loop model is obtained differently. Simultaneous tuning method
only requires a single bump test, and evaluates the reaction for both flow and temperature
at the same time.

Table 2. FOPDT for sequential and simultaneous tuning methods

Cascade control system Sequential tuning Simultaneous tuning
Inner loop model (MV flow - PV flow) (MV flow - PV flow)

0.66e−0.5s

3.5s + 1
0.66e−0.5s

3.5s + 1
Outer loop model (MV temp - PV temp) (MV flow - PV temp)

−0.13e−20s

74s + 1
−0.08e−43s

103s + 1

3.2 Correlation Tunings for Sequential and Simultaneous Tuning Methodology

Table 3 depicts all PID settings for single loop and cascade loop temperature control.
For single loop temperature control, PID settings are applied for Moderate and Aggres‐
sive Mode tuning. In contrast, cascade loop temperature control has setting PID values
by using both sequential and simultaneous tuning methodologies. For simultaneous
tuning methodology, Multi-Scale Control [8] and Enhanced Cascade Control [9] are
used for determining the PID setting values.

Table 3. PID settings for temperature control system

Tuning methodology Loop Proportional band, PB Integral time, 𝜏I Derivative time, 𝜏d

Single moderate Single 125% 128 10.1
Single aggressive Single 18.5% 128 10.1
Cascade tuning-
sequential tuning

Outer –26% –84 –8.8
Inner 85% 3.5 0

Cascade tuning-
enhanced

Outer –4.9% –103 –19.8
Inner 13.5% 3.7 0

Cascade tuning-
multiscale

Outer –4.7% –105 –17.7
Inner 14.2% 3.2 0

Cascade tuning-
optimized

Outer –4% –85 –8.8
Inner 85% 3.5 0
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3.3 Model of Cascade Control System

Figure 5 illustrates developed cascade control system with Integral Error Measurement.
It is noted that the inner loop controller is direct-acting control loop with positive process
gain. Therefore, the applied Proportional Band, PB is with positive value. Meanwhile,
the outer loop is a reverse-acting control loop thus the applied Proportional Band, PB is
with negative value.

Fig. 5. Block diagram of cascade control system in Matlab Simulnk

3.4 Relative Performance of Single Loop Temperature Control Compared to
Cascade Loop Temperature Control

Figure 6(a) and (b) depicts improvement in terms of system response by using cascade
control methodology, which is relatively fast compared to the single loop temperature
control. It is experimentally shown that the cascade control overall improves servo and
regulatory control performances and this can be well-explained due to the inner loop
able to regulate the airflow that enhances manipulation to response to the temperature
control.
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(a)                                             (b)

Fig. 6. Set point tracking analysis and disturbance rejection performance optimized cascade
control loop tuning.

3.5 Relative Performance Index Using Minimum Integral Error

As noted, one of the main purposes to apply cascade control loop is for improving the
area of integral error under the curve of output response as compared to setpoint over
duration of time. Figure 7, shows the block diagram of cascade control loop, which is
linked to function of Integral Error Measurement.

(a)   (b)

Fig. 7. Improvement on disturbance rejection performance for moderate-IMC tuning, aggressive-
IMC tuning and cascade control optimized tuning.

Relative performance of temperature control system can be measured through IAE,
ITAE, ISE and ITSE criterion. The simulation result is shown in Table 4.

Experimental result showed that optimized cascade control tunings gives the smallest
value of integral errors for all IAE, ITAE, ISE and ITSE, which means the greatest
stability control towards the changes of setpoint, SP and disturbance, d. In contrast,
moderate tuning of single loop temperature control system gives the largest value for
all IAE, ITAE, ISE and ITSE measurement, implies the least controllability, which
expects the output response with higher overshoot and longer settling time.
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Table 4. Minimum integral error measurement using IAE, ISE, ITAE, ITSE

Heading level Minimum integral tuning measurement
IAE ISE ITAE ITSE

Single-moderate 262.8 161.3 6.024e + 04 3.226e + 04
Single-aggressive 89.95 73.2 2.295e + 04 1.827e + 04
Cascade tuning-sequential tuning 81 58.22 5964 2463
Cascade tuning-enhanced 76.09 54.59 5442 2199
Cascade tuning-multiscale 71.51 53.01 4637 2054
Cascade tuning-optimized 40.43 26.65 2865 711.8

3.6 Relative Output Response of Optimized Cascade Control Compared with
Single Loop Control

As noted, one of the main purposes to apply cascade control loop is for improving the
closed-loop system performance. Overall, an improved response can be justified through
comparing relative performance for both cascade and single loop temperature control.

Figure 7(a) and (b) shows relative performance for both setpoint tracking analysis and
disturbance rejection performance for Single-IMC (Moderate) tuning, Single-IMC
(Aggressive) tuning and optimized cascade control tuning. It is obvious to note that the
temperature of process with cascade loop is driven more quickly to the new setpoint.
Higher controllability as a consequence of the cascade control to produce smaller over‐
shoots in coping with external disturbances, and thus the impact to the system is signifi‐
cantly reduced.

Improvements of optimized cascade control in terms output response are shown in
the Table 5. It is showed that optimized cascade control improves 67.4% of settling time
for setpoint tracking analysis, and reduces 76% overshoot for disturbance rejection
performance when is compared to single loop moderate tuning control.

Table 5. Output response of single loop and cascade loop temperature control

Control loop Set point tracking analysis Disturbance rejection performance
Settling time(s) Improvement (%) Overshoot (%) Improvement (%)

Single loop
(Moderate)

478 – 5 –

Single loop
(Aggressive)

377 21.1 2 60.0

Optimized
cascade control

156 67.4 1.2 76.0

4 Conclusion

Cascade control system is designed to improve the closed-loop control performance in
terms of improving the response speed, robustness and controllability of the temperature
control system.
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Research methodology was justified by case studies through Process Control Simu‐
lator, SE201. All findings were recorded and rigorously compared. The developed
FOPDTs showed that the process gain for the equipment dictates that a forward-acting
control for the inner loop and reverse-acting control for outer loop. Both sequential
tuning and simultaneous tuning were recommended for analysing relative performance
of process towards new setpoint tracking and imposed disturbance.

It has been found that sequential tuning is more dependent on personnel’s tuning skills
by using state-of-art approach for reasonable control. In contrast, the simultaneous tuning
applies the respective developed formulas, which requires less skill and reduces time for
tuning task.

Moreover, a study of the optimization of cascade control was carried out and re-fined
tuning was performed so to ensure the real-time process performed at optimum level. The
optimized setting for cascade control based on the experimental rig was found to be
PB = 4%, 𝜏i = 88 and 𝜏d = 8.8 for outer loop and PB = 85%, 𝜏i = 3.5 for inner loop.
Noteworthy, it can be concluded that the cascade control loop has improves 67.4% of servo
control and 76.0% of regulatory control based on the real system under investigation.
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Abstract. In this paper, we demonstrate a novel approach in topic model
exploration by applying word co-occurrence graph or graph-of-words (GOW) in
order to produce more informative extracted latent topics from a large document
corpus. According to the Latent Dirichlet Allocation (LDA) algorithm, it only
considers the words occurrence independently via probabilistic distributions. It
leads to the failure in term’s relationship recognition. Hence in order to overcome
this disadvantage of traditional LDA, we propose a novel approach, called GOW-
LDA. The GOW-LDA is proposed that combines the GOW graph used in doc-
ument representation, the frequent subgraph extracting and distribution model of
LDA. For evaluation, we compare our proposed model with the traditional one in
different classification algorithms. The comparative evaluation is performed in
this study by using the standardized datasets. The results generated by the
experiments show that the proposed algorithm yields performance respectably.

Keywords: Topic models � LDA � Word co-occurrence graph
Graph-of-Word (GOW) � Frequent subgraph mining � Classification
Large-scale graph

1 Introduction

In recent researches, topic modeling is considered as an interesting field which
addresses the approach to represent the documents in multiple latent themes or topics
corresponding with the probabilistic distributions over words in each document of
corpus. There are many applications in regard to topic modeling, such as information
retrieval, large-scale document corpus indexing, text mining, classification, clustering,
etc. The most popular topic modeling algorithm is Latent Dirichlet Allocation
(LDA) [1, 2]. In general, the LDA also is considered as bag-of-words (BOW) model
with the probabilistic term weight. The disadvantage of this method is the failure of
tracking the document’s term semantic relationship and word’s combination repre-
sentation which are most informative factors in document representation.

There is no doubt that every single human written document is a collection of
words which occur in the specific related contexts – might belong to one or many
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topics/categories, the terms’ distributions inside a document rely on the semantic
relations and natural language’s grammar. In other words, the neighboring terms in a
document represented for the contextual topic which a document belongs to.

The ultimate goal of our work in this paper is to find a novel approach for resolving
the problem of tracking the word’s relationships in document representation as well as
the latent topic extraction. We propose the LDA-based graph-of-word (GOW-LDA)
method, which is a combination between graph-based document representation and
LDA algorithm in order to tackle the aforementioned issues of classical LDA
algorithm.

