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Preface

Welcome Message from NBiS-2022 Organizing Committee

We would like to welcome you to the 25th International Conference on
Network-Based Information Systems (NBiS-2022), which is held from September 7
to September 9, 2022.

The main objective of NBiS is to bring together scientists, engineers and
researchers from both network systems and information systems with the aim of
encouraging the exchange of ideas, opinions and experiences between these two
communities.

NBiS is one of the important conferences in the field. Extensive international
participation, coupled with rigorous peer reviews, has made this an exceptional
technical conference. The technical program and workshops add important
dimensions to this event. We hope that you will enjoy each and every component of
this event and benefit from interactions with other attendees.

Since its inception, NBiS has attempted to bring together people interested in
information and networking, in areas that range from the theoretical aspects to the
practical design of new network systems, distributed systems, multimedia systems,
Internet/web  technologies, mobile computing, intelligent computing,
pervasive/ubiquitous networks, dependable systems, semantic services and scalable
computing. For NBiS-2022, we have continued these efforts as novel networking
concepts emerge and new applications flourish. In this edition of NBiS, many
papers were submitted from all over the world. They were carefully reviewed, and
only high-quality papers will be presented during conference days.

The organization of an international conference requires the support and help of
many people. A lot of people have helped and worked hard for a successful
NBiS-2022 technical program and conference proceedings. First, we would like to
thank all the authors for submitting their papers. We are indebted to Track
Co-Chairs, Program Committee Members and Reviewers who carried out the most
difficult work of carefully evaluating the submitted papers.We would like to express
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our great appreciation to our keynote speakers for accepting our invitation as
keynote speakers of NBiS-2022.
We hope that you have an enjoyable and productive time during the conference.
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Fundamental Model of Online User Dynamics
Based on a Causal Framework

Masaki Aida

Tokyo Metropolitan University, Tokyo, Japan

Abstract. User dynamics in online social networks have come to have a great
impact not only on online society but also on real life. Therefore, understanding
online user dynamics is an important issue. Of course, it is difficult to understand all
of the complex online user dynamics, but it may be possible to describe their
characteristics in a particular way. This talk introduces an attempt to give a
mathematical model of online user dynamics based on a causal framework in which
the mutual influences working between users are propagated at finite speeds via an
online social network. This model can theoretically explain various phenomena
including the intensity of user dynamics diverges, such as online flaming phe-
nomena, and the phenomenon that information propagation is restricted only within
a specific community, such as polarization.
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Big Data Analytics on COVID-19
Epidemiological Data

Carson K. Leung

University of Manitoba, Manitoba, Canada

Abstract. In the current era of big data, high volume of big data can be generated
and collected from a wide variety of rich data sources at a rapid rate. Embedded in
these big data are useful information and valuable knowledge. Examples include
healthcare and epidemiological data such as data related to patients who suffered
from viral diseases like the coronavirus disease 2019 (COVID-19). Knowledge
discovered from these epidemiological data via data science helps researchers,
epidemiologists and policymakers to get a better understanding of the disease,
which may inspire them to come up with ways to detect, control and combat the
disease. This talk presents big data analytics solutions for analyzing COVID-19
epidemiological data. The solutions help users to get a better understanding of
information about COVID-19 cases. Evaluation on real-life COVID-19 data across
Canadian provinces shows the benefits of big data analytics in discovering useful
knowledge from COVID-19 epidemiological data.

XXi



Contents

A Negotiation Protocol Among Servers for Virtual Machines
to Migrate to Reduce the Energy Consumption . . ................. 1
Dilawaer Duolikun, Tomoya Enokido, and Makoto Takizawa

Energy-Efficient Multi-Version Concurrency Control (EEMVCC)
for Object-Based Systems. . . .. ................ ... ... 13
Tomoya Enokido, Dilawaer Duolikun, and Makoto Takizawa

Fog Computing Model for the Information Flow Control . .......... 25
Shigenari Nakamura, Tomoya Enokido, and Makoto Takizawa

