http://www.1acst.org ISSN : 2508-6561

The 2nd International Conference
on Culture Technology (ICCT)

December 8~10, 2017 | Tokyo Polytechnic Univ., Tokyo, Japan

International Association for o] SHOIl A IT 2
Convergence Science &Technology () KSAF I—Eﬂl. —II‘CI“EE =

Korea Science & Art Forum

A.
>

{/\ AUTODESK. "= EUPHORIA

SEQUL

&2 Orienta Consuirants GLogaL PARATUS INVESTMENT

esuma




Organizing Committee
Honorable Chairs
® Dr. Ryuichiro Yoshie, President of TPU, Japan

® Dr. Kazuo Sugiyama, Oriental Consultants Global, Japan
® Dr. Pyeoungkee Kim, President of IACST
Organizing Chairs
® Dr. Tae Soo Yun, Dongseo University, Korea
® Dr. Yonguk Lee, Tokyo Polytechnic University, Japan
® Dr. Soon Ki Jung, Kyungpook National University, Korea

Registration Chairs
® Dr. Se Hyun Park, Daegu University, Korea

® Dr. Donghwa Lee, Daegu University, Korea

Local Arrangement Chair
e Dr. Hisaki Nate, Tokyo Polytechnic University, Japan

e Mr. Keisuke Ota, Oriental Consultant, Japan

Publicity Chair
® Dr. Eun Yi Kim, Konkuk University, Korea

® Dr. Syed Hassan Ahmed, University of Central Florida, USA

® Ms. JiYoun Wang, Oriental Consultant, Japan

Publication Chair
® Prof. Kyung Su Kwon, Dongseo University, Korea

International Advisory Committee
® Dr. Kazuo Sugiyama, Oriental Consultant, Japan

® Dr. Tongjin Kim, Purdue University, USA
® Dr. Lei Li, Hosei University, Japan

Exhibition Committee

Design Program Chairs
® Dr. Bumkyu Kang, Dongseo University, Korea

e Dr. Kwang Chib Chang, Kyunghee University, Korea
e Dr. Kiesu Kim, Silla University, Korea

Cultural Design Chairs
® Dr. Sung Hyun Kim, Konkuk University, Korea

® Dr. Pil Je Park, Cachon University, Korea
® Dr. Seungpok Choi, Silla University. Korea

Organization

Organization



The 2nd ICCT International Conference on Culture Technology

Technical Program Committee
TPC Chairs

® Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Dongkyun Kim, Kyungpook National University, Korea
Hisaki Nate, Tokyo Polytechnic University, Japan
Rattasit Sukhahuta, Chiang Mai University, Thailand

I Putu Agung Bayupati, Udayana University, Indonesia
Sungpil Lee, Dongseo University, Korea

Jiman Hong, Soongsil University, Korea

Haeyoung Ko, Seoul Women's University, Korea

Steering Committee

® Dr.
Dr.
Dr.
. Thomas Chun, Loughborough University, UK

PyeoungKee Kim, President of IACST
Tae Soo Yun, Dongseo University, Korea
Rattasit Sukhahuta, Chiang Mai University, Thailand

. Yonguk Lee, Tokyo Polytechnic University, Japan

. Hisaki Nate, Tokyo Polytechnic University, Japan

. Thepchai Supnithi, NECTEC, Thailand

. Rolly Intan, Petra Christian University, Indonesia

. He Xiao Qing, Shanghai University, China

. Sun Guoyu, Communication University of China, China
. Se Hyun Park, Daegu University, Korea

. Kyudeuk Yeon, Christ University, India

. Intiraporn mulasastra, Kasetsart University, Thailand

. Dongkyun Kim, Kyungpook National University, Korea
. Eun Yi Kim, Konkuk University, Korea

. Jung Wha Lee, Dong-eui University, Korea

Sang Hyo Lee, PineTree Associates, Korea

Jong Soo Rhee, PineTree Associates, Korea



[The 2nd ICCT | International Conference on Culture Technology]

Oral Presentation (Session A, B, C, D)
December 9, 2017

Session A : ICT Trends and Applications I
09:00~10:40, Room 1201
Session Chair : Donghwa Lee (Daegu University, Korea)

237 "Design of a User-centered Classifier for evaluating Voice Condition based on the S-choker," 3
Seonghee Min and Yoosoo Oh (Daegu University, Korea)
396 "Simple Automatic Passenger Counting System (SAPCoS)," 5