2 Literature Review

There are several notable improvement in LDA topic models for improving the
informative of extracted knowledge such as supervised annotation topic extraction [3],
investigating the semantic relationship among words inside a document via “natural
language processing” (NLP) techniques in text processing, analyzing the common-
sense concepts from input document via appropriate knowledge-bases as the topic’s
features for LDA [4], SemLDA [5] applying WordNet, SemCor, WSD (word-sense
disambiguation). In general, most previous methods require knowledge-based reposi-
tory such as WordNet, lexical database, domain ontologies, etc. However, in some
cases those methods are not suitable, such as:

• The words’ combination, abbreviation, synonyms are vary and specific which can’t
be looked up in available lexical or dictionary (especially in technical document).

• The input document’s corpus and included concepts related to multiple
knowledge-domain fields which is needed to apply multiple knowledge-source.
Moreover, the input documents are in combination of different data types (image,
charts) such as scientific articles, academic reports, etc. also cause the difficulties in
applying lexical lookup.

In order to avoid the burdensome obtained from previous approaches, we propose
the approach of applying the graph-of-word representation model and “frequent sub-
graph mining” (FSM) techniques in order to improve the quality of extracted latent
topics in classical LDA algorithm.

3 Proposed Solutions and Models

3.1 Document to Graph (doc2graph) Transformation

Definition 1. graph-of-words (GOW) in document representation is defined as a
graph-based structure having vertices correspond to unique terms of the document and
whose edges represent co-occurrences between these terms.

Constructing the word co-occurrence graph from texts in document is considered as
the simplest way to transform a document to graph-based structure. In order to eliminate
self-looping (the edge connecting same vertex) – the (k) sliding window’s size
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parameter is defined to control the document’s term sequential iterating. The selection of
(k) depends on the processing language. The value of (k) might be set 2 (for capturing
bigrams) or 3 (for capturing trigrams). With English document corpus, the (k) is nor-
mally set to 3, in order to capture the trigrams and in order to avoid English bigrams
which are composed by duplicated words, (i.e., “so so”, “well well”, etc.) [6–8]. All
steps are described in Algorithm 1 as shown follows:

3.2 The Proposed GOW-LDA Approach

Applying GOW and FSM in Document Transformation

Definition 2. Graph-based concepts (d : Gfreq): is a set of GOW based structures which
are extracted from the input documents and FSM technique.

The GOW-LDA model is our novel approach which combines the “graph-based
concepts” (Definition 2) for document representation and classical LDA algorithm to
extract the generative distributions.

Graph-based concept via FMS
In general, the graph-based concept extraction from input documents (as shown in
Fig. 1) is the process of FMS. Because the input documents are transformed into
graph-based structures (GOW), hence extracted graph-based concept (di : Gfreq) is
isomorphic to input documents’ graph (Gd). For the set of graph-based transformed
documents GD ¼ Gjjj 2 Dj j� �

, the support value r di : Gfreq;GD
� � ¼ P j

Gj2 Dj j 1

di : Gfreq;Gj
� �

donates to the frequency of concept di : Gfreq in GD, the
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1 di : Gfreq;Gj
� �

= 1 if di : Gfreq is isomorphic to at least one subgraph of Gj and 0 when
di : Gfreq is not isomorphic to any subgraph of Gj. The GOW-LDA introduces the input
parameter (di : Gfreq) - the di : Gfreq is the ið Þ-th frequent subgraph which extracted via
(FSM) techniques such as gSpan in frequent graph-based pattern mining and the
expanded version of DgSpan for directed graph structure [9], FFSM [10] applying
isomorphic subgraph presence in FSM, and SPIN [11] focus on extracting “maximal
frequent subgraphs” (MCS) from graph-based storage mechanism, etc.

Document representation by extracted graph-based concepts
After extracting the set of concepts, d : Gfreq, each of the concepts will have a specific
(cid) for identification. Then, a set of d : Gfreq will be used to represent the input
documents into the concept-based binary vector (as shown in Fig. 1) by using the
“isomorphic subgraph matching” (ISM) matching. For the ISM related problem, there
are some notable proposed algorithms such as: VF2 in matching large graphs [12],
QuickSI [13, 14].

Distributions of Topic–Concept in GOW-LDA
LDA topic model
LDA is considered as the foundation of existing probabilistic-based topic modeling [1].
It helps to generate the mixture of latent topic distribution and each given latent topic is

Fig. 1. Document dataset is transformed into graph-based concept in (d : Gfreq) and represented
back by applying subgraph isomorphic matching.
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a probabilistic distribution over “unique words/terms”. The P wjzð Þ ¼ / tð Þ stand for the
distribution of word (w) over the given topic (t) and every single document in the
collection contained multiple topics which distributed probabilistically - P zð Þ ¼ h dð Þ for
the distribution of topic z in the specific document (d) (Figs. 2 and 3).

Fig. 2. Overall generative model processes of GOW-LDA

Fig. 3. Graphical illustration of [topic]-[concept] distributions in GOW-LDA via graph-based
concepts
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Similar to the previous classical one, in GOW-LDA, we transform the input doc-
uments into “unique concepts” of di : Gfreq. Hence, the model becomes the probabilistic

distribution of [topic]-[concept], the P wjzð Þ ¼ / tð Þ becomes P d : Gfreqjz
� � ¼ / tð Þ (as

shown in Fig. 2). In the other word, the GOW-LDA is the distribution of [topic]-[group
of co-occurrence words] (as shown in Fig. 2). Finally, we apply the Gibbs sampling [2]
to compute the mixture probabilistic distributions of (/t) (the distributions of [topic
(tj)]-[concept (di : Gfreq)]) and [topic]-[document] (hd) (as shown in Fig. 2). The
parameters (a) and (b) are the selected hyper-parameters. The GOW-LDA generative
processes can be summarized as Algorithm 2.

The Advantages of GOW-LDA in Resource Consuming
The main advantage of GOW-LDA is to keep the co-occurrence, semantic relationships
and combination of terms within documents. Besides, our proposed approach prevents
the problem related to BOW problem in classical LDA algorithm. Furthermore, based
on our experiments (as shown in Fig. 2), the GOW-LDA also reveals the effectiveness
in consuming time as well as resource usage for generating distributed models due to
the replacement of set of unique term (V) by defined graph-based concepts (d : Gfreq)
which absolutely much smaller in size ( Vj j � d : Gfreq

�� ��).
We conducted our experiments on the WebKB dataset with different number of

extracted latent topics and extracted concepts (GOW-LDA) and terms (for classical
LDA algorithm) (Table 1).
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4 Experiments and Evaluations

In order to estimate the effectiveness and potential applications of our proposed
GOW-LDA model, we conducted several experiments related to evaluations in
co-occurrence terms associated with extracted concept from GOW-LDA with classical.

The second, evaluation is focused on the capabilities in classification implemented
with multiple classifying algorithms. For the fair testing, all experiments will be
conducted in the provided standardized dataset.

4.1 Evaluation’s Metric Usage

For the second evaluation on model capabilities of classification, three main metrics
including Precision (P), Recall (R) and F-measure (F1) are used in order to evaluate the
experimental results:

P ¼ TP
TPþFP

; R ¼ TP
TPþFN

; F1 ¼ 2:
P:R

2 PþRð Þ ð1Þ

Where (TP) is the number of topic found and correct, (FP) and (FN) are for the
classifier designated the expected topic but not correct and not the expected topic by
actually belong to that topic, respectively.

4.2 Experimental Results and Evaluations

The Term/Concept Distributions over Topic
In order to evaluate the extracted terms in the concepts which probabilistic distributing
over topic from dataset – After generating the [concept]-[topic] (/t) distribution, we
map back the terms from previous concepts (in graph-based structure – {term1,
term2…} following the sequential order).

It is also edges’ directions in GOW to compare with the extracted terms in classical
LDA model. The experiments are taken in WebKB (4 classes) and Reuters-R8 (8
classes) datasets. We also choose the frequent support (r) threshold (minSup) being
15% for WebKB and 25% for Reuters-R8 test cases (Tables 2 and 3).

Table 1. Experimental results on execution time between GOW-LDA and classical LDA with
different number of extracted topics and concepts/terms

Number of extracted
latent topics

Number of distributed
concepts/terms per topic

Execution time (in seconds)
GOW-LDA Classical LDA

5 10 7.799 10.026
10 20 8.564 12.790
15 30 10.424 13.395
20 40 13.881 14.426
50 100 17.551 22.486
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Table 2. Experiment for concept/term distributions between GOW-LDA and classical LDA
algorithm on WebKB (4 classes) dataset

Topic GOW-LDA
(nTopic = 4, nConcept = 5) (minSup = 15%)

Classical LDA
(nTopic = 4, nTerm = 5)

1 {fax, wide}, {principl}, {brian, scienc, comput, principl,
depart, updat, colorado, madison,, appli}, {hilton, depart,
russel, impagliazzo}, {nation, comput}

student, offic, graduat,
phone, engin

2 {brian, comput, depart, arpa}, {brian, nation}, {brian,
comput}, {gordon, content}, {hilton, depart,, comput,
russel, impagliazzo}

program, assign, class,
lectur, homework

3 {brian, comput, depart}, {fax, wide}, {wisconsin, dayton},
{brian, depart, cremer, dayton, comput, scienc}, {denni,
perus, cours}

program, design, project,
softwar, parallel

4 {principl}, {jolla, colorado, cpsc, comput, fall}, {brian,
scienc, cours, comput, depart}, {brian, fax, wide},
{gordon, content}

learn, work, intellig,
network, group

Table 3. Experiment for concept/term distributions between GOW-LDA and classical LDA
algorithm on Reuters-R8 (8 classes) dataset