An Incentive Framework for Surplus Food Distribution

in the Context of Smart Cities . . . .. ...... ... ... ... .......... 35
Surja Sanyal, Sajal Mukhopadhyay, Fatos Xhafa, Vikash Kumar Singh,

and Banhi Sanyal

Performance Evaluation of V2X Communication Based
on 2-Wavelength Wireless Link Method . ....................... 48
Yoshitaka Shibata and Akira Sakuraba

Soldering Danger Detection System Using a Line-of-Sight

Estimation ... ...... .. .. .. . .. 58
Tomoya Yasunaga, Kyohei Toyoshima, Chihiro Yukawa, Yuki Nagai,

Tomoaki Matsui, Tetsuya Oda, and Leonard Barolli

Improvement of NMR-Reduction Method by Local Search

for Optimization of Number of Mesh Routers in WMNs . ... ........ 66
Aoto Hirata, Yuki Nagai, Tomoya Yasunaga, Kyohei Toyoshima,

Chihiro Yukawa, Tetsuya Oda, and Leonard Barolli

Conceptual Framework of Blockchain Technology Adoption in Saudi
Public Hospitals Using TOE Framework . . ... ... .. ... .......... 78
Adel Khwaji, Yaser Alsahafi, and Farookh Khadeer Hussain

XXiii



XXiv Contents

The Probability of Encounters of Mutual Search Using Lévy Walk
on Unit Disk Graphs . ....... ... ... ... ... ... ... . ... ... ... 90
Chisato Nishigami and Naohiro Hayashibara

Tactical Alignment of Aerial Transmission Laser Beam for Free Space

Optics Communication . . . . .................................. 102
Kota Watanabe, Takuto Koyama, Hiroshi Koga, Kiyotaka Izumi,

and Takeshi Tsujimura

Human-AI Protocols for Cloud Data Management . ............... 115
Urszula Ogiela, Makoto Takizawa, and Marek R. Ogiela

Trustworthy AI Explanations as an Interface in Medical Diagnostic
Systems . ... ... 119
Davinder Kaur, Suleyman Uslu, and Arjan Durresi

Data Architecture for Data-Driven Service Platform: Royal Project
Foundation Case Study . ........... ... ... .. .. ... ... ... ... ... 131
Suphatchaya Autarrom, Kittayaporn Chantaranimi, Chanwit Chanton,

Anchan Chompupoung, Pichan Jinapook, Waranya Mahanan,

Pathathai Na Lumpoon, Juggapong Natwichai, Nontakan Nuntachit,

Nitchanan Prapaitrakul, Rattasit Sukhahuta, Prompong Sugunsil,

Sumalee Sangamuang, Titipat Sukhvibul, and Pree Thiengburanathum

Performance Comparison of FC-RDVM and RDVM Router

Replacement Methods by WMN-PSOHC Simulation System

Considering Different Instances . ... ........................... 142
Shinji Sakamoto, Admir Barolli, Yi Liu, Elis Kulla, Leonard Barolli,

and Makoto Takizawa

A Fuzzy-Based System for Handover in 5G Wireless Networks

Considering Different Network Slicing Constraints: Effects of Slice

Load Parameter on Handover Decision . . ....................... 152
Phudit Ampririt, Ermioni Qafzezi, Kevin Bylykbashi, Makoto Ikeda,

Keita Matsuo, and Leonard Barolli

A Fuzzy-Based System for Determining Driver Impatience

in VANETSs Considering Number of Forced Stops, Unnecessary

Maneuvers, Time Pressure and Task Importance ................. 163
Kevin Bylykbashi, Ermioni Qafzezi, Phudit Ampririt, Admir Barolli,

Elis Kulla, and Leonard Barolli

Effect of Transporter Autonomous Underwater Vehicles

for Underwater Optical Wireless Communication Considering Delay
Tolerant Networks . . . ... ... ... .. .. ... .. . . . ... . 172
Keita Matsuo, Elis Kulla, and Leonard Barolli



Contents XXV

Channel Allocation in Cognitive Radio Networks: A Game-Theoretic
Approach . .. ... 182
Vinesh Kumar, Sanjay Kumar Dhurandher, Isaac Woungang,

