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Preface

It gives us great pleasure to introduce this collection of papers that were presented at
the following international conferences: Scientific Computing (CSC 2020); Parallel
& Distributed Processing Techniques and Applications (PDPTA 2020); Modeling,
Simulation & Visualization Methods (MSV 2020); and Grid, Cloud, & Cluster
Computing (GCC 2020). These four conferences were held simultaneously (same
location and dates) at Luxor Hotel (MGM Resorts International), Las Vegas, USA,
July 27–30, 2020. This international event was held using a hybrid approach, that
is, “in-person” and “virtual/online” presentations and discussions.

This book is composed of ten Parts. Parts I through IV (composed of 27
chapters) include articles that address various challenges in the area of scientific
computing (CSC). Parts V through VII (composed of 31 chapters) include articles
that discuss advances in the area of parallel and distributed processing (PDPTA).
Recent progress in the fields of modeling, simulation, and visualization methods
(MSV) appear in Parts VIII through IX (composed of 17 chapters). Lastly, Part X
(composed of 10 chapters) presents advances in grid, cloud, and cluster computing
(GCC).

An important mission of the World Congress in Computer Science, Computer
Engineering, and Applied Computing, CSCE (a federated congress to which this
event is affiliated with), includes “Providing a unique platform for a diverse com-
munity of constituents composed of scholars, researchers, developers, educators,
and practitioners. The Congress makes concerted effort to reach out to participants
affiliated with diverse entities (such as: universities, institutions, corporations,
government agencies, and research centers/labs) from all over the world. The
congress also attempts to connect participants from institutions that have teaching
as their main mission with those who are affiliated with institutions that have
research as their main mission. The congress uses a quota system to achieve its
institution and geography diversity objectives.” By any definition of diversity, this
congress is among the most diverse scientific meeting in the USA. We are proud
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vi Preface

to report that this federated congress had authors and participants from 54 different
nations representing variety of personal and scientific experiences that arise from
differences in culture and values.

The program committees (refer to subsequent pages for the list of the members of
committees) would like to thank all those who submitted papers for consideration.
About 50% of the submissions were from outside the USA. Each submitted paper
was peer reviewed by two experts in the field for originality, significance, clarity,
impact, and soundness. In cases of contradictory recommendations, a member of the
conference program committee was charged to make the final decision; often, this
involved seeking help from additional referees. In addition, papers whose authors
included a member of the conference program committee were evaluated using
the double-blind review process. One exception to the above evaluation process
was for papers that were submitted directly to chairs/organizers of pre-approved
sessions/workshops; in these cases, the chairs/organizers were responsible for the
evaluation of such submissions. The overall paper acceptance rate for regular papers
was 20%; 18% of the remaining papers were accepted as short and/or poster papers.

We are grateful to the many colleagues who offered their services in preparing
this book. In particular, we would like to thank the members of the Program
Committees of individual research tracks as well as the members of the Steering
Committees of CSC 2020, PDPTA 2020, MSV 2020, and GCC 2020; their names
appear in the subsequent pages. We would also like to extend our appreciation to
over 500 referees.

As sponsors-at-large, partners, and/or organizers, each of the followings (sepa-
rated by semicolons) provided help for at least one research track: Computer Science
Research, Education, and Applications (CSREA); US Chapter of World Academy
of Science; American Council on Science and Education & Federated Research
council; and Colorado Engineering Inc. In addition, a number of university faculty
members and their staff, several publishers of computer science and computer
engineering books and journals, chapters and/or task forces of computer science
associations/organizations from three regions, and developers of high-performance
machines and systems provided significant help in organizing the event as well as
providing some resources. We are grateful to them all.

We express our gratitude to all authors of the articles published in this book and
the speakers who delivered their research results at the congress. We would also
like to thank the followings: UCMSS (Universal Conference Management Systems
& Support, California, USA) for managing all aspects of the conference; Dr. Tim
Field of APC for coordinating and managing the printing of the programs; the staff
of Luxor Hotel (MGM Convention) for the professional service they provided; and
Ashu M. G. Solo for his help in publicizing the congress. Last but not least, we
would like to thank Ms. Mary James (Springer Senior Editor in New York) and
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Arun Pandian KJ (Springer Production Editor) for the excellent professional service
they provided for this book project.