Topic GOW-LDA
(nTopic = 8, nConcept = 5) (minSup = 25%)

Classical LDA
(nTopic = 8, nTerm = 5)

1 {net, electronics, obod, three}, {net, shr, jan}, {completes,
inc}, {cbco, shr}, {plan, four, net, shr}

said, shares, pct, stock,
company

2 {entry, inc}, {completes, inc}, {cbco, international},
{completes, inc, split}, {shr, profit}

cts, April, record,
dividend, div

3 {net, electronics}, {cbco, year, net, shr}, {net, four,
electronics, obod}, {net, shr, profit}, {plan, four, net}

said, company, merger,
offer, canadian

4 {net, shr, four}, {cbco, shr, profit}, {cbco, net, year, shr,
five}, {cbco, net, year, shr, five}, {net, shr, four, electronics}

said, trade, bank, japan,
pct

5 {year, net, shr, five}, {cbco, net, shr, note, year}, {plan,
four, net, electronics}, {inc, said}, {cbco, net, jan}

mln, dlrs, said,
company, year

6 {year, net, shr}, {shr, profit, five}, {cbco, international,
year}, {cbco, international, note, year}, {cbco, year, net,
shr}

oil, said, prices, mln,
production

7 {shr, jan}, {net, shr, jan}, {loans, note, jan}, {profit, five},
{cbco, shr, year, net}

vs, mln, cts, net, loss

8 {cbco, year, net, shr, five}, {cbco, net, shr, year}, {net, four,
shr}, {cbco, net, shr, year}, {cbco, net, shr}

billion, pct, said, year,
mln
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Evaluation on Text Classification
In these experiments, the GOW-LDA and classical LDA algorithm are implemented
simultaneously in different classifying algorithms, including SVM, Naïve Bayes
(MultinomialNB), Decision Tree (J48) and K-nearest Neighbors (Figs. 4 and 5).

The output of topic and document distributions is used to generate the vectors’
weight which used to feed to classifier. We used WebKB and Reuters-R8 dataset for
these experiments (Table 4 and 5).

SVM
(Linear) Naïve Bayes Decision

Tree (J48)
K-nearest
neighbors

LDA-GOW 0.669 0.636 0.646 0.648
Classic LDA 0.633 0.626 0.614 0.628

0.560
0.580
0.600
0.620
0.640
0.660
0.680
0.700

F-
m

ea
su

re
 (F

1)

Fig. 4. Comparison between GOW-LDA and LDA in classifying capability with small number
of taken topics and concepts/terms

 

SVM (Linear) Naïve Bayes Decision Tree
(J48)

K-nearest
neighbors

LDA-GOW 0.698 0.679 0.705 0.714

Classic LDA 0.675 0.683 0.685 0.708

0.65
0.66
0.67
0.68
0.69

0.7
0.71
0.72

F-
m

ea
su

re
 (F

1)
 

Fig. 5. The illustration for classifying comparison between GOW-LDA and classical LDA
algorithm in Reuters-R8 dataset
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4.3 Experimental Concluding Remarks

With our proposed model we get slightly increases in some classifiers such as SVM
(3.295%), J48 (2.837%) and K-nearest (0.84%) - for testing on predictive quality of
GOW-LDA. In the future, we believed that the measures such as the precision and the
recall will be better when we apply NLP and syntactic dependency graph parsing for
improving of document representation by GOW-LDA model.

Table 4. Experimental results on classification accuracy between GOW-LDA and classical
LDA algorithm with WebKB dataset (4 classes)

Topic GOW-LDA
(nTopic = 4,
nConcept = 10,
minSup = 15%)

Classical LDA
(nTopic = 4,
nTerm = 10)

P R F P R F

SVM (Linear)
student 0.661 0.792 0.721 0.640 0.870 0.738
faculty 0.743 0.692 0.717 0.518 0.475 0.496
project 0.562 0.212 0.308 0.417 0.05 0.089
course 0.684 0.702 0.693 0.926 0.917 0.921
total/avg 0.677 0.683 0.669 0.644 0.669 0.633
Naïve Bayes (MultinomialNB)
student 0.620 0.863 0.721 0.616 0.915 0.737
faculty 0.768 0.643 0.700 0.498 0.442 0.468
project 0.500 0.035 0.066 0.700 0.068 0.124
course 0.707 0.656 0.680 0.965 0.854 0.906
total/avg 0.666 0.671 0.636 0.598 0.656 0.626
Decision Tree (J48)
student 0.694 0.685 0.690 0.646 0.658 0.652
faculty 0.686 0.692 0.689 0.438 0.443 0.440
project 0.405 0.353 0.377 0.380 0.365 0.373
course 0.634 0.689 0.660 0.888 0.861 0.875
total/avg 0.639 0.653 0.646 0.625 0.604 0.614
K-nearest neighbor
student 0.661 0.723 0.690 0.645 0.794 0.712
faculty 0.702 0.683 0.693 0.456 0.398 0.425
project 0.452 0.388 0.418 0.429 0.239 0.307
course 0.662 0.609 0.634 0.945 0.934 0.939
total/avg 0.643 0.653 0.648 0.626 0.644 0.628

GOW-LDA 429

ralfred@ums.edu.my



5 Conclusion and Future Works

Our ultimate purpose of proposing GOW-LDA model is to overcome the shortcoming
of classical LDA algorithm based on BOW model. The proposed novel approach
considers applying GOW and frequent subgraph mining for generating the graph-based
concepts to feed the classical LDA algorithm instead of using the independently
extracted terms within documents. Therefore, the uncovered topic taken from
GOW-LDA should be more informative than traditional one.

In the future, we will continue to research thoroughly on the solutions for con-
structing large-scale complex type of GOW by applying NLP to represent the whole
document as syntactic dependency structure. Since the number of vertex and edge of
GOW can be hundred thousand so the proposed approach related to distributed and
parallel computing should be taken in consideration.

Acknowledgement. This research is funded by Vietnam National University Ho Chi Minh City
(VNU-HCMC) under the grant number B2017-26-02.
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Abstract. The topic modeling has long been used to check and explore the
content of a document in dataset based on the search for hidden topics within the
document. Over the years, many algorithms have evolved based on this model,
with major approaches such as “bag-of-words” and vector spaces. These
approaches mainly fulfill the search, statistics the frequency of occurrences of
words related to the topic of the document, thereby extracting the topic model.
However, with these approaches the structure of the sentence, namely the order
of words, affects the meaning of the document is often ignored. In this paper, we
propose a new approach to exploring the hidden topic of document in dataset
using a co-occurrence graph. After that, the frequent subgraph mining algorithm
is applied to model the topic. Our goal is to overcome the word order problem
from affecting the meaning and topic of the document. Furthermore, we also
implemented this model on a large distributed data processing system to speed
up the processing of complex mathematical problems in graph, which required
many of times to execute.

Keywords: Co-occurrence graph · Frequent subgraph mining
Distributed gSpan · Big data

1 Introduction

Since the early 1990s, the topic model has been proposed and widely researched. One
of the most common approaches for modeling the topic of a document is the “bag-of-
words” approach. This is a suitable method for calculating the occurrence frequency of
words, but the structure and semantics of information are ignored and are not used for
calculations. Today, the Latent Dirichlet Allocation (LDA) algorithm [1] is gaining in
popularity. However, in addition to efficiency, this algorithm is difficult to work with
short texts, or massive data. Besides, the calculation does not use the order of word is
also confusing some cases. So, the problem is to find a new approach to modeling topic
that preserves the structure of information, and more effectively supports the problem
of topic discovery.

Meanwhile, the graphs are mathematical structures that can be used to model rela‐
tionships between components and to represent the structural information of the data
efficiently. A document that can be represented as a graph in which a vertex represents
a term and its attributes, the edge of the graph represents the relationship between the
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terms. Through representing a document using a graphical model, it provides different
solutions regarding the relationship between words or terms in the document such as
semantic relationships, co-occurrence… Since there are many different graphical
methods for the same purpose of representing documents such as co-occurrence graphs,
co-occurrence graphs based on POS tags, semantic graphs, conceptual graphs [2].

In [3], the conceptual graphs (CGs) were used to describe the semantic relationship
between concepts in the tutoring system. In the work of Rao and Devi [4], the authors
use CGs to create a semantic network between all the sentences in patent document for
concept mining and abstractive summarization. Undirected graph based on frequency
[5] with vertices and edges are labeled as their occurrence frequency. In addition, there
are some other graphical representation models such as non-labeled directed graphs;
directed graph with edge is distance n between two words in document (simple n distance
model). In this paper, we have chosen a co-occurrence graph for document representa‐
tion because its structure con-forms to the simple criterion, making it easy to use for big
data systems, which is sufficient to store the structure of the information. For more
information about the co-occurrence graph, please read in section below.

In order to mine frequent sub-graph in the graphical representation of documents
made up of the co-occurrence graph, we use the gSpan algorithm. In a review by Wörlein
et al. [6] on the effectiveness of MoFa, gSpan, FFSM and Gaston algorithm, show that
the Gas-ton algorithm has the fastest execution time on the test data set, followed by
gSpan, FFSM, and MoFa. However, for large datasets with up to tens of thousands of
graphs, the gSpan algorithm shows its advantage in using memory and processing
speeds. Therefore, we chose this algorithm and will elaborate in section following. The
next after finding the frequent subgraphs of each topic, it is necessary to filter out the
graphs that can accurately characterize each topic. We used the distance measure
between graphs given by Bunke [7] in 1997 to calculate the distance between graphs in
the entire frequent subgraph set, thereby identifying which graphs are most characteristic
for each topic.