Shashank Gupta, and Surajpratap Singh

Investigating Moral Foundations from Web Trending Topics . . ... ... 193
Jean Marie Tshimula, Belkacem Chikhaoui, and Shengrui Wang

Multi-observed Multi-factor Authentication: A Multi-factor

Authentication Using Single Credential . ........................ 201
Shinnosuke Nozaki, Ayumi Serizawa, Mizuho Yoshihira, Masahiro Fujita,

Yoichi Shibata, Tadakazu Yamanaka, Nori Matsuda, Tetsushi Ohki,

and Masakatsu Nishigaki

Envy-Free Trip Planning in Group Trip Planning Query Problem . ... 212
Mayank Singhal and Suman Banerjee

An AQOI-Based Surface Defect Detection Approach Applied to Woven
Fabric Production Process . . .. ...... ... ... ... .. ... ... ... ... 224
Wei-Chun Hsu, Hsing-Chung Chen, Kai-Ming Uang, and Yong-Hong Lin

Evaluation of a Fuzzy-Based Robotic Vision System for Recognizing
Micro-roughness on Arbitrary Surfaces: A Comparison Study

for Vibration Reduction of Robot Arm . ... ... ... ... ... .......... 230
Chihiro Yukawa, Nobuki Saito, Tomoya Yasunaga, Yuki Nagai,

Kyohei Toyoshima, Tetsuya Oda, and Leonard Barolli

Location Management Method for Students on Campus Using
Smartphones for Health and Safety . .. ....................... .. 238
Iyori Honma, Yuya Sawano, Takuya Watanabe, and Ryozo Kiyohara

Common Factor Analysis of Information Security Incidents Based on
Psychological Factors . . ............ .. ... ... ... ... . ... .. .... 248
Shigeaki Tanimoto, Takumi Suzuki, Takashi Hatashima,

and Atsushi Kanai

Detection and Analysis of Intrusion Attacks Using Deep Neural
Networks . .. ... 258
Atsushi Takeda

DTN Routing Method Based on Node Movement Prediction
and Message Deliverability. . . ... ............................. 267
Kazunori Ueda

GPU-Accelerated Reverse K-Nearest Neighbor Search for High-
Dimensional Data . . ... ... ... ... ... ... ... ... 279
Kyohei Tsuihiji and Toshiyuki Amagasa



XXVi Contents

Pre-cache Methods for Accommodating More Clients
in Edge-Assisted Video-on-Demand Systems ..................... 289
Kaku Minowa and Tomoki Yoshihisa

Method for Exploring Travel Routes Based on Cycle Ports in Bike-
Sharing System . ......................... ... ... ... .. .. ... 298
Yusuke Gotoh and Hiroka Hori

Proposal of Rescue Drone for Locating Indoor Survivors in the Event
of Disaster . ... ... .. .. ... 309
Zongming Zhang and Takahiro Uchiya

A Method for Taking Snapshots of Host Environment Using
Containerization Technology . ................ ... ... ......... 319
Takayoshi Miyake and Yoshinari Nomura

Implementation of an English Word Learning AR Application for
Infant English Education . . . ................................. 328
Momoka Hagihara and Tomoyuki Ishida

Implementation of a Mixed Reality System for the Development of
Traditional Crafts Industries . . .. ........... ... ... ... ...... .. 335
Reiya Yahada and Tomoyuki Ishida

A Study on Driving Characteristics of Automobiles from Overhead
ViewW . o 343
Hideo Miyachi and Takumi Hoashi

Necessary Requirements of Avatars for Remote Communication in
Real Space . . ... .. .. . . . 354
Yuki Kida, Kei Matsuoka, and Tetsuro Ogi

Implementation and Evaluation on Smooth On-Line Communication
System Using Multi-camera . .. ............................... 365
Shinya Takahashi and Yasuo Ebara

An Enhanced Adaptive Anti-packet Recovery Method for Inter-
vehicle Communications . . .. ........... .. .. .. ... ... . ... ...... 374
Shota Uchimura, Masaya Azuma, Makoto Ikeda, and Leonard Barolli