Disorn Tantigate and Somchoke Ruengittinun (Kasetsart University, Thailand)
239 "Genome Sequencing Report Exchange System," 9

Hwijun Kwon, Shinwoong Lee, Mingyu Kim and Ilkon Kim (Kyungpook National University,
Korea)

295 "Water Volume Detection System in Galon using Arduino," 14
Agustinus Noertjahyana, Denny Kuriando and Resmana Lim (Petra Christian University, Indonesia)

Session B : ICT Service Technologies
09:00~10:40, Room 1202
Session Chair : Prof. Hongsik Park (Dongseo University, Korea)

147 "A Path Recovery Method using Cooperative Service Networks for Underwater Service Oriented 19
Networks,"

Yonghwan Jeong, Sungwon Lee, Yeongjoon Bae, Eunbae Moon, Dongkyun Kim (Kyungpook
National University, Korea)

188 "Modern day detection of Mines; Using the Vehicle Based Detection Robot," 22
Hafiz Suliman Munawar, Usama Khalid and Adnan Magsood (NUST, Pakistan)

222 "Autonomous Driving Car Technology Development Trend," 27
Min-Joon Kim and Jong-Wook Jang (Dong-Eui University, Korea)

301 "Private Cloud Deployment on Shared Computer Labs," 31

Henry Novianus Palit, Agustinus Noertjahyana, Albert Halim and Christian Adi Widjaja (Petra
Christian University, Indonesia)

Session C : ICT Trends and Applications I
09:00~10:40, Room 1203
Session Chair : Prof. Rolly Intan (Petra Christian University, Indonesia)

249 "Utilizing Emulab for Machine Learning Resource Pool," 36
Gi-Beom Song and Man-Hee Lee (Hannam University, Korea)

187 "Recent Studies of FACTS devices for Power Flow Control," 40
Umair Khalil, Sheeraz Ahmed, M. Danyal, M. Yousaf Ali and Fazal-e-Wahab (Gomal University,
Pakistan)

388 "Appearance based filtering of matched line segments with topological constraints," 46
Ik Hyun Jo, Jae Seok Jang and Soon Ki Jung (Kyungpook National University, Korea)

346 "Location inference and verification techniques for cultural heritage attraction," 49

Watchira Buranasing, Thepchai Supnithi, Monthika Boriboon and Marut Buranarach (National
Electronics and Computer Technology Center, Thailand)


Henry Palit
Highlight

Henry Palit
Highlight


[The 2nd ICCT | International Conference on Culture Technology]

Session D : Digital Contents I
09:00~10:40, Room 1204
Session Chair : Prof. Hyeyoung Ko (Seoul Women’s University, Korea)

197 "Common Interest between You and Me: Investigating Common Interest among Developers in
GitHub Pull Requests,"

Sunbin Park and Eunjoo Lee (Kyungpook National University, Korea)
305 "Emotion Recognition Technology using Face Feature Vectors,"

Jung-Wun Lee, Kyung-Ae Cha, Jeong-Tak Ryu and Se-Hyun Park (Daegu University, Korea)
317 "A Study on Big Data Application in Animated Characters,"

Young-Suk Lee (Dongguk University, Korea)
202 "Weeds classification system for selective herbicides using broad weed estimation,"

Imran Ahmed, Sheeraz Ahmed, Noor-ul-Amin and Ayub Khan (Gomal University, Pakistan)

53

57

60

62



[The 2nd ICCT | International Conference on Culture Technology]

Oral Presentation (Session E, F, G, H)
December 9, 2017

Session E : ICT Trends and Applications III
13:50~15:30, Room 1201, Session
Chair : Prof. Manhee Lee (Hannam University, Korea)

390 "Analysis of Camera Movement Affecting the Visual Cognition of the Audience in Animation," 71
Jing Gu, Hyungjin Jeon and Hongsik Pak (Dongseo University, Korea)
403 "Hooking on 64-Bit Windows Using INT 3 Interrupt," 77

Taehyoung Kim and Jong-Wook Jang (Dong-Eui University, Korea)
240 "Visual Tracking with Deep Neural Network-based Object Detection and Dynamic Image 81

Masking,"
Dong-Hyun Lee (Kumoh National Institute of Technology, Korea)
275 "An Augmented Reality Application for Studying the Lives of Animals," 85

Yulia, Liliana and Robert Hartono (Petra Christian University, Indonesia)