In addition to offering a new approach to discover topics in document, we propose
an improvement over the gSpan algorithm, which is parallelization of the algorithm
using Apache Spark. During the implementation of the method, we encountered many
difficulties in processing large number of graphs, in which each problem on the graph
has high computational complexity, requiring improve the parallelization of the gSpan
algorithm, in order to provide higher speeds, as well as better use of computing resources.

The rest of this paper is structured as follows: In Sect. 2, we introduce briefly the
theory of co-occurrence graph, the graph-based substructure pattern mining algorithm,
and the method of measuring the distance between two graphs. Based on that, in
Sect. 3, we propose a new approach and explain the implementation step by step. Finally,
in Sect. 5, we give some conclusions and future works.
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2 Related Work

2.1 Co-occurrence Graph

Co-occurrence graph is graph based on the coexistence of words, terms, or sentences in
a document. At present, there have been many studies dealing with the way to build co-
occurrence graph, in which typical representations are the way of Hassan et al. [8] intro‐
duced in 2007. Each word in the document will be a vertex of the graph and an undirected
edge will be added between the two vertices if two words co-occur in a certain window
size.

Given a text: “In an effort to help tackle the stigma surrounding HIV and AIDS, the
Queen’s grandson, Prince Harry has been tested for HIV. He wants to encourage more
people to come forward to find out if they have the virus and his goal is to raise awareness
about HIV and AIDS. He confessed he had been a bit nervous before having the simple
procedure done.” (“BBC Learning English”, Oct 7th, 2016). Figure 1 show the graph
constructed for this text, assuming a window size of 2, corresponding to two consecutive
terms in the text (e.g. help is linked to tackle).

Fig. 1. Example graphs

2.2 Graph-Based Substructure Pattern Mining (gSpan) Algorithm

Frequent Subgraph Mining [9]
Given graph G is a labeled graph, represented by four sets G = (V , E, L, l), where: V  is
the vertices set of the graph, E ⊆ V × V  is the edge set of the graph, L is the set of
vertices and edges label, l:V ∪ E → L is the function that labels the vertices and edges
of the graph. An isomorphism between graph G and G′ is a binary function
f :V(G) → V

(
G

′
)
, such that:
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• ∀u ∈ V(G), l
G
(u) = l

G
′ (f (u)) and

• ∀(u, v) ∈ E(G), (f (u), f (v)) ∈ E(G) and l
G
(u, v) = l

G
′ (f (u), f (v))

For the graph dataset 𝔾𝕊 =
{

G
i
|i = 0..n

}
.

𝜍(g, G) =

{
1 if g is isomorphic to a subgraph of G,
0 if g is not isomorphic to any subgraph of G.

𝜎(g,𝔾𝕊) =
∑

G
i
∈𝔾𝕊

𝜍
(
g, G

i

)

𝜎(g,𝔾𝕊) denotes the frequency of occurrence of g in 𝔾𝕊, or the support of g in 𝔾𝕊.
Frequent subgraph mining is to find all graphs, g, such that 𝜎(g,𝔾𝕊) is greater than

or equal to a given minimum support threshold [9].

gSpan Algorithm
The gSpan [9] algorithm, short for graph-based Substructure pattern mining, was intro‐
duced by Yan and Han in 2002. The algorithm is based on a pattern-growth approach,
using the depth-first search strategy to browse graphs, find candidates and check for
frequent subgraphs. Since then, there have been many scientific works using this algo‐
rithm or its derived algorithms to explore frequent subgraphs in a given graph set.

DFS Lexicographic Order. The gSpan algorithm proposes a sorting search code (DFS
Code) method to build search code tree (DFS Code Tree), which find out the minimum
search code. To be able to determine whether the graphs are isomorphic to each other,
find the minimum search code of two graphs and compare them, if the two are equal,
then the two graphs are isomorphic.

In the pseudo code of the gSpan algorithm above [9], this algorithm has four basic
steps. Step 1, from line 1 to line 6, refines and arranges frequent vertices and edges,
relabels, adds all 1-edge graphs to 𝚂𝟷 and then sorts them in DFS lexicographic. Next in
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Step 2, line 8 and line 9, with each 1-edge graph, Subgraph_Mining function creates
and checks the candidate from the 1-edge graph. Subgraph_Mining function will
search the graph in depth first to check all candidates. Step 3, line 10, the algorithm
removes the 1-edge graph that has been calculated from all graphs in GS. Step 4, line 7
and 11, is the stop condition of the algorithm, when all 1-edge graphs have been checked
or graphs do not have enough quantity to exceed the given support threshold. Although
not the fastest execution algorithm yet, gSpan is still widely used in research because
of its advantages in using resources. During the search process, this algorithm removes
candidates from unsuitable search branches of the DFS Code Tree to effectively reduce
the search space, avoiding the explosion of candidate numbers, thus dramatically reduce
program execution time.

2.3 Distance of Two Graphs

Method of Measuring Distance
After finding a set of frequent subgraphs of each topic, the next issue is to figure out
which graphs are specific to a particular topic without confusing other topics. In this
paper, the author uses the method Bunke [7] proposed to calculate the distance between
two graphs, thereby determining the similarity between the graphs to find out the char‐
acteristic graph. Given two graphs G1 and G2, the distance between two graphs G1 and
G2 denoted by d(G1, G2) is calculated by the following formula:

d(G1, G2) = 1 −

|||mcs
(
G1, G2

)|||
max

(||G1
||, ||G2

||
)

Where mcs
(
G1, G2

)
 is the maximal common subgraph of the two graphs G1 and G2,

|G| is the size of the graph, in this paper the size of the graph is the total number of
vertices and the number of edges of that graph.

Finding Maximal Common Subgraph
A graph is called a common subgraph of the two given graphs if it is a subgraph isomor‐
phism of both graphs. A common subgraph G of G1 and G2 is maximal if there exists no
other common subgraph G′ of the G1 and G2 that has more vertices and edges than G. In
Fig. 2a and b, to measure the distance between two graphs, we need to find the maximal
common subgraph. The graph in Fig. 3 is the maximal common subgraph because it has
the largest number of vertices and edges. The size of the subgraph in Fig. 3 is 5. Then,
the distance between these two graphs in Fig. 2a and b will be:
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(a)      (b)

Fig. 2. Example graphs

Fig. 3. Maximal common subgraphs of our example graph a and b in Fig. 2.

d(G1, G2) = 1 −

|||mcs
(
G1, G2

)|||
max

(||G1
||, ||G2

||
) = 1 −

5
max(9, 9)

= 1 −
5
9
≈ 0,444

Since it is a NP-complete problem, we use the gSpan algorithm to find the maximal
common subgraph. Details of implementation will be described later.

3 Proposed Method

3.1 Overview

In this paper, we propose a new approach to modeling the topic of document datasets.
This approach includes the basic processing steps described in the following Fig. 4.
These steps will be elaborated later.

Fig. 4. Process flow diagram of the new approach

In the figure above, we describe the process of implementing the method as follows.
The text input is preprocessed and produces co-occurrence graphs, and then uses the
distributed gSpan algorithm to explore the frequent subgraph contained in it. Similarly,
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for each topic, we will have a set of subgraphs corresponding to those topics. Next, to
extract subgraphs specific to each topic, we calculate the distance between each graph
in the subgraph of it with all subgraphs of the remaining topics. If its largest distances
to other graphs are less than a given threshold, we will discard that graph. Only graphs
that have sufficiently large distances, which means that the similarity between them and
other graphs is small, makes that graph unique, which may characterize the topic under
consideration, will selected into the characteristic subgraph set.

3.2 Representing a Document Using a Graphical Model

In this paper, we use a directed graph to preserve the order of the words in the document,
in which the co-occurrence graph is a simple, easy-to-build graph but fully responsive
applicable for the purpose of storing the order of words.

First, an input document will be tokenized, then, the document will be removed the
stop words and special characters. Next, we give a sliding window size of 2 sliding
through the document. Which words occur in the same window will have an edge
connect them, in the direction of the first word to the next. So, the vertices of graph are
all the word of the document. This will help us to represent the order of the words in the
document by the direction of the edges of the graph. The sliding window has a size of
2 because our goal is to create an adjacency graph. If the window size increases, then
the number of edges created between the vertices will increase dramatically, making the
computation complexity much higher.

For example, we have a text: “Khosrowshahi, who led travel-booking site Expedia
Inc. for 12 years, made the remarks as he introduced himself to Uber’s workforce on
Wednesday during an all staff meeting at its San Francisco headquarters.” (Heather S.
and Tom H., “Reuters Technology News”, August 30th, 2017). This text will be prepro‐
cessed before being used to create the graph. It will become: “Khosrowshahi, led
travel-booking site Expedia Inc. 12 years, remarks introduced Uber’s workforce
Wednesday staff meeting San Francisco headquarters”.

In Fig. 5, we can see a sliding window with size of 2 sliding along the words in the
text, with each sliding, the words appearing in the same window will become the vertices
of the graph. And an edge between the two words will be added, which the direction is
from the word before to the one after.