Reliability Evaluation of Predicted Precipitation Data Provided

by AMeDAS and Its Applicability for Quality Improvement

of Satellite Links . . ... ... .. .. ... ... ... .. . ... .. 384
Kiyotaka Fujisaki and Shunsuke Tamura

A Wireless Sensor Network Testbed for Monitoring a Water

Reservoir Tank: Experimental Results of Delay and Temperature

Prediction by LSTM. . . . ... ... ... . ... .. . 392
Yuki Nagai, Aoto Hirata, Chihiro Yukawa, Kyohei Toyoshima,

Tomoya Yasunaga, Tetsuya Oda, and Leonard Barolli



Contents XXvii

Numerical Analysis of Photonic Crystal Waveguide with Fork-shaped
Branch . . ... ... ... 402
Hiroshi Maeda

Wireless Communication Channel Purification for Urban Utility

Tunnel Based on Sector Pattern Antenna Array .................. 408
Qi Wei, Cheng Zhong, Pengcheng Lu, Guangxiang Jin, Jiangsheng Li,

Min Liu, Mengxi Zhang, Yudong Wang, Guohui Zou, and Zhihong Xiao

Jun lio

Web Application with Built-in Remote Support Capability by Means
of Voice Communication and Screen Sharing . ................... 424
Shinya Nakamura, Michitoshi Niibori, and Masaru Kamada

Constructing a Client Certificate Distribution System . ............. 430
Yasuhiro Ohtaki and Kazuyuki Yamamoto

Constructing Opaque Predicate Using Homomorphic Encryption . . . . . 441
Yohsuke Hirano and Yasuhiro Ohtaki

Evaluation of Information Aggregation Performance of PPN-

Integrated Networks by Changing the Interval for Input Part

Switching . . . ... .. ... . . 449
Yudai Okui, Tatsuhiro Yonekura, and Masaru Kamada

Implementation of Interactive Tutorial for IslayTab by Restricting

and Highlighting the DOM Node to Tap . ....................... 457
Riku Takano, Michitoshi Niibori, Yudai Okui, Masaki Kohana,

Shusuke Okamoto, and Masaru Kamada

QoE Metrics in Real-Time Web Games . . ... .................... 464
Kaoru Shiotsu, Yoshihiro Kawano, Yoichi Murakami, Dai Hanawa,
Masaki Hanada, and Eiji Nunohiro

Analysis of Learning-Data for Feedback System in Programming
Classrooms . . . . .. ... ... 474
Yoshihiro Kawano, Yoshiha Goto, and Yuka Kawano

Web Game Development Tool for Learning Communication

Functions for Beginners Networked Game Developers. . ............ 484
Yu Osuga, Yoshihiro Kawano, Yoichi Murakami, Dai Hanawa,

Masaki Hanada, and Eiji Nunohiro

Detecting Features for a Music Retrieval System . . . .. ............. 491
Yuya Tanaka, Shusuke Okamoto, and Shinji Sakamoto

Author Index. . . ... . . .. . . 501



®

Check for
updates

A Negotiation Protocol Among Servers
for Virtual Machines to Migrate
to Reduce the Energy Consumption

Dilawaer Duolikun!®) | Tomoya Enokido?, and Makoto Takizawa'

L RCCMS, Hosei University, Tokyo, Japan
dilewerdolkun@gmail.com, makoto.takizawa@computer.org
2 Faculty of Business Administration, Rissho University, Tokyo, Japan
eno@ris.ac. jp

Abstract. It is critical to reduce the electric energy consumption of
information systems to realize green societies. Here, each server has
to negotiate with other servers to decide on which virtual machine to
migrate to and from which servers. In this paper, we newly propose an
NM (Negotiation for Migration of virtual machines) protocol for servers
to negotiate with one another where not only each host server selects a
guest server but also each guest server selects a host server so that the
total energy consumption of the servers can be reduced. In the evalua-
tion, we show the total energy consumption of the servers can be reduced
to 40 to 60 [%)] of non-migration algorithms in the migration algorithms
using the NM protocol.