Session F : Digital Contents I
13:50~15:30, Room 1202, Session
Chair : Prof. Sung Pil Lee (Dongseo University, Korea)

351 "A Design Study through the Self-Report Emotion Measurement of Beach Bench Users," 90
Chao Huang and Jung-Wook Go (Dongseo University, Korea)
245 "PGHD generation and sharing service design for visually impaired using speech recognition and 94

FHIR,"
Woo Jin Kim, Dae-young Kim, and Il Kon Kim (Kyungpook National University, Korea)

196 "Who should pick me up? An approach for identifying suitable source files," 99
Geunho Choi and Eunjoo Lee (Kyungpook National University, Korea)

203 "IoT for Real Time Data Logger and pH Controller," 103
Leo Willyanto Santoso, Andreas Kwariawan and Resmana Lim (Petra Christian University,
Indonesia)

Session G : Culture Service I
13:50~15:30, Room 1203, Session
Chair : Prof. Yoosoo Oh (Daegu University, Korea)

324 "Design Development of a Step for Children," 108
Jo HyeonSeong (Dongseo University, Korea)

389 "A User-engaging Interactive Digital Media Art System based on Masterpieces in Virtual Reality,'"113
In Su Kim, JunHyeok Hwang, Filsang Kim, Sunij Lee, Jaeseok Jang and Soon Ki Jung
(Kyungpook National University, Korea)

172 "An Analysis of Chinese Traditional Patterns in Mobile Game Interface of Chinese Style -A Case 116
Study of Fantasy Westward Journey-,"

Rongfang Zhang and Donghyuk Choi (Dongseo University, Korea)

399 "Handwritten Balinesse Character Recognition using K-Nearest Neighbor," 119

I Wayan Agus Surya Darma and Ni Kadek Ariasih (STMIK STIKOM, Indonesia)



[The 2nd ICCT | International Conference on Culture Technology]

Session H : Digital Contents & Culture Service I
13:50~15:30, Room 1204, Session
Chair : Prof. Intiraporn Mulasastra (Kasetsart University, Thailand)

272 "Quadruped rigging with Quick rig in Maya software,"
Yangyang He and Chul Young Choi (Dongseo University, Korea)

181 "A Study on the Space Form and Sculpt of 3D Animation Background Modeling - Focused on
The Gestalt Principle of Organization -,"

Lingfeng Gu, Hyungjin Jeon and Hongsik Pak (Dongseo University, Korea)

384 "Evaluation of connectives between color and typical adjective metaphor in Japanese language,"
Takashi Yamazoe, Yhuki Gouma and Yoshihiko Azuma (Chiba University, Japan)

216 "Use of AMR and CEI for Load Management due to Power Crisis in Pakistan,"

Sheeraz Ahmed, Gul Nabi Syed, Zahoor Ali Khan, Kashif Ali Awan and Amjad Khattak (Career
Dynamics Research Center, Pakistan)

125

128

132

135



[The 2nd ICCT | International Conference on Culture Technology]

Oral Presentation (Session I, J, K, L)
December 9, 2017

Session I : ICT Trends and Applications IV
16:20~18:00, Room 1201
Session Chair : Prof. Eun Yi Kim (Konkuk University, Korea)

225 "Creating Cycle Routes on Strava Segments," 143
Wichpong Kao-ian and Intiraporn Mulasastra (Kasetsart University, Thailand)

365 "Trend Prediction of Detected Lightning Whistler using DBSCAN," 147
I Putu Agung Bayupati and Ketut Adi Purnawan (Udayana University, Indonesia)

250 "Implementation of Indoor Positioning System using ID-Based VLC Beacon," 151

Cheol-Min Kim, Min-Woo Jung and Seok-Joo Koh (Kyungpook National University, Korea)

"Conversion System of Earthquake Data from Microsoft Excel to Database at Indonesian Agency 155
for Meteorological, Climatological and Geophysics Denpasar,"

Gusti Made Arya Sasmita and I. Gusti Putu Krisna Pradiptha (Udayana University, Indonesia)

364

Session J : Digital Contents III
16:20~18:00, Room 1202
Session Chair : Prof. Chul-Young Choi, Dongseo University, Korea

173 "An Association Study on the Aesthetic Characteristics of Digital Lighting and Impressionist 159
Painting -- Taking '"Zootopia" as an example,"
Guochao Sha and Donghyuk Choi (Dongseo University, Korea)

385 "VR Entertainment System 'Ideal Vacation'": A Game Designing Focused on the Sense of 163
Presence,"