Athens, GA, USA Hamid R. Arabnia
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Wright-Patterson AFB, OH, USA Ryan D. Engle
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Nara City, Japan Kazuki Joe

Meguro City, Tokyo, Japan Masakazu Sekijima

Chofu, Tokyo, Japan Hayaru Shouno

La Plata, Argentina Fernando G. Tinetti



Scientific Computing

CSC 2020 – Program Committee

• Prof. Abbas M. Al-Bakry (Steering Committee); University of IT and Communi-
cations, Baghdad, Iraq

• Prof. Emeritus Nizar Al-Holou (Steering Committee); ECE Department; Vice
Chair, IEEE/SEM-Computer Chapter; University of Detroit Mercy, Detroit,
Michigan, USA

• Prof. Emeritus Hamid R. Arabnia (Steering Committee); University of Georgia,
USA; Editor-in-Chief, Journal of Supercomputing (Springer); Fellow, Center of
Excellence in Terrorism, Resilience, Intelligence & Organized Crime Research
(CENTRIC).

• Dr. Azita Bahrami (Co-Editor, EEE); President, IT Consult, USA
• Prof. Dr. Juan-Vicente Capella-Hernandez; Universitat Politecnica de Valencia

(UPV), Department of Computer Engineering (DISCA), Valencia, Spain
• Prof. Emeritus Kevin Daimi (Steering Committee); Department of Mathematics,

Computer Science and Software Engineering, University of Detroit Mercy,
Detroit, Michigan, USA

• Prof. Zhangisina Gulnur Davletzhanovna; Central-Asian University, Kaza-
khstan, Almaty; Vice President of International Academy of Informatization,
Kazskhstan, Almaty, Republic of Kazakhstan

• Prof. Leonidas Deligiannidis (Steering Committee); Department of Computer
Information Systems, Wentworth Institute of Technology, Boston, Massachusetts,
USA

• Dr. Ryan D. Engle; US Air Force Institute of Technology (AFIT), USA
• Prof. George A. Gravvanis (Steering Committee); Director, Physics Laboratory

& Head of Advanced Scientific Computing, Applied Math & Applications
Research Group; Professor of Applied Mathematics and Numerical Computing
and Department of ECE, Democritus University of Thrace, Xanthi, Greece.

• Prof. Michael R. Grimaila (Steering Committee); US Air Force Institute of
Technology (AFIT), USA

ix



x Scientific Computing

• Prof. Houcine Hassan; Department of Computer Engineering (Systems Data
Processing and Computers), Universitat Politecnica de Valencia, Spain

• Dr. Douglas D. Hodson (Steering Committee); US Air Force Institute of Technol-
ogy (AFIT), USA

• Prof. George Jandieri (Steering Committee); Georgian Technical University,
Tbilisi, Georgia; Chief Scientist, The Institute of Cybernetics, Georgian Academy
of Science, Georgia; Ed. Member, International Journal of Microwaves and
Optical Technology, The Open Atmospheric Science Journal, American Journal
of Remote Sensing, Georgia

• Prof. Dr. Abdeldjalil Khelassi; CS Department, Abou beker Belkaid University
of Tlemcen, Algeria; Editor-in-Chief, Medical Tech. Journal; Assoc. Editor,
Electronic Physician Journal (EPJ) - Pub Med Central

• Prof. Byung-Gyu Kim (Steering Committee); Multimedia Processing Commu-
nications Lab.(MPCL), Department of CSE, College of Engineering, SunMoon
University, South Korea

• Prof. Louie Lolong Lacatan; Chairperson, Computer Engineering Department,
College of Engineering, Adamson University, Manila, Philippines; Senior Mem-
ber, International Association of Computer Science and Information Technology
(IACSIT), Singapore; Member, IAOE, Austria

• Dr. Andrew Marsh (Steering Committee); CEO, HoIP Telecom Ltd (Healthcare
over Internet Protocol), UK; Secretary General of World Academy of BioMedical
Sciences and Technologies (WABT) a UNESCO NGO, The United Nations

• Dr. Ali Mostafaeipour; Industrial Engineering Department, Yazd University,
Yazd, Iran

• Dr. Houssem Eddine Nouri; Informatics Applied in Management, Institut
Superieur de Gestion de Tunis, University of Tunis, Tunisia

• Prof. Dr., Eng. Robert Ehimen Okonigene (Steering Committee); Department
of Electrical & Electronics Engineering, Faculty of Engineering and Tech.,
Ambrose Alli University, Edo State, Nigeria

• Prof. James J. (Jong Hyuk) Park (Steering Committee); Department of Computer
Science and Engineering (DCSE), SeoulTech; President, FTRA, EiC, HCIS
Springer, JoC, IJITCC; Head of DCSE, SeoulTech, Korea

• Dr. Akash Singh (Steering Committee); IBM Corporation, Sacramento, Califor-
nia, USA; Chartered Scientist, Science Council, UK; Fellow, British Computer
Society; Member, Senior IEEE, AACR, AAAS, and AAAI; IBM Corporation, USA

• Ashu M. G. Solo (Publicity), Fellow of British Computer Society, Principal/R&D
Engineer, Maverick Technologies America Inc.