Fig. 5. Sliding window size of 2 slide through the given text.

After performing the sliding of the window, we obtain the co-occurrence graph
shown in Fig. 6. Thereby, we can see, by this way, the order of the words in the text is
stored correctly.
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Fig. 6. Co-occurrence graph is created by sliding the window along the words in the example
text

3.3 Distributed gSpan for Frequent Subgraph Mining

From the set of graphical representation of the document obtained in the preceding steps,
we apply the gSpan algorithm to explore the frequent subgraphs in it. The original gSpan
algorithm was created by the author to handle undirected graphs, but this algorithm is
considered to be easily scalable to work with directed graphs. In addition to this
improvement, we also parallelized the gSpan algorithm using Apache Spark, which aims
to accelerate computing, as well as process large data. Because most of the problems on
the graphs are extremely complex, rendering the processing time very slow, as well as
not handling large amounts of data.

We split the processing steps of the gSpan algorithm for parallel distributed
processing as illustrated in the diagram in Fig. 7. We can see, first of all, that input graphs
will be processed parallel on the slave, which will remove infrequent vertices, reassign
labels and sort in descending frequency, after that, the frequent 1-edge subgraphs are
created and sorted in DFS lexicographic order.

Fig. 7. The parallel distributed gSpan algorithm
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Then, for each frequent subgraph, it will be checked if it is a minimum DFS Code
on the master. Next, from the frequent subgraph that has been checked, the slave will
simultaneously generate candidate graphs. All that subgraphs will be checked for a
frequent subgraph. Finally, after searching in the 1-edge subgraphs, these edges are
shrunk from the graphs in the dataset. This process will be performed simultaneously
in parallel on the slave. All results will be returned to the master to check the termination
criterion.

3.4 Modeling Topic by Extract Characteristic Graphs

After figuring out the frequent subgraph set for each topic of the document dataset, we
proceeded to measure the distance between the graphs to eliminate graphs that are similar
to each other, cannot be used as characterizes a particular topic. To find the maximal
common subgraph of the two graphs for the distance calculation problem, we use the
gSpan algorithm, with a minimum support threshold of 1; we find the subgraphs appear
in all the given two graphs, it is the set of common subgraphs, then proceed to calculate
the size of all the subgraphs in that set to find the maximal common subgraph. Based on
the above measuring distance formula, we remove the graphs with high similarity, all
the remaining graphs will represent a topic.

4 Experiments

To evaluate the value of the proposed approach, we have implemented the program with
Reuters-21578 Text Categorization Collection Data Set of David D. Lewis at AT&T
Labs - Research. The documents in the Reuters-21578 collection appeared on the
Reuters newswire in 1987. The documents were assembled and indexed with categories
by personnel from Reuters Ltd. and Carnegie Group, Inc. in 1987. We run this algorithm
in UIT-Cloud with 9 nodes and 1 master.

We discovered topics after implementation ours approach with this data and we have
some set of frequent subgraphs in the Table 1 below.

Table 1. Number of frequent subgraphs of each topic

Topic No. of
frequent
subgraphs

Topic No. of
frequent
subgraphs

Topic No. of
frequent
subgraphs

Bop 58 Nat-gas 38 Lei 205
Coffee 72 Orange 84 Lin-oil 101
Gnp 83 Palm-oil 59 Trade 118
Gold 2 Reserves 45 Wpi 107
Heat 168 Retail 131 Yen 104
Interest 90 Rubber 82 Money-

supply
55

Ipi 65 Ship 37
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In Figs. 8 and 9, we show some topical frequent subgraphs that we have discovered
in topic Orange and Heat from Reuters dataset. We manually check the words and the
relationships between words to confirm that they define a good meaningful concept.

Fig. 8. The frequent directed subgraph of topic Heat

Fig. 9. The frequent directed subgraph of topic Orange

5 Conclusion and Future Works

In this paper, we propose a new approach for discovering topics of document. First, we
represent document by co-occurrence graph, then we use distributed gSpan to mine
frequent subgraphs and extract characteristic graphs for representing each topic. Based
on our method, we can discover the representation of topics by graph in which we have
the words and the semantic relation between words. This way, we can solve the weakness
of representing document by bag of word with missing the order of words. In the future,
we plan to use this approach to discover the latent topic in copus. We also build an
ontology for labeling the discover topic.
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Abstract. Discovering and understanding the development of research topics
in the community is useful for identifying important milestones and prominent
researches. Recent works related to detect topics from scientific corpus also used
the latent Dirichlet Allocation (LDA) to explore topics of papers. These systems
usually used abstract of papers as the corpus instead of full papers. However, the
LDA is based on the bag-of-words model so with such short texts it will give
low accuracy. The tendency for improvement is to add prior knowledge to the
analysis process with the latest algorithm, Source-LDA, which was presented by
Justin Wood et al. at UCLA in 2017. We found that the Source-LDA has some
shortcomings to overcome. Firstly, it is also based on counting method as LDA
so short text will decrease the accuracy. Secondly, the knowledge source
mentioned in the algorithm is constructed manually from labeled text data. This
make Source-LDA becomes a supervised method. Therefore, we propose an
approach to automatically construct knowledge source for Source-LDA from
unlabeled data with an assumption that a specific paper will often cite papers
which contain related topics. This approach both helps to integrate source
knowledge in an unsupervised manner and resolve the issue of short text by
using information from citation network. In the first stage, the propound method
has achieved encouraging results.

Keywords: Citation network � Topic modeling � Source-LDA
Knowledge source � LDA model

1 Introduction

One of the difficulties in research productivity is that as the community grows, it will be
very difficult for researchers to see the complete picture of how a field develops, given the
fact that newworks are being written on previous works. Young researchers can often get
lost in a large number of papers. Researchers move on to a new topic that will take a long
time to find related works in the field. All of this clearly hindered the advancement of
scientific research. And if developing mining techniques that make it easier and more
efficient for researchers to understand research topics will be very beneficial. Therefore,
leveraging information technology to improve the productivity of scientific research is a
very important challenge that has a huge impact on society.With the development history
presented below, the computer was able to support the analysis of related documents,
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thereby discovering the topic of research and the theme evolution in a community.
However, the tools and models are still limited and have disadvantages [1].

Since 1990s, the Topic Modeling of Deerwester et al. [4] has enabled computers to
mine text corpora based on mathematical statistical tools. It allows one to examine and
exploit documents based on identify and statistical frequency of the occurrence of
words related to topic in each document. Over 27 years of development, from the
single-topic hypothesis (a document has only one topic) to the multi-topic hypothesis (a
document contains a set of topics mixture), this model is more efficiency in exploring
the hidden topics in the set of documents. One of the most effective topic modeling
algorithms is the LDA. So far this model has been studied, applied and improved by
many researchers. Because the LDA is a model assembled from multiple modules, so
each part can easily be replaced or expanded. Researchers focus on extending largely
the modeling of relationships between topics. The most thoughtful improvement is
replacing the Dirichlet distribution with another distribution. Typically, the Correlated
Topic Model [5] adopts this alternative, which uses standard logistic distribution
instead of Dirichlet distribution. Another innovative approach is hierarchical LDA
(hLDA) [6]. In this model, topics are linked together in a hierarchy using the Chinese
Restaurant process. The paper [7] presents a Hidden Factors as Topics (HFT) method.
It is a combination of hidden factor model and the LDA to fully exploit the user’s
judgment, both scores and feedback, on the user’s product rating file. The hidden factor
model helps analyze the customer score for a product. The LDA model helps find
keywords and topics that express the customer’s perspective on the product through the
feedback received. Thenceforth, it is possible to develop a recommendation system to
introduce more accurate products to the user’s tastes and improve the efficiency of
e-commerce services.

One of the latest improvements to the LDA model is Source-LDA [3]. This
algorithm applies prior knowledge through knowledge sources into the topic sampling
process to improve model stability and accuracy. However, this work only provides a
method for building knowledge sources manually on labeled data sets. To address these
limitations, in this paper, we will attempt to propose an approach to build automated
knowledge sources with unlabeled data through the relationship of papers in the
citation network. The idea of the citation network used to explore topics more effec-
tively derived from its characteristics, besides the abstract of the paper, the summary
from cited documents will also contain topics that paper mentioned. We rely on these
characteristics to hypothesize the most topics mentioned by the paper contained in the
topic set of the documents it cites. The Source-LDA analysis will find more hidden
topics in the paper and filter out inappropriate topics that has in the knowledge source.
Therefore, after the implementation, we will retain the most appropriate topics. The
goal of this work is to automatically discover hidden topics in scientific publications.
A summary of the contributions are:

1. We propose a novel technique to topic modeling in unsupervised fashion which
uses the prior knowledge from the references.

2. We introduce an approach that allows automatically generating knowledge sources
of Source-LDA from unlabeled data.
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3. We show how to find the appropriate topics in a corpus based on the content that the
document references.

4. We explain how to use the characteristics of the citation networks to explore topics
more effectively.

The rest of this paper is structured as follows: In Sect. 2, we give a brief overview
of citation network, the theory of knowledge source and the Source-LDA algorithm.
Based on that, we introduced our proposed approach step by step with details
description in Sect. 3. In Sect. 4, we tested and compared a result of LDA and
Source-LDA models using knowledge sources built on the proposed methodology.
Finally, Sect. 5 gives the conclusion and future works of this paper.