Yusuke Numazaki, See-Sheng Toh and Masanobu Endoh (Tokyo Polytechnic University, Japan)

323 "Aesthetic Implication and Thought Significance of Film Semiotics -- Focusing on Chinese 167
Documentary,"

Xi Fang and Won-ho Choi (Dongseo University, Korea)
191 "Curse of Drug Addiction among Youth in Pakistan," 169
Farhat Shabbir (University of the Punjab, Pakistan)

Session K : Digital Contents & Culture Service II
16:20~18:00, Room 1203
Session Chair : Prof. I PUTU AGUGANG BAYUPATI (Udayana University, Indonesia)

342 "The comparative study of the animated movie industries of China, America, and Japan," 173
Yan Jihui, Liu Jing and Chul Young Choi (Dongseo University, Korea)
325 "A Study on the Women-friendly Urban Regeneration Design of Overpass Sub-space," 177

ShunPing He and KwanSeon Hong (Dongseo University, Korea)

192 "Conducive Environment Provided to Married Working Women by their Families and Society in 181
Pakistan,"

Farhat Shabbir (University of the Punjab, Pakistan)
398 "Preprocessing system to Improve image quality of Ancient Balinese Manuscript," 184
Ni Putu Sutramiani and I. Nyoman Piarsa (Udayana University, Indonesia)



[The 2nd ICCT | International Conference on Culture Technology]

Session L : Culture Service II
16:20~18:00, Room 1204
Session Chair : Prof. Yun Seon Do (Kyungpook National University, Korea)

401 "e-Culture Platform for Cultural Heritage Services,"
Watchira Buranasing (National Electronics and Computer Technology Center, Thailand)
345 "Multimodal Discourse Analysis of Chinese Traditional Cultural in the Mobile Game <King of
Glory>,"
Ding Zhi Bo and Seung-keun Song (Dongseo University, Korea)
221 "Linked Open Data Development for Sharing the 3D Cultural Artifacts,"
Weeraphan Chanhom and Pongpon Nilaphruek (Chiang Mai University, Thailand)
204 "Fire detection through Image Processing; A brief overview,"
Hafiz Suliman Munawar, Usama Khalid and Adnan Maqsood (NUST, Pakistan)

189

192

199

203



[The 2nd ICCT | International Conference on Culture Technology]

Special Session
December 9, 2017

Special Session : Color Science and Art
13:50~15:30, Room 1205
Session Chair : Prof. Yonguk Lee (Tokyo Polytechnic University, Japan)

158 "Color-Tunable Single Pixels Using Stacked Transparent Organic Light Emitting Diodes and 211
Color-Tunable Lighting Domes,"

Takayuki Uchida, Takumi Takeuchi, Shuhei Ueda and Satoshi Kawamura (Tokyo Polytechnic
University, Japan)

145 '"Interactive Art Generating Innovative Color Expression Using Deep Learning Neural Networks," 215
Yasuo Kuhara (Tokyo Polytechnic University, Japan)
163 "Virtual Environment for Visualizing Vocal Features and Its Application to Voice Training," 218

Yoya Nakashima and Tsuyoshi Moriyama (Tokyo Polytechnic University, Japan)

318 "The Philosophy of the International Color Science and Art Center as the Brand Strategy of 221
University,"

Yasushi Noguchi and Ryuichiro Yoshie (Tokyo Polytechnic University, Japan)

Session SB : Design and Entrepreneurship
16:00~18:00, Room 1205
Session Chair : Prof. Tongjin Kim (Purdue University, USA)

Prof. Tongjin Kim, Purdue University, USA
Mr. Sunghwe Kim, 3D Plus, Korea

Prof. Henri Christiaans, UNIST, Korea
Prof. WangPo, Western Univ., Vietnam

Session SC : Future Making
16:00~18:00, Room 1206
Session Chair : Prof. Dongkyun Kim(Kyungpook National University, Korea)

Prof. Ted Shin, MSU Denver, USA
Mr. Jared Vanscoder, Autodesk, USA
Mr. Jeffrey Smith, Autodesk, USA

Mr. Thomas Kim, Sindoh Corp., Korea



[The 2nd International Conference on Culture Technology]

Private Cloud Deployment on Shared Computer Labs

Henry Novianus Palit, Agustinus Noertjahyana, Christian Adi Widjaja, Albert Halim