• Prof. Fernando G. Tinetti (Steering Committee); School of Computer Science,
Universidad Nacional de La Plata, La Plata, Argentina; also at Comision
Investigaciones Cientificas de la Prov. de Bs. As., Argentina

• Prof. Hahanov Vladimir (Congress Steering Committee); Vice Rector, and
Dean of the Computer Engineering Faculty, Kharkov National University of
Radio Electronics, Ukraine and Professor of Design Automation Department,
Computer Engineering Faculty, Kharkov; IEEE Computer Society Golden Core
Member; National University of Radio Electronics, Ukraine



Scientific Computing xi

• Prof. Shiuh-Jeng Wang (Steering Committee); Director of Information Cryptol-
ogy and Construction Laboratory (ICCL) and Director of Chinese Cryptology
and Information Security Association (CCISA); Department of Information
Management, Central Police University, Taoyuan, Taiwan; Guest Ed., IEEE
Journal on Selected Areas in Communications.

• Prof. Layne T. Watson (Steering Committee); Fellow of IEEE; Fellow of The
National Institute of Aerospace; Professor of Computer Science, Mathematics,
and Aerospace and Ocean Engineering, Virginia Polytechnic Institute & State
University, Blacksburg, Virginia, USA

• Prof. Jane You (Steering Committee); Associate Head, Department of Comput-
ing, The Hong Kong Polytechnic University, Kowloon, Hong Kong

• Prof. Dr., Eng. Robert Ehimen Okonigene (Steering Committee); Department of
Electrical & Electronics Engineering, Faculty of Engineering and Technology,
Ambrose Alli University, Nigeria

• Chiranjibi Sitaula; Head, Department of Computer Science and IT, Ambition
College, Kathmandu, Nepal

• Dr. Yunlong Wang; Advanced Analytics at QuintilesIMS, Pennsylvania, USA



Parallel & Distributed Processing
Techniques and Applications

PDPTA 2020 – Program Committee

• Prof. Emeritus Hamid R. Arabnia (Steering Committee); University of Georgia,
USA; Editor-in-Chief, Journal of Supercomputing (Springer);Fellow, Center of
Excellence in Terrorism, Resilience, Intelligence & Organized Crime Research
(CENTRIC).

• Dr. P. Balasubramanian; School of CSE, Nanyang Technological University,
Singapore

• Prof. Dr. Juan-Vicente Capella-Hernandez; Universitat Politecnica de Valencia
(UPV), Department of Computer Engineering (DISCA), Valencia, Spain

• Prof. Juan Jose Martinez Castillo; Director, The Acantelys Alan Turing Nikola
Tesla Research Group and GIPEB, Universidad Nacional Abierta, Venezuela

• Prof. Emeritus Kevin Daimi (Steering Committee); Department of Mathematics,
Computer Science and Software Engineering, University of Detroit Mercy,
Detroit, Michigan, USA

• Prof. Leonidas Deligiannidis (Steering Committee); Department of Computer
Information Systems, Wentworth Institute of Technology, Boston, Massachusetts,
USA

• Prof. Mary Mehrnoosh Eshaghian-Wilner (Steering Committee); Professor of
Engineering Practice, University of Southern California, California, USA;
Adjunct Professor, Electrical Engineering, University of California Los Angeles,
Los Angeles (UCLA), California, USA

• Prof. Houcine Hassan; Department of Computer Engineering (Systems Data
Processing and Computers), Universitat Politecnica de Valencia, Spain

• Prof. Hiroshi Ishii; Department Chair, Tokai University, Minato, Tokyo, Japan
• Prof. Makoto Iwata; School of Information, Kochi University of Technology,

Kami, Kochi, Japan
• Prof. George Jandieri (Steering Committee); Georgian Technical University,

Tbilisi, Georgia; Chief Scientist, The Institute of Cybernetics, Georgian Academy
of Science, Georgia; Ed. Member, International Journal of Microwaves and

xiii



xiv Parallel & Distributed Processing Techniques and Applications

Optical Technology, The Open Atmospheric Science Journal, American Journal
of Remote Sensing, Georgia

• Prof. Kazuki Joe (Steering Committee); Nara Women’s University Nara, Japan
• Prof. Byung-Gyu Kim (Steering Committee); Multimedia Processing Commu-

nications Lab.(MPCL), Department of CSE, College of Engineering, SunMoon
University, South Korea

• Prof. Tai-hoon Kim; School of Information and Computing Science, University
of Tasmania, Australia

• Prof. Louie Lolong Lacatan; Chairperson, CE Department, College of Engi-
neering, Adamson University, Manila, Philippines; Senior Member, International
Association of Computer Science and Information Technology (IACSIT), Singa-
pore; Member, International Association of Online Engineering (IAOE), Austria