Keywords: Green computing systems + NM protocol - ML
(Macro-level estimation) model - NMRB - NMEA

1 Introduction

In order to decrease the carbon dioxide emission, the total electric energy con-
sumption of clouds of servers [2-7,16] has to be reduced. In this paper, we con-
sider the live migration approach [1,16] of virtual machines [1,4-7,16]. Energy-
aware algorithms [8,12-14,22-25] are proposed to select a host server to perform
an application process issued by a client. In addition, virtual machines migrate
from host servers to guest servers to reduce the energy consumption of the servers
in the live migration approach [8,16-19,24]. Virtual machines are also used to
make systems tolerant of stop-faults of servers by replicating each process on
multiple virtual machines [9-11] and making virtual machines migrate to oper-
ational servers [26].

Power consumption and computation models of servers in clouds [4-7,14] and
fog nodes in the ToT [28,29] are proposed. By using the models, the execution
time and energy consumption of a server to perform processes are obtained as
discussed in papers [12-14]. In the MI (Monotonically Increasing) model [20-23],
© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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the energy consumption of a server is more precisely estimated by considering
the computation residue of each active process. However, it take time and more
data is required to do the estimation. In this paper, we propose an M L (Macro-
Level estimation) model by considering the total computation residue of all the
active processes on a server in order to make the estimation simpler.

In our previous studies on the live migration approach [12-24], a central-
ized coordinator is assumed to exist to make a decision on which server sends
which virtual machine to which server. It is not easy to realize the coordina-
tor in scalable clouds due to overhead. In this paper, we newly propose an NM
(Negotiation for Migration of virtual machines) protocol by which each server
communicates with another server to make a virtual machine migrate among the
servers. Here, each server estimates the energy consumption of servers in the ML
model. We also propose a pair of NMRB (NM Round-roBin) and NMEA (NM
Energy-Aware) algorithms where virtual machines autonomously migrate from
host servers to guest servers by using the NM protocol. In the NMRB algorithm,
a host server is selected to perform a new process issued by a client in the RB
way. A host sever whose energy consumption is estimated to be smallest in the
ML model is selected in the NMEA algorithm.

In the evaluation, we show the total energy consumption of the servers in a
cloud can be about 40 to 60[%)] reduced in the NMRB and NMEA algorithms
using the NM protocol compared with non-migration algorithms.

In Sect. 2, we present the system model. In Sect. 3, we propose the ML model.
In Sect. 4, we propose the NM protocol. In Sect. 5, we evaluate the NMRB and
NMEA algorithms.

2 System Model

A cloud C is composed of servers s, ..., sy, (m > 1). Each server s; is equipped
with np,(> 1) CPUs, each of which supports cn:(> 1) cores and each core sup-
ports tng(> 1) threads. The server s; totally supports nt; (= nci-tng) threads.
In this paper, a process stands for an application process which uses CPU
resources [5]. A process being performed is active. Time is modeled to be a
discrete sequence of time units [tu]. Processes issued by clients are performed on
a virtual machine vmy, [1] on a server s;. SPy(7) and V Py (7) (C SP(7)) are
sets of active processes on a server s; and a virtual machine vmy, respectively,
at time 7. For a pair of virtual machines vmy and vmy, vmy is smaller than
vmy, (vmy, < vmy) iff |[VPR(7)| < |VPp(7)|. A virtual machine vmj on a host
server s;, can migrate to a guest server s, in a live manner [1]. Active processes
on vmy do not terminate but are just suspended during the migration time tm.
The migration time ¢tm is about two [sec] according to the experiment [24]. V M,
is a set of virtual machines on a server s;. The execution time of a process p;
on a server s; is the same as a virtual machine vmy on s; [27]. A server and a
virtual machine are active if at least one process is active, otherwise idle.

In the MLPCM (Multi-Level Power Consumption) model [13-16], the power
consumption N FEy(n;) [W] of a server s; to perform n; active processes is:
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mink if ny =0.
mmEt + nt-(bEt + CEt + tEt) if 1 < Nt < np¢.
minE; + np-bEy + ng-(cEy + tEy) if npr < ng < ney.
minE; + np-bE; + neg-cEy + ngtEy  if neg < ng < nty.
mazEy(= minEy; + npy-bE;, + ney-cEy + ntytEy)

if T Z ntt.