2 Related Works

2.1 Citation Network

Citation network is a graph which contains information of paper in each vertex and an
edge is citation relationship between them. A vertex attributes are details about the
paper such as id, publication year, abstract, keywords, content… And when the paper pi
references to paper pj, we will have an arrow going from the vertex representing pi to
the vertex representing pj. Therefore, the citation network has some following
characteristics:

• The citation network is a directed graph which each edge is an arrow go from one
paper to the other.

• All citation arrows almost always point backwards in time to older papers.
Therefore, the graph of citation network is acyclic and it also shows the develop-
ment of research field over time.

• The most important characteristic of the citation network is the close relevance
between topics of paper and mentioned topics of the others which it cites.

Figure 1 is an example of the citation network, which p1, p2,…, p11 are scientific
papers. p1 is in the center of the graph and it references to papers p2, p3,…, p11 on
around it. So we have arrows pointing from p1 to p2, p3,…, p11. We can know that p1 is
the latest paper because it references all the other ones in the network and the topics
contained in p1 are closely related to the topic in p2, p3,…, p11.

In this paper, we use topic related features among papers in the citation network to
assist in finding hidden topics in a paper.

2.2 Knowledge Source and Source-LDA

Published in 2017 at UCLA, Source-LDA is the effective improvement model of LDA
by integrating prior knowledge in sampling from Dirichlet distribution of
topic-to-word. Since we are going to develop a new method to build the knowledge
source for Source-LDA algorithm, it is worth giving a brief overview of this model and
the theory of knowledge source.
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Knowledge Source. By using additional prior knowledge through knowledge sources,
Source-LDA has the ability to explore hidden topics (unknown topics) and known
topics in the text corpora. This additional knowledge includes a list of topics that is
represented via bag-of-words and their probability distribution. Source-LDA will filter
out subsets of known topics and explore more latent topic mixtured in the document
creation.

In [3], the author provides three definitions for the construction and integration of
knowledge sources into the topic model:

Definition 2.1 (Knowledge Source): A knowledge source is a collection of documents
that are focused on describing a set of concepts.

Definition 2.2 (Source Distribution): The source distribution is a discrete probability
distribution over the words of a document describing a topic. The probability mass
function is given by

ð1Þ

where W is the set of all words in the document, G ¼ Wj j, and is the number of
times word appears in the document.

Definition 2.3 (Source Hyperparameters): For a given document in a knowledge
source the knowledge source hyperparameters are defined by the vector X1;X2; . . .;XV

where and ε is a very small positive number that allows for non-zero prob-
ability draws from the Dirichlet distribution. V is the size of the vocabulary of the
corpus for which we are topic modeling, and is the number of times the word
from the corpus vocabulary appears in the knowledge source document.

Fig. 1. Example of the citation network
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Source-LDA. Expanded from LDA, the Source-LDA [3] is also a three-level hierar-
chical Bayesian model which uses Dirichlet priors to approximate the intractable latent
variables. Accordingly, each document is a collection of randomly topics and each
topic is a discrete distribution of a set of vocabulary. The formal definition of the
Source-LDA generative model over a corpus is:

The topic sampling process will be divided into two stages. In the first stage (line 1
to 6), unlike the LDA, for unknown topics (1 to K), the word-to-topic distribution /t is
drawn from Dirichlet distribution and for known topics (K+1 to T), /t is drawn from
Dirichlet distribution of source hyperparameters of a respective topic. And then, in the
second stages (line 7 to 12), the algorithm will execute Gibbs sampling like LDA [2, 8].

3 Proposed Approach

The method that Wood et al. used to build knowledge source and source distribution
has disadvantages: (1) selected documents for knowledge source are manually chosen
so the final quality depends on experts; (2) the proposed probability mass function
which is based on counting methods may be too simple to stand for a topic. Therefore,
we propose a novel method to build knowledge source and source distribution for
Source-LDA. Our approach which is based on citation network to choose the knowl-
edge source will make this process unsupervised. This method supposes that references
of a paper usually consist of papers that are contained related topics.

3.1 Data Extraction to Build Knowledge Sources

In order to build an effective knowledge source, to better support the topic modeling
process, we must grasp the similarities between the topics that are being addressed. If
the topics contained in the knowledge source are not mentioned in the documents, this
makes the use of prior knowledge to modeling more costly than the normal LDA.

Therefore, in this work, we selected scientific paper data from the citation network.
Because of the very important nature of this one, there is a similarity between topics of
paper and mentioned topics of the others which it cites. This feature helps us to assert
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the closeness in the topics between the papers being analyzed and the documents it
references. The abstract content of the cited papers is prior knowledge dataset. They are
used to automatically create the knowledge source, used in the Source-LDA algorithm
during the topics exploration.

The data used to build the knowledge source are those referenced by the papers in
the test data set and those ones must also be in the same research field. A small example
of test data and knowledge source data in citation network is depicted in Fig. 2.

For example, in Fig. 2, all vertices are articles, but the test data is denoted as T1, T2,
T3 and the knowledge source data is denoted as KS1, KS2, KS3, KS4. Then, we use T1,
T2, T3 for testing and KS1, KS2, KS3, KS4 for building knowledge source.

3.2 The Method of Automatically Building Knowledge Sources

The prior knowledge dataset extracted from the citation network as described above
can be treated as a corpus that has not been labeled for the topic. We propound
exploring hidden topics from this dataset using the LDA algorithm. The input to the
automated knowledge-building model is the set of documents that contains the prior
knowledge, the number of topics to be explored, and the input parameters of the LDA
algorithm. At the output of this algorithm, the topics will be represented by a
bag-of-words. Each topic will include a set of keywords belonging to that topic, each
word is followed by the corresponding probability Dirichlet distribution. This result is
the source distribution of words in the knowledge source as mentioned in
Definition 2.2. From this source distribution we can construct source hyperparameter
based on the Definition 2.3 as follows:

• A source hyperparameter is a collection of vectors.
• Each vector in the source hyperparameter will deputize a topic.
• The composition of each vector is the word and its probability distribution in a

pertained topic.

Fig. 2. A small example of test data and knowledge source data in citation network
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Thus, we can store the source hyperparameter that represents the knowledge source
in the structure described in Fig. 3.

In Fig. 3, each line represents a topic t, the first element of each line is the topic
name ti followed by pairs of a word and a probability distribution separated
by a whitespace. The Source-LDA algorithm will read this file to analyze a testing
corpus.

3.3 The Source-LDA Model Uses Automatic Knowledge Sources

After obtaining the source hyperparameter, we execute the topic modeling with the
Source-LDA algorithm using the knowledge source that has been built automatically.
The output of the algorithm will be the matrix of the topic-to-document distribution and
word-to-topic distribution. So that, the pseudo-code of our proposed approach is:

Fig. 3. Structure of the file store the source hyperparameter that represents the knowledge
source
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The auto build knowledge sourceðÞ function is:

In the above code, a; b are the pre-defined parameters of Dirichlet distribution, K is
the number of unknown topic, T � K is number of known topics and h is an array of
probability distribution of topic-document, / is an array of probability distribution of
word-topic, ks is represented the knowledge source.

Comparing with the traditional Source-LDA, we make changes in line 5. In this
line, we use an auto build knowledge source function to automatically create the
knowledge source based on reference papers of citation network.

The auto build knowledge source function use LDA model to analyze topics of
abstract data Dcited which is cited by papers in D. And then, we use a probability
distribution of word-topic that is the output of LDA algorithm to build knowledge
source.

The whole proposed model is represented by Fig. 4.

According to Fig. 4, we have the following steps:

• Step 1: use references of documents in the test corpus as the input data source of the
LDA algorithm. The output of this process is the structured knowledge source
described in Fig. 3.

• Step 2: apply the knowledge source in step 1 to topic modeling the test corpus using
the Source-LDA algorithm.

Fig. 4. The Source-LDA model uses automatic knowledge sources
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4 Experiments

To evaluate the effectiveness of the model, we tested and compared a result of LDA
and proposed model using knowledge sources built on our methodology. In this
experiment, we use dataset of academic social network (ASN) which is published at
https://aminer.org/data by Aminer research group. This dataset comprises of 2,092,356
papers together with 8,024,869 citations. We conducted experiments on the training
data of 14.327 abstracts paper extracted from the ASN. These data will be used to build
the knowledge source for the Source-LDA algorithm. The number of topics chosen to
test is 50.

The test data includes 806 abstract papers also extracted from the ASN; these are
ones that reference to the 14327 papers in the training data set.

The paper uses the Kullback–Leibler divergence measurement to examine the
variability of the word-to-topic probability distribution when using LDA and the
proposed method. And we uses perplexity to measure a how well a probability model
predicts a sample. The perplexity is a measure of language model performance based
on average probability can be developed within the field of information theory [9].

With the number of iterations increasing from 100 to 2000, Kullback–Leibler
divergence from proposed model (Source-LDA) to LDA is represented in Fig. 5.

Fig. 5. Kullback–Leibler divergence from proposed model (Source-LDA) to LDA
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The value of Kullback–Leibler divergence from proposed model (Source-LDA) to
LDA is approximately equal to –0,635. This shows a large difference in the word-to-
topic probability distribution in the results of two models.

Then, the perplexity of LDA and proposed model is represented in Table 1.