• Prof. Dr. Guoming Lai; Computer Science and Technology, Sun Yat-Sen Univer-
sity, Guangzhou, P. R. China

• Prof. Hyo Jong Lee; Director, Center for Advanced Image and Information
Technology, Division of Computer Science and Engineering, Chonbuk National
University, South Korea

• Dr. Andrew Marsh (Steering Committee); CEO, HoIP Telecom Ltd (Healthcare
over Internet Protocol), UK; Secretary General of World Academy of BioMedical
Sciences and Technologies (WABT) a UNESCO NGO, The United Nations

• Prof. Salahuddin Mohammad Masum; Computer Engineering Technology,
Southwest Tennessee Community College, Memphis, Tennessee, USA

• Dr. Ali Mostafaeipour; Industrial Engineering Department, Yazd University,
Yazd, Iran

• Prof. Hiroaki Nishikawa; Faculty of Engineering, Information and Systems,
University of Tsukuba, Japan

• Prof. Dr., Eng. Robert Ehimen Okonigene (Steering Committee); Department of
Electrical & Electronics Engineering, Faculty of Engineering and Technology,
Ambrose Alli University, Nigeria

• Prof. James J. (Jong Hyuk) Park (Steering Committee); DCSE, SeoulTech, Korea;
President, FTRA, EiC, HCIS Springer, JoC, IJITCC; Head of DCSE, SeoulTech,
Korea

• Dr. Prantosh K. Paul; Department of CIS, Raiganj University, Raiganj, West
Bengal, India

• Prof. Dr. R. Ponalagusamy; Department of Mathematics, National Institute of
Technology, India

• Dr. Masakazu Sekijima; Tokyo Institute of Technology, Japan
• Dr. Manik Sharma; Department of Computer Science and Applications, DAV

University, Jalandhar, India
• Prof. Hayaru Shouno (Steering Committee); The University of Electro-

Communications, Japan
• Ashu M. G. Solo (Publicity), Fellow of British Computer Society, Principal/R&D

Engineer, Maverick Technologies America Inc.



Parallel & Distributed Processing Techniques and Applications xv

• Prof. Fernando G. Tinetti (Steering Committee); School of CS, Universidad
Nacional de La Plata, La Plata, Argentina; also at Comision Investigaciones
Cientificas de la Prov. de Bs. As., Argentina

• Prof. Hahanov Vladimir (Steering Committee); Vice Rector, and Dean of the
Computer Engineering Faculty, Kharkov National University of Radio Elec-
tronics, Ukraine and Professor of Design Automation Department, Computer
Engineering Faculty, Kharkov; IEEE Computer Society Golden Core Member;
National University of Radio Electronics, Ukraine

• Dr. Haoxiang Harry Wang; Cornell University, Ithaca, New York, USA; Founder
and Director, GoPerception Laboratory, New York, USA

• Prof. Shiuh-Jeng Wang (Steering Committee); Director of Information Cryptol-
ogy and Construction Laboratory (ICCL) and Director of Chinese Cryptology
and Information Security Association (CCISA); Department of Information
Management, Central Police University, Taoyuan, Taiwan; Guest Ed., IEEE
Journal on Selected Areas in Communications.

• Prof. Layne T. Watson (Steering Committee); Fellow of IEEE; Fellow of The
National Institute of Aerospace; Professor of Computer Science, Mathematics,
and Aerospace and Ocean Engineering, Virginia Polytechnic Institute & State
University, Blacksburg, Virginia, USA

• Prof. Jane You (Steering Committee); Associate Head, Department of Comput-
ing, The Hong Kong Polytechnic University, Kowloon, Hong Kong



Modeling, Simulation & Visualization
Methods

MSV 2020 – Program Committee

• Prof. Emeritus Nizar Al-Holou (Steering Committee); Electrical and Computer
Engineering Department; Vice Chair, IEEE/SEM-Computer Chapter; University
of Detroit Mercy, Detroit, Michigan, USA

• Prof. Hamid R. Arabnia (Steering Committee); University of Georgia, USA;
Editor-in-Chief, Journal of Supercomputing (Springer);Fellow, Center of Excel-
lence in Terrorism, Resilience, Intelligence & Organized Crime Research (CEN-
TRIC).