NEt(nt) = (1)

Each time a CPU, core, and thread are activated, the power consumption of

a server s; increases by bEy, cE;, and tF; [W], respectively. The power E;(7)

[W] consumed by a server s; to perform n; (= [SP:(7)|) processes at time

7 is NEy(n;). Energy consumed by a server s; from time x [tu] to time y is
v_ NE(|SPy(r)]) [W tul.

The execution time of each process depends on how many processes are active
on a thread. minT'; is the minimum execution time [tu] of a process p; on a server
s¢ where only the process p; is active on a thread without any other process.
Let minT; be a minimum one of minT;, ..., minT,,; in the cloud C. The total
amount of computation of each process p; is defined to be minT; [4-7]. In well-
formed applications, most processes are daily used and it is easy to obtain minT;
of each process p;. The computation residue RP; of each process p; is minT;
when p; starts. minT';/minTy; = minT;/minTy; = TCR; (< 1) for any pair of
processes p; and p; on a server s;. Here, TCR; is the thread computation rate of
a server s;. If I (> 0) processes are active on a thread, each p; of the processes is
performed at rate TC'R; /1, i.e. the computation residue RP; of p; is decremented
by TCR;/l for one time unit. On a server s; with n; active processes, each
process is performed at rate NPR;(n;) in the MLC (Multi-Level Computation)
model [12-14] where NPR;(n;) = TCR; for 0 < n; < nty, TCRy-(nt/n;) for
ng > nty. The server computation rate NSRy(ny) (< nty-TCRy) of a server s;
is NPR:(n:)-ns for ny > 0. The total computation residue RS of a server s; is
> piesp(rPi. RSy is decremented by NSR(|SP¢(7)|) at each time 7.

The power-computation rate PCRy(n;) of a server s; is NE(ny)/NSR(ny)
(ny > 0). One unit of computation is defined to be the computation which takes
one time unit [tu] on the fastest server s; where TCR; = 1. PCR;(n;) shows the
power consumption of a server s; to perform one computation unit, where n;
processes are active. If ny > nty, PCR:(n:) is PCRy(nt;) = maxE/(nt;- TCRy).

We discuss how processes are performed on a server s; based on the MLPCM
and MLC models. Variables C, T}, and F; denote a set of active processes, active
time and energy consumption of each server s;, respectively. RP; and T; show
the computation residue and execution time of each process p;, respectively. At
each time 7, if a process p; starts on a server sy, RP; is minT;. T; is incremented
by one if RP; > 0. E; is incremented by NE;(|C¢|). RP; of each process p; in
the set C; is decremented by N PR;(n;). Then, if RP; < 0, p; terminates and is
removed from the set Cy. Initially, £y =0, Cy = ¢, T} =0, and 7 = 1.

[Computation model of processes on a server s;]
while () {

for each process p; which starts on a server s; at time 7,
{Ct = CrU{pi}; RP; =minTy; T; = 0;};
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ny = ‘Ct|, Et = Et + NEt(nt), if ng > O7 Tt = Tt + 1,

for each process p; in Cy,

{T; =T; +1; RP; = RP; — NPRy(n;); if RP; <0, Cy = Cy — {pi}; };
T=7+1 }k

3 An ML (Macro-Level Estimation) Model

We discuss how to estimate energy to be consumed by a server to perform pro-
cesses based on the MLPCM and MLC models. In papers [20—-22], the estimation
algorithms like the MI [20] and SMI [22] are proposed where the computation
residue RP; of each active process p; is taken into consideration. The energy
consumption of the server s; can be more precisely estimated [20]. However, the
estimation algorithms are more complex, i.e. it takes longer time and requires
more data to perform the estimation algorithms.

We consider the total computation residue RS; of all the active processes
on each server s; at a macro level and do not consider the computation residue
of each active process as discussed in papers [17,27]. Let n; be the number of
active processes on a server s, i.e. ny = |SPy(7)| at time 7. Initially, each server
s is idle, i.e. ny = 0 and RS; = 0. We assume that the minimum execution time
minT; of each process p; is a priori known. If a process p; is issued to a server
s¢, RSy is incremented by minT';. At each time unit, RS, is decremented by the
server computation rate NSR:(n;).