Department of Informatics
Petra Christian University
Surabaya, Indonesia
hnpalit@petra.ac.id, agust@petra.ac.id, renmuachci@gmail.com, lim_bert_lie@yahoo.co.id

Abstract

A computer laboratory in a school or college is often
shared for multiple class and lab sessions. However, often
the computers in the lab are just left idling for an extended
period of time. Those are potential resources to be
harvested for cloud services. This manuscript details the
deployment of a private cloud on the shared computer labs.
Fundamental services like operation manager,
configuration manager, cloud manager, and schedule
manager were put up to power on/off computers remotely,
specify each computer’s OS configuration, manage cloud
services (i.e., provision and retire virtual machines), and
schedule OS switching tasks, respectively. OpenStack was

employed to manage computer resources for cloud services.

The deployment of private cloud can improve the
computers’ utilization on the shared computer labs.

Keywords-private cloud; shared computer labs; cloud services;
OpenStack;  Wake-on-LAN  (WOL); Preboot eXecution
Environment (PXE)

l. Introduction

Past reports suggested that utilization of computer resources
in a data center is generally low. Based on collected data from
worldwide data centers in 2009-2011, an IBM research report
[1] found that the CPU utilization of a typical data center
ranged from 7% to 25%. An analysis by McKinsey & Company
on 70 large data centers, as reported by the New York Times
[2], also showed that on average data centers were using 6% to
12% of the electricity for their servers’ computations;
apparently the large share of power was to keep servers doing
nothing, just be ready in case of a sudden rise in activity.

A comparable phenomenon can also be observed in a
school’s or college’s computer laboratory. Computers in that
particular lab are often turned on for long hours even if there is
no class or practicum session taking place. Some students may
have the habit of using the computers for a while and then
leaving without turning them off.

Evaluating resource idleness in a number of Windows
computer laboratories, Domingues et al. [3] found that the
average CPU idleness was almost 98% and the portion of
unused memory was 42% on average. Using wireless power
meters and simultaneously recording the user activities on a lab
of 22 computers, Han and Gnawali [4] concluded that every
day 60% of energy consumed by each computer was left unused
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as no user was logged in. Moreover, the study on the lab users’
behavior revealed that only 5% of users employed the
computers for long periods of time (taking more than 3,000 KJ
of energy), whereas the majority (75% of users) just occupied
them minimally and in turn consumed less than or equal to
1,000 KJ of energy.

Evidently, computers in many school/college labs are not
optimally utilized. They are often left idle or unused for long
periods of time. There are two general approaches to tackle this
inefficiency issue. The first approach is to turn the computers
off when they are not being used. This can be performed either
remotely or automatically to reduce human involvement. The
second approach is to harness the idle CPU cycles for
addressing other computational needs. The needs are most
likely to come from other parties within or outside the
school/college. Unquestionably, the idle resources may be
offered voluntarily or on a pay-per-use basis.

Following the second approach, the research work discussed
in this manuscript tries to servitize the extra resources of some
shared computer labs and deploy them as a private Cloud
service (i.e., Infastructure-as-a-Service). OpenStack [5], the
open source software for creating a cloud service, was
employed to manage the idle computer resources. Since
OpenStack requires Linux as the operating system (OS), while
the desktops in the shared computer labs are running Windows
as the default OS, a management system is needed to control
the switching from Windows to Linux and vice versa.

The rest of the manuscript is arranged as follows. Section 2
outlines some related works, particularly on various ways the
idle computer resources are being utilized. The proposed
management system is described and detailed in Section 3.
Some evaluations are discussed in Section 4. Finally, Section 5
concludes the findings and suggests some future works.

I1. Related Works

Harnessing unused computer resources has been the focus of
many previous research works. The works outlined here are by
no means exhaustive, but they can represent some of the ideas
of utilizing unused computer resources.

The underlying concept of Grid computing [6] is essentially
resource sharing in multi-institutional virtual organizations
(VOs). Resource owners (providers) from different institutions
may pool their resources in a VO to be used up by participants
of the VO. The sharing is highly controlled. Each provider may
share resources in multiple VOs and subject them to constraints
on when, where, who is allowed, and what can be done. Sharing

( h International Association for
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relationships are often peer-to-peer (i.e., providers can also be
consumers), can exist among any subsets of participants, and
can be coordinated across many resources belonging to
disparate institutions. Through VOs, groups of institutions are
enabled to collaborate by sharing resources to achieve a
common goal. The Grid architecture encompasses many
protocols, services, Application Programming Interfaces
(APIs), and Software Development Kits (SDKs) so that
applications can be developed to run in the complex and
dynamic execution environments.