The perplexity value of the proposed approach is always between 603 and 611,
while the perplexity value of the normal LDA algorithm ranges from 2773 to 2839.
This proves the high stability of our model and its effectiveness in analyzing papers’
topic on citation networks.

All of these results suggest that our working produces significantly different results
and the model are much more stable than traditional LDA.

5 Conclusion and Future Works

In this paper, we propose a method for constructing a knowledge source for the
Source-LDA algorithm. This method can automatically create knowledge source by
using citation network. The data used to build the knowledge source are those refer-
enced by the papers in citation network. Our proposed method has significant results
when comparing with the source-LDA algorithm in citation network.

In the future, we plan to use our method for topic discovery of papers in very large
citation network. In this case, a version of Spark based source-LDA will be developed
with knowledge source created from our proposed method.
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Abstract. This research presents the metaheuristic strategy to solve educational
timetabling problem. The metaheuristic described in this research highlight the
role of Genetic Algorithm (GA) when the algorithm improves the quality of solu‐
tion by performing genetic operators. Two datasets of university course timeta‐
bling are used whereby the datasets are obtained from Universiti Malaysia Sabah
Labuan International Campus (UMSLIC). The research experiment is conducted
by comparing the quality of solutions produced by Genetic Algorithm with other
metaheuristics which have been done in the past researches. The experimental
results suggest that Genetic Algorithm manages to produces good solutions in
this domain although other algorithms are able to improve the quality of the solu‐
tions.

Keywords: Genetic Algorithm · Meta-heuristics
University course timetabling problem

1 Introduction

Timetabling is among the common scheduling problems which are difficult to solve by
any conventional method in polynomial time as the problem size increase exponentially
against the optimal solutions [2]. A general algorithm used for a particular problem may
be incapable for another problem due to certain unique constraints which are required
in a specific problem instances. In the university course timetabling problem (UCTP),
an event (or the term subject or course) has to be allocated into a limited number of time
slots and room, at the same time various constraints need to be satisfied. It is very difficult
to search for a general and effective approach for this problem because of multiple
variances of constraints, diversification of the problems and special requirements from
each institution [11]. Hence, there is no deterministic polynomial time algorithm for this
problem since it is an NP-hard combinatorial optimization problem. A guided local
search GA has been proposed to solve UCTP in the past few years [8]. One of the
important concepts of GA is the population of chromosomes. This algorithm relies on
a population of candidate solutions [1]. Therefore, the guided search strategy relies on
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the data structures which use to store the chromosomes and extract useful information
such as best individual from the populations.

2 Related Works

The enhanced performance of GA by modifying genetic operator or heuristics operators
tend to improve the quality of solutions with various combinations of local-area-based
and global-area based algorithms [17]. Some believes that by adapting the suitable
crossover rate and mutation rates in GA [15], the fitness function may increase expo‐
nentially across generations.

Most of the crossover operator tends to create damaged chromosomes during cross‐
over between chromosomes. Hence, repair function is necessary in order to fix the
damaged chromosomes. Several repair techniques are introduced [3] such as remove
infeasible timetables, apply high penalty in fitness function, so that the chromosome will
not survive and also repairing from the genes themselves (timetable). The repairing
techniques [3] consist of four important steps which begin with finding the free slots in
course timetabling. Next, it find the free time slots for each event and then search for
feasible time slots for rooms and events without conflict. Finally, the last movement
involve with repairing infeasible course timetable by evaluating the fitness function of
the chromosomes.

The repair function of GA in this research involves cross checking the genes of each
chromosomes before it swap the genes to another chromosome. The evaluation of fitness
function will be performed after the crossover and mutation operators. The experiment
is further investigated by comparing the performance between other meta-heuristics
search methodology such as Great Deluge (GD) [5] and Simulated Annealing (SA)
algorithm [4]. The purpose of this research is to study the performance between specific
metaheuristics in UCTP. In order to test the performance of the algorithm, an experiment
is carried out with Analysis of Variance (ANOVA) test.

3 Problem Background

The domain studied in this research focus on UMSLIC. The sets of constraints are
usually divided into two categories: hard constraints and soft constraints. Generally,
hard constraints are important than soft constraints. The objective of this research is to
satisfy all the hard constraints and minimize the violation of soft constraints. The datasets
are obtained from the Academic Service Division (ASD) of UMSLIC.

The aim of this paper is to produce a feasible and high quality timetabling solution
for the institution. The hard constraints for the UMSLIC course timetabling are as
follow:

1. (HC1
) No student should be attending more than one class at a time.

2. (HC2
) The total number of students enrolled in each course should be smaller than or

equal to the capacity of the room assigned.
3. (HC3

) Not more than one course is assigned to a specific room at the same time.
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4. (HC4
) Each type of course offered should be assigned to a predefined period of time‐

slots only.

Meanwhile, the soft constraints for the UMSLIC course timetabling are as follow:

1. (SC1
) A student should not attend more than two consecutive classes.

2. (SC2
) The size of course enrolment should be utilized as much as possible into the

capacity of the room by placing the particular course into the specific room.

The course timetabling problem is completely varies from one institution to another
in which every institution has their own sets of constraints in order to fully utilize the
resources [9]. For instance, the UMSLIC’s datasets summary is stated as follow
(Table 1):

Table 1. Summary of datasets in UMSLIC.

Datasets No. of students No. of courses No. of timeslots No. of rooms
Sem 2 s2014/2015 2248 112 35 18
Sem 1 s2015/2016 2371 125 35 18

4 Mathematical Model of Problem Instance

In this section, the formal model of UMSLIC course timetabling is presented. Let C be
the total number of courses, S be the total number of students, T be the total number of
timeslots and R be the total number of rooms. The courses offered in UMSLIC can be
further divided into four categories which are categorized as follow: main courses;
knowledge promotion courses; language courses and co-curricular courses. The four
categories of courses are accumulated to get the total number of courses, C.

Let C1 be the total number of main courses, C2 be the total number of knowledge
enhancement courses, C3 be the total number of language courses and finally C4 be the
total number of co-curriculum courses. Thus the total number of courses, C, will be the
sum of all courses, C = C1 + C2 + C3 + C4. The objective is to satisfy all the hard
constraints, HC = HC1

, HC2
, HC3

, HC4
 at the same time minimize the soft constraints,

SC1
, SC2

 subject to Hc = 0 where the cost function F, can be calculated as follow:

F = HC + SC1
+ SC2 (1)

The penalty for hard constraint is set with the weight of 100,000 so that the cost
function can easily identify if hard constraints exist in case the value is too high, noted
that there are 4 hard constraints (𝜆1 until 𝜆4) while 𝜆5 and 𝜆6 are both soft constraints
identified in UMSLIC as stated previously. The penalty for every weight is summarized
in Table 2:
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Table 2. Penalty assignation of constraint violations.

Weight Penalty Description
𝜆1 to 𝜆4 100,000 Hard constraints, Hc
𝜆5 5 Soft constraint, Sc1

𝜆6 2 Soft constraints, Sc2

The formulation model for both hard constraints and soft constraints are presented
below. For hard constraint 1 (H

C1
) shown in Eq. (2), student attends more than one lecture

at the same time is given by

H
C1

= 𝜆1

∑C−1

i=1

∑C

j=i+1
CC

ij (2)

where C is the total number of courses, 𝜆1 is the weight, CC
ij
 is the number of students

who have at least two classes i and j at the same time.
For hard constraint 2 (H

C2
) shown in Eq. (3), the size of the course enrolment should

be smaller than or equal to the capacity of the assigned room is given by

H
C2

= 𝜆2

∑C

i=1

∑R

j=1
CR

ij (3)

where C is the number of courses, R is the number of rooms, 𝜆2 is the weight, CR
ij
 is the

number of rooms which the course i larger than the capacity of that room j.
For the hard constraint 3 (H

C3
) in Eq. (4), the condition of not more than one course

is assigned to a particular timeslot and room at the same time is given by

H
C3

= 𝜆3

∑R

i=1

∑T

j=1
RT

ij (4)

where R is the number of rooms, T is the number of timeslots 𝜆3 is the weight, RT
ij
 is

the number of courses which have different lectures, room i and timeslot j at the same
time and classroom.

For the hard constraint 4 (H
C4

) shown in Eq. (5), the type of course should be assigned
into a specific timeslot is given by

H
C4

= 𝜆4

(∑c1

i=1

∑T

t=1
M

it
+
∑c2

j=1

∑T

t=1
P

jt
+
∑c3

k=1

∑T

t=1
L

kt
+
∑c4

l=1

∑T

t=1
C

lt

)
(5)

where c1, c2, c3, c4 are the total number of main courses, knowledge enhancement
courses, language courses, and co-curricular courses respectively, 𝜆4 is the weight, T is
the number of timeslot and M

it
, P

jt
, L

kt
 and C

lt
 are violation of the particular course i, j,

k, l to be assigned in timeslot t.
Meanwhile, in terms of soft constraint 1 (S

C1
) shown in Eq. (6), student has more

than two consecutive courses is given by
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S
C1

= 𝜆5

∑n−1

i=1

∑n

j=i+1
C

ij (6)

where n is the number of class activities, 𝜆5 is the weight, C
ij
 is the consecutive classes

attend by student of course i and j.
For soft constraint 2 (S

C2
) shown in Eq. (7), the number of student in a particular

course, the course should be assigned into a room close to or equal to its size.