• Prof. Emeritus Kevin Daimi (Steering Committee); Department of Mathematics,
Computer Science and Software Engineering, University of Detroit Mercy,
Detroit, Michigan, USA

• Prof. Leonidas Deligiannidis (Steering Committee); Department of Computer
Information Systems, Wentworth Institute of Technology, Boston, Massachusetts,
USA

• Prof. Byung-Gyu Kim (Steering Committee); Multimedia Processing Commu-
nications Lab.(MPCL), Department of CSE, College of Engineering, SunMoon
University, South Korea

• Prof. Hyo Jong Lee; Director, Center for Advanced Image and Information
Technology, Division of Computer Science and Engineering, Chonbuk National
University, South Korea

• Dr. Muhammad Naufal Bin Mansor; Faculty of Engineering Technology, Depart-
ment of Electrical, Universiti Malaysia Perlis (UniMAP), Perlis, Malaysia

• Prof. Aree Ali Mohammed; Head, Computer Science Department, University of
Sulaimani, Kurdistan, Iraq

• Prof. James J. (Jong Hyuk) Park (Steering Committee); DCSE, SeoulTech, Korea;
President, FTRA, EiC, HCIS Springer, JoC, IJITCC; Head of DCSE, SeoulTech,
Korea

• Dr. Xuewei Qi; Research Faculty & PI, Center for Environmental Research and
Technology, University of California, Riverside, California, USA

xvii



xviii Modeling, Simulation & Visualization Methods

• Ashu M. G. Solo (Publicity), Fellow of British Computer Society, Principal/R&D
Engineer, Maverick Technologies America Inc.

• Prof. Fernando G. Tinetti (Steering Committee); School of CS, Universidad
Nacional de La Plata, La Plata, Argentina; also at Comision Investigaciones
Cientificas de la Prov. de Bs. As., Argentina

• Dr. Haoxiang Harry Wang; Cornell University, Ithaca, New York, USA; Founder
and Director, GoPerception Laboratory, New York, USA

• Prof. Shiuh-Jeng Wang (Steering Committee); Director of Information Cryptol-
ogy and Construction Laboratory (ICCL) and Director of Chinese Cryptology
and Information Security Association (CCISA); Department of Information
Management, Central Police University, Taoyuan, Taiwan; Guest Ed., IEEE
Journal on Selected Areas in Communications.

• Prof. Layne T. Watson (Steering Committee); Fellow of IEEE; Fellow of The
National Institute of Aerospace; Professor of Computer Science, Mathematics,
and Aerospace and Ocean Engineering, Virginia Polytechnic Institute & State
University, Blacksburg, Virginia, USA

• Prof. Jane You (Steering Committee); Associate Head, Department of Comput-
ing, The Hong Kong Polytechnic University, Kowloon, Hong Kong



Grid, Cloud, & Cluster Computing

GCC 2020 – Program Committee

• Prof. Emeritus Nizar Al-Holou (Steering Committee); ECE Department; Vice
Chair, IEEE/SEM-Computer Chapter; University of Detroit Mercy, Detroit,
Michigan, USA

• Prof. Hamid R. Arabnia (Steering Committee); University of Georgia, USA;
Editor-in-Chief, Journal of Supercomputing (Springer); Editor-in-Chief, Trans-
actions of Computational Science & Computational Intelligence (Springer);
Fellow, Center of Excellence in Terrorism, Resilience, Intelligence & Organized
Crime Research (CENTRIC).

• Prof. Dr. Juan-Vicente Capella-Hernandez; Universitat Politecnica de Valencia
(UPV), Department of Computer Engineering (DISCA), Valencia, Spain

• Prof. Emeritus Kevin Daimi (Steering Committee); Department of Mathematics,
Computer Science and Software Engineering, University of Detroit Mercy,
Detroit, Michigan, USA

• Prof. Leonidas Deligiannidis (Steering Committee); Department of Computer
Information Systems, Wentworth Institute of Technology, Boston, Massachusetts,
USA

• Prof. Mary Mehrnoosh Eshaghian-Wilner (Steering Committee); Professor of
Engineering Practice, University of Southern California, California, USA;
Adjunct Professor, Electrical Engineering, University of California Los Angeles,
Los Angeles (UCLA), California, USA

• Prof. Louie Lolong Lacatan; Chairperson, Computer Engineerig Department,
College of Engineering, Adamson University, Manila, Philippines; Senior Mem-
ber, International Association of Computer Science and Information Technology
(IACSIT), Singapore; Member, International Association of Online Engineering
(IAOE), Austria

• Prof. Hyo Jong Lee; Director, Center for Advanced Image and Information
Technology, Division of Computer Science and Engineering, Chonbuk National
University, South Korea

xix



xx Grid, Cloud, & Cluster Computing

• Dr. Houssem Eddine Nouri; Informatics Applied in Management, Institut
Superieur de Gestion de Tunis, University of Tunis, Tunisia

• Prof. Dr., Eng. Robert Ehimen Okonigene (Steering Committee); Department of
Electrical & Electronics Engineering, Faculty of Engineering and Technology,
Ambrose Alli University, Edo State, Nigeria

• Ashu M. G. Solo (Publicity), Fellow of British Computer Society, Principal/R&D
Engineer, Maverick Technologies America Inc.