While Grid computing concerns mainly with access to
large-scale (i.e., clusters or supercomputers) and inter-
institutional resources, there is another approach called
Desktop Grid [7] that scavenges idle desktop computers.
Desktop grid is often implemented within an institution,
although a public desktop grid platform is still possible. The
desktops’ participation is usually mandatory and governed by
the institution’s policies. Many institutions — such as academics,
enterprises, and government agencies — hold a large number of
desktops for their employees. They may gain benefit from
exploiting the idle cycles, without additional server investment,
for executing some institutional-backing applications.

The UC Berkeley Spaces Sciences Laboratory developed a
distributed computing platform called BOINC (Berkeley Open
Infrastructure for Network Computing) [8] comprising public
resources. The platform was established on the success of the
earlier SETI@home project, famously known for exploiting
about 1 million voluntary computers worldwide in the quest for
extraterrestrial intelligence. BOINC can run on various OSes
(e.g., Windows, UNIX/Linux, Mac OS/X, etc.). It provides
tools that allow contributors to remotely install the client
software on a large number of computers, and then link the
clients to selected projects.

Started in 1984, the Condor project [9] also gives freedom
for every participant to contribute as much or as little as s/he
wants. Basically, there are two kinds of users: producers (who
offer resources) and consumers (who consume resources). In
the Condor’s kernel, producers are represented by resources
while consumers by agents. Resources and agents must
advertise themselves to another component, matchmaker,
which is responsible for matching compatible resources and
agents. Unlike BOINC, which is just one large pool of
computer resources, there are many Condor pools — which may
or may not collaborate with each other — around the world. The
Condor project has since been renamed to HTCondor (in
2012).

Past research works also tried to harness idle computer
resources from a network or cluster of workstations [10]-[12]
for parallel computations. In that case, a number of idle
workstations should be available throughout the parallel
execution. They demonstrated that the scheme can work subtly
with negligible disturbance to the legit jobs and/or users.
Nevertheless, less network-bound jobs are preferred as they
impose lower impacts.

Recently virtualization has been employed to exploit unused
computer resources. Compared to the physical counterpart, the
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virtual environment offers valuable features such as isolation,
security, and fast deployment. I-Cluster [13] conducts real-time
analysis of the machines’ workload and deploys a virtual
cluster, utilizing the most suitable set of machines, in response
to a user request. The platform can automatically switch
workstations between user-mode (on Windows OS) and
cluster-mode (on Linux OS). Each mode has a separate
working space. The normal condition is the user-mode. A
workstation enters the cluster-mode when user idleness is
detected. Similarly, it can switch back to the user-mode when
user presence is detected (or anticipated). Taking a different
route, NDDE [14] deploys virtual machines, in concurrence
with the user’s environment, to exploit the idle cycles. A similar
approach was employed in [15]-[16]. In that way, there is no
need to switch between different modes. Both environments —
physical and virtual — can coexist together in the same machine
without interfering each other. In fact, the user may not even be
aware of the presence of the virtual environment.

Cloud computing deployment has grown strongly lately in
many enterprises. Cloud computing is believed to simplify the
IT infrastructure and drastically cut IT investment costs, while
simultaneously maintaining business agility and flexibility. As
some enterprises are still concerned with public cloud’s
security, private cloud platforms are rather preferred by those
enterprises. Under this scheme, underutilized servers can be
consolidated and replaced by just a few servers with higher
specifications (i.e., more CPU cores, memory, and disk space).
Thereafter, cloud management software like OpenStack [5],
CloudStack [17], or Eucalyptus [18] should be installed to
deploy (virtual) servers in place of the underutilized (physical)
servers. Server consolidation is a sure way to improve the
overall computers’ utilization as well as maintainability, as
attested in [19]-[20]. In those works, the cloud management
software was employed to manage the resource pool. Virtual
desktops were elastically deployed from the resource pool to
meet educational and experimental requirements.