Suppose n; processes are active on a server s; at time 7 whose total compu-
tation residue is RS;. It takes execution time ET¢(RS¢,ni) = RS/ NSR:(n)
[tu] and sj, consumes energy EC¢(RSt,nt) = RSy PCRy(n:) [W tu] to perform
Ny processes.

First, we consider the energy consumption HGEC),, of the servers s;, and s,
among which no virtual machine migrates. Since the servers s;, and s, consume
the energy HEC), = EC}\,(RSy,ny,) and GEC, = EC4(RS 4, n,), respectively,
HGECH, is as follows:.

RS}, - PCRy,(ny) + RS, - PORy(ny)+ @)
mEhg(RSh/NSRh(nh), RSQ/NSRg(TLg))

In order to take into consideration the energy consumption of idle servers, the
function mE},, is defined in papers [13,21,22]. Here, mE}4(x, y) is minEy,-(x—y)
if x > y, otherwise minE -(y — x).

Next, suppose a virtual machine vmy with nvg(<n,) active processes
migrates from a host server s, to a guest server s, at time 7. Processes on
vmy, are suspended at time 7 to time 7+tm and restarts on the guest server s,
at time 7+tm where tm is the migration time. Since the nvy processes leave the
server sy, the computation residue of the virtual machine vmy, is RS}y, (nvg/np)
and the computation residue of the host server s; is reduced to RS,—RVy
= RS} -(1—nvg/np). The number of active processes on sy, is also reduced to
(np—nwvg). The total execution time VHT), is RSp-(1—nvg/ny)/NSRp(np—
nvg) [tu] and s, consumes the energy VHEC}., = ECL(RSp,—RV, np—nuy)
= RSh-(1—nvy/np)-PCRy(np — nug) [W tu].

HGEC), = {
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Here, suppose ng4 processes are active at time 7-+tm when the virtual machine
vmy, restarts on the guest server sq, ie. tm < RS,/NSRy(ny). For tm time
units [tu] from time 7, ny processes in the set SPy(7) are performed on s, while
active processes on vmy, are suspended. Here, the computation NSR,(ng)-tm is
performed, i.e. the computation residue of s, is reduced to RS;—NSR,(ng)-tm.
The guest server s, consumes the energy NE,(n,)-tm since the power NE4(n,)
[W] is consumed for ¢m [tu] until vmy, restarts on s,. The computation residue
RS, of the server sy is reduced to RS,—NSR,(ng)-tm. At time 7+tm, since
nuy processes on vmy, newly restart in addition to the n, processes on the guest
server sg, the computation residue increases by the computation residue RV,
ie. (RS; — NSRy(ng)-tm) + RSp-(nvi/np). The number of active processes
also increases to ny+nvy. Hence, the total execution time VGTy.; of the guest
server sy is tm + [RSy — NSRy(ng)tm+ RS- (nvg/ni)|/NSRy(ng + nvy) [tul.
The guest server s, consumes the energy VGEC,, = NEg(ng)tm + [RS, —
NSR,(ng)tm + RSp-(nvg/ny)]-PCRy(ng + nug) (W tul.

Next, suppose no process is active at time 7+tm, i.e. tm > RS;/NSR,(ng).
That is, all the n, processes terminate at time 7+RS,/NSR,;(n,) (< 7+tm)
and then no process is active until time 74+tm when vmy, restarts on the server
sg. The nvy processes on vmy, are performed on s, at time 74+tm. It takes
ET,(RV,nvi) = RSp-(nvg/ny)/NSRg(nvy) [tu] to perform the nvy, processes
and s, consumes the energy EC(RVy,nvy) = RSy (nvg/ny)-PCRy(nvy) [W
tu]. Thus, the total execution time VGT . to perform the n, processes and
the nvy processes is tm + RS},-(nvg/np)/NSRg(nvg) [tu]. The server s, con-
sumes the minimum power minE, [W] from time 7+RS;/NSR4(ng) to 7+tm
since s4 is idle. Hence, the guest server s, consumes the energy VGEC.; =
RS4-PCRy(ng) +minEy - [tm — RS,/NSRy(ng)| + RSh-(nv/np)-PCRy(nuy).