• Prof. Fernando G. Tinetti (Steering Committee); School of Computer Science,
Universidad Nacional de La Plata, La Plata, Argentina; also at Comision
Investigaciones Cientificas de la Prov. de Bs. As., Argentina

• Prof. Layne T. Watson (Steering Committee); Fellow of IEEE; Fellow of The
National Institute of Aerospace; Professor of Computer Science, Mathematics,
and Aerospace and Ocean Engineering, Virginia Polytechnic Institute & State
University, Blacksburg, Virginia, USA

• Prof. Jane You (Steering Committee); Associate Head, Department of Comput-
ing, The Hong Kong Polytechnic University, Kowloon, Hong Kong

• Dr. Farhana H. Zulkernine; Coordinator of the Cognitive Science Program,
School of Computing, Queen’s University, Kingston, ON, Canada



Contents

Volume I

Part I Military and Defense Modeling and Simulation

Julia and Singularity for High Performance Computing . . . . . . . . . . . . . . . . . . 3
Joseph Tippit, Douglas D. Hodson, and Michael R. Grimaila

Trojan Banker Simulation Utilizing Python . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Drew Campbell, Jake Hall, Iyanuoluwa Odebode, Douglas D. Hodson,
and Michael R. Grimaila

CovidLock Attack Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Amber Modlin, Andrew Gregory, Iyanuoluwa Odebode,
Douglas D. Hodson, and Michael R. Grimaila

The New Office Threat: A Simulation of Watering Hole
Cyberattacks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Braeden Bowen, Jeremy Eraybar, Iyanuoluwa Odebode,
Douglas D. Hodson, and Michael R. Grimaila

Simulation of SYN Flood Attack and Counter-Attack Methods
Using Average Connection Times . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Hai Vo, Raymond Kozlowski, Iyanuoluwa Odebode, Douglas D. Hodson,
and Michael R. Grimaila

Part II Computational Intelligence, Data Science, HPC,
Optimization and Applications

Dielectric Polymer Genome: Integrating Valence-Aware
Polarizable Reactive Force Fields and Machine Learning. . . . . . . . . . . . . . . . . 51
Kuang Liu, Antonina L. Nazarova, Ankit Mishra, Yingwu Chen,
Haichuan Lyu, Longyao Xu, Yue Yin, Qinai Zhao, Rajiv K. Kalia,
Aiichiro Nakano, Ken-ichi Nomura, Priya Vashishta, and Pankaj Rajak

xxi



xxii Contents

A Methodology to Boost Data Science in the Context of COVID-19 . . . . . 65
Carlos J. Costa and Joao Tiago Aparicio

Shallow SqueezeNext Architecture Implementation on BlueBox2.0 . . . . . 77
Jayan Kant Duggal and Mohamed El-Sharkawy

Dark Data: Managing Cybersecurity Challenges and Generating
Benefits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Haydar Teymourlouei and Lethia Jackson

Implementing Modern Security Solutions for Challenges Faced
by Businesses in the Internet of Things (IoT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
Haydar Teymourlouei and Daryl Stone

Trusted Reviews: Applying Blockchain Technology to Achieve
Trusted Reviewing System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
Areej Alhogail, Ghadah Alhudhayf, Jood Alanzy, Jude Altalhi,
Shahad Alghunaim, and Shahad Alnasser

Large-Scale Parallelization of Lattice QCD on Sunway
TaihuLight Supercomputer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
Ailin Xu, Zhongzhi Luan, Ming Gong, and Xiangyu Jiang

Part III Scientific Computing, Modeling and Simulation

Reverse Threat Modeling: A Systematic Threat Identification
Method for Deployed Vehicles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
Mona Gierl, Reiner Kriesten, Peter Neugebauer, and Eric Sax

PRNG-Broker: A High-Performance Broker to Supply Parallel
Streams of Pseudorandom Numbers for Large-Scale Simulations . . . . . . . 167
Andre Pereira and Alberto Proenca

Numerical Modeling of a Viscous Incompressible Fluid Flow
in a Channel with a Step . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185
Saeed M. Dubas, Paul Bouthellier, Nihal Siriwardana,
and Laura Wieserman

Modeling, Simulation, and Verification for Structural Stability
and Vibration Reduction of Gantry Robots for Shipyard Welding
Automation Using ANSYS Workbench® and Recurdyn® . . . . . . . . . . . . . . . . . 201
Seung Min Bae, Won Jee Chung, Hui Geon Hwang, and Yeon Joo Ahn