Distributed platforms such as the Grid, BOINC, and
HTCondor can harnest idle computer resources from widely
spread locations over the globe. However, the platforms may
not guarantee a fully isolated environment to protect the
underlying resources from a mischievous job, even though a
sandbox may be used to harmlessly run any foreign job. Cloud
computing and virtualization, in general, can provide a better
isolated environment, as the hypervisor will intercept, from the
guest virtual machines, all instruction calls - including
malicious ones — directed toward the host OS. That is the
reason for our use of cloud management software in our
research work. The previous works [19]-[20] required two
pools of computer resources: one was for the virtualization
hosts and the other for the thin clients to access the deployed
virtual machines. Different from them, we just use one pool of
computer resources in the labs. In fact, class/lab activities will
still use the physical computers, whereas (virtualized) cloud
services will be provided for remote users only when the
computers are not in use. Details of the mechanism are given in
the next section.

( h International Association for
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Fig. 1 System architecture of a shared computer lab, providing physical and virtual computers.

I11. Shared Labs Architecture

Two different OSes are needed to concurrently utilize the
computer labs for daily class/lab activities and private cloud
services. The default OS of the computers in the shared labs is
Windows. By contrast, the OS required to deploy cloud
services is Linux. Therefore, both OSes, Windows and Linux,
were installed on each computer. To manage the computers in
the shared labs, the following fundamental services — as shown
in Fig. 1 — were set up: operation manager, configuration
manager, cloud manager, and schedule manager. They are
functional services. Implementation wise, each service may be
put up in a single server, or alternatively, multiple services may
be realized in a single server.

A. Operation Manager

This service is to control all computers in the shared labs.
Using this service, every computer can be turned on, turned off,
or rebooted remotely. Different tools were employed to
construct this service.

Wake-on-LAN (WOL) - a.k.a. Magic Packet Technology
[21] — is an Ethernet standard that allows a computer to be
turned on, or awakened, by a network message. This feature is
supported by most Ethernet cards and motherboards. The
operation manager leverages this WOL feature to turn on any
computer in the labs. The most important argument required by
the WOL command is the Media Access Control (MAC)
address of the Ethernet card attached to a computer. Thus, the
paired list of MAC addresses and computerlDs needs to be
maintained by the operation manager.

Depending on the currently active OS on a remote computer,
the operation manager has different ways to turn off or reboot
the machine. On a Windows machine, the operation manager
employs Samba net (rpc) utility to turn it off or reboot it,
whereas the shutdown command — executed remotely through
ssh (secure shell) — is used to achieve the same goal on a Linux
machine. In both ways, the machine’s Internet Protocol (IP)
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address or domain name is required.

The operation manager can also report the current status (ON
or OFF) and guesstimate the active OS of each computer in the
shared labs. To accomplish this, the operation manager will do
these steps:

1. Try to connect to port 22 (ssh) of the machine’s IP address.

If itis successful, then the machine is ON and its active OS
is Linux.

2. Try to connect to port 3389 (rdp) of the machine’s IP
address. If it is successful, then the machine is ON and its
active OS is Windows.

3. Otherwise, it is inferred that the machine is OFF.

B. Configuration Manager

This service is to record the currently assigned OS (i.e.,
Windows or Linux) for each computer in the shared labs. When
a computer is turned on or rebooted, it must consult with this
service and boot the assigned OS accordingly. Different tools
and protocols were employed to construct this service.

Preboot eXecution Environment (PXE) [22] is a
standardized client-server mechanism to boot a software
assembly, retrieved from the network, on a client machine. It
requires a PXE-capable Network Interface Card (NIC) on the
client side and standard network services such as Dynamic
Host Configuration Protocol (DHCP) and Trivial File Transfer
Protocol (TFTP). Details of the mechanism is beyond this
manuscript’s scope; interested readers are referred to [22] for
further information. The PXE feature can be enabled on the
labs’ computers. Thus, when started off, each computer will
retrieve its associated PXE configuration file (i.e., assigned
based on the computer’s MAC address), run the script and,
consequently, select one of the local OSes to boot.

Some scripts were created for the configuration manager to
switch the assigned OS (from Windows to Linux and vice
versa) for particular computers by changing their respective
PXE configuration files. The OS switching action may be asked
by the system administrator or by a schedule task; the schedule
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manager, which executes various schedule tasks, will be
discussed in the later subsection.

C. Cloud Manager

This service is to manage the pool of unused computers for
provisioning private cloud services. The computers in the pool
must run Linux OS, as required by the cloud management
software. The cloud management software being employed is
OpenStack [23]. OpenStack consists of many modules, and the
basic ones forming the cloud manager are:

= Keystone — identity service,

= Nova — compute service,

= Neutron — networking service,

= Glance — image service, and

= Horizon — dashboard.

Details of the implementation and the evaluation of OpenStack
deployment in our shared computer labs can be found in [24].