NEy(ng) -tm+ [RSy — NSR,(ng) - tm + RS,
(nug/np)]-PCRg(ng+nvg) if tm < RS,/NSR4(ng). (3)
RSy-PCRy(ng) + minEy-[tm — RSy/NSRy(ng)]+
RS} (nvg/ny)-PCRy(nvy) otherwise.

VGEC . =

The servers s;, and s, totally consume the energy VHGEChg., = VHECH ), +
VGEC 4.1 + mEpy(VHT},, VGTy) if vmy, migrates from sy to sg.

If the following MG condition MG holds for a host server sj, a guest
server sg, and a virtual machine vmy, the total energy to be consumed by the
servers s, and s, can be reduced if vmy, migrates from sj to sg.

MG (MiGration) condition MGjg.x] HGEChy > VHGEC g

4 An NM Protocol

4.1 Selection of a Virtual Machine

We newly propose an NM (Negotiation for Migration of virtual machines) proto-
col for servers to negotiate with other servers to decide on which virtual machine
on which host server migrates to which guest server. On each server sp, np
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processes are active, the total computation residue of the n; active processes is
RS}, and V My, is a set of virtual machines.

Suppose a client issues a process p; to a cloud C of servers s1,. .., S (m > 0).
First, a server sy, is first selected in the cloud C. In the round-robin (RB) algo-
rithm, a server s, is selected for the process p; after s,_1. In the EA (Energy-
Aware) algorithms [12-14], a server s, whose expected energy consumption
ECL(RSp+minT;,ny+1) is smallest is selected in the cloud C. Then, a local
virtual machine vmy, is selected in the set V M}, to perform the process p; in the
following VMP algorithm:.

[VMP (Virtual Machine for a Process) selection algorithm]

1. If every virtual machine is idle, one idle virtual machine vmy, is selected.

2. If there is an active virtual machine vm; where nv; < nt;, a largest virtual
machine vmy, is selected where nvg < nty,.

3. If nuy > nty for every virtual machine vmy in VM, a smallest virtual
machine vmy, is selected.

If a smallest virtual machine is selected each time a process is issued to a server
Sh, processes are uniformly allocated to every local virtual machine. This means,
only virtual machines with too small number of active processes might migrate
to another server even if the severs consume less energy if a virtual machine with
more active processes migrate.

In the migration approach, a virtual machine vmy to migrate is selected on
a host server sy in the following VMM selection algorithm:

[VMM (Virtual Machine to Migrate) selection algorithm] A virtual
machine vmy, is active, i.e. nvg > 0 and smallest in V M}, of a server sy,.

4.2 NM Protocol

If the MGC (migration check) condition is satisfied at current time 7, a server
sp, selects a local active virtual machine vmy to migrate in the VMM algorithm.

[MGC condition] T > lastmgt;, + mgint and ny/nt, > 2.
Here, lastmgt;, shows most recent time a local virtual machine on a server s,
migrates and mgint is the minimum migration interval. The condition ny, /nt, >
2 means that at least two processes are active on each thread of a server sy,.
The server s, obtains the expected energy consumption HE);, = ECy (RS},
nyp) and execution time HT, = ET,(RSh,np) to perform nj, processes, where
no local virtual machine migrates to another server. The server s; also obtains
the energy consumption VHE}., = ECh.; (RS, —RV, np—nvy) and the execu-
tion time VHT ., = ET (RS, —RVg, np—nuvy) to perform (np—nuvy) processes,
where vmy, migrates to another server. As discussed in Sect. 3, the computation
residue RV of vmy, is RSy, (nvg/ny). Th server sy, sends an M GQ (MiGration
reQuest) message with data (vmy, RV, HEy, HT, VHE}.;,, VHT 1) to other
servers to ask if the servers can be guest servers of vmy. Let GS), be a set of
servers to which the server s;, sends M R(Q) messages.