Long Short-Term Memory Neural Network on the Trajectory
Computing of Direct Dynamics Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217
Fred Wu, Tejaswi Jonnalagadda, Colmenares-diaz Eduardo,
Sailaja Peruka, Poojitha Chapala, and Pooja Sonmale

Evaluating the Effect of Compensators and Load Model
on Performance of Renewable and Nonrenewable DGs . . . . . . . . . . . . . . . . . . . 235
H. Shayeghi, H. A. Shayanfar, and M. Alilou



Contents xxiii

The Caloric Curve of Polymers from the Adaptive Tempering
Monte Carlo Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
Greg Helmick, Yoseph Abere, and Estela Blaisten-Barojas

Part IV Scientific Computing, Computational Science, and
Applications

A New Technique of Invariant Statistical Embedding
and Averaging in Terms of Pivots for Improvement of Statistical
Decisions Under Parametric Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
Nicholas A. Nechval, Gundars Berzinsh, and Konstantin N. Nechval

A Note on the Sensitivity of Generic Approximate Sparse
Pseudoinverse Matrix for Solving Linear Least Squares Problems . . . . . . 275
A. D. Lipitakis, G. A. Gravvanis, C. K. Filelis-Papadopoulos,
and D. Anagnostopoulos

Undergraduate Research: Bladerunner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 293
Adina Paddy, Cha Xiong, Colt Henderson, Tuu Le, and Daren Wilcox

Comparison of the IaaS Security Available from the Top Three
Cloud Providers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
L. Kate Tomchik

Orientation and Line Thickness Determination in Binary Images . . . . . . . 325
Sean Matz

Greedy Navigational Cores in the Human Brain . . . . . . . . . . . . . . . . . . . . . . . . . . . 337
Zalán Heszberger, András Majdán, András Biró, András Gulyás,
László Balázs, Vilmos Németh, and József Bíró

A Multicommodity Flow Formulation and Edge Exchange
Heuristic Embedded in Cross Decomposition for Solving
Capacitated Minimum Spanning Tree Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . 347
Han-Suk Sohn and Dennis Bricker

Elemental Analysis of Oil Paints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363
Shijun Tang, Rosemarie C. Chinni, Amber Malloy, and Megan Olsson

Part V High-Performance Computing, Parallel and Distributed
Processing

Toward a Numerically Robust and Efficient Implicit Integration
Scheme for Parallel Power Grid Dynamic Simulation
Development in GridPACKTM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 371
Shuangshuang Jin, Shrirang G Abhyankar, Bruce J Palmer, Renke Huang,
William A Perkins, and Yousu Chen



xxiv Contents

Improving Analysis in SPMD Applications for Performance
Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387
Felipe Tirado, Alvaro Wong, Dolores Rexachs, and Emilio Luque

Directive-Based Hybrid Parallel Power System Dynamic
Simulation on Multi-core CPU and Many-Core GPU Architecture . . . . . . 405
Cong Wang, Shuangshuang Jin, and Yousu Chen

Parallel Computation of Gröbner Bases on a Graphics
Processing Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417
Mark Hojnacki, Andrew Leeseberg, Jack O’Shaughnessy,
Michael Dauchy, Alan Hylton, Leah Gold, and Janche Sang

Single Core vs. Parallel Software Algorithms on a Multi-core
RISC Processor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 433
Austin White and Michael Galloway

MPI Communication Performance in a Heterogeneous
Environment with Raspberry Pi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 451
Oscar C. Valderrama Riveros and Fernando G. Tinetti

A FPGA-Based Heterogeneous Implementation of NTRUEncrypt . . . . . . 461
Hexuan Yu, Chaoyu Zhang, and Hai Jiang

High-Performance and Energy-Efficient FPGA-GPU-CPU
Heterogeneous System Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 477
Chaoyu Zhang, Hexuan Yu, Yuchen Zhou, and Hai Jiang

Preliminary Performance and Programmability Comparison of
the Thick Control Flow Architecture and Current
Multicore CPUs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 493
Martti Forsell, Sara Nikula, and Jussi Roivainen

Part VI Communication Strategies, Internet Computing, Cloud,
and Computational Science

Refactor Business Process Models with Redundancy Elimination . . . . . . . 509
Fei Dai, Huihui Xue, Zhenping Qiang, Lianyong Qi,
Mohammad R. Khosravi, and Zhihong Liang

A Shortest-Path Routing Algorithm in Bicubes . . . . . . . . . . . . . . . . . . . . . . . . . . . . 525
Masaaki Okada and Keiichi Kaneko

An NPGA-II-Based Multi-objective Edge Server Placement
Strategy for IoV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 541
Xuan Yan, Zhanyang Xu, Mohammad R. Khosravi, Lianyong Qi, and
Xiaolong Xu