Through this cloud manager, a user may request a number of
(virtual) computers for computations or experiments. The
cloud manager also controls user access (i.e., when and who is
allowed) and handles reservation requests. Once the jobs are
done, the user may release the (virtual) computers back to the
pool.

D. Schedule Manager

This service is to create and execute the schedule tasks of
switching the OS of particular computers. The schedule tasks
are usually created by the system administrator to automatically
switch the computers’ OS to Linux (i.e., when there is no
class/lab activity) or to switch them back to Windows (i.e.,
when a class/lab activity is slated to start soon).

A schedule task comprises of the scheduled date and time,
selected OS, description, status, and targeted computeriD. All
schedule tasks are stored in database. A cron job regularly
checks the active schedule tasks and, when the time comes,
executes them by sending commands to the other services. An
OS switching command is sent to the configuration manager,
followed by a reboot command sent to the operation manager.
Afterwards, the status is updated accordingly.

IV. Implementation and Evaluation
A. Implementation of Shared Labs Management System

As per designed, the fundamental services were realized for
constructing the proposed management system. The required
tools, as discussed in the previous section, were installed and
configured. Scripts were devised to bundle the execution of a
sequence of commands and to interface between services. In
addition, a Web application was developed for the system
administrator to easily and centrally manage the computers in
the shared labs. All fundamental services can be configured and
executed from this Web interface. A screenshot of the Web
interface, through which the OS can be assigned and the power
on/off command can be sent to selected computers, is presented
in Fig. 2.

The fundamental services were installed in a single server.
Windows and Linux OSes were installed in all computers being
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e
Fig. 2 Web interface to manage the labs’ computers

managed. The Kernel-based Virtual Machine (KVM) and the
OpenStack’s Nova client were also installed in the managed
computers, so virtual machines can be created and deployed
through the OpenStack cloud service. All computers used for
this research work have the same specification, i.e.:

Processor  : Intel Core i5-3340, 3.1 GHz (4 cores)
Memory : 16 GB

Harddisk  : 500 GB

NIC : Broadcom NetXtreme Gigabit Ethernet

(WOL and PXE are supported)
Although the NICs are 1 Gbps Ethernet, our network switch
can only support 100 Mbps interconnection network. It is
beyond our power to upgrade the network infrastructure.

B. System Evaluation

The developed management system has been tested in our
shared computer labs. It can greatly reduce the system
administrator’s workloads as the computers can be controlled
(i.e., powered on, powered off, rebooted, or OS switched) from
anywhere within our campus, without the need to be present in
front of the computers. Table | shows the time taken for a
computer to respond to power-on and power-off commands. As
seen in the table, the Linux computer can respond to the
power-off command slightly faster than the Windows computer.
The power-on command using WOL is responded almost
immediately by the computer.

TABLE |
RESPONSE TIME OF POWERING A COMPUTER OFF/ON

OS Powered OFF | Powered ON
Windows 0.60-0.80 s
Linux 0.30-0505 | 0020-0025s

The configuration manager and the schedule manager also
have been tested rigorously. The computer can boot up (or
reboot) correctly the assigned OS, whether it is Windows or
Linux, on the scheduled time and without human intervention.
Through the cloud manager, user requests for (virtual)
computers can be fulfilled without any issue. The (virtual)
computers can be accessed remotely within our campus for
executing scientific computation, simulation, or any other
experimental work. Later on, the (virtual) computers can be
released back when the user is done with them. Since the
computer resources in the labs are still prioritized for the
class/lab activities, the execution of a large job on the (virtual)
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computers are not recommended, lest it is aborted early due to
the incoming class/lab activity.

V. Conclusion

The low utilization of a computer lab is a common
phenomenon in most schools and colleges. Meanwhile, the
demand for computation keeps expanding and escalating,
especially in this era of big data. On the one hand, we have a
supply of unused or idle computers. On the other hand, we have
a high demand for computation. The private cloud deployment
on the shared labs, as proposed in this manuscript, can help in
meeting the demand for computation, without the need to invest
in new servers. At the same time, the private cloud deployment
also improves the utilization of computers in the shared labs.

The research work presented in this manuscript is a working
in progress. For the future works, we intend to explore the
incorporation of OpenStack’s Swift and Cinder (i.e., the cloud
storage services) into our shared labs platform.
Implementation-wise, we want to put up some frequently
requested service applications on the platform. An example that
crosses our mind is some big data analytics framework.
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