S
C2

= 𝜆6

∑n

i=1

∑n

j=1
C

i−j (7)

where n is the number of activities, 𝜆6 is the weight, C
i−j

 is the difference between the
size of room i and course enrolment of course j.

5 Genetic Algorithm

The Genetic Algorithm is a parallel and evolutionary search algorithm based on
Darwinian evolutionary theory [6]. It is used to perform search on large, non-linear
solution space whereby the knowledge is tough to be encoded and does not require any
gradient of information which can evolve from one population to a new population
across generation [17]. Therefore, those characteristics make GA a well-suited meta‐
heuristic search methodology for UCTP. The GA process is called genetic operators and
the process starts from a population of random individuals produced in the initial solu‐
tion. In every generation, the fitness of the population is evaluated. The representation
of GA in course timetabling is as follow:

• An individual chromosome represents the solution of the timeslot whereby each
index of the timeslot contains the genes

• The genes represent a list of courses, Cj, selected at particular timeslots, Ti, as shown
in the Fig. 1.

Timeslots T(i) T(i+1) … T(n)
Courses C(j) C(j+1) … C(m)

Fig. 1. Chromosome representation

The application of genetic operators consists of several important operators:

1. Initialization – a population of chromosomes are randomly generated according to
the size of population. In this case, the size of population is set to 50 in order to
produce enough chromosomes in the pool for each generation.

2. Selection – guides the algorithm to produce optimal solution by selecting the chro‐
mosomes with the best fitness. The chromosomes will evolve themselves by
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performing tournament selection method which selects K individual from the popu‐
lation (K-tournament). The best two fitness chromosomes in this selection will be
used to perform crossover to form an offspring [3].

3. Crossover – one-point crossover is implemented which performs single point recom‐
bination between two chromosomes selected from the selection operator [15]. The
crossover point is selected at random between the chromosome genes ranging from
1 until Tn – 1. The gene before the crossover point will be inherited to the offspring
from the first chromosome while the gene after the crossover point will be inherited
into the offspring from the second chromosome.

4. Mutation – mutation allow a large search space to be explored in order to prevent
the solution from being stuck in local optima due to convergence towards the fittest
chromosome [15]. In this research, a random mutation is used which iterates 50 times
and the mutation applies only on the offspring produced from crossover operator
with small probability. Hence, the mutation rate for this research is set with minimum
value of 0.025 or 2.5%.

There are two termination conditions for this algorithm conducted in this research.
Those termination conditions allow the final solution to be produced based on: (1) the
maximum number of generations and (2) the total time taken to perform the operators.

In order to conduct the experiment, parameter setting of the algorithm needs to be
determined. Table 3 summarized the parameter setting of GA conducted in this research
which has been discussed previously in the genetic operators.

Table 3. Parameter setting of GA.

Attributes Parameter
Initialization Constraint Programming (CP)
Population size 50
Generations 100,000
Selection type K-tournament selection
Crossover type One-point crossover
Mutation method Random mutation
Mutation rate 2.5%
Maximum time allow 300 s (5 min)

In the initialization operator, individual chromosomes are generated by using CP
algorithm, which produce a feasible solution and represent as single chromosome. This
algorithm has been previously done in the research which only search for feasible solu‐
tion without taking the consideration of soft constraints violation. The implementation
of this algorithm is refers to hybrid constructive heuristics [10]. Hence, 50 chromosomes
are generated this way to form a population and each of the chromosomes fitness is
evaluated by calculating the cost functions.

In the selection operator of GA, K-tournament is used in order to select best fitness
chromosomes to perform crossover and produce offspring. 5 random chromosomes are
selected with the best 2 fitness will be chosen to perform crossover in the K-tournament
selection.
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In crossover operator, one-point crossover is implemented between two parent chro‐
mosomes selected in K-tournament. The algorithm checks whether it is feasible to
perform crossover in the gene before proceed with the next gene in the chromosome. If
it is feasible, the crossover for that gene is successful or else the gene will remain and
proceed with the next gene. Hence, prevention function is implemented in order to avoid
producing damaged chromosomes before crossover [7].

In mutation operator, random mutation applied in this research perform neighbor‐
hood search which involves two types of movements which are:

• Simple Search Neighborhood (SSN) – movement selects a course at random which
have been scheduled and assign into an empty time slot and room.

• Swap Search Neighborhood (SWN) – movement randomly selects two courses which
have been scheduled and swap their respective time slot and room with one another.

The process of genetic operators is illustrated in Fig. 2. The experimental design
follows the parameter setting based on Table 3. The proposed investigation is tested on
two datasets obtained from ASD of UMSLIC and 50 iterations are performed for each
datasets used in this work. These datasets include the Semester 2 session 2014/2015
dataset and the Semester 1 session 2015/2016 dataset. Two types of experiments are
conducted whereby the first experiment tests on the feasibility of GA to produce feasible

Initialization of Population (Size 50) 

Selection of Chromosomes (K-tournament) 

Crossover – One point crossover (produce offspring) 

Initialization of Population (Size 50) 

Mutation Rate < 2.5%

Survival of Fittest

Fit

Unfit

No

No

Yes

Introduce offspring into population 

Maximum Generations or 
time reached?

Termination

Discard Off-

Yes

Fig. 2. Process of GA
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and good quality of solution. The second experiment conducted to compare the perform‐
ance between other metaheuristics search which have been done in the past researches
[12, 13]. Those algorithms are GD and SA [4]. The experiments are further investigated
by performing ANOVA test.

6 Experimental Results

In the first experiment which is to investigate its performance for both semesters and
perform analysis based on the quality of the solution produced. Table 4 shows the results
of GA for both semesters. The average cost function is the average penalty cost of both
hard constraints and soft constraints in this domain. The Max Cost indicates the worst
solution produced while the Min Cost indicates the best solution produced among the
50 runs in the experiment. The standard deviation, SD shows the consistency of the cost
function produced while the percentage improvement indicates the percentage of
improvement from initial solution. The average generations indicates the number of
generations have been performed in the cycle of genetic operators. The results obtained
can be considered as premature as the ANOVA test will be conducted in the second
experiment.

In this experimental results, clearly showed that GA meets the second termination
condition which have been discuss previously whereby the algorithm stops when it
reaches 300 s instead of reaching the maximum number of generations allowed. The
algorithm is able to perform of an average thirty-two thousands generations within five
minutes and this shows the importance of data structure in the algorithm. In terms of
performance, the algorithm manages to improve the quality of average more than 35%
while there is not much difference in both semesters.

Table 4. Experimental result of GA.

Experiments Semester 2 session 2014/2015 Semester 1 session 2015/2016
Average cost 23847.2 24682.02
Max cost 27044 29563
Min cost 20956 21709
Average time, s 300.05 300.06
Std deviation, sd 1487.537 1403.478
Improvement, % 37.67 35.33
Average generations 33747.9 31915.14

The second experiment compares the performance between GA, GD and SA as
shown in Table 5. The results for SA and GD are obtained from the experiment in
previous researches. The overall results proved GA performs much better than other
meta-heuristics. Although the improvement done by SA or GD is less than of GA, the
results showed significant improvement for both semesters with GA manage to improve
35% while both SA and GD only manage to improve 25%.
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Table 5. Experimental results of meta-heuristics.

Experiment Sem 2 S2014/2015 Sem 1 S2015/2016
Algorithm GA GD SA GA GD SA
Avg cost 23847 29081 30139 24682 29400 30475
Max cost 27044 30745 32991 29563 31003 32872
Min cost 20956 27159 28635 21709 28050 28526
Avg time 300.05 301.47 301.37 300.06 301.01 301.21
SD 1487.5 806.2 820.2 1403.5 603.8 767.8
Improvement 37.67 25.87 23.62 35.33 25.44 22.41

For further statistical analysis ANOVA test is performed on the same experiment in
order to verify the significant difference between the qualities of solutions between those
meta-heuristics as shown in Table 6. The null hypothesis, H0 states the qualities of solu‐
tions improved by both algorithms are equal while the alternative hypothesis, H

A
 states

otherwise. The p-value for both of the datasets is very small which is smaller than the
alpha value of 0.05 and this makes it more likely to reject the null hypothesis. Hence, it
means that there is significant difference between the performances of each meta-heuris‐
tics search.

Table 6. ANOVA test in meta-heuristics.

Datasets Variation source F-value p-value F crit
Sem 2 session 2014/2015 Between groups 497.788680 3.49E–66 3.05762
Sem 1 session 2015/2016 Between groups 465.488436 2.5179E–64 3.05762

7 Conclusion

The quality of solutions produced by GA managed to outperform other algorithms in
this course timetabling domain. There are improvements in each semester to enhance
the quality of initial solutions, which show much better improvement than the other
algorithms. As there are significant differences between the performances of those meta-
heuristics, this indicates that not all algorithms can produce good solutions in a specific
domain [16]. Hence, there is no guarantee the proposed algorithm will perform well in
other scheduling domains.

For future research, a multi-agent framework is proposed whereby the agent incor‐
porates the GA which may communicates with other agents in order to search for
improving solutions. This may involves several important factors which need to be study
such as the communication and coordination between agents. Aside from that, a nego‐
tiation protocol is required to be establishes when the agent communicate with one
another. Potentially, the implementation of GA and other meta-heuristics into the multi-
agent system can increase the quality of solution due to its efficiency and reliability of
the system [14].
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