Contents xxv

Automatic Mapping of a Physical Model into a Conceptual
Model for a NoSQL Database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 557
Fatma Abdelhedi, Amal Ait Brahim, Rabah Tighilt Ferhat,
and Gilles Zurfluh

Composition of Parent –Child Cyberattack Models . . . . . . . . . . . . . . . . . . . . . . . 579
Katia P. Maxwell, Mikel D. Petty, C. Daniel Colvett, Tymaine S. Whitaker,
and Walter A. Cantrell

Tree-Based Fixed Data Transmission for Healthcare Sensor
Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 593
Susumu Shibusawa and Toshiya Watanabe

Survey on Recent Active Learning Methods for Deep Learning . . . . . . . . . . 609
Azar Alizadeh, Pooya Tavallali, Mohammad R. Khosravi,
and Mukesh Singhal

Cloud-Edge Centric Service Provisioning in Smart City Using
Internet of Things . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 619
Manoj Kumar Patra, Sampa Sahoo, Bibhudatta Sahoo, and
Ashok Kumar Turuk

Challenges for Swarm of UAV-Based Intelligence . . . . . . . . . . . . . . . . . . . . . . . . . . 633
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Julia and Singularity for High
Performance Computing

Joseph Tippit, Douglas D. Hodson, and Michael R. Grimaila

1 Introduction

Our research team is focusing on developing a software suite of tools to simulate
quantum systems, specifically in regard to quantum teleportation. Our goal is to
create a library general enough for researchers to be able to apply our software to
many different quantum problems rather than one specific one and to keep it as open
source and distributable as possible. Due to the high level of computation needed
to fully model these systems, code run-times can easily and exponentially be driven
upward as the matrices involved become increasingly larger.

High-level dynamic languages such as Python, despite their benefits in ease of
use and readability, simply do not offer the speed we require. However, lower-
level languages such as C offer considerably less flexibility and greater difficulty
in developing and maintaining code. As a middle ground to this, we have chosen
to use the relatively newer programming language Julia. Julia, while being a
dynamic language, was developed with speed in mind, targeting researchers and
data scientists hoping to get as much performance out of their code as possible
while still maintaining inherit readability and ease of use. This made it an obvious
first choice for our research.

Also, due to the high level of matrix calculations involved in quantum mechanics,
our research can benefit greatly from the performance gains offered by running as
much of our code as possible on GPUs rather than the traditional CPU. Julia offers
an extensive amount of support in this area, as it has native GPU programming
capabilities offered by the CUDAnative.jl library, as well as multiple other libraries
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for support. Combined with Julia’s just-in-time compiler, these libraries offer a great
level of efficiency in the kernel launch sequence.

In keeping distributability in mind, we have also opted to develop our library
inside of the container engine Singularity. Collaborators can be limited by local
security practices and administrative privileges needed to install dependencies
required to run the software and code of others. This is combined with the need to
maintain version control of software libraries fundamental to their own workflow.
Containerization as a technology has risen to meet these needs. Containers offer
similar benefits to virtual machines such as managing library dependencies and
running multiple isolated operating systems (OS) from the same machine. They
do, however, have certain advantages more critical to our work.

Specifically, Singularity makes use of a definition file, where software such as
the operating system and essential libraries are defined. This allows us to share
our work with others, ensuring all versions and libraries will exactly match our
own without interfering with their workflow. This also offers a kind of version
control for our work and makes it easier to develop on one machine and execute
on another. All that is required is to simply build the container from the definition
file, and everything that is required will be installed without having to worry about
system administration. Companies such as NVIDIA also offer large repositories of
containers pre-built to meet many different needs, allowing us and other researchers
to further focus on our research.

Another key benefit we see in using containers is their ability to directly share
the kernel of the host OS without the need for a hypervisor, defined later, as is
required for a virtual machine. This allows them to directly access the resources of
a physical machine with minimal overhead. This is crucial, as much of our code
will revolve around utilization of GPUs and getting as much of their speedup as
possible. Combined with the definition file, containers only need to install what is
absolutely essential to our workflow, sharing everything else with the host OS. This
is in contrast to virtual machines, which need to install and run a full OS, requiring
more overhead.

Singularity has also been developed with researchers in mind, assuming no
administrative privileges and targeting high-performance computing. These reasons
have made it ideal for our research. Throughout the course of this paper, we
will provide further justification for why we chose both Singularity and Julia as
fundamental tools to our work.

2 The Julia Programming Language

Traditionally, high-level dynamic languages have lagged behind lower-level static
languages in terms of performance. The emphasis on readability, ease of use, and
productivity is believed to come at the cost of run-times and execution speeds.
Prototyping is thus done in a high-level language and then fully implemented in
a low-level language for speed.


